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Abstract 

This study examined the independent relationships between cardiorespiratory and muscular 

fitness with cardiometabolic risk in adolescents. Subjects were 192 adolescents (118 boys), 

aged 15 – 17.5 years. The 20 m multi-stage fitness test assessed cardiorespiratory fitness and 

the counter movement jump assessed muscular fitness. Additional measures included 

interleukin-6, C-reactive protein, adiponectin, fibrinogen and plasminogen activator inhibitor-

1. Regression analysis revealed that cardiorespiratory fitness was negatively related to 

cardiometabolic risk (β = -0.014, p < 0.001). With additional adjustment for muscular fitness 

the relationship remained significant (β = -0.015, p < 0.001). Muscular fitness was negatively 

related to cardiometabolic risk (β = -0.021, p < 0.001) and remained significant after 

adjustment for cardiorespiratory fitness. Participants in the least-fit quartile for both 

cardiorespiratory and muscular fitness had significantly poorer cardiometabolic risk scores 

than those in the other quartiles. Findings revealed that muscular and cardiorespiratory fitness 

are significantly associated with cardiometabolic risk independently of one another.  
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Introduction: 

Although prediction of cardiometabolic risk was once considered only pertinent to adults, it is 

now accepted as a paediatric problem since the pathological processes begin in childhood 

(Daniels, Pratt, & Hayman, 2011). The clustering of risk factors such as insulin resistance, 

elevated triglyceride concentrations, central obesity, low cardiorespiratory fitness (CRF), 

physical inactivity and low high-density lipoprotein (HDL) concentrations are routinely noted 

among both children and adolescents (Anderssen et al., 2007). Whilst there may be a genetic 

predisposition to some of these risk factors in certain individuals, most develop as a result of 

unhealthy lifestyle choices often beginning in childhood that lead to excess adiposity, 

physical inactivity and consequently low CRF (Cook et al., 2000; Valle et al., 2005). 

Understandably there is an increasing desire to interpret the pathophysiological process 

which underpins cardiometabolic risk and indeed the interplay between risk factors 

associated with this disease, especially as early detection may help identify individuals in 

most need of intervention. 

Once considered a simple storage depot for excess energy, adipose tissue has been identified 

as a complex endocrine organ that secretes a number of molecules involved in the regulation 

of many metabolic and hormonal signals in humans (Kahn & Flier, 2000). A number of 

inflammatory factors including adipokines or adipocytokines, secreted in response to 

increasing adipose tissue, are known to play an important role in the atherosclerotic process 

and the development of diabetes and hypertension. They can also predict future 

cardiovascular events (Daniels et al., 2011). Elevated levels of C-reactive protein (CRP) and 

interleukin-6 (IL-6) together with hypoadiponectinemia are present in obese children (Cook 

et al., 2000; Valle et al., 2005) and may demonstrate a plausible mechanism linking increased 

adiposity to the development of insulin resistance (IR), type 2 diabetes and cardiometabolic 

disorders. Moreover, an increasing evidence base has also established a strong connection 
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between cardiomeatbolic risk, inflammation and thrombosis in adults (McDermott et al., 

2003).  

Fibrinogen is an independent risk factor for cardiovascular disease and is known to promote 

atherogenesis and thrombogenesis (Green, Foiles, Chan, Schreiner, & Liu, 2009) whereas 

plasminogen activator inhibitor-1 (PAI-1) whilst known to be associated with an increased 

risk of cardiometabolic disease and type 2 diabetes, also reduces blood fibrinolytic activity 

(hypofibrinolysis) (Alessi, Poggi, & Juhan-Vague, 2007). Evidence has demonstrated strong 

associations between fibrinogen, PAI-1, obesity and physical activity (Sola et al., 2007) but 

little is known of the relationships between measures of physical fitness. Yet, whilst obesity 

is a risk factor for insulin resistance, type 2 diabetes and cardiometabolic disease, not every 

obese individual is insulin resistant, or indeed at  high risk for the development of diabetes 

and cardiometabolic disease (Karelis et al., 2005). Thus, identifying measures that can be 

targeted to improve cardiometabolic risk profiles is an important step in the promotion of 

health and well-being in youth.   

Health related physical fitness is an important component of overall health and well-being in 

youth populations (Ortega, Ruiz, Castillo, & Sjostrom, 2008; Ruiz et al., 2009), and contains 

the following components: body composition, flexibility, cardiorespiratory fitness (CRF), and 

muscular fitness comprised of: strength, power and endurance (American College of Sports 

Medicine, 2013). Whilst all of these components are important attributes of good health, CRF 

has received the most attention in the literature as its measurement provides a useful indicator 

for assessing both symptomatic and asymptomatic individuals. Conclusive evidence shows 

that high levels of CRF can reduce the risk of all cause and early mortality in adults, 

independent of age, ethnicity, adiposity and smoking (Gulati et al., 2005; Lee et al., 2011) 

whilst also being inversely related to a reduced cardiometabolic risk profile in both children 

and adolescents (Anderssen et al., 2007; Hurtig-Wennlof, Ruiz, Harro, & Sjostrom, 2007). 
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Whilst CRF is considered a strong predictor for the clustering of cardiometabolic risk factors, 

recent investigations have also begun to explore the utility of other components of physical 

fitness such as measures of muscular fitness as an additional predictor (Artero et al., 2011; 

Steene-Johannessen, Anderssen, Kolle, & Andersen, 2009).  

Recently, low muscular fitness levels have been linked to early mortality (Ruiz et al., 2008). 

Nonetheless, few studies have examined the independent relationships between muscular 

fitness, cardiorespiratory fitness and cardiometabolic risk in adolescents. Furthermore, to the 

best of our knowledge no study has yet to examine the interplay between measures of 

physical fitness with a composite cardiometabolic risk score which includes markers of 

inflammation and thrombosis in adolescents. Since evidence appears to indicate that 

cardiometabolic risk can track from adolescence into adulthood (Eisenmann, Welk, Wickel, 

& Blair, 2004), it is important that preventive strategies are implemented prior to adulthood. 

We hypothesized that greater levels of CRF and muscular fitness would positively 

influence the cardiomeatbolic risk scores evident within this adolescent cohort. 

Therefore, the purpose of this study was to establish the independent relationships between 

CRF, muscular fitness and cardiometabolic risk in healthy adolescents.  

Methods 

A cross-sectional sample of participants (118 boys, 74 girls, 16.73 ± 0.6 years) was recruited 

from schools in the West of Scotland. Prior to data collection, informed consent was obtained 

from all students and their parents and all were fully familiarised with testing and data 

collection procedures. The study was approved by the ethics committee of the University of 

the West of Scotland. All tests were performed between 9:00 am and noon and were 

conducted by the same individuals. 
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Barefoot stature was measured to the nearest 1 mm (Seca Stadiometer, Seca Ltd, 

Birmingham, UK). Weight in light indoor clothing, without shoes, was measured to the 

nearest 0.1 kg using calibrated electronic weighing scales (Seca 880, Digital Scales, Seca Ltd, 

Birmingham, UK). Body mass index (BMI) was calculated (weight/height2, kg/m2). Waist 

circumference (WC) was measured at the level midway between the lower ribs and iliac crest 

(Ledoux, Lambert, Reeder, & Despres, 1997). Sexual maturation status was self-assessed 

using the criteria for pubic hair (Tanner & Whitehouse, 1976)  which has been shown to 

demonstrate predictive and discriminate validity of self-assessments when compared against 

physician Tanner ratings in youth (Schmitz et al., 2004). 

CRF was measured using the 20 m multi stage fitness test (20MSFT, number of completed 

shuttles). Specific details of the 20MSFT protocol has been described elsewhere (Buchan et 

al., 2013). Participants ran in small groups of between 12 - 15 and were instructed to run 

between two lines 20m apart, whilst keeping pace with audio signals emitted from a pre-

recorded CD and until exhaustion. When participants could no longer keep up the pace by 

reaching the line at the time of the audio signal, participation was terminated and the 

number of laps completed was recorded. Verbal encouragement was given throughout the 

test. 

The counter movement jump (CMJ) test was used to measure lower-limb explosive muscular 

strength as a reliable estimate of muscular fitness (Ruiz et al., 2006) . For the remainder of 

the article, CMJ will be used to reflect muscular fitness unless otherwise stated. Jumping 

height was measured using the Optojump system (Microgate, Bolzano, Italy) after a 

standardized warm up. Participants were instructed to begin in a standing position with their 

feet shoulder width apart. Thereafter, they were instructed to perform a counter – movement 

with their legs prior to jumping. Each participant was instructed to perform three jumps with 

a minimum of two minutes recovery between each effort. The best of the three jumps (to the 
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nearest cm) was used as the criterion measure. Participants were instructed to keep their 

hands on their hips throughout all jumps, to exert a maximal effort and land in an extended 

position. 

 

Participants also completed a validated physical activity questionnaire for adolescents (PAQ-

A) (Kowalski, Crocker, & Kowalski, 1997) which required them to recall their activity 

behaviours from the previous 7 days. Completed questionnaires were inspected and if 

necessary, clarification of responses was confirmed with participants. 

 

Blood samples were taken between 9:00 and 11:00 am after an overnight fast. Fasting was 

verified prior to sampling. Qualified phlebotomists, experienced in paediatric sampling 

techniques collected all blood samples. Blood samples were obtained from an antecubital 

vein and collected in a BD Vacutainer plasma tube (Becton, Dickinson and Company, 

Franklin Lakes, USA). Plasma was isolated by centrifugation at 3,500 rpm for 10 minutes 

and frozen at -80oC within two hours of collection. Analyses were completed within three 

months of collection. CRP, IL-6, adiponectin, fibrinogen and PAI-1 were measured using 

standard procedures. Fibrinogen concentration was analysed using commercially 

available immunoassay kits (ALPCO,Salem, NH) and a MRX microplate reader 

(Dynatech Laboratories,MA). Concentrations of IL-6, CRP, adiponectin, and PAI-1 

were measured with specific ELISA kits (R&D Systems, Abingdon, UK) and a MRX 

microplate reader (Dynatech Laboratories, MA). 

 

A continuous score representing a composite cardiometabolic risk score was constructed 

using the following variables: IL-6, PAI-1, CRP, adiponectin (inverted) and fibrinogen. Each 

variable was standardized as follows: standardized value = value-mean/SD, separately for 
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boys and girls. The z-scores of the individual risk factors were then summed to create a 

clustered cardiometabolic risk score for each participant with a lower score indicating a 

healthier overall risk profile. 

 

All analysis was undertaken using Statistical Package for the Social Sciences (version 18; 

SPSS Inc., Chicago, IL, USA), with values of p < 0.05 considered statistically significant. 

Descriptive data are presented as means and standard deviations where appropriate. Data was 

checked for normality of distribution before the analyses. Significant differences between the 

sexes were determined using independent t-tests or where appropriate, the Mann-Whitney (U) 

test. Differences in maturation status and physical activity were analysed using the chi-

squared test.  

 

Multiple regression analysis was used to examine the relationships between cardiorespiratory 

fitness (CRF), muscular fitness and the composite cardiometabolic risk score through two 

separate models. Model 1 included either CRF or muscular fitness with cardiometabolic risk 

and was adjusted for sex, age, physical activity, WC and pubertal status. In model 2, we 

additionally adjusted for the other predictor variable to determine whether independent 

relationships existed. Since it is recommended that a sample size of 80 is suffice with up 

to 20 predictors to find a large effect (r = 0.5) (Miles & Shevlin, 2001),  we are confident 

that the sample size is appropriate. Finally, analysis of covariance (ANCOVA) was used to 

test differences in clustered cardiometabolic risk score across the different muscular fitness 

and cardiorespiratory fitness groups whilst controlling for sex, age, physical activity, 

maturation status, WC and the other independent variable.  

 

Results 
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Participant characteristics are presented in table 1. Boys were taller (p = 0.01) and heavier (p 

< 0.001) than girls. Boys had higher CRF and muscular fitness as well as a greater WC than 

girls (P = 0.018). In addition, girls had a greater level of fibrinogen (p < 0.001) than boys. 

The multiple regression analysis (Table 2) revealed that CRF was negatively related to 

cardiometabolic risk (β = -0.014, p < 0.001) after adjustment for age, sex, WC, physical 

activity and maturation status (model 1). With the additional adjustment for muscular fitness 

in model 2, the relationship remained significant, albeit weak (β = -0.015, p < 0.001). When 

examining the relationships for muscular fitness, model 1 revealed muscular fitness was 

negatively related to cardiometabolic risk (β = -0.021, p < 0.001) after adjustment for age, 

sex, WC, physical activity and maturation status. With the additional adjustment for CRF in 

model 2, the relationships remained significant but weak (β = -0.102, p < 0.001). In general 

the significance of the change in R2 values in both model 1 and 2 when either CRF or 

muscular fitness was added confirmed each variables independent contribution.  

 

Figure 1 displays the composite cardiometabolic risk score by quartiles of CRF. The 

ANCOVA revealed significant differences between groups in composite cardiometabolic risk 

(F = 4.80, P = 0.030). Post hoc analysis revealed that participants in the lowest quartile of 

cardiorespiratory fitness had a significantly higher composite cardiometabolic risk score 

compared with all other quartiles (P < 0.05). No significant difference was found between the 

other cardiorespiratory fitness groups. Similarly, figure 2 displays the composite 

cardiometabolic risk score by quartiles of muscular fitness. The ANCOVA revealed 

significant differences between groups in composite cardiometabolic risk (F = 7.39, P < 

0.001). Post hoc analysis revealed that participants in the lowest quartile of muscular fitness 

had a significantly higher composite cardiometabolic risk score compared with those in the 

third and fourth quartiles (P < 0.05). No other significant differences were evident.  
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Discussion 

To the best of our knowledge, this is the first study to investigate the independent 

relationships between both CRF and muscular fitness with a composite risk score constructed 

from markers of inflammation and thrombosis. Our findings revealed that CRF and muscular 

fitness were related with the composite risk score, independently of one another. Previous 

investigations involving youth have consistently found significant negative relationships for 

CRF and cardiometabolic risk (Anderssen et al., 2007; Hurtig-Wennlof et al., 2007) and 

likely represents the benefits of increasing CRF upon both cardiovascular and metabolic 

function. In the study by Anderssen et al, (2007)  the authors examined the cardiorespiratory 

fitness levels of nearly 3000 European youth aged either 9 or 15 years and found that those 

within the lowest quintile of fitness in comparison to those in the highest, were 13 times as 

likely to have clustering of traditional CVD risk factors (total cholesterol/high-density 

lipoprotein cholesterol ratio, plasma triglycerides, insulin resistance (homeostasis model 

assessment), sum of four skinfolds, and systolic blood pressure).  

 

Unlike the study by Anderseen and colleagues, others (Artero et al., 2011; Martinez-Gomez 

et al., 2011; Steene-Johannessen et al., 2009) have also examined the relationship between 

CRF and cardiometabolic risk whilst controlling for muscular fitness. Collectively these 

authors have demonstrated that CRF was associated with cardiometabolic risk, independent 

of muscular fitness. Since our analysis controlled for pubertal stage, we are confident that this 

apparent protective effect of muscular fitness upon cardiometabolic risk is a result of 

participating in muscle strengthening activities rather than a consequence of maturation. As 

seen in other studies (Artero et al., 2011; Martinez-Gomez et al., 2011), we found that CRF 

appeared to be more strongly related to cardiometabolic risk in comparison to muscular 
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fitness  which  may suggest that CRF is more important than muscular fitness in predicting 

cardiometabolic risk at least during adolescence.  Nonetheless, future work that considers 

implementing prospective and intervention study designs are needed to determine the 

independent influence of muscular fitness and CRF upon cardiometabolic disease risk 

in adolescents.  

 

The presence of sub-clinical inflammation is known to thicken blood vessels and damage 

pancreatic islet cells in diabetes and has been linked with chronic conditions such as type 2 

diabetes and cardiometabolic disease (Ouchi, Parker, Lugus, & Walsh, 2011). Whether the 

obesity-related inflammatory state is linked to the development of cardiometabolic disease in 

youth however remains to be fully elucidated. Since obesity can often be the most visible 

indicator of an underlying disease condition it is not surprising that the focus of research has 

often centred on examining the relationships with obesity and variables linked to 

cardiometabolic disease, with subsequent preventative strategies then devised around 

reducing adiposity. However, our findings appear to suggest that both CRF and muscular 

fitness are independently related to cardiometabolic risk which may indicate that factors other 

than obesity could play a role in the development of adverse risk profiles.  This is especially 

true since we were able to control for waist circumference within our analysis.   

 

Across incremental groups for both CRF and muscular fitness (Figures 1 and 2), we 

demonstrated that participants in the first quartile (lowest cardiorespiratory and muscular 

fitness) had significantly greater cardiometabolic risk scores than those in other quartiles. Our 

findings are in agreement with others (Artero et al., 2011; Steene-Johannessen et al., 2009) 

who have demonstrated similar finding’s. 
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The strength of this study is the measurement of markers of inflammation and thrombosis and 

the use of two measures of physical fitness in this cohort. By examining the relationships 

between physical fitness measures and cardiometabolic risk scores that encompass metabolic, 

inflammatory and thrombosis markers we have established that both CRF and muscular 

fitness are significantly, and independently, related to an increased risk profile. These 

findings add to the limited body of literature that has examined the interaction between CRF 

and muscular fitness and supports current recommendations (Department of Health, 2011; US 

Department of Health and Human Services, 2008) for minimising the occurrence of 

unhealthy risk profiles.  

 

There are a number of limitations to this study. The observations of this study are limited by 

its cross-sectional design which does not allow us to establish definitive causality. The 

composite cardiometabolic risk score was estimated using a range of variables given equal 

weighting and are sample specific. Nonetheless, the use of a composite score is becoming a 

recognized method to examine and understand relationships in paediatric research (Artero et 

al., 2013). Finally, the methods used to assess CRF were field based but despite this, the 20 

MSFT has been described as a valid and reliable method of estimating fitness in children and 

adolescents, and is widely used (Buchan et al., 2013).  

 

Conclusion 

 

Both muscular fitness and CRF are significantly and negatively associated with 

cardiometabolic risk, independently of one another. The results indicate that improvements in 

physical fitness are associated with a potential protective role on cardiometabolic risk in 

adolescents.  Finally, our findings support the current physical activity recommendations for 
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youth which recommend regular bone and muscle strengthening activities. Practitioners 

should consider implementing strategies that will enhance not only CRF, but also improve 

muscular fitness. 

 

The authors declare they have no conflict of interest. 

 

 

 

 

 

References 

 

Alessi, M. C., Poggi, M., & Juhan-Vague, I. (2007). Plasminogen activator inhibitor-1, 

adipose tissue and insulin resistance. Current Opinion in Lipidology, 18 (3), 240-245. 

American College of Sports Medicine. (2013). ACSM's Resource Manual for Guidelines for 

Exercise Testing and Prescription (7th ed.). Baltimore: Lippincott Williams and 

Wilkins. 

Anderssen, S. A., Cooper, A. R., Riddoch, C., Sardinha, L. B., Harro, M., Brage, S., & 

Andersen, L. B. (2007). Low cardiorespiratory fitness is a strong predictor for clustering 

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

European Journal of Cardiovascular Prevention and Rehabilitation, 14 (4), 526-531. 

Artero, E. G., Espana-Romero, V., Jimenez-Pavon, D., Martinez-Gomez, D., Warnberg, J., 

Gomez-Martinez, S., Gonzalez-Gross, M., Vanhelst, J., Kafatos, A., Molnar, D., De 

Henauw, S., Moreno, L. A., Marcos, A., & Castillo, M. J. (2013). Muscular fitness, 

fatness and inflammatory biomarkers in adolescents. Pediatric Obesity, 

doSi:10.1111/j.I2047T-6310.201Y3.00186.x. 

Artero, E. G., Ruiz, J. R., Ortega, F. B., Espana-Romero, V., Vicente-Rodriguez, G., Molnar, 

D., Gottrand, F., Gonzalez-Gross, M., Breidenassel, C., Moreno, L. A., & Gutierrez, A. 

(2011). Muscular and cardiorespiratory fitness are independently associated with 

metabolic risk in adolescents: the HELENA study. Pediatric Diabetes, 12 (8), 704-712. 



Cardiometabolic risk 

14 
 

Buchan, D. S., Ollis, S., Young, J. D., Cooper, S. M., Shield, J. P., & Baker, J. S. (2013). 

High intensity interval running enhances measures of physical fitness but not metabolic 

measures of cardiovascular disease risk in healthy adolescents. BMC Public Health, 13, 

498. 

Cook, D. G., Mendall, M. A., Whincup, P. H., Carey, I. M., Ballam, L., Morris, J. E., Miller, 

G. J., & Strachan, D. P. (2000). C-reactive protein concentration in children: relationship 

to adiposity and other cardiovascular risk factors. Atherosclerosis, 149 (1), 139-150. 

Daniels, S. R., Pratt, C. A., & Hayman, L. L. (2011). Reduction of risk for cardiovascular 

disease in children and adolescents. Circulation, 124 (15), 1673-1686. 

Department of Health. (2011). Start Active, Stay Active: a report on physical activity for 

health from the four home countries’ Chief Medical Officers. London. 

Eisenmann, J. C., Welk, G. J., Wickel, E. E., & Blair, S. N. (2004). Stability of variables 

associated with the metabolic syndrome from adolescence to adulthood: the Aerobics 

Center Longitudinal Study. American Journal of Human Biology, 16 (6), 690-696. 

Green, D., Foiles, N., Chan, C., Schreiner, P. J., & Liu, K. (2009). Elevated fibrinogen levels 

and subsequent subclinical atherosclerosis: the CARDIA Study. Atherosclerosis, 202 

(2), 623-631. 

Gulati, M., Black, H. R., Shaw, L. J., Arnsdorf, M. F., Merz, C. N., Lauer, M. S., Marwick, 

T. H., Pandey, D. K., Wicklund, R. H., & Thisted, R. A. (2005). The prognostic value of 

a nomogram for exercise capacity in women. New England Journal of Medicine, 353 

(5), 468-475. 

Hurtig-Wennlof, A., Ruiz, J. R., Harro, M., & Sjostrom, M. (2007). Cardiorespiratory fitness 

relates more strongly than physical activity to cardiovascular disease risk factors in 

healthy children and adolescents: the European Youth Heart Study. European Journal of 

Cardiovascular Prevention and Rehabilitation, 14 (4), 575-581. 

Kahn, B. B., & Flier, J. S. (2000). Obesity and insulin resistance. The Journal of Clinical 

Investigation, 106 (4), 473-481. 

Karelis, A. D., Faraj, M., Bastard, J. P., St-Pierre, D. H., Brochu, M., Prud'homme, D., & 

Rabasa-Lhoret, R. (2005). The metabolically healthy but obese individual presents a 

favorable inflammation profile. The Journal of Clinical Endocrinology and Metabolism, 

90 (7), 4145-4150. 

Kowalski, K. C., Crocker, P. R. E., & Kowalski, N. P. (1997). Convergent validity of the 

physical activity questionnaire for adolescents. Pediatric Exercise Science (9), 342-352. 



Cardiometabolic risk 

15 
 

Ledoux, M., Lambert, J., Reeder, B. A., & Despres, J. P. (1997). A comparative analysis of 

weight to height and waist to hip circumference indices as indicators of the presence of 

cardiovascular disease risk factors. Canadian Heart Health Surveys Research Group. 

Canadian Medical Association Journal, 157 Suppl 1, S32-38. 

Lee, D. C., Sui, X., Artero, E. G., Lee, I. M., Church, T. S., McAuley, P. A., Stanford, F. C., 

Kohl, H. W., 3rd, & Blair, S. N. (2011). Long-term effects of changes in 

cardiorespiratory fitness and body mass index on all-cause and cardiovascular disease 

mortality in men: the Aerobics Center Longitudinal Study. Circulation, 124 (23), 2483-

2490. 

Martinez-Gomez, D., Gomez-Martinez, S., Ruiz, J. R., Diaz, L. E., Ortega, F. B., Widhalm, 

K., Cuenca-Garcia, M., Manios, Y., De Vriendt, T., Molnar, D., Huybrechts, I., 

Breidenassel, C., Gottrand, F., Plada, M., Moreno, S., Ferrari, M., Moreno, L. A., 

Sjostrom, M., & Marcos, A. (2011). Objectively-measured and self-reported physical 

activity and fitness in relation to inflammatory markers in European adolescents: The 

HELENA Study. Atherosclerosis, 221 (1), 260-267. 

McDermott, M. M., Greenland, P., Green, D., Guralnik, J. M., Criqui, M. H., Liu, K., Chan, 

C., Pearce, W. H., Taylor, L., Ridker, P. M., Schneider, J. R., Martin, G., Rifai, N., 

Quann, M., & Fornage, M. (2003). D-dimer, inflammatory markers, and lower extremity 

functioning in patients with and without peripheral arterial disease. Circulation, 107 

(25), 3191-3198. 

Miles, J., & Shevlin, M. (2001). Applying regression & correlation : a guide for students and 

researchers. London: SAGE. 

Ortega, F. B., Ruiz, J. R., Castillo, M. J., & Sjostrom, M. (2008). Physical fitness in 

childhood and adolescence: a powerful marker of health. International Journal of 

Obesity, 32 (1), 1-11. 

Ouchi, N., Parker, J. L., Lugus, J. J., & Walsh, K. (2011). Adipokines in inflammation and 

metabolic disease. Nature Reviews. Immunology, 11 (2), 85-97. 

Ruiz, J. R., Castro-Pinero, J., Artero, E. G., Ortega, F. B., Sjostrom, M., Suni, J., & Castillo, 

M. J. (2009). Predictive validity of health-related fitness in youth: a systematic review. 

British Journal of Sports Medicine, 43 (12), 909-923. 

Ruiz, J. R., Ortega, F. B., Gutierrez, A., Meusel, D., Sjöström, M., & Castillo, M. J. (2006). 

Health-related fitness assessment in childhood and adolescence: a European approach 

based on the AVENA, EYHS and HELENA studies. Journal of Public Health, 14 (5), 

269-277. 



Cardiometabolic risk 

16 
 

Ruiz, J. R., Sui, X., Lobelo, F., Morrow, J. R., Jr., Jackson, A. W., Sjostrom, M., & Blair, S. 

N. (2008). Association between muscular strength and mortality in men: prospective 

cohort study. British Medical Journal, 337, a439. 

Schmitz, K. E., Hovell, M. F., Nichols, J. F., Irvin, V. L., Keating, K., Simon, G. M., 

Gehrman, C., & Jones, K. L. (2004). A Validation Study of Early Adolescents’ Pubertal 

Self-Assessments. The Journal of Early Adolescence, 24 (4), 357-384. 

Sola, E., Vaya, A., Simo, M., Hernandez-Mijares, A., Morillas, C., Espana, F., Estelles, A., & 

Corella, D. (2007). Fibrinogen, plasma viscosity and blood viscosity in obesity. 

Relationship with insulin resistance. Clinical Hemorheology and Microcirculation, 37 

(4), 309-318. 

Steene-Johannessen, J., Anderssen, S. A., Kolle, E., & Andersen, L. B. (2009). Low muscle 

fitness is associated with metabolic risk in youth. Medicine and Science in Sports and 

Exercise, 41 (7), 1361-1367. 

Tanner, J. M., & Whitehouse, R. H. (1976). Clinical longitudinal standards for height, 

weight, height velocity, weight velocity, and stages of puberty. Archives of Disease in 

Childhood, 51 (3), 170-179. 

US Department of Health and Human Services. (2008). Physical Activity Guidlines for 

Americans. Advisory Committee report 2008. Available from 

http://www.health.gov/paguidelines/Report/Default.aspx. Accessed 8th August 2011. 

Washington DC. 

Valle, M., Martos, R., Gascon, F., Canete, R., Zafra, M. A., & Morales, R. (2005). Low-grade 

systemic inflammation, hypoadiponectinemia and a high concentration of leptin are 

present in very young obese children, and correlate with metabolic syndrome. Diabetes 

and Metabolism, 31 (1), 55-62. 

 

 

 

 

 

 

http://www.health.gov/paguidelines/Report/Default.aspx

