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ABSTRACT 

 

Cardiovascular disease (CVD) events occur most frequently during or after the fifth decade 

of life, however, there is evidence that the precursors of CVD have their origin already in the 

first or second decade of life. Low levels of physical activity and cardiorespiratory fitness are 

major modifiable determinants for CVD development in adults.  

The overall aim of the present thesis was to study the associations between physical 

activity, cardiorespiratory fitness, fatness and CVD risk factors in children and adolescents 

from the Estonian and Swedish part of the European Youth Heart Study. 

Physical activity was measured by accelerometry, and cardiorespiratory fitness was 

estimated by a maximal ergometer bike test. Total and central body fat were derived from 

the sum of five skinfold thicknesses and waist circumference, respectively. Additional 

measured outcomes included fasting insulin, glucose, triglycerides, high density lipoprotein 

cholesterol, total plasma homocysteine (tHcy), and blood pressure. Genotyping for the 

methylenetetrahydrofolate reductase (MTHFR) 677C>T polymorphism was done by DNA 

sequencing.  

The main outcome was that cardiorespiratory fitness was negatively associated with a 

clustering of CVD risk factors in children. Moreover, the results suggested that there is a 

minimum cardiorespiratory fitness level associated with a low metabolic risk. The results 

also indicated that the deleterious consequences ascribed to high levels of total and central 

fatness, such as insulin resistance, were counteracted by having high levels of 

cardiorespiratory fitness.  

On the other hand, the levels of tHcy in children and adolescents were not influenced by the 

levels of physical activity, fitness, and fatness even after controlling for presence of the 

MTHFR 677C>T genotype, the main influence on tHcy levels in these individuals. To 

improve fitness and reduce fatness in children, moderate and vigorous intensity physical 

activity may have a greater impact than lower physical activity intensity levels. 

The data call for the development and testing of preventive strategies, especially for those 

children with low cardiorespiratory fitness. Longitudinal and interventional studies are 

needed in order to clarify if changes in physical activity and cardiorespiratory fitness may 

favourably influence the levels of CVD risk factors already in these ages, and even into 

adulthood. 
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INTRODUCTION 

Cardiovascular disease (CVD) is the leading cause of global mortality (Smith et al., 2004). 

CVD events occur most frequently during or after the fifth decade of life, however, there is 

evidence indicating that the precursors of CVD have its origin in childhood (Strong et al., 

1992; McGill et al., 2000). Adverse CVD risk factors during childhood have been shown to 

track into adulthood (Berenson et al., 1998; Raitakari et al., 2003). Results from longitudinal 

studies have shown that the presence of multiple CVD risk factors among children is 

associated with more extensive fatty streaks and fibrous plaques in later life (Berenson et al.,

1998). The most recognized CVD risk factors are triglycerides, high density lipoprotein 

cholesterol (HDLc), total cholesterol, insulin resistance, homocysteine (tHcy), inflammatory 

proteins, blood pressure, total and central body fat, and cardiorespiratory fitness.  

A sedentary lifestyle together with a poor diet, along with tobacco, are the leading modifiable 

behaviours implicated in the development of CVD and death (Mokdad et al., 2004). 

Increased energy intake combined with reduced energy expenditure results in body fat 

accumulation. The consequences on health of excess body fat are evident. Adults who were 

overweight in childhood have higher levels of blood lipids and lipoproteins, blood pressure, 

and fasting insulin levels, and thus are at increased risk for CVD compared with adults who 

were thin as children (Freedman et al., 2001; Steinberger et al., 2001; Thompson et al.,

2007). Moreover childhood overweight confers a 5-fold or greater increase in risk for being 

overweight in early adulthood relative to children who were not overweight at the same age 

(Steinberger et al., 2001; Guo et al., 2002; Thompson et al., 2007).  

The protective effect of intentional physical activity on the above mentioned CVD risk factors 

has been reported in people of all ages (Strong et al., 2005; Pedersen & Saltin, 2006). 

However, these findings are often confined to questionnaire-based assessment of physical 

activity, which often lack the necessary accuracy, especially in young people (Kohl et al.,

2000).

One factor related to physical activity is cardiorespiratory fitness. Physical activity and 

cardiorespiratory fitness are closely related in that fitness is partially determined by physical 

activity patterns over recent weeks or months.  

There is increasing evidence indicating that high levels of cardiorespiratory fitness provides 

strong and independent prognostic information about the overall risk of illness and death, 

especially related to cardiovascular causes (LaMonte & Blair, 2006).  
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Cardiorespiratory Fitness 

Cardiorespiratory fitness reflects the overall capacity of the cardiovascular and respiratory 

systems and the ability to carry out prolonged exercise (Taylor et al., 1955). Hence, 

cardiorespiratory fitness has been considered as a direct measure of the physiological status 

of the individual.

The gold standard for the measurement of cardiorespiratory fitness is the maximal rate of 

oxygen uptake (VO2max). VO2max is the rate at which an individual is able to consume oxygen. 

VO2 can be measured during indirect calorimetry in a maximal test, or can be estimated 

through different equations from the performance achieved in maximal or submaximal tests. 

The level of cardiorespiratory fitness is highly associated with the performance of other 

health-related fitness parameters in young people and in adults. A cross-sectional study with 

almost 3000 adolescents showed that the performance of several health-related fitness tests 

(handgrip strength, bent arm hang, standing-long jump, 4x10m shuttle run test, and seat and 

reach) was higher in adolescents with high levels of cardiorespiratory fitness compared to 

those with lower levels of cardiorespiratory fitness (Ortega et al., 2005).

Cardiorespiratory fitness, cardiovascular fitness, cardiorespiratory endurance, aerobic 

fitness, aerobic capacity, aerobic power, maximal aerobic power, aerobic work capacity, 

physical work capacity, and maximal oxygen uptake (VO2max), refer to the same concept and 

are used interchangeably in the literature.  

Cardiorespiratory fitness is influenced by several factors including age, sex, health status, 

and genetics. It has been suggested that up to 40% of variation in the level of 

cardiorespiratory fitness is attributable to genetic factors (Bouchard et al., 1986). However, 

as stated before, the level of cardiorespiratory fitness is mainly determined by physical 

activity patterns. In children and adolescents, there is a positive association between 

objectively measured physical activity and cardiorespiratory fitness (Brage et al., 2004; Gutin

et al., 2005; Andersen et al., 2006). Less is known about how physical activity intensity levels 

influence the levels of cardiorespiratory fitness and other CVD risk factors in children.  

Cardiorespiratory fitness and CVD  

The association between the level of cardiorespiratory fitness and the risk of all-cause and 

cause-specific mortality in adults was first studied by Blair and colleagues (Blair et al., 1989). 

They showed that higher levels of cardiorespiratory fitness appear to delay all-cause 

mortality primarily due to decreased rates of CVD and cancer.  
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The same results were corroborated two decades later in men (Myers et al., 2002) and 

women (Gulati et al., 2003; Mora et al., 2003; Gulati et al., 2005). Recent reports indicate 

that these findings are also valid in apparently healthy persons, and persons with a disease, 

such as diabetes mellitus, hypertension, metabolic syndrome and several types of cancer 

(LaMonte & Blair, 2006).  

High cardiorespiratory fitness during adolescence has also been associated with a healthier 

cardiovascular profile during these years, and also later in life (Castillo-Garzon et al., 2007), 

and the benefits seems independent of the level of body weight (Figure 1). However, the 

association between cardiorespiratory fitness and CVD risk factors in children is still 

uncertain probably because of low research priority that research on this topic has had. 

Furthermore, most children are asymptomatic for CVD. 
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Figure 1. Metabolic profile (standardized values of triglycerides, low density lipoprotein 
cholesterol, HDLc and glycaemia) and cardiorespiratory fitness  in overweight and non-
overweigh Spanish adolescents aged 12-18.5 years. *P for trend in both overweight and 
non-overweight categories (Castillo-Garzon et al., 2007).
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It has been suggested that cardiorespiratory fitness be included in the European Health 

Monitoring System for the adult population (Sjöström et al., 2005), but the question of 

whether cardiorespiratory fitness should be assessed in European health monitoring 

systems from the early stages of life remains to be answered. Understanding the 

association between cardiorespiratory fitness and CVD-related outcomes in children and 

adolescents would help to establish whether cardiorespiratory fitness could be proposed as 

a health marker or not at these ages. 
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AIMS

The overall aim of the investigations summarized in this thesis was to increase our 

understanding of the associations between physical activity measured by accelerometry, 

cardiorespiratory fitness, fatness and CVD risk factors in children and adolescents. 

The specific aims of the separate studies were as follows:  

 To examine the associations of cardiorespiratory fitness with a clustering of metabolic risk 

factors in children, and to examine whether there is a cardiorespiratory fitness level 

associated with a low metabolic risk (Study I).

 To examine the associations between markers of insulin resistance and 1) body fat and 

waist circumference, taking into account cardiorespiratory fitness, and 2) cardiorespiratory 

fitness at different levels of body fat and waist circumference in children (Study II).

 To examine the associations of total plasma homocysteine with physical activity, 

cardiorespiratory fitness and fatness in children and adolescents (Study III).

 To examine the associations of total physical activity and intensity levels with 

cardiorespiratory fitness and fatness in children (Study IV).
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MATERIAL AND METHODS 

The thesis work has been developed with data obtained from the Estonian and Swedish part 

of the European Youth Heart Study (EYHS). The EYHS is a school-based, cross-sectional 

study designed to examine the interactions between personal, environmental and lifestyle 

influences on risk factors for future CVD (Riddoch et al., 2005). Study design, sampling 

procedure, participation rates and study protocol have been reported elsewhere (Poortvliet et 

al., 2003; Wennlöf et al., 2003).  

Data collection took place during the school year 1998/1999. In Estonia, the city of Tartu and 

its surrounding rural area was the geographical sampling area. In Sweden, 8 municipalities 

(Botkyrka, Haninge, Huddinge, Nynäshamn, Salem, Södertälje, Tyresö, and Örebro) were 

chosen for data collection. The local ethical committees approved the study (University of 

Tartu no. 49/30-1997, Örebro City Council no. 690/98, and Huddinge University Hospital no. 

474/98). Written informed consent was obtained from parents of the children and from both 

the parents of the adolescents and the adolescents themselves. All children and adolescents 

gave verbal assent. 

Participants

The basic characteristics of the participants and the variables examined in each sub-study 

are presented in Table 1.  

Physical Examination 

Body weight was measured to the nearest 0.1 kg (SECA digital balance beam, calibrated 

according to the manufacturer’s manual), and height to the nearest 0.5 cm (Harpenden 

transportable stadiometer), with the children clad only in their underwear. Body mass index 

(BMI) was calculated as weight/height squared (kg/m2).

Skinfold thickness was measured with a Harpenden caliper (Baty International, Burguess 

Hill, U.K.) at the biceps, triceps, subscapular, suprailiaca and triceps surae areas on the left 

side of the body according to the criteria described by Lohman et al. (Lohman et al., 1991). 

All measurements were taken twice and in rotation, and the mean value was calculated. If the 

difference between the two measurements was more than two millimeters a third 

measurement was taken and the two closest measurements were averaged.  

Waist circumference was measured in duplicate with a metal anthropometric tape midway 

between the lowest rib and the iliac crest at the end of a gentle expiration.  
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Table 1. Summary of the characteristics of the sub-studies. 

Study Country  Subjects Age Variables studied 

 

I. High cardiorespiratory 

fitness is associated with low 

metabolic risk score in 

children 

 

 

II. Association of insulin 

resistance markers with 

fatness and fitness in 

prepubertal children 

 

 

III. Homocysteine levels in 

children and adolescents are 

associated with the MTHFR 

677C>T genotype, but not 

with physical activity, fitness 

or fatness  

 

 

 

IV. Relations of total physical 

activity and intensity to fitness 

and fatness in children 

 

Estonia  

& Sweden 

 

 

 

 

Estonia  

& Sweden 

 

 

 

 

Sweden 

 

 

 

 

 

 

 

 

Estonia  

& Sweden 

 

444 girls 

429 boys 

 

 

 

 

444 girls 

429 boys 

 

 

 

 

138 girls 

163 boys 

194 girls 

185 boys 

 

 

 

 

 

401 girls 

379 boys 

 

9-10 years 

 

 

 

 

 

9-10 years 

 

 

 

 

 

9-10 years 

 

15-16 

years 

 

 

 

 

 

9-10 years 

 

 

Cardiorespiratory 

fitness, skinfold 

thickness, TG, HDLc, 

blood pressure, insulin, 

glucose  

 

Cardiorespiratory 

fitness, BMI, WC, 

skinfold thickness, 

insulin, glucose, 

pubertal status 

 

Cardiorespiratory 

fitness, physical activity, 

BMI, skinfold thickness, 

homocysteine, MTHFR 

677C>T genotype, 

intake of folate and 

vitamin B12, pubertal 

status 

 

Cardiorespiratory 

fitness,  physical 

activity, BMI, skinfold 

thickness, pubertal 

status 

 
TG, triglycerides; HDLc, high density lipoprotein cholesterol; BMI, body mass index; WC, waist 
circumference, MTHFR, methylenetetrahydrofolate reductase. 

 

The mean between the two measurements was used for further calculations. If the two 

measurements differed by more than one centimetre, a third measurement was taken, and 

the two closest measurements were averaged.  

BMI and skinfold thickness were used as markers of total adiposity, whereas waist 

circumference was used as marker of central adiposity.  
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The individuals were also categorized as normal-weight or overweight (including obesity) 

following the International Obesity Task Force proposed gender- and age-specific BMI cut-

off points (Cole et al., 2000).  

Identification of pubertal development was assessed according to Tanner and Whitehouse 

(Tanner & Whitehouse, 1976). Pubertal stage was recorded by a researcher of the same 

gender as the child, after brief observation. Breast development in girls, and genital 

development in boys, were used for pubertal classification.  

Physical Activity  

Physical activity was measured during four consecutive days (during two week days and at 

least one weekend day) with an activity monitor (MTI model WAM 7164, Manufacturing 

Technology Inc., Shalimar, Florida, formerly known as Computer Science and Applications 

Inc.) worn at the lower back. At least three days of recording, with a minimum of 10 hours 

registration per day, was set as an inclusion criterion.  

Total physical activity was expressed as total counts recorded, divided by total registered 

time (counts/min). The time engaged in moderate physical activity and vigorous physical 

activity was calculated and presented as the average time per day during the complete 

registration. Moderate physical activity (3-6 metabolic equivalents, METs), and vigorous 

physical activity (>6 METs) intensities were based upon the cut-off limits published 

elsewhere (Trost et al., 2002). The time spent in at least moderate intensity level (>3 METs) 

was calculated as the sum of time spent in moderate or vigorous physical activity. Each 

minute over the specific cut-off was summarized in the corresponding intensity level 

category.  

Validation studies examining the accelerometer used in this study and the construction of 

summary variables for intensity of movement suggest that it is a valid and reliable measure 

of children’s and adolescent’s physical activity (Trost et al., 1998; Puyau et al., 2004). The 

precision of objective assessment of physical activity in children is superior to subjective 

methods, however there are some limitations which should be highlighted. The 

accelerometer must be removed during swimming, contact sports, showering, and bathing. 

Any activity involving minimal vertical displacement of the body (i.e. cycling) is also 

underestimated. Four to five days of activity monitoring have been proposed as a suitable 

duration for accurate and reliable estimates of usual physical activity behavior in children 

(Trost et al., 2000). Four days of data were available in most of the participants in this study.  
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There is controversy about the best way to express physical activity. When expressed as 

energy expended in movement, heavier adolescents seem to engage in relatively large 

amounts of physical activity because they use more energy to move their bodies for a given 

amount activity compared to lighter adolescents.  

However, when physical activity is expressed as movement, heavier adolescents will appear 

to engage in less physical activity than lighter peers. The time spent in physical activity of 

various intensities seems more pertinent for purpose of making exercise recommendations 

(Ekelund et al., 2002).

Cardiorespiratory Fitness 

Cardiorespiratory fitness was determined by a maximum cycle-ergometer test as described 

elsewhere (Hansen et al., 1989). The subjects cycled at 50-70 revolutions per minute on an 

electronically braked Monark cycle-ergometer (Monark 829E Ergomedic, Vansbro, Sweden). 

The test protocol was sex and age-specific, and is presented in detail in Table 2. The test 

was finished when the subject could no longer maintain the pedalling frequency of at least 30 

revolutions per minute, even after vocal encouragement.  

Table 2. Test protocol. 

Gender
Age

(years)
Weight

(kg)
Initial work 

rate (W) 
 Work 

rate (W) 
Stages

(seconds)

Girls & boys 9-10 < 30 20 20 180 

Girls & boys 9-10 > 30 25 25 180 

Girls 15-16 - 40 40 180 

Boys 15-16 - 50 50 180 

   Kg, kilogram; W, power output; , increase. 

A true exhaustive effort was considered to have been achieved if the subject had a heart rate 

higher than 185 beats per minute, and at the same time the leader observed that the child 

could no longer keep up. Heart rate was monitored continuously by telemetry (POLAR 

Vantage NV, Kempele, Finland). 

The power output was calculated as: W1+ (W2  t/180), where W1 is the work rate at the final 

fully completed stage, W2 is the work rate increment at the final incomplete stage, and t is 

time in seconds at the final incomplete stage.   
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The “Hansen formula” for calculated maximal oxygen uptake (VO2max) in ml/min was: 12 x 

calculated power output + 5 x body weight in kg (Hansen et al., 1989). Cardiorespiratory 

fitness was expressed as VO2max per kilogram of body mass (ml/kg/min) because of the 

homogeneity in age, pubertal status, height, weight, and obesity grade of the children, and 

for the purpose of comparing the results with previous publications.  

However, cardiorespiratory fitness was also expressed as W/kg, as a more direct score. The 

test used has been previously validated in children of the same age (Riddoch et al., 2005), 

and is highly correlated in children with directly measured VO2max (r = 0.95 and r = 0.90, in 

girls and boys, respectively) (Hansen et al., 1989). 

Blood Variables  

With the subject in the supine position, blood samples were taken by venipuncture after an 

overnight fast, using vacuum tubes (Vacuette, Greiner Lab Technologies Inc). The fasting 

state was verbally confirmed by the subject before blood sampling.  

Blood was centrifuged for 10 minutes at 2000 g, serum was separated within 30-60 minutes, 

and the samples were stored at -80 C. Serum concentrations of triglycerides were measured 

using the lipase/glycerol kinase/glycerol phosphate oxidase enzymatic method, high density 

lipoprotein cholesterol (HDLc) was measured using the homogeneous polyanion/cholesterol 

esterase/oxidase enzymatic method, and glucose using the hexokinase method. All were 

analysed on an Olympus AU600 autoanalyser (Olympus Diagnostica GmbH, Hamburg, 

Germany).  

The insulin for the Estonian subjects was analyzed with an enzyme immunoassay (DAKO 

Diagnostics Ltd., Ely, England). All analyses were performed at Bristol Royal Infirmary, UK, 

with the exception of insulin for the Swedish subjects, which was performed at Huddinge 

University Hospital, Sweden (Elecsys, Roche Diagnostics GmbH, Mannheim, Germany). The 

homeostasis model assessment (HOMA) was calculated as described by Matthews et al. 

(Matthews et al., 1985): fasting insulin (mU/L) x fasting glucose (mmol/L) / 22.5.  

Total plasma homocysteine (tHcy) in acidified citrated plasma (Willems et al., 1998) was 

assayed using a fluorescence polarization immunoassay on a IMx® unit (Abbott Laboratories, 

IL, USA). Single-point measurements were performed for all analytes.  
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Genetics  

Total blood DNA was extracted and purified from 200 µL of whole blood anticoagulated with 

EDTA, using the QIAamp DNA Blood Mini Kit by the spin procedure, according to the 

instructions of the manufacturer (QIAGEN Inc., Valencia, CA, USA). Genotyping of the 

677C>T variant in the methylenetetrahydrofolate reductase (MTHFR) gene was performed 

using the Pyrosequencing platform (Biotage AB, Uppsala, Sweden, www.biotage.com), as 

described recently (Borjel et al., 2006).  

Blood Pressure  

The systolic and diastolic blood pressures were measured with an automatic oscillometric 

method (Dinamap model XL Critikron, Inc., Tampa, Florida). The equipment has been 

validated in children (Park & Menard, 1987). An appropriate cuff size was chosen according 

to the manufacturer’s recommendation after checking the arm circumference.  

The subject was in a seated, relaxed position for at least 6 minutes. Recordings were made 

every second minute for 10 or more minutes with the aim of obtaining a set of systolic 

recordings not varying by more than 5 mmHg. The mean value of the last three recordings 

was used as the resting systolic and diastolic blood pressure, in mmHg.  

Clustering of Metabolic Risk Factors  

The clustering of metabolic risk factors was computed from the following variables: insulin, 

glucose, HDLc, triglycerides, skinfold thickness, and blood pressure (systolic and diastolic 

blood pressure). Each of these variables was standardized as follows: standardized value = 

(value - mean)/ standard deviation. The HDLc standardized value was multiplied by -1 to 

confer higher risk with increasing value for the purpose of calculating the metabolic risk 

score. The mean of the standardized values of systolic and diastolic blood pressure was 

calculated.  

The metabolic risk score was calculated as the mean of the six standardized scores 

separately for boys and girls. Children being below the 75th percentile of the score were 

defined as having low metabolic risk, and children being at or above the 75th percentile of 

the score were defined as having high risk.  

The same percentile has been used in different health-related variables (e.g. waist 

circumference, BMI, triglycerides, insulin levels, systolic blood pressure, total cholesterol to 

HDLC ratio, plasma leptin, etc.) in a number of population- based studies to define subjects 

at low (<75th) or high (≥75th) risk (Chu et al., 2000; Wyszynski et al., 2005).  
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 Even if none of the children had clinical disease, a high metabolic risk score may not be a 

desirable condition.  

There is no standard paediatric definition of the metabolic syndrome. Several attempts have 

been made in adolescents aged 12 to 19 years by using criteria analogous to Adult 

Treatment Panel (ATP) III (Cook et al., 2003; de Ferranti et al., 2004; Shaibi et al., 2005), 

however, no child involved in the present study had three or more high values in any of the 

variables included in the ATP III definition. Other approaches have been made elsewhere in 

order to compute a clustering of metabolic risk factors in healthy children (Brage et al., 2004). 

We have computed a similar risk score that has been reported previously because of 

similarities in ages of the studied children, and study methodology (Brage et al., 2004).  

Statistics

Basic descriptive statistics were applied for each sex and age group. All variables were 

checked for normality of distribution before the analysis, and transformations were applied 

when necessary. Gender and age group differences were assessed by analysis of variance 

(ANOVA).

Associations between metabolic risk factors and cardiorespiratory fitness quartiles were 

assessed by ANOVA, as were the associations between clustering of metabolic risk factors 

and cardiorespiratory fitness quartiles (Paper I).  

The cardiorespiratory fitness threshold to discriminate between either a low or high metabolic 

risk was calculated by receiver operating characteristic (ROC) curve.  

The association between markers of insulin resistance, skinfold thickness and waist 

circumference was assessed by analysis of covariance (ANCOVA), with skinfold thickness or 

waist circumference as fixed factors, HOMA, insulin or glucose as a dependent variables, 

and cardiorespiratory fitness, age, pubertal status and study location as covariates (Paper II). 

The association between markers of insulin resistance and cardiorespiratory fitness was 

assessed by multiple regression analyses, separately by body fat and waist circumference 

tertiles.

The effect on tHcy of gender, age, and MTHFR 677C>T were analyzed by ANOVA, and the 

subgroup means were compared by Tukey’s test (Paper III). Multiple regressions were used 

to study the association between tHcy and physical activity, cardiorespiratory fitness, and 

body fat, as well as to study the association between physical activity, cardiorespiratory 

fitness and fatness (Paper IV) after controlling for several confounders.  

The analyses were performed using the Statistical Package for Social Sciences (SPSS, v. 

14.0 & 15.0 for WINDOWS; SPSS Inc, Chicago) and the level of significance was set to 0.05. 
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MAIN RESULTS AND GENERAL DISCUSSION  

The present thesis shows that cardiorespiratory fitness is negatively associated with a 

clustering of CVD risk factors in children. Moreover, the results suggest that a 

cardiorespiratory fitness level that confers a low metabolic risk is identifiable. The results also 

indicate that the deleterious consequences ascribed to high levels of total and central fatness 

could be counteracted by having high levels of cardiorespiratory fitness. On the other hand, 

the levels of tHcy in children and adolescents are not influenced by the levels of physical 

activity, cardiorespiratory fitness, and body fat even after controlling for presence of the 

MTHFR 677C>T genotype. To improve fitness and reduce fatness in children, moderate and 

vigorous intensity physical activity may have a greater impact than lower physical activity 

intensity levels. 

The data call for the development and testing of preventive strategies, especially for those 

children with low cardiorespiratory fitness, and also reinforce the need to include 

cardiorespiratory fitness testing in national and European health monitoring systems. Results

from longitudinal studies are needed to elucidate the influence of having low 

cardiorespiratory fitness in childhood on the likelihood of having CVD later in life. Moreover, 

interventional studies are also necessary in order to clarify if improvements in 

cardiorespiratory fitness and/or changes in behavioural factors, such as increasing the levels 

and patterns of physical activity, may favourably influence the levels of CVD risk factors 

already in these ages. 

Cardiorespiratory Fitness and Metabolic Risk in Children (Study I)  

High cardiovascular fitness is associated with low metabolic risk score in children; The 

European Youth Heart Study. In the first study, the associations of cardiorespiratory fitness 

with a clustering of metabolic risk factors in children were studied, and we examined if there 

was a cardiorespiratory fitness level associated with a low metabolic risk.  

The rationale behind this study was that despite evidence of the association between single 

CVD risk factors and cardiorespiratory fitness in young adult and adult populations, no 

consensus exists regarding the minimum cardiorespiratory fitness level associated with a 

healthy (or more favourable) cardiovascular profile in children.  

The results clearly indicated that a lower metabolic risk score is associated with higher levels 

of cardiorespiratory fitness in both girls and boys (Figure 2).  
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Moreover, the ROC analysis 

showed significant 

discriminatory accuracy of 

cardiorespiratory fitness to 

identify either a low or high 

metabolic risk in both sexes. 

The cardiorespiratory fitness 

values at these points were 

37.0 and 42.1 mL/kg/min in 

girls and boys, respectively.  

The values found in the 

present study are similar to 

the cut-off points proposed 

by the Cooper Institute:  38 and  42 ml/kg/min for girls and boys, respectively (The Cooper 

Institute for Aerobics Research, 1999). These cut-off values were extrapolated from the 

thresholds established for adults (Blair et al., 1989), while the cut-offs values proposed here 

have been mathematically calculated within the sample. Of note are the similarities among 

the cardiorespiratory fitness cut-offs values, despite the differences in the approaches used 

to calculate them, which support the existence of an optimal cardiorespiratory fitness level 

already in young persons.  

Logistic regression analysis showed that girls with cardiorespiratory fitness levels above 37.0 

mL/kg/min were 3.09 times more likely to have a low metabolic risk when compared to those 

with cardiorespiratory fitness levels below this value. Similarly, boys with cardiorespiratory 

fitness levels above 42.1 mL/kg/min were 2.42 times more likely to have a low metabolic risk 

when compared to those with cardiorespiratory fitness levels below this value.  

Having optimal values for cardiorespiratory fitness health set from an early age could be 

useful to identify the target population for primary prevention, as well as for health promotion 

policies. In this regard, schools may play an important role: firstly by identifying children with 

low cardiorespiratory fitness, and secondly by promoting positive health behaviours, such as 

encouraging children to engage in physical activity, as well as decreasing time spent in 

sedentary activities. 

Figure 2. Clustering of cardiovascular disease risk factors (metabolic risk score) and 
cardiorespiratory fitness in children. Data shown as mean and SD.
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Cardiorespiratory Fitness, Fatness and Insulin Resistance in Children (Study II)  

Markers of insulin resistance are associated with fatness and fitness in school-aged children; 

The European Youth Heart Study. In the second study, the association between markers of 

insulin resistance and body fat and waist circumference, taking into account 

cardiorespiratory fitness were studied. The association of markers of insulin resistance with 

cardiorespiratory fitness within different levels of total and central fatness (i.e. low, middle 

and high) were also examined.  

The aim for this study was to examine if the detrimental consequences attributed to high 

adiposity may be attenuated by having high levels of cardiorespiratory fitness.  

The results showed that HOMA is positively associated with both body fat (as a marker of 

total adiposity) and waist circumference (as a marker of central adiposity) after adjusting for 

several confounders including cardiorespiratory fitness (Figure 3).  

 

In addition, cardiorespiratory fitness was related to HOMA in those children with high levels 

of body fat and waist circumference (Figure 4). 

 

Figure 3. Homeostais model assessment (HOMA) stratified by body fat (expressed as skinfold 
thickness) and waist circumference tertiles in girls and boys. Values are mean, and errors bars 
represent 95% confident intervals. Data were analyzed by one-way analysis of covariance after 
adjusting for cardiorespiratory fitness, age, pubertal status and study location. Low, Middle and 
High, equals first, second and third tertile, respectively. Body fat and waist circumference, were 
transformed to the natural logarithmic, and HOMA was raised to the power of 1/3. HOMA was 
positively associated (all P < 0.001) with body fat and waist circumference in both girls and boys. 
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Cardiorespiratory fitness explained a significant proportion on the HOMA variance in those 

children with high levels of body fat and waist circumference (Table 3). 

Several studies support the link between metabolic risk factors and adiposity in children 

(Caprio et al., 1995; Gutin et al., 2004). Moreover, results from North American adolescents 

showed that both percentage of body fat (measured with dual-energy X-ray absorciometry) 

and cardiorespiratory fitness are associated with fasting insulin in adolescents (Gutin et al.,

2004).

Figure 4. Relationship between homeostasis model assessment (HOMA) and cardiorespiratory 
fitness by body fat (BF) and waist circumference (WC) tertiles for girls and boys. Low, middle 
and high equals to first, second and third tertile, respectively. HOMA was transformed data to 
the power of 1/3 before analysis. Girls: low BF, r = 0.040 (P = 0.703); middle BF, r = -0.062 (P =
0.456); high BF, r = -0.218 (P = 0.002); low WC, r = -0.011 (P = 0.862); middle WC, r = -0.221 
(P = 0.012); high WC, r = -0.407 (P < 0.001). Boys: low BF, r = -0.093 (P = 0.197); middle BF, r
= -0.042 (P = 0.623); high BF, r = -0.252 (P = 0.016); low WC, r = -0.312 (P = 0.018); middle 
WC, r = -0.167 (P = 0.032); high WC, r = -0.197 (P = 0.004).
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Table 3. Multiple regression coefficients ( ) and coefficient of determination (R2) examining the 

association of HOMA with cardiorespiratory fitness separately by body fat (expressed as skinfold 

thickness) and waist circumference tertiles (T), after controlling for sex, age, pubertal status and study 

location

Collectively, the findings indicate the deleterious consequences of having high total and 

central fatness already in young individuals, and also suggest that these associations could 

be attenuated by having high levels of cardiorespiratory fitness.  

Outcome variable Cardiorespiratory fitness  P R2

1st T: Low body fat 0.095 0.232 0.087 

2nd T: Middle body fat -0.009 0.909 0.079 HOMA

3rd T: High body fat -0.241 0.001 0.156 

1st T: Low waist circumference -0.010 0.905 0.100 

2nd T: Middle waist circumference -0.148 0.063 0.086 HOMA

3rd T: High waist circumference -0.250 0.001 0.215 
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Physical Activity, Fitness, Fatness and tHcy in Children and Adolescents  

(Study III) 

Homocysteine levels in children and adolescents are associated with the 

methylenetetrahydrofolate reductase 677C > T genotype, but not with physical activity, 

fitness or fatness. The third study focused on the associations of tHcy with physical activity, 

cardiorespiratory fitness and fatness, after controlling for potential confounders including the 

MTHFR 677C>T genotype, in 

children and adolescents.  

This topic was addressed because 

tHcy has been suggested to be an 

independent risk factor for several 

multi-system diseases (Virtanen et al. 

2005).  

The levels of tHcy seem susceptible 

to modification by different lifestyle 

factors, such as physical activity, 

intake of folate and vitamin B12, 

obesity and others. Moreover, the 

levels of tHcy have been negatively 

associated with cardiorespiratory 

fitness in women (Kuo et al., 2005).  

The results suggest that tHcy levels 

are not influenced by physical 

activity, cardiorespiratory fitness, and 

body fat (expressed as skinfold 

thickness and BMI) in young 

individuals (Figure 5).  

On the other hand, tHcy levels are 

significantly higher in the MTHFR 

677TT subgroup compared to the 

MTHFR 677CC and MTHFR 677CT 

subgroups in both children and adolescents.  

Figure 5. Mean values of total physical activity, 
cardiorespiratory fitness, and sum of five skinfolds stratified 
by quartiles of homocysteine for children and adolescents. 
Errors bars represent 95% CIs.
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The association between levels of tHcy and physical activity has been evaluated in a few 

interventional studies with obese individuals, resulting in a reduction of the tHcy levels after 

the intervention period (Gallistl et al., 2000; Randeva et al., 2002). We did not find any 

association between total physical activity and tHcy levels, either when the association of 

physical activity intensity levels with tHcy levels was examined.  

Negative associations between tHcy levels and cardiorespiratory fitness have been reported 

in women (Kuo et al., 2005), which is not in concordance with the results obtained in the 

present study. It must be borne in mind that the individuals involved in this study were 

healthy children and adolescents with no existing cardiovascular pathologies, and it may be 

that tHcy is not as sensitive to cardiorespiratory fitness as other traditional cardiovascular risk 

factors are. Similarly, while body fat has been associated with tHcy levels in obese children 

and adolescents (Gallistl et al., 2000), I did not find an association between body fatness (as 

expressed as skinfold thickness or as BMI) and tHcy levels, even when the analyses were 

performed separately for normal-weight or overweight-obese categories.  
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Physical Activity, Fitness and Fatness in Children (Study IV) 

Relations of total physical activity and intensity to fitness and fatness in children; The 

European Youth Heart Study. In this study, the association of total physical activity and 

intensity levels with cardiorespiratory fitness and fatness in children was studied.  

The aim of this study was to clarify how the amount and intensity of physical activity are 

associated with cardiorespiratory fitness and fatness in children as young as 9 years. 

The results showed that the intensity of physical activity, especially vigorous physical 

activity, is negatively associated with body fatness (Figure 6), whereas both the amount and 

intensity of physical activity are positively associated with cardiorespiratory fitness in 

children.  

Figure 6. Body fat (expressed as sum of five skinfolds) and time spent at vigorous 
physical activity. *A significant difference (P < 0.001) was observed between those who 
accumulated > 40 min of vigorous physical activity per day and those who accumulated 
10-18 min/d at this intensity level. Data shown as mean and 95% CIs.
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The association between vigorous physical activity and cardiorespiratory fitness and fatness 

is consistent with other studies (Rowlands et al., 1999; Gutin et al., 2005), which suggest 

that intensity rather than amount of physical activity may be more important in relation to the 

prevention of obesity in children. However, it is reasonable to recommend moderate 

physical activity, especially for obese children and adolescents, until higher intensities can be 

attained.  
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Study Strength and Limitations  

The cross-sectional nature of the studies in the present thesis does not allow us to infer 

causality from the results. The cardiorespiratory fitness test requires relatively minor 

equipment (i.e. cycle-ergometer and a heart rate monitor) and can be easily performed in a 

clinical setting. However, a maximal test requires a maximal effort to be done, which may 

not be adequate for populations with clinical pathologies.  

The HOMA model is a method for assessing β-cell function and insulin resistance from 

fasting insulin and glucose concentrations, whereas the gold standard for measuring insulin 

sensitivity/resistance is the euglycemic-hyperinsulinemic clamp. However, the latter method 

is too invasive and costly, and may not be suitable for large epidemiological studies. HOMA 

has been compared with a number of well validated methods used to measured insulin 

resistance and β-cell function (Wallace et al., 2004).  

I do not know if an extrapolation of these results may be made for children with subclinical 

manifestations of cardiovascular pathology, or for obese children. Nevertheless, with regular 

reports of increasing childhood metabolic-related diseases prevalence world wide, the 

results of this study are noteworthy.  

The inclusion of children as young as 9 years of age is of importance as they, a priori, are not 

affected by many of the factors that influence and adult’s cardiovascular system, such as 

smoking, alcohol, illness, drugs, etc. The objective measurement of physical activity is 

another notable strength of this study.  
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CONCLUSIONS

I. Cardiorespiratory fitness is negatively associated with a clustering of metabolic risk 

factors in children. The results suggest that there is a minimum cardiorespiratory 

fitness level required in order to have a low metabolic risk. 

II. Cardiorespiratory fitness is negatively associated with HOMA in children with high 

levels of body fat and waist circumference. 

III. Physical activity, cardiorespiratory fitness, and body fat are not significantly 

associated with tHcy levels in children and adolescents. 

IV. Vigorous intensity physical activity is negatively associated with body fat in children, 

whereas both total and at least moderate-vigorous physical activity are positively 

associated with cardiorespiratory fitness. 
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ABSTRACT: The aim of the present study was to examine the
associations of cardiovascular fitness (CVF) with a clustering of
metabolic risk factors in children, and to examine whether there is a
CVF level associated with a low metabolic risk. CVF was estimated
by a maximal ergometer bike test on 873 randomly selected children
from Sweden and Estonia. Additional measured outcomes included
fasting insulin, glucose, triglycerides, HDLC, blood pressure, and the
sum of five skinfolds. A metabolic risk score was computed as the
mean of the standardized outcomes scores. A risk score �75th
percentile was considered to indicate a low metabolic risk. CVF was
negatively associated with clustering of metabolic risk factors in
children. Receiver operating characteristic curve analysis showed a
significant discriminatory accuracy of CVF in identifying the low/
high metabolic risk in girls and boys (p � 0.001). The CVF level for
a low metabolic risk was 37.0 and 42.1 mL/kg/min in girls and boys,
respectively. These levels are similar to the health-related threshold
values of CVF suggested by worldwide recognized organizations. In
conclusion, the results suggest a hypothetical CVF level for having a
low metabolic risk, which should be further tested in longitudinal
and/or intervention studies. (Pediatr Res 61: 350–355, 2007)

CVF is as a direct marker of physiologic status and reflects
the overall capacity of the cardiovascular and respiratory

systems, and the ability to carry out prolonged physical exer-
cise (1). High CVF during childhood and adolescence has
been associated with a healthier cardiovascular profile during
these years (2–5) and also later in life (6). Associations
between high CVF and a favorable plasma lipid profile in both
overweight and nonoverweight Spanish adolescents have been
reported (3). Moreover, CVF has been associated with body
fat (4), with features of the metabolic syndrome (2), and with
arterial compliance (5) in young population, which supports
the concept that CVF may exert a protective effect on the
cardiovascular system from an early age. Recently, low CVF

has been considered as a risk factor in children and adoles-
cents to the same extent as low HDL cholesterol (HDLC) or
insulin resistance (7).

It is biologically plausible that high CVF provides more
health protection than low CVF even in healthy children and
adolescents, as has been found in adults (8–10). Low CVF
seems to be an independent predictor of metabolic syndrome
in men and women (9), and low CVF could be another
mechanism of overall cardiovascular disease. Moreover, CVF
seems to prevent premature mortality regardless of body
weight status or the presence of metabolic syndrome in adult
men (10). Collectively, cross-sectional, longitudinal, and in-
terventional studies support the notion that CVF is a key
correlate of the metabolic syndrome phenotype in the young
and adult population.

Despite evidence of the association between CVF and
single cardiovascular disease risk factors in young and adult
populations, whether health criteria values for CVF can be
identified and the implications of these from the public health
perspective are still uncertain. In this respect, several health-
related threshold values of CVF have been suggested by
worldwide recognized organizations (11,12). However, no
consensus exists regarding the minimum CVF level associated
with a clustering of cardiovascular disease risk factors in
children. It has been suggested that clustering of cardiovascu-
lar disease risk factors is a better measure of cardiovascular
health in young people than single risk factors, and that
composite risk score could, to some extent, compensate for
day-to-day fluctuations in the single risk factors (7).

For public health strategies and preventive purposes, it is of
interest to have evidence-based health criteria values for CVF
from an early age. The aim of the present study was to
examine the associations of CVF with a clustering of meta-
bolic risk factors in children, and to examine whether there is
a CVF level associated with a low metabolic risk.

METHODS

The study involved 1140 children aged 9–10 y, of which 873 (444 girls,
429 boys) from the Estonian and Swedish (539 and 334, respectively) part of
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the European Youth Heart Study (EYHS) provided a complete data set. The
EYHS is a school-based, cross-sectional study designed to examine the interac-
tions between personal, environmental, and lifestyle influences on the risk
factor for future cardiovascular diseases. Study design, selection criteria, and
sample calculations have been reported elsewhere (13,14). The local ethical
committees approved the study (Örebro City Council no. 690/98, Huddinge
University Hospital no. 474/98, and University of Tartu no. 49/30-1997). One
parent or legal guardian provided written informed consent, and all children
gave verbal consent.

Physical examination. Height, weight, and skinfold thickness (biceps,
triceps, subscapular, suprailiac, and triceps surae) were measured by stan-
dardized procedures. A description of the measurements has been published
elsewhere (4). Body mass index (BMI) was calculated as weight divided by
height squared (kg/m2). The sum of five skinfold thicknesses was used as an
indicator of body fat rather than BMI, because it has been suggested that BMI
is not a good measurement of body fat in children (15), and because fatness
rather than weight has been shown to be associated with poor health (16).
Skinfold thickness has been shown to highly correlate with dual-energy x-ray
absorptiometry–measured body fat percentage in children of similar ages (17).
Identification of pubertal development was assessed according to Tanner (18).
Pubertal stage was assessed by a researcher of the same gender as the child by
brief observation. Breast development in girls and genital development in
boys were used for pubertal classification.

Blood pressure. The systolic and diastolic blood pressures were measured
with an automatic oscillometric method (Dinamap model XL, Critikon, Inc.,
Tampa, FL). The equipment has been validated in children (19). The subject
was in a seated and relaxed position, and recordings were made every second
minute for 10 min with the aim of obtaining a set of systolic recordings not
varying by more than 5 mm Hg. The mean value of the last three recordings
was used as the resting systolic and diastolic blood pressure, in mm Hg.

Blood samples. Serum concentrations of triglycerides, HDLC, glucose,
and insulin were measured after an overnight fast. A detailed description of
the blood analysis has been reported by Wennlöf et al. (20).

Clustering of metabolic risk factors. The clustering of metabolic risk
factors was computed from the following variables: insulin, glucose, HDLC,
triglycerides, skinfold thickness, and blood pressure (systolic and diastolic).
Each of these variables was standardized as follows: standardized value �
(value – mean)/SD. The HDLC standardized value was multiplied by –1 to
confer higher risk with increasing value for the purpose of calculating the
metabolic risk. The standardized values of systolic and diastolic blood
pressure were averaged. The metabolic risk score was calculated as the mean
of the six standardized scores separately for boys and girls. Children being
below the 75th percentile of the score were defined as having low metabolic
risk, and children being at or above the 75th percentile of the score were
defined as having high risk. Moreover, low (high) metabolic risk was con-
sidered when the individual had �1 SD (�1 SD) of this score.

CVF. CVF was determined by a maximum cycle-ergometer test as de-
scribed elsewhere (21). Briefly, the workload was preprogrammed on a
computerized cycle-ergometer (Monark 829E, Ergomedic, Vansbro, Sweden)
to increase every third minute until exhaustion. Criteria for exhaustion were
a heart rate �185 beats per minute, failure to maintain a pedaling frequency
of at least 30 revolutions per minute, and a subjective judgment by the
observer that the child could no longer keep up, even after vocal encourage-
ment. The power output was calculated as being equal to W1� (W2 · t/180),
where W1 is a work rate at fully completed stage, W2 is the work rate
increment at final incomplete stage, and t is time in seconds at final incom-
plete stage. The “Hansen formula” for calculated VO2max in mL/min was is
equal to 12 � calculated power output � 5 � body weight in kilograms (21).

Statistical analysis. The data are presented as mean (SD) unless otherwise
stated. All variables were checked for normality of distribution before the
analysis, and transformations were applied when necessary. Skinfold thick-
ness and triglycerides were logarithmically transformed, and the square root
of insulin values was calculated. Untransformed data are presented for ease of
interpretation. Gender differences were assessed by ANOVA, inasmuch as
there was a significant interaction between gender and CVF. Associations
between metabolic risk factors and CVF quartiles were assessed by ANOVA,
as were the associations between clustering of metabolic risk factors and CVF
quartiles. Differences of metabolic risk factors among CVF quartiles were
assessed by Tukey’s test. There was not a significant interaction between
pubertal development and CVF.

The CVF threshold to discriminate between either a low or high metabolic
risk by ROC curve was calculated. ROC curve is a plot of all the sensitivity/
specificity pairs resulting from varying the decision threshold (22). Sensitivity
(or true-high rate) is the proportion of the sample correctly identified as
having a high metabolic risk. Specificity is the proportion of subjects correctly
identified as having a low metabolic risk. On the y axis, sensitivity is plotted,
and, on the x axis, is the 1 – specificity (false-high rate). False-high rate is the

proportion of subjects having a low metabolic risk that have been incorrectly
identified as having a high metabolic risk. The perfect test that correctly
classifies all subjects has a true-high rate of 1 and false-high rate of 0.
Therefore, the optimal combination of true-high rate and false-high rate is the
point closest to the perfect test (upper left corner of the graph). To identify the
best threshold, the distance between the perfect test and each sensitivity and
1 – specificity pair was calculated, and, then, the pair closest to 1 was chosen.
The AUC and 95% confidence interval (CI) were calculated. The AUC
represents the ability of the test to correctly classify children having a
low/high metabolic risk. The values of AUC range between 1 (perfect test) to
0.5 (worthless test). Finally, binary logistic regression was used to study the
relationship between metabolic risk and CVF. All analyses were performed
using the Statistical Package for Social Sciences (SPSS, version 13.0 for
Windows; SPSS Inc., Chicago, IL), and the level of significance was set
at � � 0.05.

RESULTS

None of the analyzed variables showed a statistically sig-
nificant difference between the included subjects and the
subjects who did not provided a whole set of data. Valid CVF
data were obtained in 85% of the studied subjects. Pubertal
development status was obtained from 96% of the children;
97% had blood pressure measurements and 98% had blood
measurements. The descriptive characteristics of the study
sample are shown in Table 1. One way ANOVA showed that,
in girls, skinfold thickness, insulin, and triglycerides de-
creased across CVF quartiles, whereas, in boys, skinfold
thickness and insulin decreased across CVF quartiles (Table
2). The clustering of metabolic risk factors also decreased
across CVF quartiles in both girls and boys (Fig. 1). Tukey’s
test showed that, in girls, skinfold thickness was 22%, 27%,
and 36% higher in the first CVF quartile (i.e. lowest and/or
worst CVF quartile) compared with the second, third, and
fourth CVF quartiles (i.e. highest and/or best CVF quartiles),
respectively. In boys, skinfold thickness was 26%, 31%, and
40% higher in the first CVF quartile compared with the
second, third, and fourth CVF quartiles, respectively. Insulin
values were 1%, 15%, and 21% higher in the first CVF
quartile compared with the second, third, and fourth CVF
quartiles in girls, respectively. In boys, insulin values were
23%, 13%, and 20% higher in the first CVF quartile compared
with the second, third, and fourth CVF quartiles, respectively.
Triglyceride values were 13% higher in the first CVF quartile

Table 1. Baseline characteristics of 873 children (444 girls,
429 boys)

All Girls Boys

Age (y) 9.6 (0.4) 9.5 (0.4) 9.6 (0.4)
Height (m) 1.38 (0.6) 1.38 (0.7) 1.38 (0.6)
Weight (kg) 32.1 (5.8) 32.0 (6.2) 32.1 (5.5)
BMI (kg/m2) 16.7 (2.1) 16.7 (2.3) 16.8 (2.0)
Tanner % (1/2/3/4/5) 69/23/8/0/0 54/44/2/0/0 99/1/0/0/0
Sum of five skinfolds (mm) 40.2 (16.9) 44.7 (18.2)* 35.7 (14.2)
Insulin (pmol/L) 41.4 (23.5) 44.7 (24.6)* 38.0 (21.9)
Glucose (mmol/L) 5.0 (0.4) 4.9 (0.4)* 5.1 (0.3)
HDLC (mmol/L) 1.5 (0.3) 1.4 (0.3)* 1.5 (0.3)
Triglycerides (mmol/L) 0.7 (0.3) 0.8 (0.3)* 0.7 (0.3)
Systolic BP (mm Hg) 102.5 (9.0) 101.9 (8.8) 103.1 (9.2)
Diastolic BP (mm Hg) 60.4 (7.1) 60.6 (7.0) 60.1 (7.3)
Metabolic risk score 0.0 (0.5) 0.03 (0.5)* �0.03 (0.5)
CVF (mL/kg/min) 40.1 (6.3) 37.1 (5.0)* 43.0 (6.0)

Data shown as mean (SD).
* p � 0.01 for differences between sexes.
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than in the fourth CVF quartile in girls (Table 2). The meta-
bolic risk score was 12%, 23%, and 29% higher in the first
CVF quartile than in the second, third, and fourth CVF
quartiles in girls, respectively, whereas, in boys, it was 23%,
19%, and 30% higher in the first CVF quartile than in the
second, third, and fourth CVF quartiles, respectively (Fig. 1).
The results did not change when skinfold thickness was
adjusted for height.

ROC analysis showed a significant discriminating accuracy
of CVF in identifying a low/high metabolic risk in girls (AUC
� 0.68, 95% CI: 0.62–0.73; p � 0.001), and in boys (AUC �
0.67, 95% CI: 0.61–0.73; p � 0.001) (Fig. 2). In girls, the
optimal pair of true-high and false-high rates was 0.65 and

0.33, respectively, and 0.65 and 0.39 in boys. The CVF values
at these points were 37.0 and 42.1 mL/kg/min in girls and
boys, respectively. Logistic regression analysis showed that
girls with CVF levels above 37.0 mL/kg/min had an increased
odds ratio of having a low metabolic risk when compared with
those with CVF levels below this value (odds ratio, 3.09; 95%
CI: 1.98–4.82; p � 0.001). Boys with CVF levels above 42.1
mL/kg/min had an increased odds ratio of having a low
metabolic risk than those with CVF levels below this value
(odds ratio, 2.42; 95% CI: 1.56–3.76; p � 0.001). The CVF
levels and the odds ratios remained the same when the low
metabolic risk was considered to be at �1 SD (data not
shown). However, the AUC was slightly bigger than the AUC
obtained when the cutoff was established at �75th percentile
for both genders (data not shown). Because no interaction was
found by country, all the analyses were performed with Esto-
nia and Sweden together to have a stronger statistical power.
In addition, the results remained similar when the analyses
were performed separately for countries.

DISCUSSION

The main findings of this study were that CVF is associated
with clustering of metabolic risk factors in children. More-
over, the results suggest a hypothetical CVF level for having
a low metabolic risk. Having health criterion values for CVF
from an early age is of special interest because it can be used
to quantify another risk factor for cardiovascular disease in
primary prevention and health promotion policies. CVF values
could be also adopted by the schools as a “fitness standard” to
encourage children to engage in physical activity to achieve
and go beyond the required CVF levels. Because the roots of
cardiovascular diseases have been found in childhood (23),
lifestyle modification during these years may be effective in
lowering cardiovascular disease risk in later life.

Figure 1. Associations of cardiovascular fitness (quartiles) with clustering of
metabolic risk factors (metabolic risk score) in girls (black bars) and boys
(white bars). Data shown as mean and SD. Girls in the first quartile (*) had
a higher metabolic risk score than in the second, third, and fourth quartiles
(p � 0.006, p � 0.002, p � 0.001, respectively), and girls in the second
quartile (†) had a higher metabolic risk score than in the fourth quartile (p �
0.018). Boys in the first quartile (‡) had a higher metabolic risk score than in
the second, third, and fourth quartiles (p � 0.007).

Table 2. Associations between metabolic risk factors and CVF quartiles in girls and boys

Girls Boys

CVF quartiles (mL/kg/min) CVF quartiles (mL/kg/min)

1st 2nd 3rd 4th

p Value

1st 2nd 3rd 4th
31.2
(2.3)

36.2
(0.9)

39.1
(0.8)

46.5
(8.9)

36.0
(2.7)

41.9
(0.9)

45.4
(1.3)

51.9
(4.2) p Value

Sum of five skinfolds (mm) 56.8 44.3 41.3 36.3 �0.001 47.1 34.7 32.6 28.4 �0.001
(24.4) (15.8) (12.5) (10.3) 1 � all; 2 � 4* (19.8) (9.9) (9.3) (6.3) All � 4; 1 � 2,3*

Insulin (pmol/L) 49.2 48.8 42.0 38.9 �0.001 44.2 33.9 38.5 35.4 �0.001
(26.2) (31.4) (17.6) (19.2) 1 � all; 2 � 3,

4; 3 � 4*
(26.9) (14.2) (19.6) (23.9) 1 � all; 3,

4 � 2; 3 � 4*
Glucose (mmol/L) 4.9 4.9 4.9 4.8 0.376 5.1 5.1 5.1 5.0 0.165

(0.4) (0.4) (0.3) (0.3) — (0.4) (0.3) (0.3) (0.3) —
HDLC (mmol/L) 1.4 1.4 1.4 1.5 0.067 1.5 1.5 1.5 1.5 0.743

(0.3) (0.3) (0.3) (0.3) — (0.3) (0.3) (0.3) (0.3) —
Triglycerides (mmol/L) 0.8 0.8 0.8 0.7 0.026 0.7 0.7 0.7 0.6 0.307

(0.3) (0.3) (0.3) (0.3) 1 � 4* (0.4) (0.3) (0.3) (0.3) —
Systolic BP (mm Hg) 103.3 101.6 101.7 101.1 0.289 104.4 103.1 102.4 102.4 0.223

(9.2) (8.6) (9.1) (8.2) — (9.9) (9.3) (8.6) (8.9) —
Diastolic BP (mmHg) 61.2 60.2 60.8 60.4 0.578 60.3 60.0 59.4 60.7 0.613

(7.0) (7.5) (6.3) (7.1) — (7.2) (7.2) (7.3) (7.5) —

Data shown as mean (SD). p Value determined by ANOVA. BP, blood pressure.
* p� 0.05 from Tukey’s test for differences among quartiles.
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CVF has a large genetic component (up to 40%) (24).
However, it is mainly determined by a person’s activity level
(4,25–27). Recent findings have shown that variation in CVF
was significantly explained by at least moderate to vigorous
[3–6 metabolic equivalents (MET)] physical activity (4). Fur-
ther analysis revealed that children who engaged in at least 26
min/d of vigorous (�6 MET) physical activity had signifi-
cantly higher CVF than those who accumulate 10–18 min/d of
vigorous physical activity. Taken together, these results sug-
gest that those children with a CVF level below that required
to have a low metabolic risk may be able to reach the desirable
CVF level with adequate aerobic physical activity.

There is no standard pediatric definition of the metabolic
syndrome. Several attempts have been made in adolescents
aged 12–19 y by using criteria analogous to Adult Treatment
Panel (ATP) III (28–30). Other approaches have been made
elsewhere to compute a metabolic risk to signify a clustering
of metabolic risk factors in healthy Danish children aged 9–10
y (2). The risk score computed here is similar to that which
was reported previously (2) because of similarities in ages of
the studied subjects and methodology, and because no one
child involved in the present study had three or more abnor-
malities in any of the parameters included in the ATP III
definition (data not shown). The risk score computed here was
arbitrarily dichotomized defining children having values equal
or above 75th percentile of the score as being at high risk. The
same percentile has been used in different health-related vari-
ables (e.g. waist circumference, BMI, triglycerides, insulin
levels, systolic blood pressure, total cholesterol to HDLC
ratio, plasma leptin, etc.) in a number of population-based
studies to define subjects at low (�75th) or high (�75th) risk
(31,32). Even if none of the children had clinical disease, a
high metabolic risk may not be a desirable condition.

The test used to measure CVF has been previously vali-
dated in children of the same age (20), and it was highly
correlated with directly measured VO2max (r � 0.95 and r �
0.90 in girls and boys, respectively) (21). Maximum tests have
been shown to be more accurate than submaximal tests to
predict VO2max (33). CVF was expressed as VO2max per
kilogram of body mass because of the homogeneity in age,

pubertal status, height, weight, and obesity grade of the chil-
dren, and for the purpose of comparing the results with
previous publications.

Previous studies in children and adolescents have shown
associations between CVF and cardiovascular risk factors
(2–6), whereas others failed to find associations between CVF
and features of metabolic syndrome in overweight Latino
youths aged 8–14 y with a positive family history of type 2
diabetes (30). Direct associations between increased CVF and
clustering of metabolic risk factors in both girls and boys have
been shown here, similar to another recent study in Danish
children of the same age (2). Associations between increased
CVF and a favorable lipid profile and fasting glycemia in both
overweight and nonoverweight Spanish adolescents (the
AVENA study) showed a similar situation, and the main
outcome was that CVF was an indicator of a favorable plasma
lipid profile in male adolescents (3).

In the AVENA study, ROC analysis showed a significant
discriminatory accuracy of age- and sex-normalized CVF to
identify either the presence or absence of a favorable plasma
lipid profile in males but not in females (3). The similar ROC
analysis performed in the present study showed a significant
discriminatory accuracy of CVF to identify either a low or
high metabolic risk in both girls and boys (Fig. 2). Girls with
CVF levels above 37.0 mL/kg/min were 3.09 times more
likely of having a low metabolic risk when compared with
those with CVF levels below this value. Similarly, boys with
CVF levels above 42.1 mL/kg/min were 2.42 times more
likely to have a low metabolic risk when compared with those
with CVF levels below this value. Taken together, these
results suggest that high CVF is associated with low metabolic
risk in children.

The mathematically calculated CVF levels in our study are
similar to the health-related CVF threshold suggested by
worldwide recognized organizations (11,12). Based on expert
judgment, the European Group of Pediatric Work Physiology
considered a VO2max of �35 mL/kg/min for girls and �40
mL/kg/min for boys as a “Health Indicator” (11). The Cooper
Institute for Aerobics Research suggested �38 and �42 mL/
kg/min for girls and boys, respectively, as a criterion standard

Figure 2. ROC curve summarizing the potential of CVF to identify low/high metabolic risk score in girls and boys. AUC indicates the area under the curve
(95% CI).

353CARDIOVASCULAR FITNESS IN CHILDREN



for the “Healthy Fitness Zone” (12). The cut-off points pro-
posed by the Cooper Institute for adolescents were extrapo-
lated from the thresholds established for adults. The ap-
proaches used to calculate the CVF thresholds were different
in the previous studies and in our study, as well as the
measured outcomes, age, and cultural and social factors of the
study subjects. However, the similarities among the results
support the existence of a hypothetical health criterion value
for CVF in children.

The percentage of the population failing to reach the re-
quired level of CVF is of concern and suggests the need to
interpret with prudence the meaning of these values. Among
girls, 44% did not reach the CVF level, and neither did 40%
of the boys. Longitudinal studies are needed to show whether
those children having a CVF above the suggested values have
a lower incidence of cardiovascular diseases later in life than
those having a CVF below the suggested value.

The observations of the present study are limited by the
cross-sectional design nature, i.e. direction of causality cannot
be determined. The CVF fitness test requires relatively minor
equipment (i.e. cycle-ergometer and a heart rate monitor) and
can be easily performed in a clinical setting. However, a
maximal test requires a maximal effort be made, which may
not be adequate for a population with clinical pathology. The
low AUC observed in this study together with the modest odds
ratio for having a low metabolic risk in subjects with low/high
CVF levels may indicate a low discriminatory ability for
identifying children likely to have a high metabolic risk.
However, it must be kept in mind that the children involved in
this study were apparently healthy children with no previously
diagnosed cardiovascular pathologies. We also do not know
whether an extrapolation of the association may be made for
children with subclinical manifestations of cardiovascular pa-
thology. Nevertheless, with regular reports of increasing
childhood metabolic-related diseases prevalence worldwide,
the results of this study are noteworthy. The inclusion of a
large number of subjects of the same age and the objective
measurement of CVF are notable strengths of this study.

In conclusion, the present study shows that CVF is associ-
ated with clustering of metabolic risk factors in children.
Moreover, the results suggest a hypothetical CVF level for
having a low metabolic risk. The CVF levels shown here are
similar to the health-related threshold values of CVF sug-
gested by the European Group of Pediatric Work Physiology
(11), and by the Cooper Institute for Aerobics Research (12).
From a clinical point of view, these results add supporting
evidence to the body of knowledge indicating the importance
of having a high CVF from an early age. Longitudinal and/or
intervention studies are needed to examine the impact of
having low CVF in childhood on the likelihood of having
cardiovascular diseases later in life.
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ABSTRACT 

Aims/hypothesis To examine the association between markers of insulin resistance and 1) 

body fat and waist circumference, taking into account cardiorespiratory fitness in school-aged 

children; 2) cardiorespiratory fitness at differing levels of body fat and waist circumference. 

Methods Cross-sectional study of 873 children aged 9.6 ± 0.4 years from Estonia and Sweden. 

Weight, height and waist circumference were measured. Body fat was expressed as the sum of 

five skinfold thicknesses. Cardiorespiratory fitness was estimated by a maximal ergometer 

bike test. The studied markers of insulin resistance were fasting insulin and glucose, and 

homeostasis model assessment (HOMA). 

Results HOMA and fasting insulin were positively associated with body fat and waist 

circumference after adjusting for cardiorespiratory fitness, age, pubertal status and study 

location. HOMA and fasting insulin were negatively associated with cardiorespiratory fitness 

in children in the third (highest) tertile of body fat and waist circumference after controlling 

for sex, age, pubertal status and study location. Fasting glucose was negatively associated 

with cardiorespiratory fitness in children in the third (highest) tertile of waist circumference, 

but it was not associated when body fat was taken into account. 

Conclusions/interpretation In school-aged children, HOMA and fasting insulin are 

significantly associated with body fat and waist circumference. In addition, cardiorespiratory 

fitness explained a significant proportion of the HOMA and fasting insulin variance in those 

children with high levels of body fat and waist circumference. The findings suggest that the 

deleterious consequences ascribed to high fatness could be counteracted by having high levels 

of cardiorespiratory fitness. 

Keywords: Body fat, cardiorespiratory fitness, children, diabetes, glucose, HOMA, insulin 

resistance, obesity, physical activity. 



3

ABBREVIATIONS 

EYHS: European Youth Heart Study 

HOMA: Homeostasis model assessment  
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INTRODUCTION

One of the consequences of the pediatric obesity epidemic is thought to be an increased 

incidence of type 2 diabetes among children worldwide [1]. Longitudinal studies have shown 

that childhood obesity is closely related to markers of insulin resistance later in life [2]. Both 

total and central adiposity are also strongly negatively associated with cardiorespiratory 

fitness in young people [3-5]. Therefore, the detrimental consequences attributed to adiposity 

may be partially due to the influence of low cardiorespiratory fitness.  

Findings from cross-sectional and prospective studies show that markers of insulin resistance 

and other cardiovascular disease risk factors are already negatively associated with high 

cardiorespiratory fitness in adolescents [6-8]. However, studies examining the interaction of 

markers of insulin resistance, fatness and fitness in a large sample of school-aged children are 

sparse and equivocal [9, 10]. The purpose of the present study was to examine the association 

between markers of insulin resistance and 1) body fat and waist circumference, taking into 

account cardiorespiratory fitness, and 2) to examine the association of markers of insulin 

resistance with cardiorespiratory fitness at differing levels of body fat and waist 

circumference in school-aged children. 
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SUBJECTS, MATERIAL AND METHODS 

The study involved 1140 children aged 9.6 ± 0.4 years from the Estonian and Swedish parts 

of the European Youth Heart Study (EYHS). A complete data set was available in 873 

children (444 girls, and 429 boys), except for pubertal status, which was available in 672 

children (77%). None of the analysed variables differed significantly between the included 

children (n = 873) and those who did not provide a whole set of data (n = 1140). The EYHS is 

a school-based, cross-sectional study designed to examine the interactions between personal, 

environmental and lifestyle influences on the risk factor for future cardiovascular diseases. 

Study design, selection criteria and sample calculations have been reported elsewhere [11, 

12]. Data collection took place during the school year 1998/1999. In Estonia, the city of Tartu 

and its surrounding rural region was the geographical sampling area. In Sweden, eight 

municipalities (Botkyrka, Haninge, Huddinge, Nynäshamn, Salem, Södertälje, Tyresö, and 

Örebro) were chosen for data collection. All schools with more than 20 children in the age 

group in question were initially included. The schools were stratified with regard to school 

grade and to the mean income level in their catchments areas (below or above the mean in 

their municipality). A random sampling procedure from each stratum was carried out, and the 

sampled schools were invited to participate in the study. From the complete lists of pupils in 

the collaborating schools, groups of pupils proportional to the sizes of the respective schools 

were randomly selected. The local ethical committees approved the study (Örebro City 

Council no. 690/98, Huddinge University Hospital no. 474/98, and University of Tartu no. 

49/30-1997). One parent or legal guardian provided written informed consent, and all children 

gave verbal consent.
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Physical examination 

Height and weight were measured by standardized procedures. BMI was calculated as 

weight/height squared (kg/m2). Skinfold thickness were measured with a Harpenden caliper at 

the biceps, triceps, subscapular, suprailiaca and triceps surae areas on the left side of the body 

according to the criteria described elsewhere [13]. All measurements were taken twice and in 

rotation, and the mean value was calculated. If the difference between the measurements was

more than two mm, a third measurement was taken and the two closest measurements were 

averaged. The sum of the five skinfold thicknesses (hereafter referred as “body fat”) rather 

than BMI was used as an indicator of total body fat, because BMI has been suggested to be 

less valid measurement of body fatness in children [14], and because BMI does not 

discriminate between muscle and fat mass. Waist circumference (cm) was measured in 

duplicate with a metal anthropometric tape midway between the lowest rib and the iliac crest 

at the end of a gentle expiration. The mean between two measurements was used for further 

calculations. If the two measurements differed by more than one centimetre, a third 

measurement was taken, and the two closest measurements were averaged. 

Identification of pubertal development was also assessed [15]. Pubertal stage was recorded by 

a researcher of the same gender as the child, after brief observation. Breast development in 

girls, and genital development in boys, was used for pubertal classification.

Blood samples

Serum concentrations of glucose and insulin were measured after an overnight fast. The 

homeostasis model assessment (HOMA) was calculated [16]: fasting insulin (mU/L) x fasting 

glucose (mmol/L) / 22.5. A detailed description of the blood analysis has been reported 

elsewhere [17]. 
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Cardiorespiratory fitness 

Cardiorespiratory fitness was determined by a maximum cycle-ergometer test [18]. Briefly, 

the workload was pre-programmed on a computerized cycle-ergometer (Monark 829E 

Ergomedic, Vansbro, Sweden) to increase every third minute until exhaustion. Criteria for 

exhaustion were a heart rate  185 beats per minute, failure to maintain a pedalling frequency 

of at least 30 revolutions per minute, and a subjective judgment by the observer that the child 

could no longer keep up, even after vocal encouragement. The power output was calculated as 

= W1+ (W2  t/180), where W1 is a work rate at fully completed stage, W2 is the work rate 

increment at final incomplete stage, and t is time in second at final incomplete stage.  

Cardiorespiratory fitness was expressed as the maximal power output per kilogram body mass 

(W/kg). The test used to measure cardiorespiratory fitness has been previously validated in 

children of the same age [19].  

Statistical Analysis

The data are presented as means ± SD unless otherwise stated. To achieve normality in the 

residuals, waist circumference, skinfold thickness, insulin, and glucose were transformed to 

the natural logarithm, and HOMA was raised to the power of 1/3. Gender differences were 

assessed by one-way analysis of variance (ANOVA), and adjusted for mass significance [20]. 

The association between markers of insulin resistance, body fat and waist circumference was 

assessed by one-way analysis of covariance (ANCOVA); with waist circumference or body 

fat variables as fixed factors; HOMA, insulin or glucose as a dependent variables, and 

cardiorespiratory fitness, age, pubertal status and study location as covariates. Since there was 

an interaction effect between sex and both body fat and waist circumference, all analyses were 

performed separately for boys and girls. Both body fat and waist circumference were recoded 

into tertiles to be entered into the models. In girls, mean body fat values for the first, second 

and third tertiles were 26.8, 36.3 and 59.4 mm, respectively.  
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In boys, mean body fat values for the first, second and third tertiles were 25.9, 35.2 and 57.6 

mm, respectively. In girls, mean waist circumference values for the first, second and third 

tertiles were 53.4, 58.7 and 65.5 cm, respectively. In boys, mean waist circumference values 

for the first, second and third tertiles were 53.6, 57.2 and 61.7 cm, respectively. For those 

relationships where waist circumference was involved, an additional adjustment for height or 

body fat was done.

Following bivariate correlation analysis, multiple regressions were used to study the 

association between markers of insulin resistance and cardiorespiratory fitness after 

controlling for sex, age, pubertal status and study location. Regression analysis was 

performed separately by body fat and waist circumference tertiles (low, middle and high, 

equals first, second and third tertile, respectively). No interaction effects between sex and 

cardiorespiratory fitness was found, therefore, all analyses were performed jointly for boys 

and girls. Semipartial correlation was used as the measure of the relationship between 

cardiorespiratory fitness and the part of the outcome (HOMA, fasting insulin and glucose) 

that is not explained by the other predictors in the model (sex, age, pubertal status and study 

location). In other words, it is a measure of the variance in the outcome that fitness alone 

share. The analyses were performed using the Statistical Package for Social Sciences (SPSS, 

v. 14.0 for WINDOWS; SPSS Inc, Chicago) and the level of significance was set to 0.05. 
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RESULTS

The descriptive characteristics of the study sample are shown in Table 1. Girls had 

significantly lower waist circumferences, glucose and fitness levels than boys, while boys had 

lower body fat, HOMA, and insulin than girls. The Estonian children (both girls and boys) 

had lower body fat and waist circumference than did the Swedish children, whereas the 

former had higher HOMA and insulin levels. 

All the fatness-related parameters were positively inter-correlated in both girls and boys, with 

correlation coefficients ranging from 0.751 to 0.844. Cardiorespiratory fitness was 

significantly associated with body fat, BMI, and waist circumference in girls (r = -0.437, -

0.407, -0.312, respectively, all P < 0.001) and boys (r = -0.562, -0.487, -0.439, respectively, 

all P < 0.001).

The associations of HOMA, fasting insulin and glucose with body fat and waist 

circumference for girls and boys are shown in Figure 1. HOMA and fasting insulin were 

positively associated (all P < 0.001) with body fat and waist circumference in both girls and 

boys (Figure 1). Fasting glucose was not significantly associated with body fat or waist 

circumference (Figure 1). For those relationships where waist circumference was involved, an 

additional adjustment for height or body fat did not alter the results.

Figure 2 shows simple bivariate relationships between HOMA and cardiorespiratory fitness 

by body fat and waist circumference tertiles for girls and boys. The results of the regression 

models with HOMA, fasting insulin and glucose as the outcome variables and 

cardiorespiratory fitness as the predictor variable, conducted by body fat and waist 

circumference tertiles, are shown in Table 2. HOMA and fasting insulin were negatively 

associated with cardiorespiratory fitness in those children with high levels of body fat, and 

waist circumference (those in the third tertile).  



10

Subsequent analysis examining the association of markers of insulin resistance with 

cardiorespiratory fitness separately by BMI tertiles was similar to those with body fat. For 

those relationships where waist circumference was involved, additionally controlling for 

height or body fat did not alter the results. Similar results were obtained when the regression 

analyses were performed separately for girls and boys. No significant effect of pubertal status 

on the outcome was observed in any of the analysis performed (data not shown).
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DISCUSSION 

The results of the present study showed that HOMA and fasting insulin were positively 

associated with body fat and waist circumference in school-aged children. In addition, 

cardiorespiratory fitness explained a significant proportion on the HOMA and fasting insulin 

variance in those children with high levels of body fat and waist circumference.  

The methodology used allowed us to examine the association of markers of insulin resistance 

with fitness within different levels of total and central fatness (i.e. low, middle and high). The 

findings suggested that the deleterious consequences ascribed to high fatness may be 

counteracted by having high levels of cardiorespiratory fitness. Taken together, these findings 

suggest that interventions designed to prevent hyperinsulinemia and related metabolic 

disorders should focus not only to reduce fatness but also to improve fitness.

Numerous studies support a link between metabolic risk factors and adiposity in children [6, 

21]. Fasting insulin appears to be related more to total adiposity than to central adiposity [6, 

22]. However, one study in youths found that total body fat was the predominant factor 

influencing insulin sensitivity, but that visceral fat may have additional effects on fasting 

insulin [23]. In our study, both body fat (as a marker of total adiposity) and waist 

circumference (as a marker of central adiposity) explained a significant proportion of the 

HOMA and fasting insulin variance after adjusting for potential confounders including 

cardiorespiratory fitness. Waist circumference has been shown to be a powerful marker of 

abdominal fat accumulation and visceral adiposity tissue in young people [24, 25]. Waist 

circumference is widely used as a surrogate of central fat distribution in young and adult 

people [25]. Direct measurements of visceral adiposity with magnetic resonance imaging or 

computed tomography may provide further information, however, this can not be proposed 

for field studies due to their cost and technical difficulties [26].  
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The results of the association between markers of insulin resistance and cardiorespiratory 

fitness separately by BMI tertiles were similar to those with body fat. Limits of BMI are well 

recognized, as well as its feasibility to be used in epidemiological studies. Recently, a cross-

sectional study on 407 children aged 7-16 years reported that BMI was a good predictor of the 

variance of subcutaneous adipose tissue (88.9% of variance) [25]. Therefore, when no better 

possibilities are available, BMI could be used as a marker of subcutaneous adipose tissue in 

children. 

The association between fasting insulin and cardiorespiratory fitness is consistent with 

findings reported in North American adolescents [6, 7], whereas other studies failed to find 

associations between markers of insulin resistance and cardiorespiratory fitness [9, 10]. Gutin 

et al. [6] reported that percentage of body fat (measured with dual energy X-ray 

absorptiometry) and cardiorespiratory fitness explained a significant proportion of the fasting 

insulin variance in boys. In girls, fasting insulin was associated only with percentage of body 

fat, suggesting that the detrimental impact of high fatness and low fitness was greater in boys 

than in girls. In our study, cardiorespiratory fitness explained a significant proportion of the 

HOMA and fasting insulin variance in both girls and boys with high levels of fatness. The 

North American adolescents were both older (14-18 years) and biologically more mature 

(Tanner stages 4-5) than the children involved in our study. Rapid and dynamic changes in 

various metabolic systems, including hormonal regulation, changes in body fat content and 

body fat distribution, as well as transient changes in insulin resistance are known to occur 

during growth and puberty [1], which may partially explain the differences between studies.
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Results from the Study of Latino Adolescents at Risk for Diabetes revealed that insulin 

sensitivity or secretion was not independently associated with cardiorespiratory fitness in a 

relatively small sample of overweight Hispanic children aged 8-13 years with a family history 

of type 2 diabetes [9]. Moreover, cardiorespiratory fitness was not shown to be different in 

children with impaired glucose tolerance compared to those with normal glucose tolerance 

[10], suggesting that fitness may influence insulin dynamics indirectly through fat mass, 

especially in those groups of children at increased risk of early cardiovascular disease. 

Differences between study subjects and methodologies make comparisons difficult. 

Moreover, it must be borne in mind that the children involved in our study were apparently 

healthy children with no previously diagnosed cardiovascular pathologies.

Recent findings from the National Health and Nutrition Examination Survey [7] showed that 

insulin sensitivity was significantly associated with physical activity (measured by 

questionnaires) and cardiorespiratory fitness in boys. In girls, insulin sensitivity was not 

significantly associated with physical activity or with cardiorespiratory fitness but was 

significantly associated with BMI. The differences between genders may be due to the fact 

that females seem to be, in some way, protected from the prejudicial effects of excess fatness 

by the role of estrogens [27, 28]. Similarly, this mechanism also seems to protect young 

women from the deleterious consequences of low cardiorespiratory fitness on insulin 

resistance. This might be true due to the fact that fitness levels are lower in girls than in boys, 

whereas fatness and fasting insulin levels are higher in the former. This is consistent with 

other studies on young people [6, 7, 29-32].

Cardiorespiratory fitness is highly influenced by the person’s activity level [3, 4, 33, 34]. 

Objectively measured physical activity has also been negatively associated with body fat 

activity level [3, 4], and with fasting insulin levels [35].
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Similarly, HOMA was positively associated with regular exercise independently of total and 

central adiposity in adolescents [36]. Collectively, these findings indicate that regular physical 

activity may play a key role in reducing fat mass and markers of insulin resistance, and 

improving cardiorespiratory fitness in youths.  

In the present study fasting glucose was not associated with fatness and fitness. Similarly, 

fasting glucose was not associated with total physical activity in school-aged Danish girls and 

boys [35]. In fact, the clinical value of fasting glucose in the first decade of life has been 

questioned. Recent findings show that fasting glucose is weakly associated with clustering of 

cardiovascular disease risk factors in young people [37]. This can be explained by the fact the 

insulin resistance may increase before children display impaired glucose tolerance. In the very 

early stages of insulin resistance, the pancreas may compensate this metabolic disturbance by 

excreting higher quantities of insulin [38]. 

The limitations of the present study include its cross-sectional design, therefore, the direction 

of causality can not be determined. HOMA model is a method for assessing -cell function 

and insulin resistance from fasting insulin and glucose concentrations, whereas the gold 

standard for measuring insulin sensitivity/resistance is the euglycemic-hyperinsulinemic 

clamp. However, the latter method is too invasive and costly, and may not be suitable for 

large epidemiological studies. HOMA has been compared with a number of well validated 

methods used to measured insulin resistance and -cell function [39].

In conclusion, the results showed that HOMA and fasting insulin were associated with body 

fat and waist circumference in school-aged children. In addition, cardiorespiratory fitness 

explained a significant proportion on the HOMA and fasting insulin variance in those children 

with high levels of body fat and waist circumference.  
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Collectively, the findings suggest that the deleterious consequences ascribed to high fatness 

could be counteracted by having high levels of cardiorespiratory fitness. The assessment of 

the effect of an exercise intervention focused on reducing fatness and improving fitness is 

warranted.



16

ACKNOWLEDGEMENTS 

We are indebted to Prof. Maarike Harro for her enthusiastic and foresight in her scientific 

work. We thank Prof. Olle Carlsson from the Unit for Preventive Nutrition, Department of 

Biosciences and Nutrition at NOVUM, Karolinska Institutet, for statistical assistance.

The Swedish part of the study was supported by grants from the Stockholm County Council 

(MS), and the Estonian part was supported by a grant from the Estonian Science Foundation 

No. 3277 and 5209, and by Estonian Centre of Behavioural and Health Sciences and ESF 

grants No. 3277, 5209 and 6788. JRR and FBO were supported by a grant from Ministerio de 

Educación y Ciencia de España (AP2003-2128, AP2004-2745). TV was supported by grants 

from the Ministry of Education and Science (0942706s06 and 0192112s02). None of the 

authors had any conflict of interest.



17

REFERENCES 

1. Cruz ML, Shaibi GQ, Weigensberg MJ, Spruijt-Metz D, Ball GD, Goran MI (2005) 

Pediatric obesity and insulin resistance: chronic disease risk and implications for 

treatment and prevention beyond body weight modification. Annu Rev Nutr 25: 435-

468.

2. Srinivasan SR, Myers L, Berenson GS (2002) Predictability of childhood adiposity 

and insulin for developing insulin resistance syndrome (syndrome X) in young 

adulthood: the Bogalusa Heart Study. Diabetes 51: 204-209. 

3. Ruiz JR, Rizzo NS, Hurtig-Wennlöf A, Ortega FB, Wärnberg J, Sjöström M (2006) 

Relations of total physical activity and intensity to fitness and fatness in children: the 

European Youth Heart Study. Am J Clin Nutr 84: 299-303. 

4. Gutin B, Yin Z, Humphries MC, Barbeau P (2005) Relations of moderate and 

vigorous physical activity to fitness and fatness in adolescents. Am J Clin Nutr 81: 

746-750.

5. Ortega FB, Tresaco B, Ruiz JR, et al. (In press) Cardiorespiratory fitness is associated 

with favorable abdominal adiposity in adolescents. Obesity. 

6. Gutin B, Yin Z, Humphries MC, Hoffman WH, Gower B, Barbeau P (2004) Relations 

of fatness and fitness to fasting insulin in black and white adolescents. J Pediatr 145: 

737-743.

7. Imperatore G, Cheng YJ, Williams DE, Fulton J, Gregg EW (2006) Physical activity, 

cardiovascular fitness, and insulin sensitivity among U.S. adolescents: the National 

Health and Nutrition Examination Survey, 1999-2002. Diabetes Care 29: 1567-1572. 



18

8. Ruiz JR, Ortega FB, Meusel D, Harro M, Oja P, Sjöström M (2006) Cardiorespiratory 

fitness is associated with features of metabolic risk factors in children. Should 

cardiorespiratory fitness be assessed in a European health monitoring system? The 

European Youth Heart Study. J Public Health 14: 94-102. 

9. Ball GD, Shaibi GQ, Cruz ML, Watkins MP, Weigensberg MJ, Goran MI (2004) 

Insulin sensitivity, cardiorespiratory fitness, and physical activity in overweight 

Hispanic youth. Obes Res 12: 77-85. 

10. Shaibi GQ, Ball GD, Cruz ML, Weigensberg MJ, Salem GJ, Goran MI (2006) 

Cardiovascular fitness and physical activity in children with and without impaired 

glucose tolerance. Int J Obes (Lond) 30: 45-49. 

11. Wennlöf AH, Yngve A, Sjöström M (2003) Sampling procedure, participation rates 

and representativeness in the Swedish part of the European Youth Heart Study 

(EYHS). Public Health Nutrition 6: 291-299. 

12. Poortvliet E, Yngve A, Ekelund U, et al. (2003) The European Youth Heart Survey 

(EYHS): an international study that addresses the multi-dimensional issues of CVD 

risk factors. Forum of Nutrition 56: 254-256. 

13. Lohman TG, Roche AF, Martorell R (1991) Anthropometric standardization reference 

manual. Champaign, IL: Human Kinetics. 

14. Rennie KL, Livingstone MB, Wells JC, et al. (2005) Association of physical activity 

with body-composition indexes in children aged 6-8 y at varied risk of obesity. Am J 

Clin Nutr 82: 13-20. 

15. Tanner JM, Whitehouse RH (1962) Standards for subcutaneous fat in British children. 

Percentiles for thickness of skinfolds over triceps and below scapula. British Medical 

Journal 1: 446. 



19

16. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC (1985) 

Homeostasis model assessment: insulin resistance and beta-cell function from fasting 

plasma glucose and insulin concentrations in man. Diabetologia 28: 412-419. 

17. Wennlöf AH, Yngve A, Nilsson TK, Sjöström M (2005) Serum lipids, glucose and 

insulin levels in healthy schoolchildren aged 9 and 15 years from Central Sweden: 

reference values in relation to biological, social and lifestyle factors. Scand J Clin Lab 

Invest 65: 65-76. 

18. Hansen HS, Froberg K, Nielsen JR, Hyldebrandt N (1989) A new approach to 

assessing maximal aerobic power in children: the Odense School Child Study. Eur J 

Appl Physiol Occup Physiol 58: 618-624. 

19. Riddoch C, Edwards D, Page A, et al. (2005) European Youth Heart Study-

Cardiovascular disease risk factors in children: Rationale, aims, study design, and 

validation of methods. J Phys Act Health 2: 115-129. 

20. Holm S (1979) A simple sequentially rejective multiple test procedure Scand J Statist 

6: 65-70. 

21. Caprio S, Hyman LD, Limb C, et al. (1995) Central adiposity and its metabolic 

correlates in obese adolescent girls. Am J Physiol 269: E118-126. 

22. Owens S, Gutin B, Barbeau P, et al. (2000) Visceral adipose tissue and markers of the 

insulin resistance syndrome in obese black and white teenagers. Obes Res 8: 287-293. 

23. Goran MI, Bergman RN, Gower BA (2001) Influence of total vs. visceral fat on 

insulin action and secretion in African American and white children. Obes Res 9: 423-

431.



20

24. Taylor RW, Jones IE, Williams SM, Goulding A (2000) Evaluation of waist 

circumference, waist-to-hip ratio, and the conicity index as screening tools for high 

trunk fat mass, as measured by dual-energy X-ray absorptiometry, in children aged 3-

19 y. Am J Clin Nutr 72: 490-495. 

25. Brambilla P, Bedogni G, Moreno LA, et al. (2006) Crossvalidation of anthropometry 

against magnetic resonance imaging for the assessment of visceraI and subcutaneous 

adipose tissue in children. Int J Obes (Lond) 30: 23-30. 

26. van der Kooy K, Seidell JC (1993) Techniques for the measurement of visceral fat: a 

practical guide. Int J Obes Relat Metab Disord 17: 187-196. 

27. Donahue RP, Prineas RJ, DeCarlo Donahue R, Bean JA, Skyler JS (1996) The female 

'insulin advantage' in a biracial cohort: results from the Miami Community Health 

Study. Int J Obes Relat Metab Disord 20: 76-82. 

28. Munoz J, Derstine A, Gower BA (2002) Fat distribution and insulin sensitivity in 

postmenopausal women: influence of hormone replacement. Obes Res 10: 424-431. 

29. Ortega FB, Ruiz JR, Castillo MJ, et al. (2005) [Low level of physical fitness in 

Spanish adolescents. Relevance for future cardiovascular health (AVENA study)]. 

Rev Esp Cardiol 58: 898-909. 

30. Moreno LA, Mesana MI, Gonzalez-Gross M, et al. (2006) Anthropometric body fat 

composition reference values in Spanish adolescents. The AVENA Study. Eur J Clin 

Nutr 60: 191-196. 

31. Ford ES, Li C, Imperatore G, Cook S (2006) Age, sex, and ethnic variations in serum 

insulin concentrations among U.S. youth: findings from the National Health and 

Nutrition Examination Survey 1999-2002. Diabetes Care 29: 2605-2611. 



21

32. Bunt JC, Salbe AD, Harper IT, Hanson RL, Tataranni PA (2003) Weight, adiposity, 

and physical activity as determinants of an insulin sensitivity index in pima Indian 

children. Diabetes Care 26: 2524-2530. 

33. Ignico AA, Mahon AD (1995) The effects of a physical fitness program on low-fit 

children. Res Q Exerc Sport 66: 85-90. 

34. Mahon AD, Vaccaro P (1994) Cardiovascular adaptations in 8- to 12-year-old boys 

following a 14-week running program. Can J Appl Physiol 19: 139-150. 

35. Brage S, Wedderkopp N, Ekelund U, et al. (2004) Objectively measured physical 

activity correlates with indices of insulin resistance in Danish children. The European 

Youth Heart Study (EYHS). Int J Obes Relat Metab Disord 28: 1503-1508. 

36. Platat C, Wagner A, Klumpp T, Schweitzer B, Simon C (2006) Relationships of 

physical activity with metabolic syndrome features and low-grade inflammation in 

adolescents. Diabetologia 49: 2078-2085. 

37. Andersen LB, Boreham CA, Young IS, et al. (2006) Insulin sensitivity and clustering 

of coronary heart disease risk factors in young adults. The Northern Ireland Young 

Hearts Study. Prev Med 42: 73-77. 

38. Le Stunff C, Fallin D, Schork NJ, Bougneres P (2000) The insulin gene VNTR is 

associated with fasting insulin levels and development of juvenile obesity. Nat Genet 

26: 444-446. 

39. Wallace TM, Levy JC, Matthews DR (2004) Use and abuse of HOMA modeling. 

Diabetes Care 27: 1487-1495. 



Table 1. Descriptive characteristics of the children. 

All (n=873) Girls (n=444) Boys (n=429) 

Mean SD Mean SD Mean SD 

P
for gender

Age (y) 9.6 0.4 9.5 0.4 9.6 0.4 0.147 

Pubertal status (I/II/III/IV/V)a  80/18/2/0/0 70/26/4/0/0 90/10/0/0/0  

Weight (kg) 32.1 5.8 32.0 6.2 32.1 5.5 0.828 

Height (m) 1.4 0.1 1.4 0.1 1.4 0.1 0.677 

Body mass index (kg/m2) 16.7 2.1 16.7 2.3 16.8 2.0 0.846 

Body fat (mm)b 40.2 16.9 44.6 18.2 35.7 14.2 <0.001 

Waist circumference (cm)b 58.0 5.4 57.1 5.9 58.9 4.8 <0.001 

HOMAc 1.3 0.8 1.4 0.8 1.2 0.8 <0.001 

Insulin (mU/L)b 41.4 23.5 44.7 24.5 38.0 21.9 <0.001 

Glucose (mmol/L)b 5.0 0.4 4.8 0.4 5.1 0.3 <0.001 

Cardiorespiratory fitness (W/kg) 2.9 0.5 2.7 0.4 3.2 0.5 <0.001 

All values are mean ± SD, or apercentages.

Analysis was performed on blog-transformed data, and ctransformed data to the power of 1/3, but 

nontransformed data are presented in the table.  

HOMA: homeostasis model assessment; Body fat is expressed as skinfold thickness. 



Table 2. Multiple regression coefficients ( ), coefficient of determination (R2), and semipartial 

correlations (sr) examining the association of markers of insulin resistance with cardiorespiratory 

fitness separately by body fat and waist circumference tertiles. 

All the analyses were controlled for sex, age, pubertal status and study location. Analysis was 

performed on alog-transformed data, and btransformed data to the power of 1/3. Low, middle and 

high equals to first, second and third tertile, respectively.  

Outcome variable Cardiorespiratory fitness P R2 sr

Low body fat 0.095 0.232 0.087 0.08 

Middle body fat -0.009 0.909 0.079 -0.08 HOMAb

High body fat -0.241 0.001 0.156 -0.23 

Low body fat 0.108 0.174 0.088 0.09 

Middle body fat -0.005 0.948 0.065 -0.01 Insulina

High body fat -0.220 0.002 0.149 -0.21 

Low body fat -0.084 0.283 0.126 -0.07 

Middle body fat -0.010 0.899 0.132 -0.01 Glucosea

High body fat -0.126 0.081 0.067 -0.12 

Outcome variable Cardiorespiratory fitness P R2 sr

Low waist circumference -0.010 0.905 0.100 -0.01 

Middle waist circumference -0.148 0.063 0.086 -0.13 HOMAb

High waist circumference -0.250 0.001 0.215 -0.22 

Low waist circumference 0.009 0.911 0.099 0.01 

Middle waist circumference -0.139 0.069 0.110 -0.13 Insulina

High waist circumference -0.223 0.002 0.183 -0.20 

Low waist circumference -0.056 0.492 0.056 -0.05 

Middle waist circumference 0.002 0.977 0.152 0.01 Glucosea

High waist circumference -0.183 0.010 0.104 -0.16 



Fig. 1. Markers of insulin resistance stratified by body fat (expressed as skinfold thickness) 

and waist circumference tertiles in girls and boys. Values are mean, and errors bars represent 

95% confident intervals. Data were analyzed by one-way analysis of covariance after 

adjusting for cardiorespiratory fitness, age, pubertal status and study location. Low, Middle 

and High, equals first, second and third tertile, respectively. HOMA: homeostais model 

assessment. Body fat, waist circumference, fasting insulin and glucose were transformed to 

the natural logarithmic, and HOMA was raised to the power of 1/3. HOMA and fasting 

insulin were positively associated (all P < 0.001) with body fat and waist circumference in 

both girls and boys. Fasting glucose was not significantly associated with body fat or waist 

circumference. 
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Fig. 2. Relationship between homeostasis model assessment (HOMA) and cardiorespiratory 

fitness by body fat (BF) and waist circumference (WC) tertiles for girls and boys. Low, 

middle and high equals to first, second and third tertile, respectively. HOMA was transformed 

data to the power of 1/3 before analysis. Girls: low BF, r = 0.040 (P = 0.703); middle BF, r = 

-0.062 (P = 0.456); high BF, r = -0.218 (P = 0.002); low WC, r = -0.011 (P = 0.862); middle 

WC, r = -0.221 (P = 0.012); high WC, r = -0.407 (P < 0.001). Boys: low BF, r = -0.093 (P = 

0.197); middle BF, r = -0.042 (P = 0.623); high BF, r = -0.252 (P = 0.016); low WC, r = -

0.312 (P = 0.018); middle WC, r = -0.167 (P = 0.032); high WC, r = -0.197 (P = 0.004). 
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Homocysteine levels in children and adolescents are associated with

the methylenetetrahydrofolate reductase 677C > T genotype, but not

with physical activity, fitness or fatness: The European Youth Heart Study
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To examine the associations of total plasma homocysteine (tHcy) with physical activity, cardiorespiratory fitness and fatness in children and ado-

lescents, a cross-sectional study of 301 children (9–10 years old) and 379 adolescents (15–16 years old) was conducted. Physical activity was

measured by accelerometry. Cardiorespiratory fitness was measured with a maximal ergometer bike test. Body fat was derived from the sum

of five skinfold thicknesses. Genotyping for the methylenetetrahydrofolate reductase (MTHFR) 677C . T polymorphism was done by DNA

sequencing. Fasting tHcy level was the outcome variable. Multiple regressions were used to determine the degree to which variance in tHcy

was explained by physical activity, cardiorespiratory fitness and body fat, after controlling for potential confounders including MTHFR

677C . T genotype. tHcy levels were neither associated with any measure of level and pattern of physical activity nor with data on cardiorespira-

tory fitness, or body fat, in any age group after controlling for potential confounders including MTHFR 677C . T and even when subgroups

677TT and 677CC þ CT were analysed separately. Mean values of tHcy were significantly higher in the TT subgroup compared with CC

and CT subgroups in children (TT 7·4mmol/l, CC 6·3mmol/l, CT 6·6mmol/l, P,0·001 and P¼0·019, respectively) and adolescents

(TT 16·9mmol/l, CC 8·3mmol/l, CT 9·0mmol/l, both P,0·001). The results suggest that physical activity, fitness and body fat are not associated

with tHcy levels in children and adolescents, even after controlling for presence of the MTHFR 677C . T genotype, the main influence on tHcy

levels in these subjects.

Homocysteine: Physical activity: Cardiorespiratory fitness: Body fat

Elevated total plasma homocysteine (tHcy) levels are associ-
ated with increased oxidative stress and endothelial damage
(Welch & Loscalzo, 1998). tHcy has been suggested to be
an independent risk factor for several multi-system diseases
(Virtanen et al. 2005), including CHD (Homocysteine Studies
Collaboration, 2002; Vrentzos et al. 2004), stroke (Ford et al.
2002), dementia and Alzheimer’s disease (Seshadri et al.
2002), risk of hip fracture (McLean et al. 2004) and pregnancy
complications (Hague, 2003).

Lifestyle factors such as smoking, lack of physical activity,
excessive alcohol intake, obesity, high coffee consumption as
well as nutritional deficiencies in folate and vitamin B12 are
associated with elevated levels of tHcy (Jacques et al. 2001;
Bates et al. 2002; Silaste et al. 2003; Chrysohoou et al. 2004;
van Beynum et al. 2005). In addition, a major genetic determi-
nant of tHcy levels has been identified, themethylenetetrahydro-
folate reductase (MTHFR) polymorphism 677C . T (Frosst
et al. 1995). Age and gender seem to play a specific role.
Levels of tHcy are higher in men than in women and

this gender effect seems to be enhanced during and after
puberty (De Laet et al. 1999; Bates et al. 2002; van Beynum
et al. 2005).

Objectively measured physical activity has been negatively
associated with traditional cardiovascular risk factors in chil-
dren and adolescents (Strong et al. 2005). Poor cardiorespira-
tory fitness is another important health problem (Myers et al.
2002; Carnethon et al. 2003). Recently, cardiorespiratory fit-
ness has been negatively associated with features of metabolic
syndrome in children and adolescents (Mesa et al. 2006; Ruiz
et al. 2006a) and it has been negatively associated with tHcy
in adult women (Kuo et al. 2005). Studies examining the poss-
ible interplay between physical activity, cardiorespiratory
fitness and fatness with tHcy levels in children and adolescents
are lacking. For public health strategies and preventive pur-
poses, it is of interest to understand the relative influence of
modifiable factors on tHcy levels on early ages. Therefore,
we examined the associations of tHcy with physical activity,
cardiorespiratory fitness and fatness, after controlling for

*Corresponding author: Jonatan R Ruiz, fax þ46 8 608 3350, email ruizj@ugr.es

Abbreviations: MTHFR, methylenetetrahydrofolate reductase; tHcy, total plasma homocysteine.
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potential confounders including the MTHFR 677C . T geno-
type, in children and adolescents.

Methods

Subjects

The subjects were participants in the Swedish part of the
European Youth Heart Study, a school-based, cross-sectional
study of risk factors for future CVD in a random sample of
healthy children (9–10 years old) and of adolescents (15–16
years old) (Poortvliet et al. 2003). Data collection took
place from September 1998 to May 1999 in thirty-seven
schools in central Sweden. The present report is based on
the 680 subjects who had both tHcy and MTHFR genotypes
measured (301 children, 379 adolescents). Study design,
sampling procedure and participation rates have been reported
elsewhere (Wennlöf et al. 2003). The study was approved by
the Research Ethics Committees of Örebro County Council
and Huddinge University Hospital. Written informed consent
was obtained from the parents of the children and from both
the parents of the adolescents and the adolescents themselves.
Before any testing was performed, the parents completed a

questionnaire in which part of the questions addressed the
child’s previous and current health status. Socioeconomic
status was also assessed via the questionnaire and defined by
the maternal educational status (coded as 0 ¼ below univer-
sity education and 1 ¼ university education). Using the
maternal educational status as socioeconomic status indicator
has the advantage of having a high response rate and relatively
unbiased responses in comparison with questions regarding
income (Kaplan & Keil, 1993).

Physical examination

Height and weight were measured by standardized procedures.
BMI was calculated as weight/height2 (kg/m2). Skinfold thick-
nesses were measured with a Harpenden caliper (Baty Inter-
national, Burgess Hill, UK) at the biceps, triceps, subscapular,
suprailiaca and triceps surae areas on the left side of the body
according to the criteria described by Lohman et al. (1991).
These measures have been shown to correlate highly with
dual-energy X-ray absorptiometry-measured body fat percen-
tage in children of similar ages (Gutin et al. 1996; Rodriguez
et al. 2005). All measurements were taken twice and in rotation
and the mean value was calculated. If the difference between the
two measurements was.2mm, a third measurement was taken
and the two closestmeasurementswere averaged. The sumof the
five skinfold thicknesses (hereafter referred to as ‘skinfold thick-
ness’) was used as an indicator of body fat rather than BMI,
because BMI has been suggested to be a less valid measurement
of body fatness in children (Rennie et al. 2005) and because fat-
ness rather than weight has been shown to be associated with
poor health (Allison et al. 2002). However, for the purpose of
comparing the results with previous publications, the subjects
were also categorized as normal-weight or overweight-obese
following the International Obesity Task Force proposed
gender- and age-adjusted BMI cut-off points (Cole et al. 2000).
Identification of pubertal development was assessed accord-

ing to Tanner & Whitehouse (1976). Pubertal stage was
recorded by a researcher of the same gender as the child,

after brief observation. Breast development in girls and genital
development in boys were used for pubertal classification.

Measurement of physical activity

Physical activity was measured during four consecutive days
(two weekdays and at least one weekend day) with an activity
monitor (MTI model WAM 7164; Manufacturing Technology
Inc., Shalimar, FL, USA) worn at the lower back. At least 3 d
of recording, with a minimum of 10 h registration per d, was
set as an inclusion criterion. Total physical activity was
expressed as total counts recorded, divided by total daily regis-
tered time (counts/min). The time engaged in moderate physical
activity and vigorous physical activity was calculated and pre-
sented as the average time per d during the complete registration.
Moderate physical activity (3–6metabolic equivalents) and vig-
orous physical activity (.6 metabolic equivalents) intensities
were also calculated and were based upon the cut-off limits pub-
lished elsewhere (Trost et al. 2002). The time spent in at least
moderate intensity level (.3 metabolic equivalents) was calcu-
lated as the sum of time spent in moderate or vigorous physical
activity. Each minute over the specific cut-off was summarized
in the corresponding intensity level group. Validation studies
examining the accelerometer used in the present study and the
construction of summary variables for intensity of movement
suggest that it is a valid and reliable measure of children’s and
adolescent’s physical activity (Trost et al. 1998; Puyau et al.
2004). The precision of objective assessment of physical activity
in children is superior to subjective methods (Kohl et al. 2000);
however, there are some limitations that should be highlighted.
The accelerometer must be removed during swimming, contact
sports, showering and bathing. Any activity involving minimal
vertical displacement of the body (i.e. cycling) is also underesti-
mated. A period of 4–5 d of activity monitoring has been pro-
posed as a suitable duration for accurate and reliable estimates
of usual physical activity behaviour in children (Trost et al.
2000). Data for 4 d were available for most of the participants
in the present study.

Measurement of cardiorespiratory fitness

Cardiorespiratory fitness was determined by a maximum cycle-
ergometer test, as described elsewhere (Hansen et al. 1989).
Briefly, the workload was pre-programmed on a computerized
cycle ergometer (Monark 829E; Ergomedic, Vansbro,
Sweden) to increase every third minute until exhaustion. Heart
rate was registered continuously by telemetry (Polar Sport
Tester; Polar Electro Oy, Kempele, Finland). The criteria for
exhaustionwere a heart rate$185beats permin, failure tomain-
tain a pedalling frequency of at least 30 rpmand a subjective jud-
gement by the test leader that the child could no longer keep up,
even after vocal encouragement. The power output was calcu-
lated as ¼ W1 þ (W2· t/180), where W1 is a work rate at
fully completed stage, W2 is the work rate increment at final
incomplete stage and t is time in seconds at final incomplete
stage. The ‘Hansen formula’ for calculated VO2max (ml/min)
was ¼ 12 £ calculated power output þ5 £ body weight (kg)
(Hansen et al. 1989). Cardiorespiratory fitness was expressed
asVO2max per kg bodymass (ml/kg permin) because of the hom-
ogeneity in stature and obesity grade of the subjects, because it is
well established and for ease of comparison with the results of
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previous studies. The test used has been previously validated in
children of the same age (Riddoch et al. 2005) and is highly cor-
related in children with directly measured VO2max (r 0·95 and
r 0·90, in girls and boys, respectively) (Hansen et al. 1989).

Dietary assessment

Dietary intake was assessed by an interviewer-mediated 24-h
recall. For the 9-year-olds, a qualitative food record, com-
pleted the day before the interview, acted as a checklist
once the 24-h recall was obtained. A food atlas was used to
estimate portion sizes. Dietary data were entered into StorMats
(version 4.02; Rudans Lättdata, Västerås, Sweden) and ana-
lysed using the Swedish National Food Database, version
99.1 (www.s/v.se). Folate and vitamin B12 intakes were calcu-
lated in mg/d.

Homocysteine assay and methylenetetrahydrofolate reductase
genotyping

With the subject in the supine position, blood samples were
taken by venipuncture after an overnight fast using vacuum
tubes (Vacuette; Greiner Bio-One GmbH, Essen, Germany).
The fasting state was verbally confirmed by the subject before
blood sampling. Plasma was separated and stored at 2808C
until analysis. Homocysteine in acidified citrated plasma (Will-
ems et al. 1998) was assayed using a fluorescence polarization
immunoassay on an IMxw unit (Abbott Laboratories, Abbott
Park, IL, USA). All CV were under 7·5%. Total blood DNA
was extracted and purified from 200ml whole blood anticoagu-
latedwithEDTA, using theQIAampDNABloodMiniKit by the
spin procedure, according to the instructions of themanufacturer
(QIAGEN Inc., Valencia, CA, USA). Genotyping of the
677C . T variant in the MTHFR gene was performed using
the Pyrosequencing platform (Biotage AB, Uppsala, Sweden),
as described recently (Börjel et al. 2006).

Statistical analysis

The data are presented as means and standard deviations
unless otherwise stated. All variables were checked for nor-
mality of distribution before analysis. Skinfold thickness,
tHcy, folate and vitamin B12 were normalized by transform-
ation to the natural logarithm, and for the total physical
activity the square root was calculated.

Gender and age differences were assessed by two-way
ANOVA. The levels of tHcy according to MTHFR
677C . T and age group were analysed by two-way
ANOVA and mean tHcy levels between MTHFR 677C . T
subgroups were compared by Tukey’s test.

The tHcy mean values did not differ between the CC and
CT groups; therefore, the MTHFR 677C . T genotype was
analysed as a recessive trait, i.e. dichotomized into TT and
CC þ CT groups.

Multiple regressions were used to study the relationship
between tHcy and physical activity, cardiorespiratory fitness
and body fat, after controlling for potential confounders.
Model 1 examined the influence of total physical activity on
tHcy after controlling for gender, pubertal development, socio-
economic status, folate and vitamin B12 intake and MTHFR
677C . T genotype. Model 2 examined the influence of

cardiorespiratory fitness on tHcy after controlling for the same
potential confounders included in Model 1. Model 3 examined
the influence of body fat (expressed as skinfold thickness or as
BMI) on tHcy after controlling for the same potential confoun-
ders included in Models 1 and 2. Semipartial correlation (sr)
was used as a measure of the relationship between tHcy and
physical activity, cardiorespiratory fitness and body fat, after
controlling for the effect that one or more additional variables
(e.g. pubertal development, socioeconomic status, etc.) had on
one of those variables. The analyses were performed using the
Statistical Package for Social Sciences (SPSS, v. 14·0 for
Windows; SPSS Inc, Chicago, IL, USA) and the level of signifi-
cance was set to ¼ 0·05.

Results

Data completeness and baseline characteristics

None of the analysed variables showed a statistically significant
difference between included subjects (i.e. those who had both
tHcy and MTHFR genotype measurements) and excluded sub-
jects (i.e. those who did not have both). Valid physical activity
data were obtained in 71% of the studied subjects and 84%
had valid cardiorespiratory fitness data, as determined by the cri-
teria explained earlier (see p. 00). Pubertal development status
was obtained from 88%, and 91% had skinfold thickness
measured. Socioeconomic status and dietary intake data were
available for 95 and 99% of the subjects, respectively.

The descriptive characteristics of the study sample are
shown in Table 1. The levels of tHcy did not differ between
boys and girls in either age group, but significant differences
were observed between age groups in both girls and boys.
In both children and adolescents, girls had significantly
lower values of physical activity related-variables and cardio-
respiratory fitness than boys (Table 1). In boys, physical
activity related-variables, cardiorespiratory fitness and body
fat were significantly different between children and adoles-
cents. Mean values of total physical activity, cardiorespiratory
fitness and body fat were not significantly different across
tHcy quartiles in both children and adolescents (Fig. 1).

Mean values of tHcy were significantly higher in the TT
subgroup compared with CC and CT subgroups in children
(P,0·001 and P¼0·019, respectively) and adolescents (both
P,0·001). No statistically significant differences were found
between CC and CT subgroups either in children or in adoles-
cents. The TT genotype was present in 8·6% of children and
8·7% of adolescents (Table 2).

Relationship between total plasma homocysteine and physical
activity, cardiorespiratory fitness and body fat after
controlling for different confounders and separation by age

The results of the regression models using tHcy as the outcome
variable are shown in Table 3. Variation in tHcy levels was not
significantly explained by total physical activity, cardiorespira-
tory fitness or body fat (expressed as skinfold thickness) in any
age group. The results did not change when body fat was
expressed as BMI. Subsequent analysis examining tHcy levels
among BMI categories did not show any significant influence
(data not shown). Further analysis examining the association
of physical activity intensity levels (i.e. moderate, vigorous
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and moderate-vigorous) with tHcy did not change the results.
The results remained the same when the regression models
were performed separately for the MTHFR 677TT and
MTHFR 677CC þ CT subgroups.

Discussion

The results suggest that tHcy levels are not influenced by the stu-
died modifiable factors in young subjects as other well-estab-
lished cardiovascular risk factors in children and adolescents
have been shown to be (Brage et al. 2004; Mesa et al. 2006;
Ruiz et al. 2006a,b). However, tHcy levels were significantly

higher in the MTHFR 677TT subgroup compared with the
MTHFR677CC andMTHFR677CT subgroups in both children
and adolescents. Differences in tHcy levels were also observed
between age but not gender groups, which is in concordance
with previous studies showing that tHcy increases with age
(Bates et al. 2002). The levels of tHcy seen in the present
study were within the normal ranges for these ages (Ueland &
Monsen, 2003). Similar tHcy levels have been reported in Bel-
gian (De Laet et al. 1999), Dutch (van Beynum et al. 2005)
and Greek (Papoutsakis et al. 2005) children and adolescents.
To the best of our knowledge, there are no other data available
on the association of tHcy levels with objectively measured
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Fig. 1. Mean values of total physical activity (a), cardiorespiratory fitness (b) and sum of five skinfolds stratified by quartiles of homocysteine for children (—†—)

and adolescents (—A—). Errors bars represent 95% CI. For details of subjects and procedures, see p. 256.
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physical activity, fitness and fatness after controlling for several
potential confounders, including MTHFR 677C . T genotype,
in children and adolescents.

Physical activity and homocysteine

The association between physical activity and tHcy has been
evaluated in few studies. Randeva et al. (2002) showed that
6 months of sustained brisk walking for 20–60min for 3 d/
week significantly decreased tHcy levels in young overweight
and obese women with polycystic ovary syndrome, a group at
increased risk of premature atherosclerosis. Similarly, a
weight-reduction programme including physical activities had
a positive effect on the tHcy of obese children (Gallistl et al.
2001). We did not find any association between total physical
activity and tHcy levels, even when the influence of physical
activity intensity levels on tHcy levels was examined. When
the analyses were performed separately for normal-weight and
overweight-obese children and adolescents, no associations
were found. Studies examining the influence of objectively
measured physical activity and physical activity intensity
levels on tHcy in children and adolescents are lacking. Interven-
tion programmes studying the effect of physical activity amount
and the influences of different physical activity intensities on
tHcy in children and adolescents are needed.

Cardiorespiratory fitness and homocysteine

Cardiorespiratory fitness is a direct marker of physiological
status and recent data suggest that fitness is one of the

strongest predictors of health outcomes (Myers et al. 2002;
Carnethon et al. 2003). Cardiorespiratory fitness represents
the ability of active skeletal muscle to utilize O2 during exer-
cise. Theoretically, poor cardiorespiratory capacity may be the
consequence of pathological changes peripherally affecting
the tissues and the associated vasculature or centrally perturb-
ing the heart and coronary arteries. These pathological
changes, to some extent, may be attributed to elevated levels
of tHcy and the related tissue toxicity in adults. In fact, elev-
ated tHcy levels have been associated with an increased risk of
decline in physical function in elderly people (Kado et al.
2002). Moreover, high tHcy levels have been negatively
associated with estimated cardiorespiratory fitness in adult
women (Kuo et al. 2005).

High cardiorespiratory fitness during childhood and adoles-
cence has been associated with a healthier metabolic profile
during these years (Brage et al. 2004; Mesa et al. 2006;
Ruiz et al. 2006a). Results from the Alimentación y
Valoración del Estado Nutritional en Adolescentes (AVENA)
(Food and Assessment of the Nutritional Status of Spanish Ado-
lescents) study showed significant associations between
increased cardiorespiratory fitness and a favourable lipid profile
and fasting glycaemia in both overweight and non-overweight
adolescents aged 13–18 years (Mesa et al. 2006). Results
from the Swedish and Estonian part of the European Youth
Heart Study revealed negative associations between
cardiorespiratory fitness and body fat (expressed as skinfold
thickness) (Ruiz et al. 2006b). The same relationship was
noted between cardiorespiratory fitness and other features of
metabolic syndrome (e.g. insulin resistance, raised TAG, total

Table 3. Standardized multiple regression coefficients (b), SE, semipartial correlations (sr) and standardized coefficient of determination (R2) examining
association of level of plasma total homocysteine with total physical activity, cardiorespiratory fitness and body fat (expressed as skinfold thickness)
after controlling for gender, pubertal development, socioeconomic status, folate and vitamin B12 intake, and MTHFR 677C . T genotype*

Children Adolescents

Model Predictor variable b SE P sr R2 b SE P sr R2

1 Physical activity 0·009 0·007 0·90 0·008 0·037 20·075 0·008 0·30 –0·072 0·017
2 Cardiorespiratory fitness 0·018 0·002 0·81 0·016 0·067 20·073 0·002 0·32 20·050 0·042
3 Body fat 20·010 0·001 0·46 20·009 0·057 20·052 0·001 0·88 20·042 0·039

*For details of subject and procedures, see p. 256.

Table 2. Total plasma homocysteine (tHcy) levels according to methylenetetrahydrofolate reductase (MTHFR) 677C . T
genotype and age group‡

(Values are means and standard deviations)

MTHFR 677C . T genotype

CC CT TT

Mean SD Mean SD Mean SD P value

Children (n 301)
tHcy (mmol/l) 6·3‘ 1·1 6·6 1·4 7·4* 1·6 0·001
n 139 136 26
% 46·2 45·2 8·6

Adolescents (n 379)
tHcy (mmol/l) 8·3 1·7 9·0 2·9 16·9† 10·1 ,0·001
n 187 159 33
% 49·3 42·0 8·7

*Mean values were significantly different from CC (P¼0·001) and CT (P¼0·019) by Tukey’s test.
†Mean values were significantly different from CC (P,0·001) and CT (P,0·001) by Tukey’s test.
‡ For details of subjects and procedures, see p. 256.
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cholesterol:HDL-cholesterol ratio, etc.) in children aged 9–10
years (Ruiz et al. 2006a). However, we did not observe any
association between cardiorespiratory fitness and tHcy in chil-
dren and adolescents. It must be borne in mind that the subjects
involved in the present study were healthy children and adoles-
cents with no existing cardiovascular pathologies and it may be
that tHcy is not as sensitive to cardiorespiratory fitness as are
other traditional cardiovascular risk factors.

Body fat and homocysteine

The amount of body fat has been associated with tHcy levels
in obese children and adolescents (Gallistl et al. 2000). Insu-
lin resistance has been implicated in the relationship, since
insulin levels are strongly correlated with body fat (Gallistl
et al. 2000). We did not find an association between body
fatness (as expressed as skinfold thickness or as BMI) and
tHcy levels, even when the analyses were performed separ-
ately for normal-weight or overweight-obese categories.
This may be due to the low number of children and adoles-
cents in the obese BMI category participating in the present
study.

The results from the present study should be interpreted
with caution due to the limitations of the cross-sectional
design that cannot support evidence for causality. Another
limitation of the study is the lack of information on other fac-
tors that have been shown to influence tHcy levels, such as
serum levels of folate and vitamin B12 (Jacques et al. 2001;
Papoutsakis et al. 2005; van Beynum et al. 2005) and endo-
thelial NO synthase G894T polymorphism (Brown et al.
2003). The inclusion of available intake data on folate and
vitamin B12 was an attempt to overcome this. The inclusion
of a large number of subjects and several potential confoun-
ders including the MTHFR 677C . T genotype are notable
strengths of the present study.

Results from cross-sectional studies have shown strong
associations between tHcy and lifestyle-related factors
(Jacques et al. 2001; Bates et al. 2002; Silaste et al. 2003;
Chrysohoou et al. 2004; van Beynum et al. 2005).
However, findings are different when analysed prospectively
(Husemoen et al. 2006). The effect of lifestyle intervention
based on smoking cessation, increased physical activity and
healthy dietary habits on changes in tHcy after 1 year of
follow-up was studied in a population-based sample of 915
men and women aged 30–60 years. The results suggested
that none of the studied lifestyle changes was associated
with changes in tHcy levels, indicating that tHcy may not be
reduced by general lifestyle interventions.

One potential explanation for the discrepancy may be that
the tHcy-lifestyle associations observed in cross-sectional
studies are perhaps not causal. Furthermore, lifestyle-related
data are usually obtained by means of questionnaires, which
may lead to misreporting. The relationships between tHcy
and objectively measured modifiable factors in children and
adolescents should be studied prospectively.

In conclusion, the results of the present cross-sectional
study suggest that objectively measured physical activity, car-
diorespiratory fitness and body fat are not associated with
tHcy levels in children and adolescents, even after controlling
for presence of the MTHFR 677C . T genotype, the main
influence on tHcy levels in these subjects.
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ABSTRACT
Background: It is unclear how the amount and intensity of physical
activity (PA) are associated with cardiovascular fitness (CVF) and
body fatness in children.
Objective: We aimed to examine the associations of total PA and
intensity levels to CVF and fatness in children.
Design: A cross-sectional study of 780 children aged 9–10 y from
Sweden and Estonia was conducted. PA was measured by acceler-
ometry and was expressed as min/d of total PA, moderate PA, and
vigorous PA. CVF was measured with a maximal ergometer bike test
and was expressed as W/kg. Body fat was derived from the sum
of 5 skinfold-thickness measurements. Multiple regression anal-
ysis was used to determine the degree to which variance in CVF
and body fat was explained by PA, after control for age, sex, and
study location.
Results: Lower body fat was significantly associated with higher
levels of vigorous PA, but not with moderate or total PA. Those
children who engaged in �40 min vigorous PA/d had lower body fat
than did those who engaged in 10–18 min vigorous PA/d. Total PA,
moderate PA, and vigorous PA were positively associated with CVF.
Those children who engaged in �40 min vigorous PA/d had higher
CVF than did those who accumulated �18 min vigorous PA/d.
Conclusions: The results suggest that PA of vigorous intensity may
have a greater effect on preventing obesity in children than does PA
of lower intensity, whereas both total and at least moderate to vig-
orous PA may improve children’s CVF. Am J Clin Nutr 2006;
84:299–303.

KEY WORDS Physical activity, cardiovascular fitness, body
fat, children, obesity

INTRODUCTION

Obesity among children and adolescents represents an uncon-
trolled and increasing worldwide epidemic (1, 2). A sedentary
lifestyle and the reduction of physical activity (PA) are suggested
to be implicated in this trend (3–5). Negative associations be-
tween objectively measured PA and fatness in children and ad-
olescents have been shown (6–9).

Low cardiovascular fitness (CVF) is another important
health problem (10 –13). High CVF during childhood and

adolescence has been associated with a healthier cardiovas-
cular profile not only during these years (14 –17) but also later
in life (18 –20). Comparison of habitually active and less
active children and adolescents shows better CVF in the
former (9, 17, 21).

For preventive purposes, it is of interest to understand the
relative importance of the total amount and intensity of PA. New
data have shown positive associations between vigorous PA
[�6 metabolic equivalents (METs)] and CVF and negative as-
sociations between vigorous PA and fatness in adolescents aged
16 y (6). Similar results were found in a small sample of children
aged 8–10 y (9). The present study examined the relations of
objectively measured total PA and intensity levels to CVF and
fatness in a population sample of children aged 9–10 y.

SUBJECTS AND METHODS

Subjects

The present cross-sectional study involved Swedish (n � 413)
and Estonian (n � 367) children aged 9–10 y. The subjects were
part of the European Youth Heart Study (EYHS) (22). The pool-
ing of data was considered possible because of the use of com-
mon protocols (22). Study design, selection criteria, and sample
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calculations are reported elsewhere (22, 23). In Estonia, the city
of Tartu and its surrounding rural area was the geographical
sampling area. In Sweden, 8 municipalities (Botkyrka, Haninge,
Huddinge, Nynäshamn, Salem, Södertälje, Tyresö, and Örebro)
were chosen for data collection. The local ethical committees
approved the study (Örebro City Council no. 690/98, Huddinge
University Hospital no. 474/98). One parent or legal guardian
provided written informed consent, and all children gave verbal
assent. The study procedures were explained verbally to all chil-
dren.

Physical examination

Height and weight were measured by the use of standardized
procedures. Body mass index (BMI) was calculated as weight/
height squared (kg/m2). Skinfold thicknesses were measured
with a Harpenden caliper at the biceps, triceps, subscapular,
suprailiac and triceps surae areas on the left side of the body
according to the criteria described by Lohman et al (24). These
measures have been shown to correlate highly with dual-energy
X-ray absorptiometry-measured body fat percentages in children
of similar ages (25). All measurements were taken twice and in
rotation, and the mean calculated. If the difference between the 2
measurements differed by �2 mm, a third measurement was
taken and the 2 closest measurements were averaged. The sum of
5 skinfold thicknesses was used as an indicator of body fat rather
than BMI, because BMI has been suggested to not be a good
measurement of body fatness in children (7, 8), and because
fatness rather than weight has been shown to be associated with
poor health (26). Pubertal development was assessed according
to Tanner (27). Pubertal stage was assessed by a researcher of the
same sex as the child through brief observation. Breast develop-
ment in girls and genital development in boys was used for
pubertal classification.

Cardiovascular fitness

CVF was determined by a maximum cycle-ergometer test as
described elsewhere (28). Briefly, the workload was prepro-
grammed on a computerized cycle ergometer (Monark 829E
Ergomedic, Vansbro, Sweden) to increase every third minute
until the subject reached exhaustion. Heart rate was registered
continuously by telemetry (Polar Sport Tester, Kempele, Fin-
land). The criteria for exhaustion were a heart rate �185 beats/
min, failure to maintain a pedalling frequency of �30 revolu-
tions/min, and a subjective judgment by the observer that the
child could no longer keep up, even after vocal encouragement.
The power output was calculated as W1� (W2 � t/180), where W1

is the work rate at the last fully completed stage, W2 is the work
rate increment at the final incomplete stage, and t is the time in
seconds at the final incomplete stage. CVF was expressed as the
maximal power output per kilogram body mass (W/kg). The test
used to measure CVF was previously validated in children of the
same age (29).

Assessment of physical activity

PA was measured over 4 consecutive days (2 weekdays and at
least 1 weekend day) with an activity monitor (MTI model WAM
7164; Manufacturing Technology Inc, Shalimar, FL, formerly
known as Computer Science and Applications Inc) attached on
the right hip. At least 3 days of recording, with a minimum of 10 h
registration per day, was set as an inclusion criterion. Total PA

(also called amount of PA) was expressed as total counts re-
corded divided by total daily registered time (counts/min). The
time engaged in moderate and vigorous PA was calculated and
presented as the average time per day during the complete reg-
istration. Moderate PA (3–6 METs) and vigorous PA (�6
METs) intensities were based on cutoffs published elsewhere
(30). Also, the time spent in at least moderate-intensity PA (�3
METs) was calculated as the sum of time spent in moderate and
that spent in vigorous PA (MVPA, min/d). Each minute over the
specific cutoff was summarized in the corresponding intensity
level group. Validation studies examining the accelerometer
used in this study and the construction of summary variables for
intensity of movement suggest that this is a valid and reliable
measure of children’s PA (31, 32).

Controversy exists, however, about the best way to express
PA. When expressed as energy expended in movement, heavier
adolescents seem to be engaging in relatively large amounts of
PA because they use more energy than lighter adolescents do to
move their bodies a given amount. However, when PA is ex-
pressed as movement (6), heavier adolescents will appear to
engage in less PA than their lighter peers. The time spent in
activities of various intensities seems more pertinent for the
purpose of making exercise recommendations (33).

Statistical analyses

The data are presented as means � SDs. All variables were
checked for normality of distribution before the analysis. The
sum of 5 skinfold thicknesses was normalized by transformation
to the inverted natural logarithm and by multiplying by minus
one. The square root of total PA and of vigorous PA was calcu-
lated. Country differences were analyzed by analysis of variance
(ANOVA) for boys and girls separately. Sex differences were
assessed by ANOVA after adjustments for age and study loca-
tion. Standard multiple regression was used to determine the
degree to which variance in CVF and body fat was explained by
PA after control for sex, chronologic age, and study location. The
variance explained by the demographic variables was similar
when pubertal development rather than age was used in the anal-
yses; thus, age was used in all statistical analyses. The analyses
were conducted by using total PA and PA intensities (moderate,
vigorous, and MVPA) with either CVF or body fat as the out-
come variable. For both outcome variables, a series of models
was tested. Model 1 examined the influence of total PA (amount
of PA) and its interaction with the covariates. Model 2 examined
the influence of moderate PA and its interaction with the covari-
ates. Model 3 examined the influence of MVPA and its interac-
tion with the covariates, and model 4 examined the influence of
vigorous PA and its interaction with the covariates. All analyses
were adjusted for sex, age, and study location. Statistical signif-
icance was set at P � 0.05 in all analyses. The analyses were
performed with SPSS (version 13.0 for WINDOWS; SPSS Inc,
Chicago).

RESULTS

The ANOVA showed that the Estonian boys had a lower sum
of 5 skinfold thicknesses and lower total and vigorous PA than
did the Swedish boys. The Estonian girls had a lower sum of 5
skinfold thicknesses and lower BMI and vigorous PA than did the
Swedish girls. The physical characteristics, CVF, and PA pat-
terns of the 780 children are shown in Table 1. The results of the
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CVF, whereas total PA did not explain a significant propor-
tion of the variance in body fat. These findings suggest that
intensity rather than amount of PA may be more important in
relation to the prevention of obesity in children, as has been
argued by others (8, 34).

The association between vigorous PA and CVF and fatness is
consistent with other findings reported in a recent observational
study in North American adolescents (6). Similarly, Rowlands et
al (9) found significant correlations between vigorous PA and
CVF and body fat, as well as between moderate PA and both CVF
and body fat, in a small sample of children aged 8–10 y. In both
studies, PA was objectively assessed over 5 or 7 days, respec-
tively, whereas 4 days of data were available for most of the
participants in the present study. This slightly shorter monitoring
period may have masked the true association between moderate
PA and body fat, as well as the association between total PA and
body fat. Four to 5 days of activity monitoring has been proposed
as a suitable duration for accurately and reliably estimating usual
PA behavior in children (35).

The relation between vigorous PA, assessed by accelerometry,
and body fat has been observed in several studies of normal-
weight American and European children and adolescents (6, 7, 9,
18, 34). The association between PA and body fat seems to be
intensity- but not age-dependent. Data from 5 days of acceler-
ometry registration showed that normal-weight North American
adolescents spend a mean of only 5 min/d in vigorous PA, and
despite this modest time, a significantly positive association with
body fat was observed (6). We found similar results in the present
study. However, the time engaged in vigorous PA observed in
our children was 26.3 � 19.6 min/d, which is slightly higher than
that observed in previous studies. Interventional studies have
shown that programs of moderately intense exercise of
30–60 min/d in duration did not influence body fatness in
normal-weight children and adolescents (36, 37). Taken to-
gether, these results may suggest that relatively large amounts of
vigorous PA may be needed to affect adiposity in normal-weight

children and adolescents. In fact, it has been suggested that, for
nonobese adolescents, the interventions should be high in both
intensity and volume (�80 min/d) (38).

The findings in obese children and adolescents are slightly
different. In overweight children, beneficial effects in body fat
control may be attained with 30-60 min of moderate PA, 3-7 d/wk
(39–41). However, obese adolescents who spent the most
weekly time engaged in vigorous PA tended to be those who
decreased the most in body fat (40, 41). For several reasons, it is
reasonable to recommend moderate PA for obese children and
adolescents until higher intensities can be attained. Moderate PA
is better tolerated than vigorous PA (41), and tiring PA may lead
to less PA on the following day (42), although it likely depends
on the type of exercise performed (39). Therefore, for obese
children and those who have been physically inactive, an incre-
mental approach to the 45–60-min/d goal of moderate PA 5 or
more days per week is recommended (43). Increasing activity by

10% per week appears to be acceptable and achievable (43),
because attempting to achieve too much too rapidly is often
counterproductive and may lead to injury.

The cross-sectional nature of this study limits our ability to
determine any causality in the results. One limitation of the study
is that the accelerometer does not compensate for the relative
increase in energy expenditure by increase in body size. To
further increase our understanding of PA pattern among normal-
weight and obese children, the amount of continuous bouts of PA
at different intensity levels should be explored. Moreover, to be
able to address the relative intensities of PA, another method has
to be used, eg, heart rate monitoring, to collect data on the indi-
vidual heart rate response as a percentage of maximum heart rate.

We also do not know whether an extrapolation of the associ-
ation may be made for overweight and obese children. Never-
theless, with regular reports of increasing childhood obesity
prevalence worldwide, the results of this study are noteworthy.
Although we controlled for several potential confounders, such
as age, sex, and study location, other variables such as food intake
and genetic aspects may also have an influence. Interventional
studies are needed to examine the effect of different PA intensi-
ties on CVF and fatness and to establish a threshold of amount
and intensity of PA that has a better effect on CVF and body
fatness in nonobese and obese children and adolescents. In con-
clusion, our cross-sectional results suggest that vigorous-intensity
PA may have a greater impact in preventing obesity in children than
lower PA intensity levels, whereas both total and at least moderate
to vigorous PA may improve children’s CVF.
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