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ABSTRACT 

Background  – The combined effect of cardiorespiratory fitness (CRF) and body mass 

index (BMI) on cardiovascular disease (CVD) risk in young people remains to be fully 

determined. We examined the individual and combined associations of CRF and BMI 

with clustered CVD risk factors, and the mediator role of BMI in the association between 

CRF and clustered CVD risk factors in children and adolescents. 

Research Design and Methods - 237 children (111 girls) and 260 adolescents (120 girls) 

were included in this cross-sectional study. Height and weight were assessed and BMI 

was calculated. A CVD risk factor index (CVDRF-I) was computed from: waist 

circumference, systolic blood pressure, triglycerides, high-density lipoprotein cholesterol 

and glucose. CRF was assessed using the 20-m shuttle run test. Regression analysis, 

analysis of covariance and mediation analysis (Baron and Kenny procedures) were used 

to test the independent and combined effect of CRF and BMI on CVDRF-I, and to test 

mediation hypothesis, respectively. 

Results - CRF was negatively associated with CVDRF-I (all p<0.05); however, after 

adjusting for BMI the associations were no longer significant in children and adolescents 

of both sex groups. Contrary, the association between BMI and CVDRF-I was 

independent of CRF (all p<0.001). The effect of CRF on CVDRF-I was mediated by BMI. 

The percentage of the total effect of CRF on CVDRF-I mediated by BMI for boys and 

girls children and boys and girls adolescents were 79.5%, 100%, 81.2% and 55.7%, 

respectively. 

Conclusions - BMI is an independent predictor of CVDRF-I and a mediator of the 

association between CRF and CVDRF-I in children and adolescents. These results help 

to clarify the associations between CRF, weight status and cardiovascular health, 
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suggesting that future CVD health would benefit from maintaining an optimal weight 

status. 

Keywords: body composition, physical fitness, cardiovascular diseases, child, 

adolescent. 
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ABBREVIATIONS 

BMI: body mass index 

CRF: cardiorespiratory fitness  

CVD: cardiovascular disease 

CVDRF-I: cardiovascular disease risk factor index 

CVDRF-II: cardiovascular disease risk factor index excluding waist circumference 

HDL-c: high-density lipoprotein cholesterol 

NW: normalweight including thinness grades 1, 2 and 3 

OW: overweight including obesity 
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INTRODUCTION 

Future cardiovascular profile could be determined by lifestyles in childhood and 

adolescence since precursors of cardiovascular disease (CVD) are already present at early 

ages (1). Interestingly, they have been found to track from childhood and adolescence to 

adulthood (2,3). Given that there is no consensus on the establishment of cut-off points 

for individual CDV risk factors in youth, clustered CVD risk factors seems to provide a 

good measure of CVD risk. Clustering of CDV risk factors has shown a greater stability 

over time and might compensate for day-to-day fluctuations in single CVD risk factors 

(4). Preventing programmes conducted at early ages have the potential of reducing the 

prevalence of CVD and its economical impact on society. Research works aimed at 

identifying CVD’s predictors have been conducted (5); however, little evidence exists on 

how these variables interact with each other in children and adolescents 

For instance, high cardiorespiratory fitness (CRF) levels in childhood and adolescence 

has been associated with a healthier cardiovascular profile (6) and it is considered a strong 

predictor of CVD risk factors later in life (5,7). Moreover, the cardiovascular health at 

these ages and in future life is importantly affected by weight status during childhood and 

adolescence (8,9). Given that CRF affects weight status, they may lay on the same causal 

pathway, making it difficult to determine the extent to which each variable affects CVD 

risk. In this sense, while some evidence suggest an independent association of CRF and 

weight status with CVD risk factors (4,10,11), other studies have found an attenuation in 

the association between CRF and CVD risk factors when weight status was included in 

the analyses (12). In addition, a recent study by Nyström et al (13) concluded that the 

metabolic profile is negatively affected to a greater extent by obesity rather than by low 

CRF levels, in a sample of children aged 8-11 years. Interestingly, CRF proved to 

attenuate the deleterious effect of obesity. 
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Multivariate analyses (e.g. multiple linear regression, logistic regression or analysis of 

covariance) have been used in previous studies to control for potential confounders. 

Alternatively, mediation analysis goes a step further since it allows to determine the 

percentage of the total effect (i.e. the influence of an independent variable on an outcome 

variable) that is carried by a mediator (14). Using these procedures, only one study (15) 

has observed that weight status, assessed by body mass index (BMI), mediates the 

association between CRF and CVD risk factors in children aged 8-11 years. Furthermore, 

to our knowledge, the extent to which BMI acts as a mediator in this association in 

adolescents has not been analysed through mediation analyses. 

Consequently, the aim of this study is twofold: (i) to test the individual and combined 

associations of CRF and BMI with clustered CVD risk factors; and (ii) to analyse if the 

association between CRF and clustered CVD risk factors is mediated by BMI in children 

and adolescents. We hypothesised that (i) CRF and BMI are independently associated 

with clustered CVD risk factors; (ii) those with higher BMI levels present the worst CVD 

profiles, with CRF levels attenuating these effects; and (iii) BMI mediates the association 

between CRF and clustered CVD risk factors.  



8 
 

METHODS 

Study design and population 

Baseline data of the UP&DOWN study (16) collected from September 2011 to June 2012 

was analysed in this cross sectional study. A total convenience sample of 2225 children 

and adolescents aged 6-12.9 and 13-17.9 years, respectively, participated in the 

UP&DOWN study. According to the Spanish Institute of National Statistics, the 

UP&DOWN sample size represents the 50% and 5% of the total population of school 

children and adolescents, respectively. The main exclusion criterion was the presence of 

physical disability or any health problem which might influence the performance in the 

fitness tests. From the total sample, 514 participants were randomly selected for blood 

sampling. Only those participants with complete data on anthropometry, biochemistry 

and CRF field test (i.e. 237 children [111 girls] and 260 adolescents [120 girls]) were 

included in the present study. Further information concerning participant selection criteria 

for the UP&DOWN study can be found elsewhere (16). 

Participants’ parents were informed about the purposes of the study and written informed 

consents were provided. The study protocol was accepted by The Ethics Committee of 

the Hospital Puerta del Hierro (Madrid, Spain), the Bioethics Committee of the National 

Research Council (Madrid, Spain) and the Committee for Research Involving Human 

Subjects of the University of Cádiz (Cádiz, Spain). 

Measurements 

Anthropometric data 

Weight and height were measured with an electronic scale (Type SECA 861; range, 0.05 

to 130 Kg; precision, 0.05 kg) and a telescopic stature-measuring instrument (Type SECA 
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225; range, 60 to 200 cm; precision, 1 mm) respectively. BMI was calculated as 

weight/height squared (kg/m2). Waist circumference was measured at the level of the 

narrowest part of the torso, using a non-elastic tape (SECA 200; range, 0 to 150 cm; 

precision, 1 mm). Two non-consecutive measurements were carried out and the average 

was recorded. Anthropometric measurements were performed according to Lohman’s 

anthropometric standardization reference manual (17). 

Systolic blood pressure 

Systolic blood pressure was measured with a validated digital automatic blood pressure 

monitor (OMRON M6, OMRON HEALTH CARE Co., Ltd., Kyoto, Japan) according to 

the standardized and valid International Protocol of the European Society of Hypertension 

(18). Two measurements were taken 1-2 minutes apart. If the first two readings differed 

in >5 mmHg, an additional measurement was taken and the farthest value was removed. 

The average value of the two measurements was selected.  

Blood sampling 

After an overnight fast, 13.5 ml of blood were extracted from the cubital vein of each 

participant. 3.5 ml of the blood sample were collected in EDTA and analysed to acquire 

haemogram data. The remaining blood was collected in dried gel and sodium citrate and 

centrifuged to remove both serum and plasma. Finally, it was frozen al -80ºC for future 

analyses. Enzymatic colorimetric methods (Olympus AU2700 Analyser; Olympus UK 

Ltd, Watford, UK) were used to analyse serum lipid triglycerides, high-density 

lipoprotein cholesterol (HDL-c) and fasting plasma glucose. 

Clustered cardiovascular disease risk factors 
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A CVD risk factor index (CVDRF-I) was created from the mean of the standardized 

values of each individual CVD risk factor (i.e. waist circumference, systolic blood 

pressure, triglycerides, HDL-c and glucose) by population (children and adolescents) and 

sex (boys and girls). This index has been previously used by the International Diabetes 

Federation to assess cardiovascular health in children and adolescents (19).The 

standardized value for HDL-c was multiplied by (-1) since higher HDL-c levels represent 

lower CVD risk. Given the close relationship (r=0.638-0.950, all p<0.01 for the different 

sex and age groups) between BMI and waist circumference, an additional CVD risk factor 

index was computed excluding waist circumference (i.e. CVDRF-II). 

Cardiorespiratory fitness 

The 20-m shuttle run test was used to assess CRF (20). Participants were asked to run 

between two lines 20 meters apart at a pace marked by a pre-recorded sound signal. The 

initial speed was 8.5 km/h, with 0.5 km/h increments each stage. The test finished when 

the participant could not reach the line twice in a row. The last half-stage attained was 

recorded. This test has shown to be valid and reliable in children and adolescents (21,22). 

Data analyses 

Descriptive statistics are presented as mean ± standard deviation. Due to significant 

interactions between sex (boys and girls) and age (children and adolescents) groups in the 

studied associations (all p<0.01), all computations and analyses were performed 

separately for sex and age groups. All biochemical variables were checked for normality 

and triglycerides was transformed to the natural logarithm due to its skewed distribution. 

Sex differences were examined by one-way analysis of variance. 

Linear regression models controlling for age (model 1) were used to assess the individual 

association of CRF and BMI with CVDRF-I. Further adjustment by CRF or BMI (model 
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2), depending on the fixed factor (i.e. BMI and CRF, respectively), were conducted to 

examine the independent association of each variable with CVDRF-I.  

To perform combined analyses participants were first categorized as “Low CRF” or 

“High CRF” depending on whether their CRF were below or above their population and 

sex-specific 50th percentile, respectively. Then, sex and age-specific BMI cut-off points 

previously proposed (23,24) were used to categorize participants as normal weight “NW” 

(including thinness grades 1, 2 and 3 and normal weight) or overweight “OW” (including 

overweight and obesity). Finally, a new variable with 4 categories was computed: 

1=“NW+Low CRF”, 2=“NW+High CRF”, 3=“OW+Low CRF” and 4=“OW+High 

CRF”. Analysis of covariance was used to examine differences in CVDRF-I between 

groups, adjusting for age. Bonferroni’s correction was employed to check these 

differences reducing the possibility of type I error.  

Mediation analyses were conducted according to Baron and Kenny procedures (14). To 

do this, the three following regression equations were fitted: equation 1 regressed the 

mediator (BMI) on the independent variable (CRF); equation 2 regressed the dependent 

variable (CVDRF-I) on the independent variable; and equation 3 regressed the dependent 

variable on both the mediator (equation 3) and the independent variable (equation 3’). To 

accept mediation hypotheses, regression equations 1, 2 and 3 must be significant and the 

regression coefficient between the independent and dependent variables in equation 3’ 

must be attenuated compared to equation 2. To test whether this attenuation was 

significant the Sobel test was performed (25). Finally, the percentage of the total effect 

(equation 2) that is mediated by BMI (indirect effect) was estimated by multiplying the 

unstandardized coefficients of equations 1 and 3 and dividing it by the unstandardized 

coefficient of equation 2. All regression equations were adjusted by age. 
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All the aforementioned analyses were repeated using CVDRF-II as the dependent 

variable (see supplementary files). 

Statistical analyses were conducted using SPSS version 21.0. for Windows (IBM, 

Armonk, NY), with significance set at p < 0.05. 
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RESULTS 

Participant’s characteristics are depicted in Table 1. In children, boys reached higher 

scores in the 20-m shuttle run test than girls (p<0.001) and girls had higher levels of 

triglycerides than boys (p=0.037). In adolescents, boys were significantly heavier and 

taller than girls (p=0.005 and p<0.001, respectively) and presented higher levels of waist 

circumference, systolic blood pressure (both p<0.001) and glucose (p=0.029). Besides, 

boys performed better in the 20-m shuttle run test compared to girls (p<0.001).  

Associations between CRF and CVDRF-I are presented in Table 2. CRF was 

significantly associated with CVDRF-I in boys (β=-0.437; p<0.001) and girls (β=-0.305; 

p=0.001) children, and in boys (β=-0.404; p<0.001) and girls (β=-0.191; p=0.048) 

adolescents when adjusting by age (model 1). However, these associations were no longer 

significant after including BMI in the model (model 2). The results were similar when 

using CVDRF-II as the dependent variable (Table S1 in supplementary content). 

Associations between BMI and CVDRF-I are shown in Table 3. BMI showed a positive 

association with CVDRF-I in boys and girls children (β=0.688 and β=0.709, respectively) 

and in boys and girls adolescents (β=0.654 and β=0.509, respectively) (all p<0.001) in 

model 1. When CRF level was added in model 2, these associations remained significant 

in all sex and age groups (all p<0.001). The same pattern was observed when CVDRF-II 

was used in the analyses (Table S2 in supplementary content). 

Combined effects of CRF and BMI on CVDRF-I are displayed in Fig. 1. In children, 

those participants categorized in the NW groups (i.e. NW+Low CRF or NW+High CRF) 

had significantly lower CVDRF-I levels than the OW+Low CRF group in boys and girls 

and the OW+High CRF group in girls (all p<0.05). In adolescents, the NW+High CRF 

group displayed lower CVDRF-I than their OW counterparts regardless of CRF levels 
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(p<0.05). Moreover, the NW+Low CRF group presented lower CVDRF-I compared to 

the OW+Low CRF group (p<0.05). When CVDRF-II was used in the analyses instead of 

CVDRF-I, the pattern in girl children remained the same. However, significant 

differences only persisted between NW+High CRF and OW+Low CRF groups in boys 

children and boys adolescents (p<0.05) (Fig. S1 in supplementary content). 

Results of mediation analyses are depicted in Fig. 2.  Regression equations 1, 2 and 3 

were significant in boys (all p<0.001) and girls (all p<0.01) children, and in boys (all 

p<0.001) and girls (all p<0.05) adolescents. Regression coefficients in equation 3’ were 

attenuated compared to equation 2 and they were no longer significant either in children 

and adolescents of both sexes. The percentage of the total effect of CRF on CVDRF-I 

that is carried by BMI was 79.5% for boys (z=-5.287, p<0.001) and 100% for girls (z=-

4.437, p<0.001) children, and 81.2% for boys (z=-4.772, p<0.001) and 55.7% for girls 

(z=-2.231, p<0.05) adolescents. When CVDRF-II was entered as the dependent variable 

(Fig. S2 in supplementary content), results of the different regression equations were 

similar in boys and girls children and boys adolescents. In contrast, the Sobel test for girls 

adolescents was not significant (z=-1.655, p>0.05). 

All the aforementioned analyses were repeated adjusting for pubertal development 

instead of age, and using the percentage of body fat (estimated through triceps and 

subescapular skinfolds thickness and using the equations proposed by Slaughter et al (26)) 

instead of BMI, and the results did not materially changed (data not shown).  
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DISCUSSION 

In the present study we aimed to examine the individual and combined associations of 

CRF and BMI with clustered CVD risk factors in children and adolescents, and to 

determine if the association between CRF and clustered CVD risk factors is mediated by 

BMI. CRF was negatively associated with CVDRF-I in children and adolescents, and this 

association was dependent of BMI. On the other hand, BMI was positively associated 

with CVDRF-I, with independence of CRF levels. Overall, combined analyses indicated 

that those participants with a favourable weight status (NW) displayed lower CVDRF-I 

than their OW counterparts, regardless of CRF levels. Finally, BMI proved to play a 

mediator role in the association between CRF and CVDRF-I in children and adolescents 

of both sex groups. 

Previous evidence has clearly demonstrated the importance of CRF levels on 

cardiovascular health in young people (27) . However, some of these studies did not 

account for weight status in this association (28,29). Contrary to what we hypothesised, 

our results showed that the association between CRF (assessed by 20-m shuttle run test) 

and CVDRF-I became non-significant when we adjusted for BMI in both sex groups. By 

contrast, an independent effect of CRF and adiposity on CVD risk factors have been 

previously reported (4,10). Nevertheless, other part of the evidence suggest that the 

association between CRF and CVD risk factors does not remain significant when 

adiposity is taken into account (30).  

The discordance between studies could be partly due to methodological sources of 

variation. For instance, while the 20-m shuttle run test was used in our study, Andersen 

et al (4) assessed CRF as the maximal power output attained in an incremental test 

performed on a cycle ergometer. On the other hand, Bergmann et al (10) used the 9-
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minute run/walking test.  Although the accuracy of field tests are questioned against 

laboratory tests, the 20-m shuttle run test has shown to be valid and reliable (21,22). 

Additionally, worldwide reference values for this test has been proposed by a recent meta-

analysis, which includes more than a million children and adolescents from 50 countries 

(31), making this test one of the most useful fitness screening tools. Another source of 

variation that should be mentioned is the use of different CVD risk factors and the way 

in which they are used in the analyses (i.e. individually or clustered). In this sense, 

Bergmann et al (10) only included total cholesterol and blood pressure, individually, as 

outcomes. Alternatively, several studies have employed a clustered of individual CVD 

risk factors (4,10,12,15,29,32); nonetheless, it is important to highlight that none of these 

studies used exactly the same cluster to define CVD risk. The rationale of using the risk 

factors included in the current study, lies in the need of a consensus in the definition of 

cardiovascular risk in children and adolescents to make the results between studies 

comparable. For that reason, we used the variables proposed by the International Diabetes 

Federation to define cardiometabolic risk in children and adolescents (19). 

Weight status in youth is an essential determinant of cardiovascular health at this stage of 

life (8,33), and it predicts CVD risk factors levels in adulthood (34,35). BMI (8,34,35) 

and percentage of body fat (33) are the most frequent body composition measures in these 

studies. We found that BMI and percentage of body fat were positively associated with 

CVDRF-I and these associations remained significant after the inclusion of CRF in the 

model. In a similar way, Demmer et al (36) observed significant associations between 

adiposity (defined by waist circumference) and several cardiometabolic risk factors such 

as systolic blood pressure, triglycerides, low-density lipoprotein cholesterol, and C-

reactive protein in adolescents, with no significant effects found for CRF on the 

aforementioned outcomes. This evidence reinforces the crucial role of weight status 
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reported in the current study. Moreover, the association between BMI and CVD risk in 

our study was not affected by the exclusion of waist circumference from the index 

(CVDRF-II). In agreement, combined analyses in our study showed that having an 

optimal weight status exerts a greater CVD risk protection than having high levels of 

CRF. Our results do not support the so call ‘Fat but Fit paradox’ in relation with CVD 

risk. In this sense, it has been previously suggested that CRF has the potential to 

counteract the deleterious effect that weight status exerts on the CVD profile; however, 

most of these evidence comes from studies conducted in adult population, and the 

information about the Fat but Fit paradox in children and adolescents is still sparse (37). 

Nonetheless, and despite differences in the methodology, regarding the cardiovascular 

risk factors and the statistical procedures used, our results coincide with those reported 

recently by Nyström et al (13), who found that weight status has a larger negative effect 

on the metabolic profile than low CRF. It is important to highlight that Nyström et al (13) 

used two different scores of metabolic syndrome and HOMA-IR, separately, as outcomes, 

what suggests that this trend in the results does not depend on specific cardiometabolic 

variables. 

Previous mediation analyses performed in children aged 8-11 years showed that the 

association between CRF and CVD risk factors was mediated by BMI in both sexes (15). 

Our results are in accordance, showing that 79.5%, 100%, 81.2% and 55.7% of the total 

effect of CRF on CVDRF-I in boys and girls children and adolescents, respectively, were 

mediated by BMI. Since mediation analysis assumes that the independent variable causes 

the mediator (14), BMI may be an intermediate step in the causal pathway between CRF 

and CVD risk factors. Previously, CRF has been negatively associated with adiposity in 

youth (38) and it is considered a predictor of adiposity in later years (5,7,39).  The 

physiological mechanisms by which CRF affects adiposity may include the effect that 
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aerobic exercise exerts on the expression and activity of carnitine palmitoyl transferase I 

(an enzyme that controls the fatty acids movement into the mitochondria), as well as the 

increase in -Hydroxy acyl-CoA dehydrogenase protein expression (a key enzyme that 

regulates fat oxidation) (40). On the other hand, adipose tissue produces several 

adipokines involved in inflammation (41). Obesity-induced inflammation is well known 

for being responsible of several cardiometabolic disorders including  insulin resistance; 

however, it is also responsible of fibrosis and necrosis which may produce important 

damages in tissues of several organs including the heart (41). Together with our results, 

this evidence indicates that increments in CRF through aerobic exercise programs will 

ameliorate the level of adiposity and, ultimately the CVD risk profile. Since clustered 

CVD risk factors track into adulthood and given that the duration of obesity over the years 

is also a determinant of CVD risk (42), public health policies should start at early ages. 

Therefore, school-based interventions aimed at improving physical activity participation 

are warranted among youths who fail to meet health-related CRF levels and, specially, 

optimal weigh status levels. Further studies testing the mediator role of weight status in 

the prospective association between physical fitness components and CVD risk factors 

would be of great interest. 

Limitations and strengths 

The current study has some limitations. Due to the cross-sectional design, directionality 

of associations could not be correctly determined. The use of BMI as an index of adiposity 

has been extensively questioned due to its lack of discriminative capacity between fat 

mass and lean body mass. Nevertheless, BMI is considered a powerful tool to identify 

youth with high individual and clustered CVD risk factor levels (43). In fact, BMI could 

not be a good marker of adiposity but it has proved to be a strong predictor of CVD 

mortality (44). In addition, analyses were performed using body fat percentage, instead 
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of BMI, and the results persisted unchanged. Furthermore, median split is not the best 

method for CRF categorizations. It has been previously stated that defining unfit and fit 

groups as being below or above the 20th percentile, respectively, is a more accurate way 

for CRF categorizations in adults (42). The rationale behind this is that the risk of CVD 

is markedly higher in the first quintile (<20th percentile) compared with the other quintiles 

(42). This approach has also been used in paediatrics (13) using previously created sex 

and age specific percentiles (31). However, in the current study this categorization 

method resulted in highly unbalanced groups. No data regarding family history of CVD 

is available in the UP&DOWN study. This variable could affect, to some extent, the 

associations observed in the current study since it has an impact on the risk of CVD 

mortality. However, it has been previously observed that family history of CVD, among 

other variables (i.e. hypertension, current smoking, diabetes, obesity, and ‘being unfit’), 

is the least associated with the risk of CVD mortality, with ‘being unfit’ and obesity 

occupying the first and second places in that ranking, respectively (45). Finally, the 

generalisability of these results should be considered cautiously since we could not 

determine the influence of ethnicity and country’s economic development on these 

associations, given that only urban, Caucasian Spanish children and adolescent 

participated. Otherwise, this study presents some strengths. The use of clustered CVD 

risk factors has been suggested as a better indicator of cardiovascular health, compared 

to individual CVD risk factors (2). Furthermore, the statistical analyses conducted allow 

determining the percentage of the total effect that is carried by the mediator variable. 

Conclusion 

BMI seems to be an independent predictor of CVDRF-I and a mediator in the association 

between CRF and CVDRF-I in children and adolescents of both sexes. These results 

extend the current knowledge regarding the associations between fitness and weight 
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status with CVD risk, and suggest that attaining/maintaining an optimal weight status 

should be considered the main objective of health promoting programmes at both, 

childhood and adolescence. Furthermore, changes in weight status could be considered 

an indicative of the effectiveness of exercise programmes, with few positive effects on 

the CVD profile expected from those programmes that do not positively affect weight 

status in children and adolescents. Future longitudinal studies with heterogeneous and 

representative samples in terms of ethnicity and country’s economic development are 

claimed to corroborate these results. 

Acknowledgements: This work was supported by the National Plan for Research, 

Development and Innovation (R+D+i) from the Spanish Ministry of Science and 

Innovation [DEP 2010-21662-C04-00 (DEP 2010-21662-C04-01: DEP 2010-21662-

C04-02: DEP 2010-21662-C04-03: DEP 2010-21662-C04-04)]; and by the Spanish 

Ministry of Education [FPU15/05337]. The funding organizations had no role in data 

collection, analyses, interpretation or final report of the study. 

We thank the participation of children and adolescents in this study, as well as parents 

and headmasters and teachers of the participating schools. 

Disclosure of interest: no potential conflicts of interest relevant to this article were 

reported. 

Data availability: Datasets used in the current study are no publicly accessible, but are 

available from the corresponding author on reasonable request. 

  



21 
 

REFERENCES 

1.  Andersen LB, Wedderkopp N, Hansen HS, Cooper AR, Froberg K. Biological 

cardiovascular risk factors cluster in Danish children and adolescents: The 

European youth heart study. Prev Med (Baltim) 2003;37:363–7.  

2.  Andersen LB, Hasselstrøm H, Grønfeldt V, Hansen SE, Karsten F. The 

relationship between physical fitness and clustered risk, and tracking of clustered 

risk from adolescence to young adulthood: eight years follow-up in the Danish 

Youth and Sport Study. Int J Behav Nutr Phys Act 2004;1:4–6.  

3.  Bugge A, El-Naaman B, McMurray RG, Froberg K, Andersen LB. Tracking of 

clustered cardiovascular disease risk factors from childhood to adolescence. 

Pediatr Res 2013;73:245–9.  

4.  Andersen LB, Sardinha LB, Froberg K, Riddoch CJ, Page AS, Anderssen SA. 

Fitness, fatness and clustering of cardiovascular risk factors in children from 

Denmark, Estonia and Portugal: the European Youth Heart Study. Int J Pediatr 

Obes 2008;3 Suppl 1:58–66.  

5.  Ruiz JR, Castro-Piñero J, Artero EG, Ortega FB, Sjöström M, Suni J, et al. 

Predictive validity of health-related fitness in youth: a systematic review. Br J 

Sports Med 2009;43:909–23.  

6.  Ruiz JR, Cavero-redondo I, Ortega FB, Welk GJ, Andersen LB, Martinez-

vizcaino V. Cardiorespiratory fitness cut points to avoid cardiovascular disease 

risk in children and adolescents ; what level of fitness should raise a red flag ? A 

systematic review and meta-analysis. Br J Sports Med 2016;50:1451–8.  

7.  Mintjens S, Menting MD, Daams JG, Van Poppel MNM, Roseboom TJ, Gemke 



22 
 

RJBJ. Cardiorespiratory Fitness in Childhood and Adolescence Affects Future 

Cardiovascular Risk Factors: A Systematic Review of Longitudinal Studies Key 

Points. Sport Med 2018;[in Press].  

8.  Fyfe‐Johnson AL, Ryder JR, Alonso A, MacLehose RF, Rudser KD, Fox CK, et 

al. Ideal Cardiovascular Health and Adiposity: Implications in Youth. J Am Heart 

Assoc 2018;7:e007467.  

9.  Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, et al. Body-

mass index in 2.3 million adolescents and cardiovascular death in adulthood. N 

Engl J Med 2016;374:2430–40.  

10.  Bergmann GG, de Araujo Bergmann ML, Hallal PC. Independent and combined 

associations of cardiorespiratory fitness and fatness with cardiovascular risk 

factors in brazilian youth. J Phys Act Health 2014;11:375–83.  

11.  Schmidt MD, Magnussen CG, Rees E, Dwyer T, Venn AJ. Childhood fitness 

reduces the long-term cardiometabolic risks associated with childhood obesity. 

Int J Obes 2016;40:1134–40.  

12.  Bailey DP, Savory LA, Denton SJ, Kerr CJ. The association between 

cardiorespiratory fitness and cardiometabolic risk in children is mediated by 

abdominal adiposity: The HAPPY Study. J Phys Act Heal 2015;12:1148–52.  

13.  Nyström CD, Henriksson P, Martínez-Vizcaíno V, Medrano M, Cadenas-

Sanchez C, Arias-Palencia NM, et al. Does Cardiorespiratory Fitness Attenuate 

the Adverse Effects of Severe/Morbid Obesity on Cardiometabolic Risk and 

Insulin Resistance in Children? A Pooled Analysis. Diabetes Care 2017;40:1580–

7.  



23 
 

14.  Baron RM, Kenny DA. The moderator-mediator variable distinction in social 

psychological research: conceptual, strategic, and statistical considerations. J Pers 

Soc Psychol 1986;51:1173–82.  

15.  Díez-Fernández A, Sánchez-López M, Mora-Rodríguez R, Notario-Pacheco B, 

Torrijos- Niño C, Martínez-Vizcaíno V. Obesity as a mediator of the influence of 

cardiorespiratory fitness on cardiometabolic risk: A mediation analysis. Diabetes 

Care 2014;37:855–62.  

16.  Castro-Piñero J, Carbonell-Baeza A, Martinez-Gomez D, Gómez-Martínez S, 

Cabanas-Sánchez V, Santiago C, et al. Follow-up in healthy schoolchildren and 

in adolescents with DOWN syndrome: psycho-environmental and genetic 

determinants of physical activity and its impact on fitness, cardiovascular 

diseases, inflammatory biomarkers and mental health; the UP&DOWN Study. 

BMC Public Health 2014;14:400.  

17.  Lohmann TG, Roche AF, Martorel R. Anthropometric Standardization Reference 

Manual. Human Kinetic Books: Champaign, Illinois; 1988.  

18.  Topouchian JA, El Assaad MA, Orobinskaia L V, El Feghali RN, Asmar RG. 

Validation of two automatic devices for self-measurement of blood pressure 

according to the International Protocol of the European Society of Hypertension: 

the Omron M6 (HEM-7001-E) and the Omron R7 (HEM 637-IT). Blood Press 

Monit 2006;11:165–71.  

19.  Zimmet P, Alberti G, Kaufman F, Tajima N. The metabolic syndrome in children 

and adolescents. Lancet 2007;2059–62.  

20.  Léger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run 



24 
 

test for aerobic fitness. J Sports Sci 1988;6:93–101.  

21.  Castro-Piñero J, Artero EG, España-Romero V, Ortega FB, Sjöström M, Suni J, 

et al. Criterion-related validity of field-based fitness tests in youth: a systematic 

review. Br J Sports Med 2010;44:934–43.  

22.  Artero EG, Espaa-Romero V, Castro-Piero J, Ortega FB, Suni J, Castillo-Garzon 

MJ, et al. Reliability of field-based fitness tests in youth. Int J Sports Med 

2011;32:159–69.  

23.  Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define 

thinness in children and adolescents: international survey. BMJ 2007;335:194.  

24.  Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition 

for child overweight and Obesity Worldwide : International Survey. BMJ 

2000;320:1240–3.  

25.  Sobel ME. Asymptotic confidence intervals for indirect effects in structural 

equation models. Sociol Methodol 1982;13:290–312.  

26.  Slaughter MH, Lohman TG, Boileau RA, Horswill CA, Stillman RJ, Van Loan 

MD, et al. Skinfold Equations for Estimation of Body Fatness in Children and 

Youth. Hum Biol 1988;60:709–23.  

27.  Ortega F, Cadenas-Sanchez C, Lee D, Ruiz J, Blair S, Sui X. Fitness and Fatness 

as Health Markers through the Lifespan: An Overview of Current Knowledge. 

Prog prev med 2018;3:e0013.  

28.  Artero EG, Ruiz JR, Ortega FB, España-Romero V, Vicente-Rodríguez G, 

Molnar D, et al. Muscular and cardiorespiratory fitness are independently 



25 
 

associated with metabolic risk in adolescents: The HELENA study. Pediatr 

Diabetes 2011;12:704–12.  

29.  Anderssen SA, Cooper AR, Riddoch C, Sardinha LB, Harro M, Brage S, et al. 

Low cardiorespiratory fitness is a strong predictor for clustering of cardiovascular 

disease risk factors in children independent of country, age and sex. Eur J 

Cardiovasc Prev Rehabil 2007;14:526–31.  

30.  Eisenmann JC. Aerobic fitness, fatness and the metabolic syndrome in children 

and adolescents. Acta Paediatr 2007;96:1723–9.  

31.  Tomkinson GR, Lang JJ, Tremblay MS, Dale M, LeBlanc AG, Belanger K, et al. 

International normative 20 m shuttle run values from 1 142 026 children and 

youth representing 50 countries. Br J Sports Med 2017;51:1545–54.  

32.  Artero EG, Ruiz JR, Ortega FB, España-Romero V, Vicente-Rodríguez G, 

Molnar D, et al. Muscular and cardiorespiratory fitness are independently 

associated with metabolic risk in adolescents: The HELENA study. Pediatr 

Diabetes 2011;12:704–12.  

33.  Parrett AL, Valentine RJ, Arngrimsson SA, Castelli DM, Evans EM. Adiposity 

and aerobic fitness are associated with metabolic disease risk in children. Appl 

Physiol Nutr Metab 2011;36:72–9.  

34.  Magnussen C, Koskinen J, Chen W, Thomson R, Schmidt M, Srinivasan S, et al. 

Pediatric metabolic syndrome predicts adulthood metabolic syndrome, 

subclinical atherosclerosis, and type 2 diabetes mellitus but is no better than body 

mass index alone: the Bogalusa Heart Study and the Cardiovascular Risk in 

Young Finns Study. Circulation 2010;122:1604–11.  



26 
 

35.  Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin MA, et al. 

Childhood adiposity, adult adiposity, and cardiovascular risk factors. N Engl J 

Med 2011;365:1876–85.  

36.  Demmer DL, Beilin LJ, Hands B, Burrows S, Cox KL, Oddy WH, et al. Fatness 

and Fitness With Cardiometabolic Risk Factors in Adolescents. J Clin Endocrinol 

Metab 2017;102:4467–76.  

37.  Ortega FB, Ruiz JR, Labayen I, Lavie CJ, Blair SN. The Fat but Fit paradox: 

What we know and don’t know about it. Br J Sports Med 2017;0:3–6.  

38.  Kim HJ, Lee K-J, Jeon YJ, Ahn MB, Jung IA, Kim SH, et al. Relationships of 

physical fitness and obesity with metabolic risk factors in children and 

adolescents: Chungju city cohort study. Ann Pediatr Endocrinol Metab 

2016;21:31–8.  

39.  Pickup JC. Inflammation and activated innate immunity in the pathogenesis of 

type 2 diabetes. Diabetes Care 2004;27:813–23.  

40.  Purdom T, Kravitz L, Dokladny K, Mermier C. Understanding the factors that 

effect maximal fat oxidation. J Int Soc Sports Nutr 2018;15:1–10.  

41.  Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity and metabolic 

disease. J Clin Investig 2017;127:4–7.  

42.  Ortega FB, Lavie CJ, Blair SN. Obesity and cardiovascular disease. Circ Res 

2016;118:1752–70.  

43.  Gracia-Marco L, Moreno LA, Ruiz JR, Ortega FB, de Moraes ACF, Gottrand F, 

et al. Body Composition Indices and Single and Clustered Cardiovascular 



27 
 

Disease Risk Factors in Adolescents: Providing Clinical-Based Cut-Points. Prog 

Cardiovasc Dis 2016;58:555–64.  

44.  Ortega FB, Sui X, Lavie C, Blair SN. Body Mass Index, the Most Widely Used 

but also Widely Criticized Index: Would a Gold-Standard Measure of Total Body 

Fat be a Better Predictor of Cardiovascular Disease Mortality? Mayo Clin Proc 

2016;91:443–55.  

45.  Farrell SW, Finley CE, Radford NB, Haskell WL. Cardiorespiratory fitness, body 

mass index, and heart failure mortality in men: Cooper center longitudinal study. 

Circ Hear Fail 2013;6:898–905.  



28 
 

Table 1. Participant's characteristics by sex and age groups. 

    Children   Adolescents 

Variable 

  

Boys (n=126) Girls (n=111) p 

  

Boys (n=140) Girls (n=120) p     

    

                 

Age (years)   8.1 (1.5) 8.0 (1.5) 0.843   14.1 (1.7) 13.9 (1.5) 0.185 

Weight (kg)   30.6 (8.3) 31.0 (11.0) 0.765   56.7 (14.4) 52.3 (10.4) 0.005 

Height (cm)   128.8 (9.9) 129.2 (12.1) 0.801   163.1 (12.4) 157.2 (7.0) <0.001 

Body mass index (kg/cm²)   18.2 (2.8) 18.1 (3.6) 0.799   21.0 (3.6) 21.1 (3.4) 0.942 

Waist circunference (cm)   59.4 (7.1) 58.0 (8.6) 0.166   70.3 (8.3) 65.9 (7.2) <0.001 

Systolic blood pressure (mmHg)   101.7 (11.0) 99.6 (11.49) 0.144   112.6 (15.5) 105.9 (9.9) <0.001 

Glucose (mg/dl)   61.9 (18.1) 63.3 (16.5) 0.537   81.1 (16.6) 76.6 (16.1) 0.029 

Triglycerides (mg/dl)*   41.0 (20.5) 46.3 (17.9) 0.037   54.2 (36.7) 58.1 (30.1) 0.361 

High-density lipoprotein cholesterol (mg/dl)   40.7 (17.6) 42.0 (15.7) 0.556   47.8 (15.2) 48.7 (15.5) 0.627 

20-m shuttle run test (stages)   3.3 (1.7) 2.3 (1.6) <0.001   7.0 (2.5) 4.3 (1.8) <0.001 

                  

Values are presented as mean (standard deviation).  

*Values were natural log-transformed before analysis, but non-transformed values are presented. 

Statistically significant differences between sexes are highlighted in bold.
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Table 2. Associations between cardiorespiratory fitness and the cardiovascular disease risk factor index (CVDRF-I) in children and adolescents. 

  Children 

  Boys   Girls 

  
B 95% CI β p   B 95% CI β p 

                    

20-m shuttle run test (stages)                   

    Model 1 -0.114 -0.158;-0.070 -0.437 <0.001   -0.095 -0.150;-0.039 -0.305 0.001 

    Model 2 -0.024 -0.065;0.017 -0.091 0.254   0.001 -0.043;0.046 0.004 0.956 

                    

  Adolescents 

  Boys   Girls 

  B 95% CI β p 
  

B 95% CI β p 

                    

20-m shuttle run test (stages)                   

    Model 1 -0.089 -0.129; -0.049 -0.404 <0.001   -0.045 -0.090; 0.000 -0.191 0.048 

    Model 2 -0.017 -0.051; 0.016 -0.077 0.315   -0.020 -0.061; 0.021 -0.085 0.334 

                    

Model 1: analyses controlled for age. Model 2: analyses controlled for model 1 + body mass index. B: unstandardized coefficient; β: standardized 

coefficient; CI, confidence interval. Statistically significant values are highlighted in bold.
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Table 3. Associations between body mass index and the cardiovascular disease risk factor index (CVDRF-I) in children and adolescents. 

  Children 

  Boys   Girls 

  
B 95% CI β p   B 95% CI β p 

                    

Body mass index                   

    Model 1 0.108 0.087;0.128 0.688 <0.001   0.097 0.079;0.114 0.709 <0.001 

    Model 2 0.101 0.077;0.125 0.641 <0.001   0.097 0.077;0.117 0.711 <0.001 

                    

  Adolescents 

  Boys   Girls 

  B 95% CI β p 
  

B 95% CI β p 

                    

Body mass index                   

    Model 1 0.101 0.084; 0.118 0.654 <0.001   0.062 0.041; 0.083 0.509 <0.001 

    Model 2 0.097 0.078; 0.115 0.628 <0.001   0.060 0.038; 0.081 0.490 <0.001 

                    

Model 1: analyses controlled for age. Model 2: analyses controlled for model 1 + 20-m shuttle run test (stages). B: unstandardized coefficient; β: 

standardized coefficient; CI, confidence interval. Statistically significant values are highlighted in bold.
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FIGURE LEGENDS 

Fig. 1. Combined effects of body mass index (BMI) and cardiorespiratory fitness (CRF) 

on cardiovascular disease risk factor index (CVDRF-I) in children and adolescents. Dots 

and error bars indicate estimated means and 95% CI, respectively, after adjustment for 

age. NW: normal weight including thinness grades 1, 2 and 3; OW: overweight including 

obesity. Common superscripts denote statistically significant differences at level p<0.05 

after Bonferroni’s correction. 
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Fig. 2. Mediating effect of body mass index (BMI) in the association between 

cardiorespiratory fitness (CRF) and cardiovascular disease risk factor index (CVDRF-I) 

in children and adolescents. Standardized (Beta) and unstandardized (B) regression 

coefficients are shown for equation (1) (involving the independent and mediator 

variables), equation (2) (involving the independent and dependent variables), equation (3) 

(involving the mediator and dependent variables) and equation (3’) (the direct effect of 

the independent variable on the dependent variable). All analyses were adjusted by age. 

* p<0.05; ** p<0.01; *** p<0.001. 

 

 


