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Summary 

 

Aim: Evaluate the validity of six noninvasive scores by: 1) determining the agreement 

between noninvasive scores and a complete cardiovascular disease (CVD) risk score, 

and 2) examining the ability of these noninvasive scores to correctly classify children 

with elevated risk. 

Methods: Cross-sectional data from 911 ten-year-old Norwegian children. A complete 

CVD risk factor score (triglyceride, total cholesterol/HDL ratio, homeostasis model 

assessment of insulin resistance, systolic blood pressure [SBP], waist-to-height ratio and 

cardiorespiratory fitness) and six noninvasive scores (fitness + three different measures 

of fatness, with and without inclusion of SBP) was calculated (mean z-score) by gender. 

Agreement was assessed using Bland-Altman plots. The ability of noninvasive scores to 

correctly classify children with clustered CVD risk was examined using Receiver 

Operating Characteristic (ROC) analysis. 

Results: For both sexes the noninvasive scores without SBP showed significant 

correlation (r = >0.75, r
2
 = >0.56, all p<0.001) and excellent area under the curve 

(AUC) values (>0.92, 95% CI = 0.89-0.97). Inclusion of SBP increased the validity of 

the score by narrower limits of agreement ((0.0 ± 0.73-0.80 (arbitrary unit) vs. 0.0 ± 

1.06-1.11)) and substantially decreased proportional bias (boys: β = -0.12, p<0.001 vs. β 

= -0.36, p<0.001; girls: β = -0.07, p = 0.013 vs. β = -0.30, p<0.001). 

Conclusion: Noninvasive scores including fitness and fatness provided acceptable 

agreement and classification accuracy, allowing for early identification of children that 

might be at risk for developing CVD later in life. SBP should be included in the 

noninvasive scores to avoid misclassification of high-risk children. 
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Preface 

 

I have chosen to deliver my master thesis as a scientific paper. The following 

introduction will provide a summary of knowledge equivalent to what is expected by a 

usual master thesis. First will this introduction give a description of cardiovascular 

disease followed by CVD risk factors in children and adolescents with a focus on 

clustering of CVD risk. Furthermore will the risk factors fitness, fatness and blood 

pressure, be described in detail. Finally, a brief presentation of The Active Smarter Kids 

(ASK) Study. After the reference list, are my scientific paper presented.  

My scientific paper “Validity of noninvasive proxy composite scores to assess 

cardiovascular risk in ten-year-old children” complies with the author guidelines to the 

Preventive Medicine Reports journal. These guidelines is presented in detail elsewhere 

(https://www.elsevier.com/journals/preventive-medicine-reports/2211-3355/guide-for-

authors). 

I would like to thank my supervisors and mentors Geir Kåre Resaland and Eivind 

Aadland for invaluable support and critical feedback in this process. You are both 

inspiring and supportive. I’m honored to get the chance to work with you!  

An additional thank you to Geir Kåre for letting me be part of the ASK-study and from 

day one have shown great confidence and belief in me.  

Finally yet importantly, a big thank you to one of my best friends Jarle. I appreciate 

academic discussion, common understand, encouragement and support throughout this 

process. This process had not been the same without you, thank you! 
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Abbreviations 

 

AUC:   Area under the curve 

BMI:   Body mass index 

BP:   Blood pressure 

CI:   Confidence interval 

CRF:   Cardiorespiratory fitness 

CVD:   Cardiovascular disease 

DBP:   Diastolic blood pressure 

EYHS:   European Youth Hart Study 

HDL-c:  High-density lipoprotein cholesterol 

LDL-c:  Low-density lipoprotein cholesterol 

LOA:   Limits of agreement 

NAHNES:  National Health and Nutrition Examination Surveys 

RER:   Respiratory exchange ratio 

ROC:   Receiver operating characteristic 

SBP:   Systolic blood pressure 

SD:   Standard deviation 

TC:   Total cholesterol 

TG:   Triglycerides 

VO2max:  Maximum oxygen uptake 

VO2peak:  Peak oxygen uptake 

WC:   Waist circumference 

WHtR:   Waist-to-height ratio 
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Introduction 

Cardiovascular disease (CVD) the leading cause of death worldwide with a burden of 

over 17 million deaths per year. Between 1990 and 2010, the total number of deaths 

caused by CVD increased by more than 25%. (Lozano et al., 2013). Therefore, 

prediction and prevention of CVD is a public health priority.  

CVD includes a number of different diseases but is principally a result of 

atherosclerosis and includes coronary heart disease and stroke. Atherosclerosis is a 

vascular disease which causes degenerative changes in the arterial wall giving decreased 

elasticity and narrows the lumen, and eventually may result in CVD, stroke or 

peripheral artery disease depending on the site of the atherosclerosis (Ross 1999).  

CVD risk factors and the metabolic syndrome 

Risk factors associated with an increased risk of developing type 2 diabetes and CVD in 

adults, include a sedentary lifestyle, abdominal obesity, hypertension, insulin resistance, 

elevated triglycerides (TG) and lowered high-density lipoprotein cholesterol (HDL-c) 

(Pyörälä, De Backer, Graham, Poole-Wilson, & Wood, 1994). Many of these risk 

factors are related to a common casual factor known as the metabolic syndrome 

(Alberti, Zimmet, Shaw, & Group, 2005). The condition is defined as clustered CVD 

risk by some authors, while others uses the metabolic syndrome (Andersen, Riddoch, 

Kriemler, & Hills, 2011).  

The association between clustering of metabolic risk factors and CVD has been 

recognized for more than 80 years, but the modern concept of the metabolic syndrome 

began when Raven proposed a conceptual framework which linked apparently unrelated 

biological events into a single pathophysiological construct (Reaven, 1988). This 

hypothesis argued that insulin resistance provided a common mechanism underlying the 

associated abnormalities of blood pressure (BP), HDL-c, TG and glucose tolerance. 

Insulin resistance is characterized as a state where insulin’s ability to maintain 

euglycemia is reduced, and the ability to mediate glucose uptake in insulin sensitive 

tissue such as muscle and fat is impaired (Eckel, Grundy, & Zimmet, 2005).  

This pathophysiological concept was not intended for clinical or epidemiological use. 

However, a number of different definitions have been developed for this purpose by 

World Health Organization (WHO) (Alberti et al., 2005), the National Cholesterol 
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Education Program Adult Treatment Panel III (ATP III) (Grundy, Brewer, Cleeman, 

Smith, & Lenfant, 2004), and the International Diabetes Federation (IDF) (Zimmet et 

al., 2007). The different definitions for metabolic syndrome are based on 

dichotomization of the CVD risk factors whereas individuals are classified as either 

having, or not having the syndrome (Agarwal et al., 2012). The different definitions 

rank the risk factors differently in order of importance and have sometimes used 

different cut-off points for the individual risk factors. IDF defines the metabolic 

syndrome as the presence of abdominal obesity (ethnicity specific) plus at least two of 

the following risk factors: raised TG (>150 mg/dL), reduced HDL (<40 mg/dL in men,< 

50 mg/dL in woman), raised BP (systolic >130 mm Hg, diastolic >85 mm Hg) and 

raised fasting plasma glucose (>100 mg/dL) (Alberti et al., 2005). In terms of health 

outcomes, the metabolic syndrome is associated with an increased risk of all-cause 

mortality, CVD morbidity and mortality, type 2 diabetes, and some cancers (Ford, 

2005).  

There are multiple underlying causes of CVD risk factor elevation. In adults, low levels 

of both cardiorespiratory fitness (CRF) and physical inactivity, and overweight are 

associated with adverse risk factor profiles and the development of CVD (Blair et al., 

1989; Wannamethee, Shaper, & Walker, 1998) (Ford & Li, 2008).  

CVD risk factors in children and adolescents 

Although CVD rarely occurs before the fourth or fifth decade of life (Raitakari et al., 

2003), the complex process leading to atherosclerosis starts in childhood and 

progressing with age (Berenson et al., 1998; Holman, McGill Jr, Strong, & Geer, 1958). 

Autopsy studies from the Bogalusa Heart Study have demonstrated a strong association 

of risk factors with vascular lesions in children and young adults (Berenson et al., 

1992). These observations have later been extended by findings in a large multicentre 

post-mortem study, The Pathobiological Determinants of Atherosclerosis in Youth 

(PDAY) (McGill et al., 1995), where relatively advanced levels of atherosclerosis, 

including fibrous plaques, could be present in adolescents (Strong et al., 1999).  

The European Youth Heart Study (EYHS) reported independent associations between 

physical activity, fitness and fatness, and clustered CVD risk and suggested plausible 

biological reasons for the independent associations. The highest risk was found in 

children who were overweight and had low fitness (Andersen et al., 2008b). Clustering 
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of CVD risk factors has been suggested to reflect cardiovascular health in children 

substantially better than single risk factors (Andersen et al., 2006).  

Several school-based intervention studies have delivered some encouraging findings 

regarding CVD risk factors in children (Angelopoulos, Milionis, Grammatikaki, 

Moschonis, & Manios, 2009; Kriemler et al., 2010; Resaland, Mamen, Boreham, 

Anderssen, & Andersen, 2010). As an example; a 2-year school-based daily physical 

activity intervention on 256 Norwegian children showed that the intervention-school 

children had a significantly greater beneficial development in SBP, DBP, TC:HDL ratio 

and TG than the control-school children. Those children in the intervention school with 

the least favorable starting point experienced the most beneficial health effect of the 

intervention. Furthermore, the study showed that the intervention school improved their 

CRF significantly more than the control schoolchildren. The intervention had the 

biggest impact on those children with low initial CRF levels (Resaland, Andersen, 

Mamen, & Anderssen, 2011). Prevention through lifestyle modification in schools 

during early life therefore may be the most effective intervention in lowering CVD risk 

later in life (McGill, McMahan, & Gidding, 2008; Ruiz et al., 2007). 

Clustering of CVD risk factors in children and adolescents 

Data from the Bogalusa Heart study showed that increased body mass index (BMI), 

systolic (SBP) and diastolic (DBP) BP, LDL-C and low levels of HDL-C, as a group, 

where strongly associated with greater atherosclerotic plaque coverage and more 

advanced atherosclerotic lesions in children (Berenson et al., 1998). The effect of 

multiple risk factors on the extent of atherosclerosis was quite evident. Children with 0, 

1, 2, and 3 or 4 risk factors had, respectively, 1.3%, 2.5%, 7.9% and 11% of the 

coronary arteries were covered with fatty streaks (Berenson et al., 1998).  

High BP and unfavorable blood lipid profile represents no immediate risk to most 

children, however compelling evidence shows that these CVD risk factors track to 

various degrees into adulthood, contributing to the risk of diseases decades’ later (Bao, 

Srinivasan, Wattigney, & Berenson, 1994; Camhi & Katzmarzyk, 2010; Raitakari, 

Porkka, Räsänen, Rönnemaa, & Viikari, 1994; Weiss et al., 2004). Tracking is a term 

used to describe a variable’s longitudinal development involving both the stability 

(maintenance over time of ranking within a distribution) and predictability of future 

measures from earlier measures (Camhi & Katzmarzyk, 2010; Twisk, Kemper, & 
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Mellenbergh, 1994). Data from a follow-up (n = 1974) study showed that clusters of 

multiple risk factors track from childhood to young adulthood. Approximately 25% of 

the subjects initially at “risk” remained there for 6 years (Raitakari et al., 1994). This 

tracking correlation is stronger than those observed for individual risk factor variables, 

suggesting that these variables reinforce each other and tracks an agglomeration (Bao et 

al., 1994).  

The metabolic syndrome was first described in adults, but is now also acknowledged as 

a condition in children and adolescents (Cook, Weitzman, Auinger, Nguyen, & Dietz, 

2003; de Ferranti, 2004). Multiple definitions and modified criteria based on adults have 

been suggested in children and adolescents (Cook et al., 2003; Jolliffe & Janssen, 2007; 

Weiss et al., 2004; Zimmet et al., 2007). However, there are several challenges adopting 

the metabolic syndrome as a conceptual framework to children and adolescents. Growth 

influences metabolic syndrome in children and adolescents (Brambilla et al., 2007) 

where puberty induces physiological changes in adiposity and insulin sensitivity (Sabin, 

Magnussen, Juonala, Cowley, & Shield, 2012). As such, age dependent cut-off points 

are needed (Kassi, Pervanidou, Kaltsas, & Chrousos, 2011), but current cut-offs still 

vary widely (Kelly et al., 2011). Therefore, there is no consensus about the definition of 

metabolic syndrome in children and adolescents (Mancini, 2009), nor about its clinical 

value since no hard clinical endpoints exists (Brambilla et al., 2007). This leads to 

important differences in prevalence in pediatric populations. The prevalence of the 

syndrome also differs importantly between population groups (e.g. age groups, ethnical 

groups) due to inherent factors (Gurka, Ice, Sun, & DeBoer, 2012).  

Epidemiological studies have used various approaches to calculate a metabolic 

syndrome score in children and adolescents (Eisenmann, 2008). The majority of studies 

includes the metabolic syndrome components in the calculation of the score, including 

central obesity (as measured by BMI, waist circumference, or skinfold thickness), HDL-

C, TG, BP  (SBP/DBP) and glucose metabolism (Eisenmann, 2008). The rationale for 

this is based on the fact that these risk factors have the most predictive power of disease 

outcomes in adults, and so that the variables included in the definition are consistent 

across the lifespan for the purpose of tracking (Cruz & Goran, 2004).  

A continuous approach, including principal components analysis, sum of z-scores and 

centile rankings, is suggested as an alternative to the dichotomization of the CVD risk 
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factors. In the past few years, z-score approach have been widely used (Eisenmann, 

2007; Resaland, Mamen, Anderssen, & Andersen, 2009; Rizzo, Ruiz, Hurtig-Wennlof, 

Ortega, & Sjostrom, 2007). A z-score is computed as the number of standard deviation 

(SD) units from the sample mean after normalization of the variable. This is done for 

each risk factor and then summed up to compute a CVD risk score, a lower score 

indicates a favorable health profile. This may to some extent compensate for the day-to-

day fluctuations in the single risk factors and thereby provide a better measure of 

cardiovascular health in children and adolescents (Andersen, Wedderkopp, Hansen, 

Cooper, & Froberg, 2003). Z-score summation is an efficient method, but is limited by 

the presumption that each component contributes equally and independently to the total 

risk, thereby assigning the same weight to each measure. Furthermore, z-scores are 

sample-specific and therefor highly dependent on the sample of children studied, 

making it difficult to compare between studies (Eisenmann, 2008; Eisenmann, Laurson, 

DuBose, Smith, & Donnelly, 2010). 

Categorizing individuals into different risk factor categories, depending on their number 

of risk factors (e.g., defined as the least favorable quartile) are frequently used to 

calculate a composite CVD risk factor score (Andersen et al., 2003). Then clustering is 

defined based on the observed versus the expected number of individuals in the 

different risk factor categories. The expected number can be calculated with the 

binominal formula, which assumes risk factors are independently distributed, meaning 

thatthe risk factors are not independent of each other. Others methods use cut-off points 

relative to selected percentile of a reference population based on age, sex and race-

ethnicity, or modifications of adult definitions of the metabolic syndrome (Saland, 

2007). 

Childhood overweight and obesity 

Assessment of body composition 

Body composition can be approached at several levels (atomic, molecular, cellular, 

tissue, whole body) (Wang, Pierson, & Heymsfield, 1992) with a wide variety of 

methods available. Laboratory measures (e.g. underwater weighing and dual-energy X-

ray absorptiometry) are considered the most accurate, valid and reliable techniques and 

therefore considered to be the gold standard for body composition assessment. 

However, laboratory methods are not feasible for use in large epidemiological research 
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because their complexity and cost (Goran, 1998; Goran et al., 1993). In public health 

evaluations, anthropometry such as body mass index (BMI), waist circumference, waist-

to-height ratio (WHtR) and skinfold are commonly used techniques.  

BMI 

Body mass index (kg/m
2
) is the most commonly and widely used tool to classify 

underweight, overweight and obesity in adults (de Onis & Habicht, 1996; Krebs et al., 

2007) and has also been recommended for use in children and adolescents (Pietrobelli et 

al., 1998). For children, the cut-offs for overweight and obesity are age and gender 

adjusted as the BMI changes during childhood and differs between boys and girls. 

Overweight is defined as a BMI at or above the 85
th

 percentile and below the 95
th

 

percentile and obesity is defined as BMI at or above the 95
th

 percentile in a specific 

population (Cole, 2000; Kuczmarski et al., 2002; Onis et al., 2007). 

BMI is reasonably correlated with fat mass and percent body fat in heterogeneous 

samples of children (Freedman et al., 2005; Katzmarzyk et al., 2004; Mei et al., 2002). 

In the Fels Longitudinal Study, age-specific correlations between BMI and components 

of body composition ranged from 0.37 to 0.78 for percent body fat, 0.67 to 0.90 for fat 

mass, and 0.39 to 0.72 for fat-free masse in girls, and from 0.64 to 0.85 for percent body 

fat, 0.83 to 0.94 for fat mass, and 0.25 to 0.78 for fat-free mass in boys (Maynard et al., 

2001). Daniels et al. (Daniels, Khoury, & Morrison, 1997) showed that BMI, gender, 

race, sexual maturation and distribution of fat were all significant independent correlates 

of the percentage body fat (r
2
 = 0.77).  

However, the accuracy of BMI as an indicator of fatness varies by the degree of body 

fatness, markedly improving at higher levels of BMI (Krebs et al., 2007; Moreno et al., 

2006). Further, BMI does not distinguish between weight due to muscle and, weight due 

to fat. Therefore, an elevated BMI might not necessarily reflect increased fatness and 

may lead to imprecise assessment (Freedman et al., 2005; Freedman et al., 2009b).  In 

children, these relationships between BMI and the fat and fat-free components of the 

body are further complicated by childrens’ varying growth rates and maturity levels 

(Daniels et al., 1997; Warner, Cowan, Dunstan, & Gregory, 1997). Although, the use of 

BMI to classify children and adolescents as overweight and obese is well established.  
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Skinfold 

Another potentially useful method for estimating total body fat is the skinfold technique 

(Durnin & Womersley, 1974). Skinfolds provide an indication of subcutaneous fat at 

specifically defined measurement sites, which usually include reading from biceps, 

triceps, subscapular and supra-iliac areas (Durnin & Rahaman, 1967). Skinfold 

measurement can be expressed as a sum of skinfolds (overall subcutaneous fat) or as a 

ratio (relative subcutaneous fat distribution) (Brook, 1971; Moreno, Fleta, Mur, Sarría, 

& Bueno, 1998). Different equations exist for the estimation of body fatness from 

skinfold thickness in children (Brook, 1971; Deurenberg, Pieters, & Hautvast, 1990; 

Slaughter et al., 1988).  

For triceps skinfold, a technical error of measurement range from 0.4 to 0.8 mm for 

intra-observer error (variation one observer varies between observations) and from 0.8 

to 1.89 mm for inter-observer error (variation observes vary from one another on the 

same material) is observed (Harrison et al., 1988). This indicates that trained personnel 

is required for accurate measurements, which have led to expressed concerns about the 

accuracy of this approach, because skinfold measurements are poorly reproducible 

(Brook, 1971; Freedman, Katzmarzyk, Dietz, Srinivasan, & Berenson, 2009a; Lohman, 

1981). Also, differences in criterion methods, statistical methods and techniques to 

measure skinfold thickness make comparison among studies difficult (Castro-Piñero et 

al., 2009).  

Because the thicknesses of subcutaneous fat are very specific to adipose tissue and can 

be measured noninvasively, skinfold thickness remains an important and valid 

anthropometric indicator of regional and total body fatness, assuming measured by 

trained individuals (Bedogni et al., 2003).  

Waist circumference and waist-to-height ratio 

Gradually there have been emphasis on distribution of body fat rather than total fat mass 

in determination of disease. The adipose tissue is highly metabolically active, especially 

the visceral adipose tissue (Després & Lemieux, 2006). Abdominal obesity is 

considered a strong independent factor of CVD and appears to be a higher risk of 

coronary events than high body mass index alone (Lakka, 2002). This form of obesity is 

most strongly associated with the metabolic syndrome in adults (Grundy et al., 2004). 

Waist circumference has the advantage over BMI that it describes a centralized 
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distribution of fat. Waist circumference is strongly associated with intra-abdominal 

(visceral) adipose tissue (r = 0.84) and subcutaneous abdominal adipose tissue (r = 0.93) 

in children (Goran & Gower, 1998). Some have advocated that waist-to-height ratio 

(WHtR) could potentially be superior to both BMI and WC alone in determining CVD 

risk (Freedman et al., 2007; Maffeis, Banzato, Talamini, & of the Italian, 2008; Mokha 

et al., 2010). It proposed that one particular advantage of using the WHtR might be that 

unisex cutoff points could be specified (Maffeis et al., 2008) and that this ratio may be 

useful in children since it takes into account the child’s height. WHtR has been 

validated as an effective and convenient measure of central body fat in children and 

adolescents (Nambiar, Truby, Abbott, & Davies, 2009). 

In summary, these anthropometric measures have several advantages including minimal 

subject burden, adequate reliability in the hands of technicians, and relatively rapid data 

acquisition for a large number of subjects. Limitations include reduced accuracy, high 

variability, and some may lack broad applicability in all population groups. Although 

evidence for the validity of field-based measures is variable, their associations with 

marker of health risk justifies including them. 

Overweight, obesity and CVD risk youth 

Overweight and obesity in adolescents have globally increased substantially in recent 

decades (Ogden, Carroll, Kit, & Flegal, 2014). Defined by the WHO growth standard 

(Onis, 2006), it is estimated that approximately 41 million children under 5 years of age 

are overweight or obese worldwide (De Onis, Brown, Blossner, & Borghi, 2012). The 

high prevalence of childhood overweight and obesity is of particular concern because 

overweight in childhood and adolescence has been associated with increased risk of 

hypertension, adverse lipid profiles, type 2 diabetes and early atherosclerotic lesions, as 

well increased risk of adult obesity and obesity-related morbidities and mortality in 

adulthood (Freedman, Dietz, Srinivasan, & Berenson, 1999; McCrindle, 2006).  

Data from The Bogalusa Heart Study showed that 60% of children who were 

overweight by the age of 10 had at least one risk factor for CVD (Freedman et al., 

1999). Furthermore, obesity in childhood is an independent risk factor for obesity in 

adulthood (Singh, Mulder, Twisk, Van Mechelen, & Chinapaw, 2008), thereby 

childhood overweight has significant long-term consequences (McGee & Collaboration, 

2005). Data from a large 40 year follow-up study showed increased hazard ratios in the 
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obese children (>95
th

 percentile for BMI) compared to the children in the reference 

group (5
th

 to 24
th

 percentiles). Obese children had increased hazard ratio of 4.9 (CI: 1.7-

4.1) for death from stroke, 2.1 (CI: 1.5-2.9) for sudden death, and 3.5 (CI: 2.9-4.1) for 

death from total cardiovascular causes, after adjustment for sex, age, birth year, 

sociodemographic characteristics, and height (Twig et al., 2016). 

A cross-sectional study containing 14,493 children (age range 5 to 18 years) 

investigated the role of WHtR in the CVD risk assessment of normal, overweight, and 

obese children categorized by BMI percentile category. With a few exceptions, the 

WHtR was found to further stratify CVD risk factor levels beyond BMI percentile 

category alone (Khoury, Manlhiot, & McCrindle, 2013). Saava et al. (Savva et al., 

2000) indicated that WC and waist-to-height ratio (WHtR) are better predictors for the 

presence of CVD risk factors than BMI in children. Maffeis et al. (Maffeis, Pietrobelli, 

Grezzani, Provera, & Tatò, 2001) observed that children with a WC greater than the 90
th

 

percentile were more likely to have multiple risk factors than children with a waist 

circumference less than or equal to the 90
th

 percentile. Simple WC measurements seems 

like a better screening tool than BMI to identify children with an increased CVD risk 

score (Watts, Bell, Byrne, Jones, & Davis, 2008), nevertheless, a single measurement, 

not a ratio, reduces the chance of error (Moreno et al., 2002). 

Cardiorespiratory fitness  

CRF is a direct marker for physiological status and refers to the circulatory system to 

deliver oxygen to the working muscle and utilize it to generate energy during physical 

activity (Armstrong & Van Mechelen, 2008). CRF is one of three basic components 

included in the concept of physical fitness. The two other components are muscular 

strength and motor ability. The concept of physical fitness has evolved over the last 

thirty years from a primary focus on its motor and strength components (performance-

related fitness) to more emphasis on health (health-related fitness) (Malina, Bouchard, 

& Bar-Or, 2004). This is mainly because the health-related fitness components are 

primarily connected to biological outcomes, and high levels of health-related fitness are 

strong associated with lower risk for CVD (McKenzie & Kahan, 2008). Health-related 

fitness refers to the ability to perform daily activities with vigor, as well as traits and 

capacities that are associated with a low risk for development of chronic diseases and 

premature death (Ruiz et al., 2009).  
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The terms CRF, cardiovascular fitness, aerobic fitness, aerobic capacity, aerobic power, 

physical work capacity, and maximal oxygen consumption (VO2max) relate to the same 

concept and are used interchangeably in the literature (Malina et al., 2004). In this thesis 

CRF is used.  

Assessment of cardiorespiratory fitness 

CRF can be determined using a variety of test. As VO2max define the highest rate at 

which an individual can consume oxygen (O2) during dynamical work, it is widely 

accepted as the single best indicator of CRF (Armstrong & Van Mechelen, 2008). 

VO2max is dependent on the ability of the oxygen transport system to deliver blood and 

the ability of cells to take up and utilize oxygen in energy production. CRF can be 

measured directly with sophisticated equipment to measure the volume and gas 

concentrations of inspired and expired air or estimated indirectly through various 

maximal or submaximal exercise test generally using treadmill or cycle ergometer.  

Direct measurement 

Direct maximal tests are considered the gold standard for assessing CRF. The traditional 

laboratory model used to determine VO2max consists of a progressive maximal exercise 

test to exhaustion in which the exercise intensity is incrementally increased exercise 

(Armstrong & Van Mechelen, 2008). During the test, oxygen uptake increases almost 

linearly with exercise intensity up to a point beyond which no further increase in VO2 

takes place, despite a well-motivated subject being able to increase further the intensity 

of exercise. Exercise beyond the point of leveling off is assumed to be exclusively 

supported by anaerobic energy sources resulting in an intracellular accumulation of 

lactate, acidosis, and inevitably termination of the exercise (Armstrong & Van 

Mechelen, 2008). Protocols for the measurement of VO2max and its interpretation in the 

context of health or training status in adults are well established. In children, however, 

the variability of physiological responses to maximal exercise observed during growth 

and maturation confound and complicate these processes (Welsman & Armstrong, 

1996). 

The term VO2max conventionally implies the existence of a VO2 plateau. Armstrong 

and colleagues have demonstrated that in large samples of children who performed an 

acceptable VO2peak test that those children who plateau do not have higher VO2, heart 

rate (HR) or blood accumulation than those not exhibiting a VO2 plateau (Armstrong, 
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Kirby, McManus, & Welsman, 1995; Armstrong, Williams, Balding, Gentle, & Kirby, 

1991). Moreover, studies have documented that VO2peak does not increase further in 

response to exercise intensities above the VO2peak observed in rigorously performed 

progressive exercise test to voluntary exhaustion in children (Armstrong, Welsman, & 

Winsley, 1996; Rowland, 1993). Therefore, VO2peak reflects the limits of CRF in 

children, and is considered a maximal index of children’s CRF. VO2peak is usually 

expressed relative to body weight (mL·kg
-1

·min
-1

), which enables individuals of 

different body masses to be compared, or as an absolute rate (i.e 1·min
-1

). 

Objective and subjective criteria has been suggested to determine whether the child 

truly performs an exhaustive effort, such as the respiratory exchange ratio (RER: 

VCO2/VO2) (i.e. ≥ 1.0), peak heart rate (HRpeak) (i.e. ≥ 200·min
-1

) (objective criteria), 

unsteady running pattern, and verbal and body language (subjective criteria).  

Although maximal exercise testing is considered the gold standard for assessing CRF, 

few large studies in children have assessed CRF with directly measures of VO2peak 

(Kolle, Steene-Johannessen, Andersen, & Anderssen, 2010; Resaland et al., 2010). 

Directly maximal measurement is limited due to the necessity of sophisticated and 

expensive instruments and requires qualified technicians. Furthermore, since each test is 

carried out individually, the testing is also time consuming. 

Indirect measurement 

Indirect test have a more pragmatic approach at a population level and great practical 

advantages compared to direct measurements, but also have a wider margin of error and 

are less accurate in predicting CRF. There are several indirect tests used to estimate 

VO2peak in children including Andersen-test (Andersen, Andersen, Andersen, & 

Anderssen, 2008a), the Multistage 20 meter Shuttle Run Test (MSRT)(Léger & 

Lambert, 1982; Léger, Mercier, Gadoury, & Lambert, 1988), the YoYo-test (Krustrup et 

al., 2003) and The Aastrand and Ryhming Cycle Ergometer test (Åstrand & Ryhming, 

1954). 

The Andersen test is a reliable and valid tool for determination of CRF on a group level 

for ten-year-old children (Aadland, Terum, Mamen, Andersen, & Resaland, 2014). 

Aadland et al. (Aadland et al., 2014) found that the bivariate relationship between the 

Andersen test and VO2peak were r = 0.63, r =0.70, r= 0.68, r = 0.72 and r= 0.73 for 
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Andersen test 1, 2, and 3, the best of test 1 and 2, and the overall best test vs. VO2peak. 

However, a substantial degree of individual variability should be expected for estimates 

of VO2peak based on the Andersen test. Moreover, at least two Andersen test should be 

performed to obtain valid results. After adjusting for modifying variables of gender and 

weight The Yo-Yo test performance correlated significant with VO2peak (r
2
 = 0.81) in a 

group of children aged 6-9 years. Moreover no significant differences were observed in 

test-retest performance (r
2 

= 0.79) (Ahler, Bendiksen, Krustrup, & Wedderkopp, 2011). 

In 20 children aged 12 to 15 Liu et al. found that the concurrent validity (number of laps 

run) of the MRST test correlated significantly with VO2peak in boys (r = 0.65) and girls 

(r = 0.51) (Liu, Plowman, & Looney, 1992).  

The Yo-Yo, MSRT and the Andersen test are reproducible and valid for determining 

exercise capacity and estimating VO2peak for children. The tests can therefore be 

considered applicable as easy, low-cost test to evaluate CVD risk factor clustering, 

diabetes or metabolic syndrome later in life. However, compared to the MSRT and the 

Yo-Yo test, the Andersen test may have several advantages. First, it relates closer to 

children’s usual running pattern (i.e. intermittent vs. continuous activity). Second, it 

does not stigmatize children having poor fitness and therefore does not exclude them 

early from the test. Third, it does not require any equipment besides stopwatch and a 

whistle (Aadland et al., 2014). 

Measurement of CRF is very common in physical education lessons in schools, and it 

has historically been included as a fitness test in most youth fitness test batteries 

(Castro-Piñero et al., 2009). CRF scores were originally tracked as a marker of 

performance but the transition to health-related fitness has led to increased use as a 

screening test to identify youth at increased risk of CVD (Adegboye et al., 2011; 

Castro-Piñero et al., 2009; Crump, Sundquist, Winkleby, & Sundquist, 2016; Ruiz et al., 

2010; Welk, Laurson, Eisenmann, & Cureton, 2011). 

Cardiorespiratory fitness and CVD risk in youth 

Children’s fitness levels have decreased during the last decades (Sandercock, Voss, 

McConnell, & Rayner, 2010; Tomkinson & Olds, 2007). CRF is considered a key 

independent determinant of health (Ortega, Ruiz, Castillo, & Sjöström, 2007) and 

evidence describes a direct relationship between poor CRF and increased CVD risk in 
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children and adolescents (Andersen, Bugge, Dencker, Eiberg, & El-Naaman, 2011; 

Andersen et al., 2008b; Anderssen et al., 2007; Eisenmann, 2007; Resaland et al., 2011).  

Data from a large-scale cross-sectional study (n = 2845) from Denmark, Estonia and 

Portugal showed that children in the lowest quartile of fitness (using the highest fitness 

quartile as reference) had an odds ratio of 13 for clustering of CVD risk factors after 

adjusting for country, age, sex, socio-economic status, pubertal stage, family history of 

CVD and diabetes (Anderssen et al., 2007).  Ruiz et al. (Ruiz et al., 2007) found similar 

graded decline in clustered CVD risk across quartiles of CRF. Additionally, they 

suggested health-related thresholds values of CRF, where girls and boys above 37.0 and 

42.1 mL/kg/min, respectively, had an increased likelihood of having low metabolic risk 

compared to those with CRF levels below this value.  

Compelling evidence shows that fitness attenuates the CVD risk score among fat in 

children and adolescents (Anderssen et al., 2007; Eisenmann, Welk, Ihmels, & 

Dollman, 2007; Rizzo et al., 2007), possibly because it involves genetics, 

adipocytokines and mitochondrial function among others (Eisenmann, 2007), and 

collectively provides a more comprehensive index of children’s cardiovascular health 

(Andersen et al., 2008b).  A cross-sectional multi-center study including 1769 children 

showed that when CRF was removed from the clustered risk variable, the association 

for fatness attenuated and after adjustment for fitness, only the highest quartiles of the 

fatness parameters were significant (Andersen et al., 2008b).  

A cross-sectional school-based study containing healthy children aged 9-10 years and 

adolescents 15-16 years from the EYHS, showed that CRF related mode strongly than 

objectively assessed physical activity to CVD risk factors (Hurtig-Wennlof, Ruiz, 

Harro, & Sjostrom, 2007). This might be due to the accuracy of directly measured CRF, 

since objectively assessed physical activity only represents a “snapshot” of a person’s 

activity levels.  

CRF levels are not included in the traditional metabolic syndrome score as a risk factor, 

however compelling evidence suggest that CRF should be included as a risk factor in 

children and adolescents (Andersen et al., 2006; Andersen et al., 2008b; Anderssen et 

al., 2007; Crump et al., 2016; Resaland et al., 2011; Ruiz et al., 2007). 
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Blood pressure  

BP is the result of two main hemodynamic influences: cardiac output and peripheral 

vascular resistance and high BP (hypertension) is one of the most common medical 

disorders associated with CVD and all-cause mortality (Pescatello et al., 2004). In 

adults, hypertension is acknowledged as a major part of the atherosclerotic process as it 

is related to the reduced elasticity of the vessels, contributing to plaque formations 

which further result in reduced lumen size, impaired blood flow and increased total 

peripheral resistance (Chapman & Sposito, 2008). Hypertension is a condition where 

the arterial BP is higher than normal for the patient’s gender and age (Pescatello et al., 

2004).  

The definition of elevated BP in children and adolescents is determined when measured 

BP exceeds a given sex-, age-, and height-specific rank (percentile) based on the 

normative distribution of BP in children from the general population. Normal BP is 

defined as SBP and DBP that are <90
th

 percentile of gender, age and height. 

Hypertension is defined as average SBP and DBP that is ≥95
th

 percentile of gender, age 

and height on at least three separate occasions (Whelton et al., 2002).  

Assessment of blood pressure 

BP determination continues to be one of the most important measurements in all of 

clinical medicine, but still is one of the most inaccurately performed measures 

(Pickering et al., 2005). The gold standard method to measure BP in children is 

auscultatory, using an aneroid non-mercury manometer. Currently, there continues to be 

an increase in the use of automated oscillometric devices in pediatric research on 

children. The advantages of automatic devices are their ease of use and the 

minimization for observer bias or digit preference (Chiolero, Bovet, & Paradis, 2013).  

Elevated BP should be confirmed on repeated visits before characterizing a child as 

heaving hypertension. It has been argued that multiple visits are more important than 

multiple readings per visits in children and adolescents, and more than three 

measurements per visits may not be needed (Gillman & Cook, 1995). A precise 

characterization of an individual’s BP level is an average of multiple BP measurements 

taken for weeks or months (Pickering et al., 2005). Confirming an elevated BP 

measurement is important, because BP at high levels tends to fall on subsequent 



15 
 

measurement as the result of 1) an accommodation effect (i.e., reduction of anxiety by 

the children from one visit to the next) and 2) regression to the mean. Because BP is 

well-known to be labile and can be affected by many factors, including measurement 

technique, emotional state,  activity levels (Schillaci & Parati, 2010) and BP varies 

among populations (e.g. higher values in European children compared with US 

children) (Lurbe et al., 2009). 

Blood pressure and CVD risk in youth 

The prevalence of high BP has been increasing in children and adolescents (Din-

Dzietham, Liu, Bielo, & Shamsa, 2007). The strongest risk factor for primary 

hypertension in children of all ages and both genders is elevated BMI (Friedemann et 

al., 2012). Data from a meta-analysis including 63 studies (49220 children aged 5 to 15) 

showed that SBP was 4.5 mmHg (CI: 2.4-6.6) higher in overweight children, and 7.5 

mmHg (CI: 3.4-11.6) higher in obese children compared with normal weight children 

(Friedemann et al., 2012). 

Although elevated BP is a strong risk factor for CVD in adults and it is reasonable to 

assume that similar relationship occur in children, there is no direct evidence to estimate 

the absolute risk of CVD associated with a given level of BP in childhood (Chiolero et 

al., 2013). However, the rationale for identifying elevated BP in children lies in the 

potential to stratify risk of future CVD (Thompson, Dana, Bougatsos, Blazina, & 

Norris, 2013). Data from diverse populations show that the evidence for BP tracking 

from childhood into adulthood is strong. Meta-analysis consisting of 50 cohort studies 

showed an average tracking correlation coefficient of 0.38 for SBP and 0.28 for DBP 

(Chen & Wang, 2008). The reported BP tracking correlation coefficients varied from -

0.12 to 0.80 for SBP and from -0.16 to 0.70 for DBP, with a mean of 0.38 for SBP 

(SD=0.16) and 0.28 for DBP (SD=0.15). Predicted 5-year follow-up BP tracking 

correlation coefficient was 0.43 (95% Cl 0.30 to 0.59) for SBP and 0.32 (95% Cl 0.17 to 

0.49) for DBP. The majority of the studies included (n=29, 58%) were from the United 

States, which limits the findings and may not be generalizable to other populations with 

different genetic backgrounds and environmental characteristics.  
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Method 

Study design and sampling 

The Active Smarter Kids (ASK) study was a seven-month cluster-randomized 

controlled trail. All children were attending in fifth-grade classes (ten-year-olds) in 

Sogn and Fjordane County, Norway. Inclusion criteria were: 1) schools had ≥ 7 pupils 

in fifth-grade; 2) pupils were able to participate in daily physical activity and physical 

education; and 3) pupils were able to complete academic performance test. 60 schools 

were approached (1202 children) and 57 schools (1129 children) agreed to participate 

(recruitment success of 95% of schools, 94% of children). This represented 86% of the 

population of ten-year-olds in the county. 

Measurement and tests were performed at the respective schools. ASK baseline data 

collection started in August 2014 and finished November 2014. The procedures and 

methods conform to ethical guidelines defined by the World Medical Association’s 

Declaration of Helsinki and its subsequent revisions (WMA, 1964). The Regional 

Committee for Medical Research Ethics approved the study protocol. Obtained written 

consent from each child’s parents or legal guardian and the responsible school 

authorities prior to all testing.  

Definition of validation and validity 

In validation studies, researchers seek to provide one or several types of evidences. 

Validation refers to the process of systematically collecting evidence to provide 

justification for the set of inferences that are intended to be drawn from scores yielded 

by an instrument (Safrit & Wood, 1995). Validity is the extent to which scores 

generated by an instrument measure the characteristic or variable they are intended to 

measure and may be an indicator of internal (e.g. strength of the inferences from the 

study) as well as external (e.g. ability to generalize study results) knowledge 

(Onwuegbuzie et al., 2007).  

Criterion-related validity is the extent to which scores on an instrument are related to an 

independent criterion variable believed to measure directly the underlying attribute or 

behavior. Construct-related validity is the extent to which an instrument can be 

interpreted as a meaningful measure of some characteristic or quality and content-

related validity refer the extent to which the items on an instrument represent the 
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content being measured. These three elements do not represent three distinct types of 

validity but rather a unitary concept (Onwuegbuzie et al., 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

References 

Aadland, E., Terum, T., Mamen, A., Andersen, L. B., & Resaland, G. K. (2014). The andersen 

aerobic fitness test: reliability and validity in 10-year-old children. PLoS ONE, 9(10), 

e110492. doi: 10.1371/journal.pone.0110492 

Adegboye, A. R., Anderssen, S. A., Froberg, K., Sardinha, L. B., Heitmann, B. L., Steene-

Johannessen, J., . . . Andersen, L. B. (2011). Recommended aerobic fitness level for 

metabolic health in children and adolescents: a study of diagnostic accuracy. Br J 

Sports Med, 45(9), 722-728. doi: 10.1136/bjsm.2009.068346 

Agarwal, S., Jacobs, D. R., Vaidya, D., Sibley, C. T., Jorgensen, N. W., Rotter, J. I., . . . 

Kritchevsky, S. (2012). Metabolic syndrome derived from principal component analysis 

and incident cardiovascular events: the multi ethnic study of atherosclerosis (MESA) 

and health, aging, and body composition (Health ABC). Cardiology research and 

practice, 2012.  

Ahler, T., Bendiksen, M., Krustrup, P., & Wedderkopp, N. (2011). Aerobic fitness testing in 6- 

to 9-year-old children: reliability and validity of a modified Yo–Yo IR1 test and the 

Andersen test. European Journal of Applied Physiology, 112(3), 871-876. doi: 

10.1007/s00421-011-2039-4 

Alberti, K. G. M., Zimmet, P., Shaw, J., & Group, I. E. T. F. C. (2005). The metabolic 

syndrome—a new worldwide definition. The Lancet, 366(9491), 1059-1062.  

Andersen, L. B., Andersen, T.-E., Andersen, E., & Anderssen, S. A. (2008a). An intermittent 

running test to estimate maximal oxygen uptake: the Andersen test. The Journal of 

sports medicine and physical fitness, 48(4), 434-437.  

Andersen, L. B., Bugge, A., Dencker, M., Eiberg, S., & El-Naaman, B. (2011). The association 

between physical activity, physical fitness and development of metabolic disorders. Int J 

Pediatr Obes, 6 Suppl 1, 29-34. doi: 10.3109/17477166.2011.606816 

Andersen, L. B., Harro, M., Sardinha, L. B., Froberg, K., Ekelund, U., Brage, S., & Anderssen, 

S. A. (2006). Physical activity and clustered cardiovascular risk in children: a cross-

sectional study (The European Youth Heart Study). The Lancet, 368(9532), 299-304. 

doi: 10.1016/s0140-6736(06)69075-2 

Andersen, L. B., Riddoch, C., Kriemler, S., & Hills, A. (2011). Physical activity and 

cardiovascular risk factors in children. British Journal of Sports Medicine, 45(11), 871-

876. doi: 10.1136/bjsports-2011-090333 

Andersen, L. B., Sardinha, L. B., Froberg, K., Riddoch, C. J., Page, A. S., & Anderssen, S. A. 

(2008b). Fitness, fatness and clustering of cardiovascular risk factors in children from 



19 
 

Denmark, Estonia and Portugal: the European Youth Heart Study. Int J Pediatr Obes, 3 

Suppl 1, 58-66. doi: 10.1080/17477160801896366 

Andersen, L. B., Wedderkopp, N., Hansen, H. S., Cooper, A. R., & Froberg, K. (2003). 

Biological cardiovascular risk factors cluster in Danish children and adolescents: the 

European Youth Heart Study. Preventive Medicine, 37(4), 363-367. doi: 

10.1016/s0091-7435(03)00145-2 

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 & Rehabilitation, 14(4), 526-

531.  

Angelopoulos, P. D., Milionis, H. J., Grammatikaki, E., Moschonis, G., & Manios, Y. (2009). 

Changes in BMI and blood pressure after a school based intervention: the CHILDREN 

study. Eur J Public Health, 19(3), 319-325. doi: 10.1093/eurpub/ckp004 

Armstrong, N., Kirby, B., McManus, A., & Welsman, J. (1995). Aerobic fitness of prepubescent 

children. Annals of human biology, 22(5), 427-441.  

Armstrong, N., & Van Mechelen, W. (2008). Paediatric exercise science and medicine: Oxford 

University Press. 

Armstrong, N., Welsman, J., & Winsley, R. (1996). Is peak VO2 a maximal index of children's 

aerobic fitness? International Journal of Sports Medicine, 17(5), 356-359.  

Armstrong, N., Williams, J., Balding, J., Gentle, P., & Kirby, B. (1991). The peak oxygen 

uptake of British children with reference to age, sex and sexual maturity. European 

journal of applied physiology and occupational physiology, 62(5), 369-375.  

Bao, W., Srinivasan, S. R., Wattigney, W. A., & Berenson, G. S. (1994). Persistence of multiple 

cardiovascular risk clustering related to syndrome X from childhood to young 

adulthood: the Bogalusa Heart Study. Archives of Internal Medicine, 154(16), 1842-

1847.  

Bedogni, G., Iughetti, L., Ferrari, M., Malavolti, M., Poli, M., Bernasconi, S., & Battistini, N. 

(2003). Sensitivity and specificity of body mass index and skinfold thicknesses in 

detecting excess adiposity in children aged 8-12 years. Annals of human biology, 30(2), 

132-139.  

Berenson, G. S., Srinivasan, S. R., Bao, W., Newman, W. P., Tracy, R. E., & Wattigney, W. A. 

(1998). Association between multiple cardiovascular risk factors and atherosclerosis in 

children and young adults. New England journal of medicine, 338(23), 1650-1656.  



20 
 

Berenson, G. S., Wattigney, W. A., Tracy, R. E., Newman, W. P., Srinivasan, S. R., Webber, L. 

S., . . . Strong, J. P. (1992). Atherosclerosis of the aorta and coronary arteries and 

cardiovascular risk factors in persons aged 6 to 30 years and studied at necropsy (The 

Bogalusa Heart Study). The American journal of cardiology, 70(9), 851-858.  

Blair, S. N., Kohl, H. W., Paffenbarger, R. S., Clark, D. G., Cooper, K. H., & Gibbons, L. W. 

(1989). Physical fitness and all-cause mortality: A prospective study of healthy men and 

women. Jama, 262(17), 2395-2401.  

Brambilla, P., Lissau, I., Flodmark, C. E., Moreno, L. A., Widhalm, K., Wabitsch, M., & 

Pietrobelli, A. (2007). Metabolic risk-factor clustering estimation in children: to draw a 

line across pediatric metabolic syndrome. Int J Obes (Lond), 31(4), 591-600. doi: 

10.1038/sj.ijo.0803581 

Brook, C. (1971). Determination of body composition of children from skinfold measurements. 

Archives of disease in childhood, 46(246), 182-184.  

Camhi, S. M., & Katzmarzyk, P. T. (2010). Tracking of cardiometabolic risk factor clustering 

from childhood to adulthood. International Journal of Pediatric Obesity, 5(2), 122-129. 

doi: 10.3109/17477160903111763 

Castro-Piñero, J., Artero, E. G., España-Romero, V., Ortega, F. B., Sjöström, M., Suni, J., & 

Ruiz, J. R. (2009). Criterion-related validity of field-based fitness tests in youth: a 

systematic review. British Journal of Sports Medicine.  

Chapman, M. J., & Sposito, A. C. (2008). Hypertension and dyslipidaemia in obesity and 

insulin resistance: Pathophysiology, impact on atherosclerotic disease and 

pharmacotherapy. Pharmacology & Therapeutics, 117(3), 354-373. doi: 

10.1016/j.pharmthera.2007.10.004 

Chen, X., & Wang, Y. (2008). Tracking of Blood Pressure From Childhood to Adulthood: A 

Systematic Review and Meta-Regression Analysis. Circulation, 117(25), 3171-3180. 

doi: 10.1161/circulationaha.107.730366 

Chiolero, A., Bovet, P., & Paradis, G. (2013). Screening for elevated blood pressure in children 

and adolescents: a critical appraisal. JAMA pediatrics, 167(3), 266-273.  

Cole, T. J. (2000). Establishing a standard definition for child overweight and obesity 

worldwide: international survey. Bmj, 320(7244), 1240-1240. doi: 

10.1136/bmj.320.7244.1240 

Cook, S., Weitzman, M., Auinger, P., Nguyen, M., & Dietz, W. H. (2003). Prevalence of a 

metabolic syndrome phenotype in adolescents: findings from the third National Health 

and Nutrition Examination Survey, 1988-1994. Archives of pediatrics & adolescent 

medicine, 157(8), 821-827.  



21 
 

Crump, C., Sundquist, J., Winkleby, M. A., & Sundquist, K. (2016). Interactive Effects of 

Physical Fitness and Body Mass Index on the Risk of Hypertension. JAMA internal 

medicine, 1-7.  

Cruz, M. L., & Goran, M. I. (2004). The metabolic syndrome in children and adolescents. 

Current diabetes reports, 4(1), 53-62.  

Daniels, S. R., Khoury, P. R., & Morrison, J. A. (1997). The utility of body mass index as a 

measure of body fatness in children and adolescents: differences by race and gender. 

Pediatrics, 99(6), 804-807.  

de Ferranti, S. D. (2004). Prevalence of the Metabolic Syndrome in American Adolescents: 

Findings From the Third National Health and Nutrition Examination Survey. 

Circulation, 110(16), 2494-2497. doi: 10.1161/01.cir.0000145117.40114.c7 

De Onis, M., Brown, D., Blossner, M., & Borghi, E. (2012). Levels and trends in child 

malnutrition. UNICEF-WHO-The World Bank joint child malnutrition estimates.  

de Onis, M., & Habicht, J.-P. (1996). Anthropometric reference data for international use: 

recommendations from a World Health Organization Expert Committee. The American 

journal of clinical nutrition, 64(4), 650-658.  

Després, J.-P., & Lemieux, I. (2006). Abdominal obesity and metabolic syndrome. Nature, 

444(7121), 881-887. doi: 10.1038/nature05488 

Deurenberg, P., Pieters, J. J., & Hautvast, J. G. (1990). The assessment of the body fat 

percentage by skinfold thickness measurements in childhood and young adolescence. 

British journal of nutrition, 63(02), 293-303.  

Din-Dzietham, R., Liu, Y., Bielo, M.-V., & Shamsa, F. (2007). High blood pressure trends in 

children and adolescents in national surveys, 1963 to 2002. Circulation, 116(13), 1488-

1496.  

Durnin, J., & Rahaman, M. (1967). The assessment of the amount of fat in the human body from 

measurements of skinfold thickness. British journal of nutrition, 21(03), 681-689.  

Durnin, J., & Womersley, J. (1974). Body fat assessed from total body density and its estimation 

from skinfold thickness: measurements on 481 men and women aged from 16 to 72 

years. British journal of nutrition, 32(01), 77-97.  

Eckel, R. H., Grundy, S. M., & Zimmet, P. Z. (2005). The metabolic syndrome. The Lancet, 

365(9468), 1415-1428. doi: 10.1016/s0140-6736(05)66378-7 



22 
 

Eisenmann, J. C. (2007). Aerobic fitness, fatness and the metabolic syndrome in children and 

adolescents. Acta Paediatr, 96(12), 1723-1729. doi: 10.1111/j.1651-2227.2007.00534.x 

Eisenmann, J. C. (2008). On the use of a continuous metabolic syndrome score in pediatric 

research. Cardiovasc Diabetol, 7, 17. doi: 10.1186/1475-2840-7-17 

Eisenmann, J. C., Laurson, K. R., DuBose, K. D., Smith, B. K., & Donnelly, J. E. (2010). 

Construct validity of a continuous metabolic syndrome score in children. Diabetol 

Metab Syndr, 2(8), 5996-5992.  

Eisenmann, J. C., Welk, G. J., Ihmels, M., & Dollman, J. (2007). Fatness, Fitness, and 

Cardiovascular Disease Risk Factors in Children and Adolescents. Medicine & Science 

in Sports & Exercise, 39(8), 1251-1256. doi: 10.1249/MSS.0b013e318064c8b0 

Ford, E. S. (2005). Risks for all-cause mortality, cardiovascular disease, and diabetes 

associated with the metabolic syndrome a summary of the evidence. Diabetes Care, 

28(7), 1769-1778.  

Ford, E. S., & Li, C. (2008). Defining the metabolic syndrome in children and adolescents: will 

the real definition please stand up? The Journal of Pediatrics, 152(2), 160-164. e113.  

Freedman, D. S., Dietz, W. H., Srinivasan, S. R., & Berenson, G. S. (1999). The relation of 

overweight to cardiovascular risk factors among children and adolescents: the 

Bogalusa Heart Study. Pediatrics, 103(6), 1175-1182.  

Freedman, D. S., Kahn, H. S., Mei, Z., Grummer-Strawn, L. M., Dietz, W. H., Srinivasan, S. R., 

& Berenson, G. S. (2007). Relation of body mass index and waist-to-height ratio to 

cardiovascular disease risk factors in children and adolescents: the Bogalusa Heart 

Study. The American journal of clinical nutrition, 86(1), 33-40.  

Freedman, D. S., Katzmarzyk, P. T., Dietz, W. H., Srinivasan, S. R., & Berenson, G. S. (2009a). 

Relation of body mass index and skinfold thicknesses to cardiovascular disease risk 

factors in children: the Bogalusa Heart Study. The American journal of clinical 

nutrition, 90(1), 210-216.  

Freedman, D. S., Wang, J., Maynard, L. M., Thornton, J. C., Mei, Z., Pierson, R., . . . Horlick, 

M. (2005). Relation of BMI to fat and fat-free mass among children and adolescents. 

International Journal of Obesity, 29(1), 1-8.  

Freedman, D. S., Wang, J., Thornton, J. C., Mei, Z., Sopher, A. B., Pierson, R. N., . . . Horlick, 

M. (2009b). Classification of Body Fatness by Body Mass Index–for-Age Categories 

Among Children. Archives of pediatrics & adolescent medicine, 163(9), 805-811.  



23 
 

Friedemann, C., Heneghan, C., Mahtani, K., Thompson, M., Perera, R., & Ward, A. M. (2012). 

Cardiovascular disease risk in healthy children and its association with body mass 

index: systematic review and meta-analysis.  

Gillman, M. W., & Cook, N. R. (1995). Blood pressure measurement in childhood 

epidemiological studies. Circulation, 92(4), 1049-1057.  

Goran, M. I. (1998). Measurement issues related to studies of childhood obesity: assessment of 

body composition, body fat distribution, physical activity, and food intake. Pediatrics, 

101(Supplement 2), 505-518.  

Goran, M. I., & Gower, B. A. (1998). Abdominal obesity and cardiovascular risk in children. 

Coronary artery disease, 9(8), 483-488.  

Goran, M. I., Kaskoun, M. C., Carpenter, W. H., Poehlman, E. T., Ravussin, E., & Fontvieille, 

A.-M. (1993). Estimating body composition of young children by using bioelectrical 

resistance. Journal of Applied Physiology, 75(4), 1776-1780.  

Grundy, S. M., Brewer, H. B., Cleeman, J. I., Smith, S. C., & Lenfant, C. (2004). Definition of 

metabolic syndrome report of the National Heart, Lung, and Blood Institute/American 

Heart Association Conference on scientific issues related to definition. Circulation, 

109(3), 433-438.  

Gurka, M. J., Ice, C. L., Sun, S. S., & DeBoer, M. D. (2012). A confirmatory factor analysis of 

the metabolic syndrome in adolescents: an examination of sex and racial/ethnic 

differences. Cardiovascular diabetology, 11(1), 128.  

Harrison, G. G., Buskirk, E., Carter, J. L., Johnston, F., Lohman, T., Pollock, M., . . . Wilmore, 

J. (1988). Skinfold thicknesses and measurement technique. Anthropometric 

standardization reference manual, 1988, 55-80.  

Holman, R. L., McGill Jr, H. C., Strong, J. P., & Geer, J. C. (1958). The natural history of 

atherosclerosis: the early aortic lesions as seen in New Orleans in the middle of the 

20th century*. The American journal of pathology, 34(2), 209.  

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. Eur J Cardiovasc 

Prev Rehabil, 14(4), 575-581. doi: 10.1097/HJR.0b013e32808c67e3 

Jolliffe, C. J., & Janssen, I. (2007). Development of age-specific adolescent metabolic syndrome 

criteria that are linked to the Adult Treatment Panel III and International Diabetes 

Federation criteria. Journal of the American College of Cardiology, 49(8), 891-898.  



24 
 

Kassi, E., Pervanidou, P., Kaltsas, G., & Chrousos, G. (2011). Metabolic syndrome: definitions 

and controversies. BMC Medicine, 9(1), 48.  

Katzmarzyk, P. T., Srinivasan, S. R., Chen, W., Malina, R. M., Bouchard, C., & Berenson, G. S. 

(2004). Body mass index, waist circumference, and clustering of cardiovascular disease 

risk factors in a biracial sample of children and adolescents. Pediatrics, 114(2), e198-

e205.  

Kelly, A. S., Steinberger, J., Jacobs Jr, D. R., Hong, C.-P., Moran, A., & Sinaiko, A. R. (2011). 

Predicting cardiovascular risk in young adulthood from the metabolic syndrome, its 

component risk factors, and a cluster score in childhood. International Journal of 

Pediatric Obesity, 6(sup3), e283-289.  

Khoury, M., Manlhiot, C., & McCrindle, B. W. (2013). Role of the waist/height ratio in the 

cardiometabolic risk assessment of children classified by body mass index. Journal of 

the American College of Cardiology, 62(8), 742-751.  

Kolle, E., Steene-Johannessen, J., Andersen, L. B., & Anderssen, S. A. (2010). Objectively 

assessed physical activity and aerobic fitness in a population-based sample of 

Norwegian 9- and 15-year-olds. Scandinavian Journal of Medicine & Science in Sports, 

20(1), e41-e47. doi: 10.1111/j.1600-0838.2009.00892.x 

Krebs, N. F., Himes, J. H., Jacobson, D., Nicklas, T. A., Guilday, P., & Styne, D. (2007). 

Assessment of child and adolescent overweight and obesity. Pediatrics, 120(Supplement 

4), S193-S228.  

Kriemler, S., Zahner, L., Schindler, C., Meyer, U., Hartmann, T., Hebestreit, H., . . . Puder, J. J. 

(2010). Effect of school based physical activity programme (KISS) on fitness and 

adiposity in primary schoolchildren: cluster randomised controlled trial. Bmj, 340, 

c785. doi: 10.1136/bmj.c785 

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A., . . . Bangsbo, J. 

(2003). The Yo-Yo Intermittent Recovery Test: Physiological Response, Reliability, and 

Validity. Medicine & Science in Sports & Exercise, 35(4), 697-705. doi: 

10.1249/01.mss.0000058441.94520.32 

Kuczmarski, R. J., Ogden, C. L., Guo, S. S., Grummer-Strawn, L. M., Flegal, K. M., Mei, Z., . . 

. Johnson, C. L. (2002). 2000 CDC Growth Charts for the United States: methods and 

development. Vital and health statistics. Series 11, Data from the national health 

survey(246), 1-190.  

Lakka, H. (2002). Abdominal obesity is associated with increased risk of acute coronary events 

in men. European Heart Journal, 23(9), 706-713. doi: 10.1053/euhj.2001.2889 



25 
 

Léger, L. A., & Lambert, J. (1982). A maximal multistage 20-m shuttle run test to predict\ dot 

VO2 max. European journal of applied physiology and occupational physiology, 49(1), 

1-12.  

Léger, L. A., Mercier, D., Gadoury, C., & Lambert, J. (1988). The multistage 20 metre shuttle 

run test for aerobic fitness. Journal of Sports Sciences, 6(2), 93-101. doi: 

10.1080/02640418808729800 

Liu, N. Y.-S., Plowman, S. A., & Looney, M. A. (1992). The reliability and validity of the 20-

meter shuttle test in American students 12 to 15 years old. Research quarterly for 

exercise and sport, 63(4), 360-365.  

Lohman, T. G. (1981). Skinfolds and body density and their relation to body fatness: a review. 

Human biology, 181-225.  

Lozano, R., Naghavi, M., Foreman, K., Lim, S., Shibuya, K., Aboyans, V., . . . Ahn, S. Y. 

(2013). Global and regional mortality from 235 causes of death for 20 age groups in 

1990 and 2010: a systematic analysis for the Global Burden of Disease Study 2010. The 

Lancet, 380(9859), 2095-2128.  

Lurbe, E., Cifkova, R., Cruickshank, J. K., Dillon, M. J., Ferreira, I., Invitti, C., . . . Morales-

Olivas, F. (2009). Management of high blood pressure in children and adolescents: 

recommendations of the European Society of Hypertension. Journal of hypertension, 

27(9), 1719-1742.  

Maffeis, C., Banzato, C., Talamini, G., & of the Italian, O. S. G. (2008). Waist-to-height ratio, a 

useful index to identify high metabolic risk in overweight children. The Journal of 

Pediatrics, 152(2), 207-213. e202.  

Maffeis, C., Pietrobelli, A., Grezzani, A., Provera, S., & Tatò, L. (2001). Waist circumference 

and cardiovascular risk factors in prepubertal children. Obesity research, 9(3), 179-

187.  

Malina, R. M., Bouchard, C., & Bar-Or, O. (2004). Growth, maturation, and physical activity: 

Human Kinetics. 

Mancini, M. C. (2009). Metabolic syndrome in children and adolescents-criteria for diagnosis. 

Diabetology & metabolic syndrome, 1(1), 1.  

Maynard, L. M., Wisemandle, W., Roche, A. F., Chumlea, W. C., Guo, S. S., & Siervogel, R. 

M. (2001). Childhood body composition in relation to body mass index. Pediatrics, 

107(2), 344-350.  



26 
 

McCrindle, B. W. (2006). Will childhood obesity lead to an epidemic of premature 

cardiovascular disease? Evidence-based cardiovascular medicine, 10(2), 71-74.  

McGee, D. L., & Collaboration, D. P. (2005). Body mass index and mortality: a meta-analysis 

based on person-level data from twenty-six observational studies. Annals of 

epidemiology, 15(2), 87-97.  

McGill, H. C., McMahan, C. A., & Gidding, S. S. (2008). Preventing Heart Disease in the 21st 

Century: Implications of the Pathobiological Determinants of Atherosclerosis in Youth 

(PDAY) Study. Circulation, 117(9), 1216-1227. doi: 10.1161/circulationaha.107.717033 

McGill, H. C., Strong, J. P., Tracy, R. E., McMahan, C. A., Oalmann, M. C., & Group, P. D. o. 

A. i. Y. R. (1995). Relation of a postmortem renal index of hypertension to 

atherosclerosis in youth. Arteriosclerosis, Thrombosis, and Vascular Biology, 15(12), 

2222-2228.  

McKenzie, T. L., & Kahan, D. (2008). Physical activity, public health, and elementary schools. 

The Elementary School Journal, 108(3), 171-180.  

Mei, Z., Grummer-Strawn, L. M., Pietrobelli, A., Goulding, A., Goran, M. I., & Dietz, W. H. 

(2002). Validity of body mass index compared with other body-composition screening 

indexes for the assessment of body fatness in children and adolescents. The American 

journal of clinical nutrition, 75(6), 978-985.  

Mokha, J. S., Srinivasan, S. R., DasMahapatra, P., Fernandez, C., Chen, W., Xu, J., & 

Berenson, G. S. (2010). Utility of waist-to-height ratio in assessing the status of central 

obesity and related cardiometabolic risk profile among normal weight and 

overweight/obese children: the Bogalusa Heart Study. BMC pediatrics, 10(1), 73.  

Moreno, L., Pineda, I., Rodriguez, G., Fleta, J., Sarria, A., & Bueno, M. (2002). Waist 

circumference for the screening of the metabolic syndrome in children. Acta 

Paediatrica, 91(12), 1307-1312.  

Moreno, L. A., Blay, M. G., Rodríguez, G., Blay, V. A., Mesana, M. I., Olivares, J. L., . . . 

Bueno, M. (2006). Screening performances of the International Obesity Task Force 

body mass index cut-off values in adolescents. Journal of the American College of 

Nutrition, 25(5), 403-408.  

Moreno, L. A., Fleta, J., Mur, L., Sarría, A., & Bueno, M. (1998). Fat distribution in obese and 

nonobese children and adolescents. Journal of pediatric gastroenterology and nutrition, 

27(2), 176-180.  

Nambiar, S., Truby, H., Abbott, R. A., & Davies, P. S. (2009). Validating the waist‐height ratio 

and developing centiles for use amongst children and adolescents. Acta Paediatrica, 

98(1), 148-152.  



27 
 

Ogden, C. L., Carroll, M. D., Kit, B. K., & Flegal, K. M. (2014). Prevalence of childhood and 

adult obesity in the United States, 2011-2012. Jama, 311(8), 806-814.  

Onis, M. (2006). WHO Child Growth Standards based on length/height, weight and age. Acta 

Paediatrica, 95(S450), 76-85.  

Onis, M. d., Onyango, A. W., Borghi, E., Siyam, A., Nishida, C., & Siekmann, J. (2007). 

Development of a WHO growth reference for school-aged children and adolescents. 

Bulletin of the World Health Organization, 85(9), 660-667.  

Onwuegbuzie, A. J., Witcher, A. E., Collins, K. M., Filer, J. D., Wiedmaier, C. D., & Moore, C. 

W. (2007). Students’ perceptions of characteristics of effective college teachers: A 

validity study of a teaching evaluation form using a mixed-methods analysis. American 

Educational Research Journal, 44(1), 113-160.  

Ortega, F. B., Ruiz, J. R., Castillo, M. J., & Sjöström, M. (2007). Physical fitness in childhood 

and adolescence: a powerful marker of health. International Journal of Obesity, 32(1), 

1-11. doi: 10.1038/sj.ijo.0803774 

Pescatello, L. S., Franklin, B. A., Fagard, R., Farquhar, W. B., Kelley, G. A., & Ray, C. A. 

(2004). Exercise and Hypertension. Medicine & Science in Sports & Exercise, 36(3), 

533-553. doi: 10.1249/01.mss.0000115224.88514.3a 

Pickering, T. G., Hall, J. E., Appel, L. J., Falkner, B. E., Graves, J., Hill, M. N., . . . Roccella, E. 

J. (2005). Recommendations for blood pressure measurement in humans and 

experimental animals part 1: blood pressure measurement in humans: a statement for 

professionals from the Subcommittee of Professional and Public Education of the 

American Heart Association Council on High Blood Pressure Research. Hypertension, 

45(1), 142-161.  

Pietrobelli, A., Faith, M. S., Allison, D. B., Gallagher, D., Chiumello, G., & Heymsfield, S. B. 

(1998). Body mass index as a measure of adiposity among children and adolescents: a 

validation study. The Journal of Pediatrics, 132(2), 204-210.  

Pyörälä, K., De Backer, G., Graham, I., Poole-Wilson, P., & Wood, D. (1994). Prevention of 

coronary heart disease in clinical practice: recommendations of the Task Force of the 

European Society of Cardiology, European Atherosclerosis Society and European 

Society of Hypertension. Atherosclerosis, 110(2), 121-161.  

Raitakari, O. T., Juonala, M., Kähönen, M., Taittonen, L., Laitinen, T., Mäki-Torkko, N., . . . 

Rönnemaa, T. (2003). Cardiovascular risk factors in childhood and carotid artery 

intima-media thickness in adulthood: the Cardiovascular Risk in Young Finns Study. 

Jama, 290(17), 2277-2283.  



28 
 

Raitakari, O. T., Porkka, K. V., Räsänen, L., Rönnemaa, T., & Viikari, J. S. (1994). Clustering 

and six year cluster-tracking of serum total cholesterol, HDL-cholesterol and diastolic 

blood pressure in children and young adults The cardiovascular risk in young finns 

study. Journal of clinical epidemiology, 47(10), 1085-1093.  

Reaven, G. M. (1988). Role of insulin resistance in human disease. Diabetes, 37(12), 1595-

1607.  

Resaland, G., Mamen, A., Anderssen, S., & Andersen, L. B. (2009). Cardiorespiratory fitness 

and body mass index values in 9‐year‐old rural Norwegian children. Acta Paediatrica, 

98(4), 687-692.  

Resaland, G. K., Andersen, L. B., Mamen, A., & Anderssen, S. A. (2011). Effects of a 2‐year 

school‐based daily physical activity intervention on cardiorespiratory fitness: the 

Sogndal school‐intervention study. Scandinavian Journal of Medicine & Science in 

Sports, 21(2), 302-309.  

Resaland, G. K., Mamen, A., Boreham, C., Anderssen, S. A., & Andersen, L. B. (2010). 

Cardiovascular risk factor clustering and its association with fitness in nine-year-old 

rural Norwegian children. Scand J Med Sci Sports, 20(1), e112-120. doi: 

10.1111/j.1600-0838.2009.00921.x 

Rizzo, N. S., Ruiz, J. R., Hurtig-Wennlof, A., Ortega, F. B., & Sjostrom, M. (2007). 

Relationship of physical activity, fitness, and fatness with clustered metabolic risk in 

children and adolescents: the European youth heart study. J Pediatr, 150(4), 388-394. 

doi: 10.1016/j.jpeds.2006.12.039 

Ross , R. (1999). Atherosclerosis — An Inflammatory Disease. New England journal of 

medicine, 340(2), 115-126. doi: doi:10.1056/NEJM199901143400207 

Rowland, T. W. (1993). Does peak VO2 reflect VO2max in children?: evidence from 

supramaximal testing. Med Sci Sports Exerc, 25(6), 689-693.  

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

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

British Journal of Sports Medicine.  

Ruiz, J. R., Castro-Piñero, J., España-Romero, V., Artero, E. G., Ortega, F. B., Cuenca, M. M., . 

. . Mora, J. (2010). Field-based fitness assessment in young people: the ALPHA health-

related fitness test battery for children and adolescents. British Journal of Sports 

Medicine, bjsports75341.  

Ruiz, J. R., Ortega, F. B., Rizzo, N. S., Villa, I., Hurtig-Wennlof, A., Oja, L., & Sjostrom, M. 

(2007). High cardiovascular fitness is associated with low metabolic risk score in 



29 
 

children: the European Youth Heart Study. Pediatr Res, 61(3), 350-355. doi: 

10.1203/pdr.0b013e318030d1bd 

Sabin, M., Magnussen, C., Juonala, M., Cowley, M., & Shield, J. (2012). The role of 

pharmacotherapy in the prevention and treatment of paediatric metabolic syndrome–

implications for long-term health: part of a series on Pediatric Pharmacology, guest 

edited by Gianvincenzo Zuccotti, Emilio Clementi, and Massimo Molteni. 

Pharmacological Research, 65(4), 397-401.  

Safrit, M. J., & Wood, T. M. (1995). Introduction to measurement in physical education and 

exercise science: William C. Brown. 

Saland, J. M. (2007). Update on the metabolic syndrome in children. Current opinion in 

pediatrics, 19(2), 183-191.  

Sandercock, G., Voss, C., McConnell, D., & Rayner, P. (2010). Ten year secular declines in the 

cardiorespiratory fitness of affluent English children are largely independent of 

changes in body mass index. Archives of disease in childhood, 95(1), 46-47.  

Savva, S., Tornaritis, M., Savva, M., Kourides, Y., Panagi, A., Silikiotou, N., . . . Kafatos, A. 

(2000). Waist circumference and waist-to-height ratio are better predictors of 

cardiovascular disease risk factors in children than body mass index. International 

journal of obesity and related metabolic disorders: journal of the International 

Association for the Study of Obesity, 24(11), 1453-1458.  

Schillaci, G., & Parati, G. (2010). Determinants of blood pressure variability in youth: at the 

roots of hypertension. Journal of hypertension, 28(4), 660-664.  

Singh, A. S., Mulder, C., Twisk, J. W., Van Mechelen, W., & Chinapaw, M. J. (2008). Tracking 

of childhood overweight into adulthood: a systematic review of the literature. Obesity 

reviews, 9(5), 474-488.  

Slaughter, M. H., Lohman, T. G., Boileau, R., Horswill, C., Stillman, R., Van Loan, M., & 

Bemben, D. (1988). Skinfold equations for estimation of body fatness in children and 

youth. Human biology, 709-723.  

Strong, J. P., Malcom, G. T., McMahan, C. A., Tracy, R. E., Newman III, W. P., Herderick, E. 

E., . . . Group, P. D. o. A. i. Y. R. (1999). Prevalence and extent of atherosclerosis in 

adolescents and young adults: implications for prevention from the Pathobiological 

Determinants of Atherosclerosis in Youth Study. Jama, 281(8), 727-735.  

Thompson, M., Dana, T., Bougatsos, C., Blazina, I., & Norris, S. L. (2013). Screening for 

Hypertension in Children and Adolescents to Prevent Cardiovascular Disease. 

Pediatrics, 131(3), 490-525. doi: 10.1542/peds.2012-3523 



30 
 

Tomkinson, G. R., & Olds, T. S. (2007). Secular changes in pediatric aerobic fitness test 

performance: the global picture (Vol. 50): Karger Publishers. 

Twig, G., Yaniv, G., Levine, H., Leiba, A., Goldberger, N., Derazne, E., . . . Shamiss, A. 

(2016). Body-Mass Index in 2.3 Million Adolescents and Cardiovascular Death in 

Adulthood. New England journal of medicine.  

Twisk, J., Kemper, H., & Mellenbergh, G. (1994). Mathematical and analytical aspects of 

tracking. Epidemiologic reviews, 16(2), 165-183.  

Wang, Z.-M., Pierson, R., & Heymsfield, S. B. (1992). The five-level model: a new approach to 

organizing body-composition research. The American journal of clinical nutrition, 

56(1), 19-28.  

Wannamethee, S. G., Shaper, A. G., & Walker, M. (1998). Changes in physical activity, 

mortality, and incidence of coronary heart disease in older men. The Lancet, 

351(9116), 1603-1608. doi: 10.1016/s0140-6736(97)12355-8 

Warner, J. T., Cowan, F., Dunstan, F. D. J., & Gregory, J. W. (1997). The validity of body mass 

index for the assessment of adiposity in children with disease states. Annals of human 

biology, 24(3), 209-215.  

Watts, K., Bell, L. M., Byrne, S. M., Jones, T. W., & Davis, E. A. (2008). Waist circumference 

predicts cardiovascular risk in young Australian children. J Paediatr Child Health, 

44(12), 709-715. doi: 10.1111/j.1440-1754.2008.01411.x 

Weiss, R., Dziura, J., Burgert, T. S., Tamborlane, W. V., Taksali, S. E., Yeckel, C. W., . . . 

Morrison, J. (2004). Obesity and the metabolic syndrome in children and adolescents. 

New England journal of medicine, 350(23), 2362-2374.  

Welk, G. J., Laurson, K. R., Eisenmann, J. C., & Cureton, K. J. (2011). Development of youth 

aerobic-capacity standards using receiver operating characteristic curves. American 

journal of preventive medicine, 41(4), S111-S116.  

Welsman, J., & Armstrong, N. (1996). The measurement and interpretation of aerobic fitness in 

children: current issues. Journal of the Royal Society of Medicine, 89(5), 281P.  

Whelton, P. K., He, J., Appel, L. J., Cutler, J. A., Havas, S., Kotchen, T. A., . . . Winston, M. C. 

(2002). Primary prevention of hypertension: clinical and public health advisory from 

The National High Blood Pressure Education Program. Jama, 288(15), 1882-1888.  

WMA. (1964). Ethical principles for medical research involving human subjects. Helsinki: 

World Medical Association General Assembly. Bulletin of the World Health 

Organization, 79(4), 373.  



31 
 

Zimmet, P., Alberti, K. G. M., Kaufman, F., Tajima, N., Silink, M., Arslanian, S., . . . Caprio, S. 

(2007). The metabolic syndrome in children and adolescents–an IDF consensus report. 

Pediatric Diabetes, 8(5), 299-306.  

Åstrand, P.-O., & Ryhming, I. (1954). A nomogram for calculation of aerobic capacity 

(physical fitness) from pulse rate during submaximal work. Journal of Applied 

Physiology, 7(2), 218-221.  

 



1 
 

 

Validity of noninvasive proxy composite scores to assess cardiovascular risk 
in ten-year-old children 

Øystein Lerum* 

*Faculty of Teacher Education and Sport, Sogn og Fjordane University College, Sogndal, 
Norway 

 

 

 

 

 

 

 

 

 

Corresponding author:  
Øystein Lerum 
Faculty of Teacher Education and Sport 
Sogn og Fjordane University College 
Sogndal, Norway 
Tel: +47 91 17 22 44 
E-mail: oystein.lerum@hisf.no 

 

Manuscript details:  
Abstract: 250 words 
Manuscript: 3456 words 
Tables and figures: 3 tables and 2 figures 

 

 

 

 



2 
 

Abstract 

Aim: Evaluate the validity of six noninvasive scores by: 1) determining the agreement 

between noninvasive scores and a complete cardiovascular disease (CVD) risk score, and 2) 

examining the ability of these noninvasive scores to correctly classify children with elevated 

risk. 

Methods: Cross-sectional data from 911 ten-year-old Norwegian children. A complete CVD 

risk factor score (triglyceride, total cholesterol/HDL ratio, homeostasis model assessment of 

insulin resistance, systolic blood pressure [SBP], waist-to-height ratio and cardiorespiratory 

fitness) and six noninvasive scores (fitness + three different measures of fatness, with and 

without inclusion of SBP) was calculated (mean z-score) by gender. Agreement was 

assessed using Bland-Altman plots. The ability of noninvasive scores to correctly classify 

children with clustered CVD risk was examined using Receiver Operating Characteristic 

(ROC) analysis. 

Results: For both sexes the noninvasive scores without SBP showed significant correlation 

(r = >0.75, r2 = >0.56, all p<0.001) and excellent area under the curve (AUC) values (>0.92, 

95% CI = 0.89-0.97). Inclusion of SBP increased the validity of the score by narrower limits of 

agreement ((0.0 ± 0.73-0.80 (arbitrary unit) vs. 0.0 ± 1.06-1.11)) and substantially decreased 

proportional bias (boys: β = -0.12, p<0.001 vs. β = -0.36, p<0.001; girls: β = -0.07, p = 0.013 

vs. β = -0.30, p<0.001). 

Conclusion: Noninvasive scores including fitness and fatness provided acceptable 

agreement and classification accuracy, allowing for early identification of children that might 

be at risk for developing CVD later in life. SBP should be included in the noninvasive scores 

to avoid misclassification of high-risk children. 

 

Keywords: Anthropometric measures, cardiorespiratory fitness, cardiovascular disease risk 

factors, systolic blood pressure, noninvasive proxy composite risk factor score 
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Highlights 

 Fitness and fatness provides acceptable agreement and classification accuracy. 

 SBP are important to avoid underestimation in high-risk children. 

 Noninvasive scores allows for widespread early identification of children. 
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1. Introduction 

Cardiovascular disease (CVD) is the leading cause of premature death worldwide (1). CVD 

risk factors have their roots in childhood and are caused by an association between genetic 

and behavioral risk factors (2-5). Independent associations between physical activity, fitness 

and fatness, and clustering of CVD risk factors in children and adolescents have been 

established (6-9). During the last two decades, great attention has been devoted to 

understanding whether these underlying causes are a predictor of future disease in children 

and adolescents, and, further, to finding valid, practical measurement methods to identify 

those at risk for use in various contexts such as research and clinical settings. 

Clustering of CVD risk factors, typically components of the metabolic syndrome e.g. 

overweight, hypertension, insulin resistance, elevated triglycerides (TG) and lowered high-

density lipoprotein cholesterol (HDL-c), has been suggested to reflect cardiovascular health 

in children better than single risk factors (6). Compared to individual risk factors, a composite 

risk score may be a more solid indicator of the constellation of disturbances associated with 

CVD (10). However, the assessment required in order to construct these composite risk 

scores is labor intensive and costly to obtain. Moreover, these measurements are invasive, 

placing a significant burden upon some children. This limits the feasibility of applying such 

scores for assessing risk in children on a large scale.  

Epidemiological studies have evaluated simple anthropometric measurements (BMI, skinfold, 

waist circumference) and field-based indirect cardiorespiratory fitness (CRF) tests as indexes 

for clustering of CVD risk factors in children and adolescents (11, 12). These findings are 

equivocal and single risk factors ability to classify high risk children and adolescents varies 

(13). Recently, Andersen et al. (2015) (14) tested a noninvasive measure of cardiovascular 

health in a study based on pooling of number of cohorts from Northern, Eastern, Central and 

Southern Europe and North America (n = 9,871) including youths aged 6-18. The mean z-

score of a composite noninvasive risk score based on fatness (waist-to-height ratio [WHtR]) 

and CRF was examined in a Receiver Operating Characteristic (ROC) analysis against the 
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International Diabetes Federation (IDF) definition of the metabolic syndrome and a clustered 

CVD risk score including TG, waist circumference, systolic blood pressure (SBP), insulin 

resistance, HDL-c and CRF. Andersen et al. (2015) observed an area under the curve (AUC) 

of 0.92 and 0.94, and sensitivity and specificity of 0.85 and 0.87, suggesting that the 

noninvasive score may be useful as a prescreening tool for identifying children and 

adolescents with clustered CVD risk. 

Yet, the study by Andersen et al. (2015) have some shortcomings. Only one measure of 

fatness (WHtR) was examined in the composite noninvasive risk score, and although SBP 

data was available, this simple noninvasive risk variable was not included. Neither was 

analysis to investigate possible differences by sex. Furthermore, in order to provide 

justification for the set of inferences that are intended to be drawn from the purposed 

noninvasive score, agreement for such a score across all levels of risk should be tested e.g. 

by including Bland Altman plots.  

Therefore, the purpose of the present investigation was to evaluate the validity of six 

noninvasive proxy composite scores (fitness + three different measures of fatness, with and 

without inclusion of systolic blood pressure) in assessing CVD risk in ten-year-old children 

by: 1) determining the agreement between different noninvasive proxy risk scores and a 

complete clustered CVD risk score, and 2) examining the ability of these risk scores to 

correctly classify children with elevated risk. 

2. Methods 

2.1 Setting and participants 

Baseline data were obtained from the Active Smarter Kids (ASK) Study which has previously 

been presented in detail (15). A total of 1129 (588 boys and 541 girls) ten-year old healthy 

pre-pubertal children were included in the ASK-Study. Before any testing was performed 

written informed consent was obtained from each child’s parent or legal guardian after they 

were given a detailed oral and written explanation of the study. Assent was obtained from the 
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children. The study was approved by the Regional Committee for Medical Research Ethics. 

The ASK-Study registration number at Clinicaltrails.gov ID number is NCT02132494.  

2.2 Anthropometric assessment 

Weight was measured in light clothing to the nearest 0.1 kg with an electronic scale (Seca 

899, SECA GmbH, Hamburg, Germany). Height was measured without shoes to the nearest 

millimeter with a transportable stadiometer (Seca 217, SECA GmbH, Hamburg, Germany). 

We calculated body mass index (kg · m-2) as weight (kg) divided by the height squared (m2). 

Waist circumference was measured to the nearest 0.5 cm with the child’s abdomen relaxed 

at the end of a gentle expiration two cm over the level of the umbilicus with an ergonomic 

circumference measuring tape (Seca 201, SECA GmbH, Hamburg, Germany). Two 

measurements from each child were collected. If the difference between measures was 

greater than one cm, a third measurement was obtained; the average of the two closest 

measurements was used for analysis. Skinfold thickness was measured at the left side of the 

body using a Harpenden skinfold caliper (Bull: British Indicators Ltd., West Sussex, England). 

Two measurements were taken at each position (biceps, triceps, subscapular, and 

suprailiac). If the difference between measures was greater than two mm, a third 

measurement was obtained; the average of the two closest measurements was used for 

analysis.  

2.3 Pubertal status 

The Tanner pubertal stages self-assessment questionnaire was used to determine pubertal 

status (16). Boys were presented with five pictures of Tanner staging for pubic hair and 

external genitalia development, whereas girls were presented with five pictures representing 

breast development and pubic hair by color images proposed by Carel and Leger (17). The 

children were asked to indicate which stage best referred to their own pubertal stage. The 

procedure took place in a private space with sufficient time to self-assess the pubertal stage. 

For analysis children were classified as pre-pubertal (Tanner 1-2). 
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2.4 Blood pressure 

Systolic (SBP) and diastolic (DBP) blood pressure was measured using the Omron HEM-907 

automatic blood pressure monitor (Omron HEM-907, Omrom Healthcare, Inc, Veron Hills, IL, 

US). The children sat in a relaxed position in a quiet environment with no distractions for ten 

minutes. Four measurements were taken at one-minute intervals on the upper right arm 

using an appropriate sized cuff with the average of the final three measurements within five 

mmHg used in all analyses. If a difference >five mmHg between measurements was found, 

we obtained one extra measurement, in which case the average of the last four 

measurement was used.  

2.5 Blood sample 

Blood samples were obtained in the morning between 08.00 and 11.00 am after an overnight 

fast and were immediately stored in a -20ºC freezer and within 48 hours in a -80ºC freezer 

until analysis. Serum samples were analyzed for constituents related to traditional risk factors 

for CVD, such as insulin, glucose and the standard lipid panel (TG, TC, HDL and low density 

lipoprotein cholesterol (LDL)), using standard laboratory methods. Insulin resistance was 

estimated according to the homoeostasis model assessment (HOMA) as the product of 

fasting glucose (mmol/L) and insulin (pmol/L) divided by the constant 22.5 (18). To calculate 

cholesterol ratio, HDL was divided to total cholesterol. 

2.6 Cardiorespiratory fitness 

CRF was assessed using the Andersen intermittent running field test (19), which has been 

validated in the target age group (20). The Andersen-test was administered according to 

standard procedures. The children were tested indoors on a wooden or rubber floor in groups 

of 10-20 children. Children ran from one end line to another (20 m apart) in an intermittent to-

and-fro movement, with 15-second work periods and 15-second breaks (standing still) for a 

total duration of 10 minutes. The total distance covered in meters was used in all analyses. 

The equation suggested by Aadland et al. (20) (VO2peak = 23.262+0.050*Andersen distance -

3.858*gender -0.376*body weight) was used to estimate VO2peak.   
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2.7 Clustering of cardiovascular risk factors 

Z-scores by gender were computed for all risk factors. BMI, WHtR, CRF, sum of 4 skinfolds 

measurements, TC and HOMA score were positively skewed and were thus transformed 

(natural log) before z-scores were computed. Seven scores were computed: first, we 

computed a complete score (the criterion to which the proxy scores were compared) as the 

mean of the following six CVD risk factors: 1) TC, 2) TC/HDL ratio, 3) HOMA score, 4) SBP, 

5) WHtR, and 6) inverse CRF (“complete score”). In addition, we computed three 

noninvasive scores: 1a) inverse CRF and WHtR, 2a) inverse CRF and BMI, and 3a) inverse 

CRF and sum of 4 skinfolds, and three scores with SBP incorporated (1b, 2b and 3b) 

(“noninvasive scores”).  

2.8 Statistical analysis 

All statistical analyses were performed in IBM SPSS Statistics version 23.0 (SPSS Inc., 

Chicago, Illinois, USA). Variables are described as group means and standard deviations 

(SDs). Differences between genders and between included and missing data were analyzed 

using the Student’s t test for independent samples. Differences between genders in puberty 

status and clustered CVD risk were analyzed using the Pearson’s chi-square test. 

To evaluate the extent of clustering of risk factors in our sample we compared the observed 

number of children with zero to six risk factors (defined as the least favorable quartile) with 

the expected number calculated from an assumed independent distribution of the risk factors 

according to the binominal formula (21),  

(n!*pr*(1 – p)n – r )/(r!*(n – r)!), 

where n is the possible number of risk factors (6), p is the probability of having a risk factor 

(0.25), and r is the number of the risk factors for which the probability is calculated for (0 

through 6). The expected proportions having 0 to 6 risk factors were 0.178, 0.356, 0.296, 

0.132, 0.033, 0.004, and 0.002, respectively. Corresponding observed proportions were: 

33.2%, 28.5%, 17.5%, 9.1%, 6.0% 3.7% and 2%.  
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The bivariate relationship between the six noninvasive scores and the complete score was 

determined using the Pearson’s correlation coefficient (r). Agreement was assessed by using 

Bland-Altman plots (22) and limits of agreement (LoA) (± 1.96 SD of the differences). The 

unstandardized regression coefficient (β) was determined using a simple linear regression. 

Mean z-scores of the noninvasive scores were further examined in a Receiver Operating 

Characteristic (ROC) analysis to examine their ability to correctly classify children with 

clustered CVD risk. The applied cutoff point was computed from the normal distribution curve 

for the respective proportions. The estimated cutoff point for boys was 0.83 and 0.68 for girls, 

respectively. AUC with 95% confidence intervals (CI) was calculated. The AUC represents 

the ability of the test to correctly classify children having elevated CVD risk. The values of 

AUC range between 0.5 (worthless test) to 1 (perfect test). 

3. Results 

A complete data set for all six CVD risk factors was available in 911 children (466 boys and 

445 girls): this sample were included in the present analysis. Characteristics of the included 

children are shown in Table 1; girls had higher mean levels of sum of four skinfolds, insulin, 

triglyceride and HOMA score than boys (p <0.001) and lower Andersen test distance (p 

<0.001), VO2 peak (p <0.001), glucose (p <0.001), HDL (p <0.001) than boys. Children with 

incomplete data had a significantly lower Andersen test (866 vs. 897 m, p <0.001) compared 

to children with complete data, while no other significant differences were found. An excess 

number of children were identified with clustering of risk factors. 11.7% of the population (n = 

107) had ≥ four risk factors (odds ratio 3.11, 95% CI = 2.5-3.8 compared to the expected 

number).  

All further results were more or less identical for boys and girls. Table 2 shows the bivariate 

relationship between the six noninvasive scores and the complete score. All noninvasive 

scores showed strong associations with the complete score for both sexes (r = >0.75, r2 = 
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>0.56, all p < 0.001). Stronger associations (r = 0.82-0.85, r2 = 0.68-0.72, all p <0.001) were 

observed for noninvasive scores including SBP. 

The Bland Altman plots shows the agreement between the noninvasive scores and the 

complete score in terms of systematic error (bias) and random error (95% LoA), displayed in 

Figure 1 (noninvasive score 1a and 1b shown). LoA (arbitrary unit) were smaller for all 

noninvasive scores including SBP (boys: 1b, 2b, 3b: LoA ± 0.75-0.78; girls: 1b, 2b, 3b: LoA ± 

0.73-0.80) compared to scores not including SBP (boys: 1a, 2a, 3a: LoA ± 1.07-1.14; girls: 

1a, 2a, 3a: LoA ± 1.06-1.11). In addition, the regression analysis revealed that the slope in 

noninvasive score 1b, was three times less steep for boys (β = -0.12, p <0.001 vs. β = -0.36, 

p <0.001), and four times less steep slope for girls (β = -0.07, p = 0.013 vs. β = -0.30, p 

<0.001), compared to noninvasive score 1a, indicating that SBP appears to be important to 

avoid a systematic underestimation of children with elevated CVD risk score. 

Figure 2 display ROC curves of the noninvasive scores for boys and girls, respectively. Table 

3 shows the AUC, 95% confidence intervals and sensitivity and specificity percent’s for the 

six noninvasive scores by sex. The classification accuracy of noninvasive scores to identify 

cluster CVD risk factors in boys and girls was high (for all scores AUC >0.92). For boys, the 

optimal classification threshold (z = 0.83) resulted in sensitivity of 78-86% and specificity of 

88-95% in the noninvasive scores. Compared to boys, the optimal classification threshold (z 

= 0.60) for girls resulted in slightly lower sensitivity (69-76%), but equal specificity (90-95%). 

4. Discussion  

This study examined the validity of six proxy composite risk scores to assess cluster CVD 

risk in a large group of apparently healthy ten-year-old-children from one county in Western 

Norway. The good agreement and high discriminating ability with the criterion measure, 

especially for scores including SBP, demonstrate that the noninvasive proxy composite risk 

scores have good utility for identifying high risk children. Results from the present study was 
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similar between boys and girls, indicating that relatively simple and feasible measures can be 

applied for identify children at elevated risk for CVD later in life irrespective of sexes.  

In general, results from the present study are in good agreement with the study by Andersen 

et al. (2015) (14). Andersen et al. (2015) found a sensitivity and specificity of 87% with an 

AUC of 0.94 for their composite noninvasive risk score analyzed against the mean z-score of 

a clustered CVD risk score. Similarly, our results showed that noninvasive score 1a (CRF 

and WHtR) provided a sensitivity of 78%, a specificity of 90%, and an AUC of 0.94 for boys, 

and a sensitivity of 76%, a specificity of 91%, and an AUC 0.93 for girls. We extend these 

results by demonstrating good agreement and classification accuracy in both girls and boys, 

and for different measures of fatness. Compared to previous studies investigating the validity 

of single variables as predictors for CVD clustering in children and adolescents, the present 

study indicate that a “mini-cluster” of fitness and fatness are superior to using each single 

variable.  

Previous investigations have identified CRF as a strong predictor of CVD risk factor 

clustering in children and adolescents. Welk et al. (2011) (23) demonstrated in the National 

Health and Nutrition Examination Survey (NHANES) (1999-2002, n = 1966) a high AUC 

value for boys (AUC = 0.83) and subsequently a fair AUC value for girls (AUC = 0.77) aged 

12-18 years. Similarly, data on Japanese children (n = 299, aged 9 years) showed high AUC 

value in both boys (AUC = 0.80) and girls (AUC = 0.84). In 873 children aged 9-10 years 

from the Estonian and Swedish sections of the European Youth Heart Study (EYHS), Ruiz et 

al. (2007) (24) reported a lower but significant discriminating accuracy in both boys (AUC = 

0.67) and girls (AUC = 0.68). 

Anthropometric measures also seem to be valuable predictors of CVD risk factor clustering. 

In a cross-sectional study with 290 boys and girls from 6 to 10 years old, Goncalves et al. 

(2015) (12) found higher AUC values for BMI (boys: AUC = 0.70; girls: AUC = 0.71) and 

waist circumference (boys: AUC = 0.76; girls: AUC = 0.68), whereas WHtR ratios were 
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slightly lower (boys: AUC = 0.62; girls: AUC = 0.64). Sardinha et al. (2016) (11) showed AUC 

values higher than 0.7 for all anthropometric variables (BMI, waist circumference, WHtR) and 

no significant differences between sexes in a large sample of 2191 girls and 2064 boys (8-17 

years old) from a pooled cross-sectional dataset comprising five studies from EYHS and 

NHANES. An even stronger magnitude for WHtR was found in a sample of 5 to 15 years old 

Italian children (n = 1479), with determined AUC values equal to 0.8 for both sexes (25). 

Our results extend these previous observations, suggesting that the strength of associations 

between WHtR, BMI and skinfold with clustered CVD risk is similar for all anthropometric 

variables; hence consequently, they are interchangeable. Thus, we argue it is a matter of 

practical convenience to choose one measure over another. However, we still recommend 

the use of waist circumference or BMI, because skinfold measurement might be difficult to 

standardize. BMI is the most common measure of fatness due to the simplicity of 

measurement which makes it a practical measure in many contexts, while also comparable 

across studies. Still, WHtR has been advocated as an effective and convenient measure of 

central adiposity that could potentially be superior to BMI alone in determining CVD risk (26), 

and simultaneously as a variable independent of age (27), which may favor WHtR above 

BMI. Nevertheless, Sardinha et al. (2016) (11) reported sensitivity from 51.8% (boys, WHtR) 

to 60.8% (girls, BMI) for anthropometric variables whereas Ruiz et al. (2007) (24) reported 

sensitivity of 65% for CRF in boys and girls, indicating that anthropometric variables and 

CRF individually perform poorly for correct classification of children and adolescent with 

elevated CVD risk. 

Data from the present study showed that a simple risk scores consisting of fitness and 

fatness seems to be able to discriminate high risk children of a comprehensive invasive CVD 

risk score with 92-95% accuracy (AUC = 0.92-0.95) and is practically superior compared to a 

complete CVD risk score. Adding SBP to the noninvasive scores further improved the 

scores, naturally since three of the variables are identical in the proxy variables and the 

criterion. However, without SBP incorporated in the noninvasive score, there was a 
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significant slope in the Bland Altman plot (proportional bias), indicating a significant 

underestimation of high-risk children. Still, noninvasive scores without SBP showed excellent 

AUC values between 0.92 and 0.95 for both sexes. The improvement by including SBP was 

further emphasized by the decreased limits of agreement (from ±1.06-1.14 to ±0.73-0.80).  

Together with previous findings our results suggest that although anthropometric variables 

and CRF seem to be good predictors of CVD risk factors, at higher levels of risk these 

variables will underestimate children with elevated risk score whereas SBP seems to be an 

important risk factor to avoid this systematic underestimation. Together with the results 

shown by Andersen et al. (2015) (14), these observations add novel and important 

information to the field of clinical research. Based on the current findings we conclude that 

fitness + fatness provide acceptable agreement and classification accuracy, but that SBP 

should be included if possible to improve the measure and avoid misclassification.  

4.1 Strengths and weaknesses 

The present study has several limitations. Despite the large sample size, the age range 

included is narrow (10.2 ± 0.3), and therefore the results have limited generalizability to other 

age groups. Thus, further investigation should aim different population and while wider age 

range. Moreover, the sample only comprises healthy children from one county in Western 

Norway and is not considered representative nationally. Still, results were very similar to 

those of Andersen et al. (2015) based on an international sample of children and youth. 

Unfortunately, differences across age groups, gender and ethnicity were not examined by 

Andersen et al. (2015). Previous findings imply that metabolic syndrome score differs by 

ethnicity and gender (28).  

Only 4 (<1%) children in this study were defined as having clustering of CVD risk factors 

according to the IDF definition. Thus, our results agree with previous proposals to use a 

continuous rather than a dichotomous approach when evaluating children’s cardiovascular 

health to avoid underestimation (29).  
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The major strength of this study is the availability of measures of blood lipids and other 

cardiovascular risk factors from a relatively large sample with high participation rate (97.4%), 

of which 89% provided valid blood samples.  

5. Conclusion  

Based on the current findings we conclude that noninvasive scores by fitness and fatness, 

provides acceptable agreement and classification accuracy, allowing for widespread early 

identification of children that might be at risk for developing CVD later in life. SBP should be 

included if possible to improve the measure and avoid misclassification. Importantly, our 

findings indicate that it is possible to identify children at risk for future CVD reasonably well 

without drawing blood samples. 
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8. Tables 

 

Table 1. Physical characteristics and CVD risk factors in the children 

 Boys (n = 466) Girls (n = 445) p-value 

Age (years) 10.2 (0.3) 10.2 (0.3) 0.852 

Height (cm) 143.1 (6.7) 142.5 (6.7) 0.152 

Weight (kg)
†
 35.5 (31.6-40.9) 35.3 (31.5-40.9) 0.972 

BMI (kg/m
2
)
†
 17.2 (15.8-19.4) 17.3 (15.9-19.5) 0.357 

Skinfold (mm)
†
 35.0 (26.8-53.7) 51.0 (36.1-72.7) < 0.001* 

Waist Circumference (cm)
†
 60.8 (57.3-65.8) 59.5 (56.0-65.2) 0.072 

Prepubertal (Tanner stage 1-2)
‡
 89.7 (418) 88.3 (393) 0.504 

Systolic BP (mmHg) 105.3 (8.2) 105.3 (8.5) 0.970 

Diastolic BP (mmHg) 57.3 (6.0) 58.1 (6.3) 0.057 

Andersen (m)
†
 931 (860-1000) 875 (815-926) < 0.001* 

VO2peak (ml/min
-1
/kg

-1
)
†
 56.6 (51.5-60.6) 49.8 (45.8-52.9) < 0.001* 

Glucose (mmol/L) 5.02 (0.31) 4.90 (0.33) < 0.001* 

Insulin (pmol/L) 50.04 (24.87) 60.87 (33.52) < 0.001* 

Cholestrol (mmol/L) 4.45 (0.72) 4.45 (0.67) 0.897 

HDL (mmol/L) 1.62 (0.33) 1.55 (0.34)  < 0.001* 

LDL (mmol/L) 2.49 (0.67) 2.52 (0.62) 0.453 

Triglycerid (mmol/L)
†
 0.65 (0.52-0.83) 0.73 (0.57-0.96) < 0.001* 

Insulin resistance (HOMA score)
†
 10.04 (7.16-13.77) 11.60 (8.19-16.89) < 0.001* 

Clustered CVD risk (>4 risk factors)
‡
  9.0 (42) 14.6 (65) < 0.009* 

Values are presented as mean (standard deviation). BMI = body mass index, BP = blood pressure, CRF = cardiorespiratory fitness, HDL = high-density lipoprotein, LDL = low density lipoprotein. 

*Significant p-value at <0.05 level. 

†Median (25 – 75 inter quartile). 

‡Per cent (n). 
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Table 2. Pearson correlation coefficients (r) and coefficient of determination (r
2
) between the noninvasive 

scores and the complete score 

 Complete score 

 Boys (n = 466) Girls (n = 445) 

 r* r
2* r* r

2* 
Noninvasive score 1     
a) CRF and WHtR 0.77 0.59 0.77 0.60 

b) CRF, WHtR and SBP 0.84 0.70 0.85 0.72 

Noninvasive score 2     

a) CRF and BMI 0.78 0.61 0.78 0.61 

b) CRF, BMI and SBP 0.83 0.69 0.83 0.68 

Noninvasive score 3     

a) CRF and skinfold 0.75 0.56 0.75 0.56 

b) CRF, skinfold and SBP 0.82 0.68 0.82 0.67 

Values are presented as Pearson’s correlation coefficient r and coefficient of determination r
2
. CRF = cardiorespiratory fitness (the Andersen test), WHtR 

= waist-to-height ratio, SBP = systolic blood pressure, BMI = body mass index. 
*All significant p-value at <0.001 level. 
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Table 3. Classification accuracy in boys and girls for noninvasive scores to predict cluster of CVD 

risk factors. Sensitivity and specificity for a threshold point of 0.83 in z-score for boys and 0.68 in z-

score for girls 

Noninvasive score AUC 95% Cl Sensitivity (%) Specificity (%) 

  Boys   

1a) CRF and WHtR 0.94 0.91-0.97 78 90 

1b) CRF, WHtR and SBP 0.97 0.95-0.97 78 95 

2a) CRF and BMI 0.95 0.93-0.97 82 89 

2b) CRF, BMI and SBP 0.97 0.95-0.99 86 95 

3a) CRF and skinfold 0.94 0.92-0.97 82 88 

3b) CRF, skinfold and SBP 0.97 0.95-0.99 86 94 

  Girls   

1a) CRF and WHtR 0.93 0.91-0.96 76 91 

1b) CRF, WHtR and SBP 0.96 0.94-0.98 72 95 

2a) CRF and BMI 0.93 0.91-0.96 71 91 

2b) CRF, BMI and SBP 0.95 0.92-0.97 72 94 

3a) CRF and skinfold 0.92 0.89-0.95 75 90 

3b) CRF, skinfold and SBP 0.95 0.93-0.97 69 95 

AUC = area under the curve, Cl = 95% confidence interval, CRF = cardiorespiratory fitness (the Andersen test), WHtR = waist-to-height ratio, 

SBP = systolic blood pressure, BMI = body mass index. 
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9. Figures 

 

 

 

  
 

 

 

 
Figure 1. Bland-Altman plot of noninvasive score 1a (CRF and WHtR) and 1b (CRF, WHtR and SBP) 

for boys and girls compared with the complete score. The full line represents the mean differences 

(bias) between noninvasive scores and the complete score; the upper and lower short dashed lines 

represent the upper and lower 95% limits of agreement (mean differences ± 1.96 SD of the 

differences); the long dashed lines represent the regression line. 
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Figure 2. Receiver Operating Characteristic curve summarizes the potential for noninvasive scores to identify boys and girls with clustered cardiovascular risk 

according to the cutoff point (≥4 risk factors) derived from the complete risk score. 
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10. Supplementary data  
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Figure 1. Bland-Altman plot of noninvasive score 2a (CRF and BMI), 2b (CRF, BMI and SBP), 3a 

(CRF and skinfold) and 3b (CRF, skinfold and SBP) for boys and girls compared with the complete 

score. The full line represents the mean differences (bias) between noninvasive scores and the 

complete score; the upper and lower short dashed lines represent the upper and lower 95% limits of 

agreement (mean differences ± 1.96 SD of the differences); the long dashed lines represent the 

regression line. 
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Figure 3. Receiver Operating Characteristic curve summarizes the potential for noninvasive scores to identify boys and girls with clustered cardiovascular risk 
according to International Diabetes Federation definition of metabolic syndrome. 
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Appendix 

Appendix one: The ASK-study approval from The Regional Committee for Medical Research 

Ethics 

Appendix two: The ASK-Study consent form 
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