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General abstract 

Background: Metabolic syndrome (MS) is becoming more prevalent, not only in adults, but 

also in children and adolescents. One of the major problems is the lack of a universal 

definition for MS in children and adolescents. At the moment a lot of definitions are being 

used. This makes it difficult to compare results of studies. Furthermore, information on 

predictors of the MS is also scarce, what limits the possibilities for prevention in children and 

adolescents. 

Objectives:  This thesis was divided into two papers. First, we aimed to compare the four 

most frequently used definitions (International Diabetes Foundation (IDF), National 

Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP) modified for children 

and adolescents (by Cook), World Health Organization (WHO) and pediatric American Heart 

Association (AHA)) of MS in children and adolescents in terms of prevalence of MS and 

differences between definitions. Also we investigated if there was tracking of MS in children. 

Secondly, we aimed to identify predictors of clustering of cardiovascular disease risk factors 

in children and adolescents. The goal was to find out which intrinsic and extrinsic 

developmental factors are linked with MS. 

Study design: Two European study populations were used: the Idefics study and Helena 

study. For the first paper, a sample which had valid data to assess the tested MS definitions, 

was selected: 4269 children at baseline (T0) (6-9 years) and 1904 at follow-up (T1) (6-10 

years) of the Idefics study and 1004 adolescents (12-17 years) of the Helena study. The 

components of the definitions (waist circumference/BMI, lipids, glucose and blood pressure) 

were applied and definitions were compared by crosstabs, sensitivity, specificity and kappa. 

Also T0 and T1 data for the same definition were compared. For the second paper, a sample 

of 6677 European children (6-9 years) of the Idefics study and a sample of 1023 adolescents 

(12-17 years) of the Helena study, were selected by possible assessment of the AHA 

definition of MS. Apart from the components of the definition, variables concerning body 

composition, parents, pregnancy and birth, physical activity, diet and nutrient intake and 

puberty were tested for association with MS. This was done by correlations, Mann Whitney U 

testing, Chi Square testing and generalized mixed models. 

Results: The frequency of MS varied from 1.0% to 3.5% in the different populations 

depending on the definition used. Crosstabs comparing the definitions showed the fewest 

cases being misclassified (having MS or not) between NCEP-ATP and ATP. Kappa 
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coefficient, sensitivity and specificity confirmed this, with higher results than in inter-

correlations of other definitions. The most remarkable result of the longitudinal investigations 

was that about 11% of the children had a lower score after two years. 

All mixed models of body composition parameters (waist circumference, BMI, height, weight, 

bioelectrical impedance and body fat percentage) were significant (P<0.001). Leptin, adjusted 

for BMI, was significantly associated with AHA score in Helena (P<0.001) but not in Idefics 

(P=0.59). Lower education level of the parents had a significant odds ratio higher than 1 

compared to higher educational level. The odds ratio of BMI of both parents was 1.08. Mixed 

models affirmed a significant (P<0.001) relation for obesity, diabetes, dyslipidemia and 

hypertension in mother. Most birth parameters were not significantly related with the AHA 

score. Physical activity level (PAL) differed between the study groups: 0.90 (CI 0.83-0.97) in 

Idefics and 0.36 (CI 0.26-0.50) in Helena. In Idefics, mixed models showed no significant 

association for all diet and nutrient intake variables. In Helena, only energy intake had a 

significant odds ratio. Finally, Tanner stage of girls, early age of menarche and the use of 

daily contraception showed a significant relationship with MS. 

Conclusion: The NCEP-ATP and the AHA definitions were most analogous in defining 

subjects as having MS or not. There is tracking of the scores of the definitions, but 

remarkably, a large proportion had a decrease in score. In the second section, about predictors 

of MS, it can be seen that body composition and fat parameters, a lot of parental factors and 

physical activity were significantly related with MS. Parameters of birth and diet and nutrient 

variables were generally not. Pubertal stage was only related in girls. 
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Algemene samenvatting 

Achtergrond: Metabool syndroom (MS) kent een stijgende prevalentie, niet alleen bij 

volwassenen, maar ook bij kinderen en adolescenten. Een van de belangrijkste problemen is 

het gebrek aan een universele definitie voor kinderen en adolescenten. Momenteel worden 

veel verschillende definities gebruikt. Dit maakt het moeilijk om resultaten van studies met 

elkaar te vergelijken. Daarnaast is er ook weinig gekend over mogelijke voorspellers van MS, 

waardoor de mogelijkheden tot preventie bij kinderen en adolescenten beperkt zijn. 

Doel: Deze masterproef is ingedeeld in twee papers. In het eerste deel werden de vier 

frequentst gebruikte definities (International Diabetes Foundation (IDF), National Cholesterol 

Education Program Adult Treatment Panel III (NCEP-ATP) modified for children and 

adolescents (by Cook), World Health Organization (WHO) and pediatric American Heart 

Association (AHA)) voor MS in kinderen en adolescenten met elkaar vergeleken qua 

prevalentie en onderlinge verschillen.  Bovendien werd het persisteren van MS componenten 

na twee jaar nagegaan. In het tweede deel trachtten we mogelijke voorspellers van MS in 

kinderen en adolescenten te identificeren. Intrinsieke en extrinsieke factoren in de 

ontwikkeling van het kind werden gelinkt met het voorkomen van MS. 

Studie-opzet: In deze studie werd gebruikt gemaakt van twee Europese studiepopulaties: de 

Idefics studie en de Helena studie. Voor het eerste deel werd telkens een steekproef 

geselecteerd waarop alle MS definities konden bepaald worden. Deze steekproeven bestonden 

uit 4269 kinderen bij het opstarten (T0) van de Idefics studie (6-9 jaar) en 1904 bij opvolging 

(T1) twee jaar later (6-10 jaar) en een steekproef van 1004 adolescenten (12-17 jaar) van de 

Helena studie. De componenten van de definities (buikomtrek/BMI, lipiden, glucose en 

bloeddruk) werden ingevoerd en de definities werden vergeleken aan de hand van 

kruistabellen, sensitiviteit, specificiteit en kappa. Ook werden in Idefics T1 data vergeleken 

met T0 data voor elke definitie. Voor het tweede deel werden alle kinderen en adolescenten 

geselecteerd waarop de AHA definitie van MS kon worden bepaald, namelijk 6677 Europese 

kinderen (2-9 jaar) van de Idefics studie, en 1023 adolescenten (12-17 jaar) van de Helena 

studie. Naaste de componenten van de definitie, werd ook voor variabelen in verband met 

lichaamssamenstelling, ouders, zwangerschap en geboorte, fysieke activiteit, dieet en 

voedingsstoffeninname en puberteit nagekeken of ze geassocieerd zijn met MS. Dit gebeurde 

aan de hand van correlaties, Mann Whitney U testen, Chi Square testen en gemengde 

modellen. 
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Resultaten: Het voorkomen van MS varieerde tussen 1,0% en 3,5% in de verschillende 

populaties, afhankelijk van de gebruikte definitie. De kruistabellen waarin de definities 

vergeleken werden met elkaar, toonden de meest identieke classificatie (MS hebben of niet) 

tussen de NCEP-ATP en de ATP definitie. De kappa-coëfficiënt, sensitiviteit en specificiteit 

bevestigden dit, met hogere resultaten dan bij de onderlinge vergelijking van andere definities. 

Het opmerkelijkste resultaat van de longitudinale testen was dat ongeveer 11% van de 

kinderen een lagere score had na twee jaar.  

Alle gemengde modellen in verband met lichaamssamenstelling (buikomtrek, BMI, lengte, 

gewicht, bio-electrische impedantie, lichaamsvetpercentage) waren significant (P<0,001). 

Leptine, gecorrigeerd voor BMI, was wel significant geassocieerd met de AHA score in 

Helena (P<0,001) maar niet in Idefics (P=0,59). Een lager educatieniveau van de ouders had 

een significante odds ratio groter dan 1 in vergelijking met hoger educatieniveau. BMI van 

beide ouders had een odds ratio van 1.08. De gemengde modellen toonden ook een 

significante (P<0,001) relatie met obesiteit, diabetes, dyslipidemie en hypertensie bij de 

moeder. De meeste parameters in verband met geboorte waren niet significant gerelateerd met 

de AHA score. De odds ratio’s van het niveau van fysieke activiteit (PAL) waren verschillend 

voor beide steekproeven: 0,90 (CI 0,83-0,97) in Idefics en 0,36 (CI 0,26-0,50) in Helena. In 

Idefics toonden alle gemengde modellen van variabelen over dieet en voedingsstoffeninname 

geen significante resultaten. In Helena,  had enkel energie-inname een significante odds ratio. 

Ten slotte kon voor Tannerstadium bij meisjes, vroege leeftijd van menarche en het gebruik 

van dagelijkse anticonceptie een significante relatie met MS aangetoond worden. 

Conclusie: De NCEP-ATP en de AHA definities waren het meest gelijklopend in het 

definiëren van personen met of zonder MS. Het persisteren van de scores van de definities 

kon aangetoond worden, maar opmerkelijk is dat een vrij groot aandeel van de kinderen en 

adolescenten een daling in score vertoonde. Uit het tweede deel van deze scriptie, over de 

mogelijke voorspellers van MS, kan geconcludeerd worden dat zowel parameters over 

lichaamssamenstelling, vetparameters, heel wat factoren in verband met de ouders en 

parameters over fysieke activiteit significant gerelateerd zijn met MS. Daarentegen kon geen 

relatie aangetoond worden met geboorteparameters en variabelen over dieet en 

voedingsstoffeninname. Het puberteitsstadium was enkel bij meisjes gelinkt met MS. 
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General introduction 

Metabolic syndrome (MS) is becoming more prevalent, not only in adults, but also in children. 

MS can be defined as the clustering of cardiovascular risk factors and type 2 diabetes mellitus, 

such as obesity, dyslipidemia, hypertension and glucose intolerance (1).The increase in 

obesity (2) and diabetes mellitus (3) are two important underlying factors of the increase in 

MS. Diagnosing MS at young age and accurate interventions could probably halt the 

development of MS in individuals and reduce the prevalence in the population. To contribute 

to this, our thesis consists of two major parts, each being set up as an article. On the one hand 

we handled the definitional problem of MS in children and adolescents, on the other hand we 

searched for intrinsic and extrinsic factors linked with MS. Why these subjects were chosen is 

explained below. 

One of the major problems is the lack of a universal definition for MS in children and 

adolescents.  At the moment a lot of definitions are being used. This makes it difficult to 

compare results of studies. The first objective was to compare the most commonly used 

definitions. Literature indicated the following definitions to be most frequently used: the 

definitions of  International Diabetes Foundation (IDF) (4), National Cholesterol Education 

Program Adult Treatment Panel III (NCEP-ATP) modified for children and adolescents (by 

Cook) (5-7), World Health Organization (WHO) (5) and pediatric American Heart 

Association (AHA) (8). The IDF, NCEP-ATP and AHA definitions consist of five categories, 

the WHO definitions has only four. General components of the definitions are: waist 

circumference or BMI, triglycerides, HDL (or united as lipids), glucose and blood pressure. 

NCEP-ATP and AHA are definitions developed in America whereas IDF is a European 

definition. The major differences between the four definitions can be found in table 1 (part 1). 

The WHO definition is most different from the others as it contains BMI, total cholesterol and 

HOMA-index. The AHA definition is the only one that assesses HDL cholesterol as a 

percentile.  

Epidemiology of MS, differing by used definition,  has been reviewed (5). In consequent 

National Health and Examination Survey (NHANES) cohorts for example, prevalence  of MS 

(NCEP-ATP III 2001, NCEP-ATP III revised, WHO and IDF) was compared (9). Also in 

obese children and adolescents, the WHO, the NCEP-ATP III (modified by Cook) and the 

IDF definitions were compared (6). Comparison of definitions is also done by other 

researchers. Agreement between NCEP-ATP and WHO was found to be poor (10). 
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The comment on all definitions is that studies have no hard clinical endpoints and that 

subjects were not followed until adult life most of the time. Furthermore there exists a 

problem of an arbitrary cut-off. Some researchers tried to counterpart the cut-off problem of 

dichotomous definition variables. They assessed a scale of having MS. A continuous variable, 

like cMetS, would indeed give a better view on the effective risk for cardiovascular diseases. 

As this method creates sample-specific cut-offs, it is less utile for comparison between 

populations (11). In this thesis, the scores of the definitions were calculated, giving a score of 

0 to 4 or 0 to 5, depending on how many criteria of the definitions were fulfilled. These were 

used instead of the dichotomous variables of the definitions (having MS or not) as much as 

possible. This to include more information than only having MS or not and also because there 

is no continuous score available that can be compared with other studies. 

In the second part of this thesis the objective was to indicate which intrinsic or extrinsic 

factors were linked with MS (using the AHA score) in children and adolescents already. MS 

is a clustering of cardiovascular risk factors, but other factors can influence the development 

of this clustering. When these influencing factors are known, they could be a possible target 

for early intervention to prevent MS. 

Recently, two European studies on dietary and lifestyle factors were conducted. It was a great 

opportunity for us to combine the information from both databases in one thesis. 

The first study is the IDentification and prevention of dietary and lifestyle induced health 

EFfects In Children and infants Study (IDEFICS). This is a prospective cohort and 

intervention study with main focus on overweight and obesity and its potential causes. The 

baseline survey (T0) was conducted in 2007-2008 in eight European countries (Sweden, 

Germany, Hungary, Italy, Cyprus, Spain, Belgium and Estonia) and contained 16224 children 

aged 2-9 years. Interventions were started and after two years follow-up data were collected 

(12;13). Of the 16224 children there were 10940 left at follow-up. 

Secondly, the Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study 

(HELENA-CSS) was used. This is a cross-sectional randomized multi-center study of the 

nutritional and lifestyle status of European adolescents. The study contained 3528 adolescents, 

aged 12.5 – 17.5 years old, of ten European cities (Vienna, Ghent, Lille, Dortmund, Athens, 

Heraklion, Pécs, Rome, Zaragoza and Stockholm) (14). 

The large sample sizes were a great opportunity to explore MS. However, only the subjects 

with valid data were used: valid data for all definitions in the first paper and valid data for the 

AHA definition in the second.  
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Part 1: Comparison of definitions of clustering of 

cardiovascular disease risk factors in children and 

adolescents 

Introduction 

Metabolic Syndrome (MS) is defined as the clustering of risk factors for cardiovascular 

disease (CVD) and type 2 diabetes mellitus, such as obesity, dyslipidemia, hypertension and 

glucose intolerance (1). The underlying mechanisms leading to these anthropometric, 

physiological and biochemical abnormalities are incompletely understood (15). Decreased 

insulin sensitivity has been proposed to be the common underlying causative factor (16) and 

MS is however no longer a problem of adulthood. 

It has been shown that the simultaneous occurrence of CVD risk factors is already present in 

children and adolescents (17;18). Furthermore, the co-occurrence of CVD risk factors has 

been linked to acceleration of the CVD process, not only in adult (19) but also in pediatric 

populations (20). This indicates the importance of adequate and comprehensive prevention 

strategies directed at younger age group. 

The MS prevalence differs importantly between population groups (e.g. age groups, ethnical 

groups) due to inherent factors. There are also a large number of definitions that are proposed 

to identify people at risk for MS. However, there are several reasons why the adult definition 

for the MS should not be used for children (4). Growth influences MS in children and 

adolescents (21). Furthermore, puberty induces physiological changes in adiposity and insulin 

sensitivity (22). As such, age dependent cut-off points are needed (9), but  current cut-offs 

still vary widely (23). Moreover, studies with hard clinical endpoints are still lacking. As such, 

to date, there is no consensus about the definition of MS in children and adolescents (1;24), 

nor about its clinical value (21) what leads to important differences in MS prevalence in 

pediatric populations. However, it is necessary to reach a consensus on the diagnostic criteria 

to allow comparison between studies (9;25). 

Although MS can be seen as a continuous risk level, all definitions used to be dichotomized 

based upon arbitrary cut-offs (23). Recently, new methodological approaches have been 

proposed to use the full distribution of continuous risk factors. Calculation of a continuous 

metabolic syndrome score (cMetS) is one proposal that is valid in children (11) and 

adolescents (26). Besides that, the tracking of cardiovascular risk from childhood into 
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adulthood asked for a cluster score, based on continuous variables (the MS components), as 

the conventional definitions are only able to judge on present adverse risk levels (23). 

The objective of the present study was to compare the most frequently used definitions of MS 

in children and adolescents. These include the definitions of  International Diabetes 

Foundation (IDF) (4), National Cholesterol Education Program Adult Treatment Panel III 

(NCEP-ATP) modified for children and adolescents (by Cook) (5-7), World Health 

Organization (WHO) (5) and pediatric American Heart Association (AHA) (8). In this study 

the difference in prevalence is considered and it is verified whether the high-risk group 

indicated by the different definitions is the same.  The prevalence of MS was determined via 

different definitions in a sample of 4269 European children (6-9 years) and 1004 adolescents 

(12-17 years). Also the longitudinal aspect was taken into account to investigate if there is 

tracking of MS in children.  

Methods 

Pubmed was used to identify the most frequently used MS definitions in children and 

adolescents. Different combinations of the following words were used as search terms: 

‘Metabolic syndrome’, ‘children’, ‘adolescents’, ‘definition’. Reviews on the wide range of 

used definitions were considered. Four definitions, mostly adult definitions modified for 

pediatric use, were retained for comparison: International Diabetes Federation (IDF) (4), 

National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP) modified by 

Cook  (5-7), World Health Organization (WHO) (5) and pediatric American Heart 

Association (AHA) (8). The criteria of all definitions are listed in table 1.  

 

Table 1: Definitions of the Metabolic Syndrome in children and adolescents: overview of the criteria (how many 

must be fulfilled) 

 IDF (central obesity + 2 of 4) NCEP-ATP 

(3 of 5) 

AHA 

(3 of 5) 

WHO 

(3 of 4)  10 to 15 years > 15 years 

Waist 

circumference 

≥ 90th percentile or 

adult cut-off if 

lower 

(central obesity) 

≥ 94 cm for males 

and ≥  80 cm for 

females 

(central obesity) 

90th percentile 

for age and sex 

≥ 90th 

percentile for 

age, sex and 

race/ethnicity 

 

BMI     > 95th percentile 

for age and sex 
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Triglycerides ≥ 150 mg/dL ≥ 150 mg/dL or 

specific treatment 

for high 

triglycerides 

> 110 mg/dL ≥ 110 mg/dL TG ≥ 105 mg/dL 

or 

Total 

cholesterol 

    Total cholesterol 

≥ 95th percentile 

or 

HDL 

cholesterol 

< 40 mg/dL <40 mg/dL in males 

and <50 mg/dl in 

females or specific 

treatment for low 

HDL-C 

< 40 mg/dL ≤ 10th 

percentile for 

race and sex 

HDL < 35 mg/dL 

Fasting blood 

glucose 

> 100 mg/dL > 100 mg/dL or 

known type 2 

diabetes mellitus 

> 110 mg/dL ≥ 100mg/dL abnormal glucose 

homoeostasis: 

HOMA-index  ≥ 

95th percentile 

Blood 

pressure 

 treatment of 

previously 

diagnosed 

hypertension or 

≥ 90th 

percentile for 

age, sex and 

height 

≥ 90th 

percentile for 

age, sex and 

height 

 

Systolic ≥ 130 mmHg ≥ 130 mmHg   ≥ 95th percentile 

for age, sex and 

height 

Diastolic ≥ 85 mmHg ≥ 85 mmHg    

IDF, International Diabetes Foundation; NCEP-ATP,  National Cholesterol Education Program Adult Treatment Panel 

III (modified for children and adolescents by Cook); WHO, World Health Organization;  AHA, pediatric American 

Heart Association; HOMA: Homeostasis Model Assessment. 

 

Study group 

The current study is based on two European databases, one of children (Idefics) and one of 

adolescents (Helena). 

Idefics 

The IDentification and prevention of dietary and lifestyle induced health EFfects In Children 

and infants Study (IDEFICS) is a prospective cohort and intervention study with main focus 

on overweight and obesity and its potential causes. The baseline survey (T0) was conducted in 

2007-2008 in eight European countries (Sweden, Germany, Hungary, Italy, Cyprus, Spain, 

Belgium and Estonia) and contained 16224 children aged 2-9 years. Interventions were started 
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and after two years follow-up data collected (12;13). Of the 16224 children there were 10940 

left at the follow-up.  

Helena 

The Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study 

(HELENA-CSS) is a cross-sectional randomized multi-centre study of the nutritional and 

lifestyle status of European adolescents. The study contained 3528 adolescents, aged 12.5 – 

17.5 years old, of ten European cities (Vienna, Ghent, Lille, Dortmund, Athens, Heraklion, 

Pécs, Rome, Zaragoza and Stockholm) (14). Further details on these studies have been 

described elsewhere (12-14). 

Only cases for whom all definitions could be calculated were selected. In Idefics, only three 

definitions could be calculated, as the IDF definition is valid for children older than 10 years 

only. In Helena, all definitions could be calculated. This resulted in a final sample of 4269 

children (Idefics T0), 1904 children (Idefics T1) and 1004 adolescents (Helena) for whom all 

definitions could be calculated. The difference in number of children between Idefics T0 and 

Idefics T1 was because of study drop-out. 

Measurements 

In Idefics, height was measured with a Stadiometer SECA 225 and weight with an Electronic 

scale TANITA BC 420. BMI was calculated. A measuring band SECA 200 was used to assess 

waist circumference. Blood pressure was measured with an automated sphygmomanometer, 

two times with an interval of 5 minutes. If the difference between the first 2 measurements 

was more than 5% a third was performed. The lowest value of all measurements was then 

used for the analysis. A fasting blood sample was taken preferably by venipuncture and 

alternatively by finger pricks (capillary blood). Glucose and lipids were measured with a 

point-of-care analyzer (Cholestech LDX®) from one drop of blood. Further details on the 

Idefics data collection are published elsewhere (12).  

In Helena, for the anthropometric data, participants were barefoot and in underwear. Weight 

was measured with an electronic scale (Type SECA 861) to the nearest 0.1kg. Height was 

measured in the Frankfort plane with a telescopic stadiometer (Type SECA 225) to the nearest 

0.1cm. BMI was calculated (27). Waist circumference was measured three times at the 

midpoint between the lowest rib and the iliac crest, with a non-elastic tape (Seca 200) to the 

nearest 0.1 cm (27). Systolic and diastolic blood pressures were measured with an automatic 

oscillometric device (OMRON M6) (two recordings, 10 minutes apart).  

Venous blood samples were collected in one third of the total HELENA population, after an 

overnight fasting period, according to a standardized collection protocol. Serum triglycerides 
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(TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) were measured 

enzymatically on the Dimension RxL clinical chemistry system. A detailed description of the 

HELENA-CSS sampling and recruitment approaches, standardization and harmonization 

processes, data collection, analysis strategies and quality control activities has been published 

elsewhere (14). 

 

Statistical analyses 

Data analyses were performed with SPSS 20 (PASW, Predictive Analytics SoftWare). A P-

value of 0.05 was considered statistically significant. 

Definitions 

Comparison of the definitions was performed by calculating the prevalence in the two study 

populations. The method of Tim Cole was used to calculate the percentiles of blood pressure, 

adjusted for age and sex, based on a British reference population of 1990 (28). The lowest 

blood pressure was selected in both databases. The BMI standard deviation score (SDS), also 

based on British 1990 Growth Reference Data and  available in both database, were used (29). 

For determining the HDL and total cholesterol percentiles, reference tables (adjusted for age 

and sex) of the National Institute of Health were used (30). For abnormal glucose homeostasis 

in the WHO definition the HOMA-index was used. The 95
th

 percentile of each study 

population (Idefics T0, Idefics T1, Helena) was calculated (31).  Because the HOMA-index 

(homeostatic model assessment  index) could only be calculated when blood insulin values 

were available, less cases were available for the WHO definition.  In the IDF definition, 

treatment for specific components of the definition being too high is considered as making the 

criterion positive. Therefore, medication intake was explored in Helena, but none of the 

specific medication was found. 

Tests 

The definitions were explored as (i) scores calculated as sum of all criteria and as (ii) the 

dichotomized variable (having MS or not). The first analyses were crosstabs in which each 

definition (dichotomized) was compared to one another. Subsequently, sensitivity and 

specificity were calculated (reported with 95% confidence interval). These were calculated in 

both directions as there is, currently, no golden standard definition as a reference. Also 

crosstabs of the component scores of the definitions were made after clustering the 4
th

 and 5
th

 

category in the 3 definitions with 5 components to one category scoring 4, in order to allow 

comparison with the WHO definition that contains only 4 components. Kappa was calculated 

as a measure of agreement between two definitions: between the dichotomous variable and 
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between scores (weighted kappa) and reported with 95% confidence interval. All these 

analyses were done on Idefics T0 and T1 and on Helena data. Z-scores of the scores were 

calculated to improve the comparability between definitions. The difference and mean of 

these Z-scores of two definitions were brought together graphically in Bland-Altman plots. 

These are visual presentations of the agreement between the scores of two definitions in 

function of the mean of these scores on an individual level. 

The tracking of the definitions in the children of the Idefics study was explored by calculating 

the weighted kappa between the scores at baseline (T0) and at follow-up (T1). Furthermore,  

the difference in score at T0 and at T1 of each definition was calculated (T1-T0) and 

frequency tables of these differences were performed. Frequency tables of the change of each 

component of the definitions were made to identify the criteria responsible for the changes in 

MS cases from T0 to T1. 

Results 

Descriptives of the study population can be found in tables 2 & 3. The children were aged 6 

to 9 years (mean 7.53 SD 0.79) on T0 and 6 to 10 years (mean 9.48 SD 0.75) on T1, the 

adolescents were 12 to 17 years (mean 14.67 SD 1.15). 

 

Table 2: Descriptives of the continuous variables 

   N Minimum Maximum Mean SD 

Idefics T0 Age (years) 4269 6.00 9.90 7.53 0.79 

Body Mass Index (kg/m
2
) 4269 9.50 32.90 16.71 2.71 

Waist circumference (cm) 4269 43.40 97.50 56.92 7.11 

Triglyceride (mg/dL) 4269 19.00 305.00 41.44 22.68 

Total cholesterol (mg/dL) 4268 92.00 468.00 161.61 30.95 

HDL-cholesterol (mg/dL) 4269 15.00 100.00 54.74 14.55 

Glucose (mg/dL) 4269 45.00 175.00 86.16 9.08 

HOMA index 4269 0.06 19.23 1.10 0.88 

Lowest systolic blood pressure (mmHg) 4269 60.00 138.00 100.83 8.82 

Lowest diastolic blood pressure (mmHg) 4269 37.00 90.00 61.83 6.76 

Idefics T1 Age (years) 1904 6.00 10.90 9.48 0.75 

Body Mass Index (kg/m
2
) 1904 11.90 34.60 17.95 3.28 

Waist circumference (cm) 1904 40.00 99.10 62.07 8.65 

Triglyceride (mg/dL) 1904 20.00 326.00 43.89 29.20 

Total cholesterol (mg/dL) 1904 100.00 310.00 160.95 28.27 

HDL-cholesterol (mg/dL) 1904 15.00 100.00 54.39 14.28 
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Glucose (mg/dL) 1904 50.00 132.00 88.78 8.50 

HOMA index 1904 0.14 12.14 1.68 1.22 

Lowest systolic blood pressure (mmHg) 1904 80.00 139.00 104.17 8.99 

Lowest diastolic blood pressure (mmHg) 1904 42.00 87.00 63.25 6.72 

Helena Age (years)  1004 12.50 17.00 14.67 1.15 

Body Mass Index (kg/m
2
) 1004 14.15 35.82 21.25 3.56 

Waist circumference (cm) 1004 50.00 117.00 72.25 8.68 

Triglycerides (mg/dL) 1004 16.00 388.00 68.84 35.10 

Total cholesterol (mg/dL) 1004 89.00 270.00 160.57 27.27 

HDL-cholesterol (mg/dL) 1004 29.00 99.00 55.21 10.73 

Glucose (mg/dL) 1004 55.00 135.00 90.96 7.21 

HOMA index 1004 0.36 26.06 2.35 1.98 

Lowest systolic blood pressure (mmHg) 1004 74.00 182.00 115.96 13.22 

Lowest diastolic blood pressure (mmHg) 1004 35.00 105.00 64.57 8.46 

 

Table 3: Descriptives of the only categorical variable: sex 

child (n (%)) 

 n Male Female 

Idefics T0 4269 2156 (50.5%) 2113 (49.5%) 

Idefics T1 1904 952 (50.0%) 952 (50.0%) 

Helena 1004 468 (46.6%) 536 (53.4%) 

 

 

The results of the scores for the different definitions are shown in table 4. The scores ranged 

from 0 to 4 for WHO and from 0 to 5 for IDF, NCEP-ATP and AHA (depending on the 

fulfilled criteria). The dichotomized variable, whether or not fulfilling the required criteria for 

the MS, can be found in table 5. It could be noticed that the greatest part (varying from 51.7% 

to 70.4%) of both children and adolescents had none of the criteria for MS. On the other hand, 

very few subjects (0% -0.4%) were in the highest scoring group. The percentages having MS 

were generally higher in Helena’s adolescents and Idefics T1 than in Idefics T0 children. 

They varied from 1.0% to 1.4% in Idefics T0, from 2.3% to 3.5% in T1 and from 1.6% to 3.5% 

in Helena. Remarkable is that the NCEP-ATP definition resulted in the lowest (1.0%) 

percentage of children (T0) classified as having MS, but in the highest in adolescents (3.5%). 

The criteria for blood pressure, triglycerides and waist circumference had a higher positive 

prevalence in Helena, inducing this difference. 
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Table 4: Frequencies of the scores of the definitions on the three study populations 

   0 1 2 3 4 5 

Idefics 

T0 

(n=4269) 

NCEP-ATP 2735 (64.1%) 1209 (28.3%) 282 (6.6%) 42 (1.0%) 1 (0.0%) 0 (0%) 

AHA 2646 (62.0%) 1252 (29.3%) 310 (7.3%) 57 (1.3%) 4 (0.1%) 0 (0%) 

WHO 3007 (70.4%) 980 (23.0%) 224 (5.2%) 53 (1.2%) 5 (0.1%) / 

Idefics 

T1 

(n= 1904) 

NCEP-ATP 1069 (56.1%) 592 (31.1%) 192 (10.1%) 47 (2.5%) 4 (0.2) 0 (0.0%) 

AHA 994 (52.2%) 617 (32.4%) 227 (11.9%) 59 (3.1%) 6 (0.3%) 1 (0.1%) 

WHO 1281 (67.3%) 444 (23.3%) 135 (7.1%) 43 (2.3% 1 (0.1%) / 

Helena 

(n=1004) 

NCEP-ATP 566 (56.4%) 329 (32.8%) 74 (7.4%) 30 (3.0%) 5 (0.5%) 0 (0%) 

AHA 533 (53.1%) 338 (33.7%) 104 (10.4%) 23 (2.3%) 5(0.5%) 1 (0.1%) 

WHO 697 (69.4%) 234 (23.3%) 57 (5.7%) 12 (1.2%) 4 (0.4%) / 

IDF 519 (51.7%) 354 (35.3%) 102 (10.3%) 21 (2.1%) 6 (0.6%) 1 (0.1%) 

IDF, International Diabetes Foundation; NCEP-ATP, National Cholesterol Education Program Adult Treatment 

Panel III (modified for children and adolescents by Cook); WHO, World Health Organization; AHA, pediatric 

American Heart Association. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 5: Frequencies of the dichotomous definitions on the three 

study populations 

 
 

Positive (%) Negative (%) 

Idefics T0  

(n=4269) 

NCEP-ATP 43 (1.0%) 4226 (99.0%) 

AHA 61 (1.4%) 4208 (98.6%) 

WHO 58 (1.4%) 4211 (98.6%) 

Idefics T1 

(n=1904) 

NCEP-ATP 51 (2.7%) 1853 (97.3%) 

AHA 66 (3.5%) 1838 (96.5%) 

WHO 44 (2.3%) 1860 (97.7%) 

Helena 

(n=1004) 

NCEP-ATP 35 (3.5%) 969 (96.5%) 

AHA 29 (2.9%) 975 (97.1%) 

WHO 16 (1.6%) 988 (98.4%) 

IDF 27 (2.7%) 977 (97.3%) 

IDF, International Diabetes Foundation; NCEP-ATP, National 

Cholesterol Education Program Adult Treatment Panel III (modified 

for children and adolescents by Cook); WHO, World Health 

Organization;  AHA, pediatric American Heart Association. 
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The crosstabs (table 6), in which all definitions are compared with one another (as a 

dichotomous variable), showed that the NCEP-ATP and the AHA definitions were most 

analogous in defining subjects as having MS or not. In Idefics T0, there were only 24 cases 

that were not in the same category when comparing NCEP-ATP and AHA, whereas there 

were 63 and 73 dissimilar cases when comparing WHO with NCEP-ATP and AHA 

respectively, and these results were similar in T1. In Helena there were 18 cases not classified 

in the same category in NCEP-ATP and AHA. In all other comparisons this count was higher, 

varying from 21 to 32. 

 

Table 6: Comparison of the definitions: crosstabs of the dichotomous definitions 

 AHA WHO IDF 

Positive Negative Positive Negative Positive Negative 

Idefics T0 

(n=4269) 

NCEP-

ATP 

Positive 40 3 19 24 * * 

Negative 21 4205 39 4187 * * 

WHO Positive 23 35 / / * * 

 Negative 38 4173 / / * * 

Idefics T1 

(n=1904) 

NCEP-

ATP 

Positive 49 2 23 28 * * 

Negative 17 1836 21 1832 * * 

WHO Positive 26 18 / / * * 

 Negative 40 1820 / / * * 

Helena 

(n=1004) 

NCEP-

ATP 

Positive 23 12 13 22 15 20 

Negative 6 963 3 966 12 957 

WHO Positive 12 4 / / 8 8 

 Negative 17 971 / / 19 969 

AHA Positive / / / / 14 15 

 Negative / / / / 13 962 

IDF, International Diabetes Foundation; NCEP-ATP, National Cholesterol Education Program Adult Treatment 

Panel III (modified for children and adolescents by Cook); WHO, World Health Organization;  AHA, pediatric 

American Heart Association;  

*IDF definition is not applicable on the Idefics population. 
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The kappa coefficients for the dichotomous variables (table 7) were between 0.37 and 0.77 in 

Idefics T0, between 0.46 and 0.83 in T1 and between 0.36 and 0.71 in Helena. From all the 

calculated kappa coefficients the agreement between the NCEP-ATP and the AHA definition 

turned out to be highest (Idefics T0: 0.77 (0.58; 0.96); Idefics T1: 0.83 (0.65; 1.01); Helena: 

0.71 (0.47; 0.95)), all expressing good agreement (> 0.60). The weighted kappa values of the 

scores were also highest when comparing these two definitions in all populations.  

 

Table 7: Comparison of the definitions: kappa coefficients of the dichotomous definition 

and the score (in 5 categories) with their confidence interval (CI) 

 
  

Kappa of dichotomous 

definition (CI) 

Kappa of score in 5 

categories (CI) 

Idefics T0 

(n=4269) 

AHA/NCEP-ATP 0.77 (0.58; 0.96) 0.89 (0.87; 0.92) 

WHO/NCEP-ATP 0.37 (0.18; 0.56) 0.58 (0.55; 0.61) 

WHO/AHA 0.38 (0.20; 0.56) 0.56 (0.53; 0.59) 

Idefics T1 

(n=1904) 

AHA/NCEP-ATP 0.83 (0.65; 1.01) 0.87 (0.83; 0.90) 

WHO/NCEP-ATP 0.47 (0.27; 0.67) 0.60 (0.56; 0.64) 

WHO/AHA 0.46 (0.27; 0.64) 0.55 (0.51; 0.59) 

Helena 

(n=1004) 

NCEP-ATP/IDF 0.47 (0.22; 0.71) 0.68 (0. 63; 0.74) 

AHA/IDF 0.49 (0.23; 0.74) 0.74 (0.69; 0.79) 

WHO/IDF 0.36 (0.06; 0.65) 0.44 (0.38; 0.50) 

AHA/NCEP-ATP 0.71 (0.47; 0.95) 0.82 (0.77; 0.87) 

WHO/NCEP-ATP 0.50 (0.23; 0.77) 0.53 (0.48; 0.59) 

WHO/AHA 0.52 (0.23; 0.81) 0.52 (0.46; 0.57) 

IDF: International Diabetes Foundation; NCEP-ATP: National Cholesterol Education Program 

Adult Treatment Panel III (modified for children and adolescents by Cook); WHO: World 

Health Organization;  AHA: pediatric American Heart Association; 

 

 

To investigate to what extend the results of one definition were congruent with the results of 

another definition, sensitivity and specificity were calculated from the crosstabs (table 8). The 

specificity was generally high in all analyses in Idefics T0, T1 and Helena (0.98 to 1.00). The 

results of sensitivity were more varying (Idefics T0: 0.32 to 0.93; T1: 0.39 to 0.96; Helena: 

0.30 to 0.81). The sensitivity was only quite high in both directions when comparing AHA 

and NCEP-ATP (T0: 0.66 and 0.93; T1: 0.74 and 0.96; Helena: 0.79 and 0.66). This indicated 

more agreement between AHA and NCEP-ATP than between other definitions. 
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Table 8: Comparison of the definitions: sensitivity and specificity with their 

95% confidence interval (CI) 

  Reference/Test Sensitivity (CI) Specificity (CI) 

Idefics T0 

(n=4269) 

NCEP-ATP/AHA 0.93 (0.81;0.98) 1.00 (0.99; 1.00) 

AHA/NCEP-ATP 0.66 (0.53; 0.76) 1.00 (1.00; 1.00) 

NCEP-ATP/WHO 0.44 (0.30; 0.59) 0.99 (0.99; 0.99) 

WHO/NCEP-ATP 0.32 (0.22; 0.46) 0.99 (0.99; 1.00) 

AHA/WHO 0.38 (0.27; 0.50) 0.99 (0.99; 0.99) 

WHO/AHA 0.40 (0.28; 0.53) 0.99 (0.99; 0.99) 

Idefics T1 

(n=1904) 

NCEP-ATP/AHA 0.96 (0.87; 0.99) 0.99 (0.99; 0.99) 

AHA/NCEP-ATP 0.74 (0.63; 0.83) 1.00 (1.00; 1.00) 

NCEP-ATP/WHO 0.45 (0.32; 0.59) 0.99 (0.98; 0.99) 

WHO/NCEP-ATP 0.52 (0.38; 0.66) 0.99 (0.98; 0.99) 

AHA/WHO 0.39 (0.29; 0.51) 0.99 (0.98; 0.99) 

WHO/AHA 0.59 (0.44; 0.72) 0.98 (0.97; 0.98) 

Helena 

(n=1004) 

NCEP-ATP/IDF 0.43 (0.28; 0.59) 0.99 (0.98; 0.99) 

IDF/NCEP-ATP 0.56 (0.37; 0.72) 0.98 (0.97; 0.99) 

AHA/IDF 0.48 (0.31;0.66) 0.99 (0.98; 0.99) 

IDF/AHA 0.52 (0.34; 0.69) 0.98 (0.97; 0.99) 

WHO/IDF 0.50 (0.28; 0.72) 0.98 (0.97; 0.99) 

IDF/WHO 0.30 (0.16; 0.48) 0.99 (0.98; 1.00) 

AHA/NCEP-ATP 0.79 (0.62; 0.90) 0.99 (0.98; 0.99) 

NCEP-ATP/AHA 0.66 (0.49; 0.79) 0.99 (0.99; 1.00) 

WHO/NCEP-ATP 0.81 (0.57; 0.93) 0.98 (0.97; 0.99) 

NCEP-ATP/WHO 0.37 (0.23; 0.54) 1.00 (0.99; 1.00) 

WHO/AHA 0.75 (0.51; 0.90) 0.98 (0.97; 0.99) 

AHA/WHO 0.41 (0.26; 0.59) 1.00 (0.99; 1.00) 

IDF: International Diabetes Foundation; NCEP-ATP: National Cholesterol 

Education Program Adult Treatment Panel III (modified for children and adolescents 

by Cook); WHO: World Health Organization;  AHA: pediatric American Heart 

Association; 

 

To compare these two definitions their components were further explored (table 9). The 

HDL-criterion was positive in Helena in 2.6% for AHA (HDL ≤ 10th percentile for race and 

sex) and 7.7% for NCEP-ATP (HDL < 40 mg/dL). In Idefics T0 this was 14% and 15% 

respectively. The glucose-criterion was positive in Helena in 11.2% for AHA (≥ 100mg/dl) 

and 0.8% for NCEP-ATP (>110 mg/dL), which was responsible for the greatest difference 

between these definitions. In Idefics T0 this was 5.5% and 0.9% respectively. 
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Table 9: Frequencies of the components of the NCEP-ATP definition and the AHA definition. 

   Positive (%) Negative (%) 

Idefics T0 

(n=4269) 

NCEP-ATP Waist circumference 1047 (24.5%) 3222 (75.5%) 

Triglycerides 79 (1.9%) 4190 (98.1%) 

HDL 641(15.0%) 3628 (85.0%) 

Glucose 40 (0.9%) 4229 (99.1%) 

Blood pressure 96 (2.2%) 4173 (97.8%) 

AHA Waist circumference 1047 (24.5%) 3222 (75.5%) 

Triglycerides 79 (1.9%) 4190 (98.1%) 

HDL 603 (14.1%) 3666 (85.9%) 

Glucose 234 (5.5%) 4035 (94.5%) 

Blood pressure 96 (2.2%) 4173 (97.8%) 

Helena 

(n=1004) 

NCEP-ATP Waist circumference 333 (33.2%) 671 (66.8%) 

Triglycerides 97 (9.7%) 907 (90.3%) 

HDL 77 (7.7%) 927 (92.3%) 

Glucose 8 (0.8%) 996 (99.2%) 

Blood pressure 72 (7.2%) 932 (92.8%) 

AHA Waist circumference 333 (33.2%) 671 (66.8%) 

Triglycerides 97 (9.7%) 907 (90.3%) 

HDL 26 (2.6%) 978 (97.4%) 

Glucose 112 (11.2%) 892 (88.8%) 

Blood pressure 72 (7.2%) 932 (92.8%) 

IDF: International Diabetes Foundation; NCEP-ATP: National Cholesterol Education Program Adult Treatment 

Panel III (modified for children and adolescents by Cook); WHO: World Health Organization;  AHA: pediatric 

American Heart Association; 

 

 

The Bland-Altman plots (Figure 1 & 2) are graphical presentations of the difference between 

the scores of two definitions in function of the mean of these scores on an individual level. 

The plots showed a divergent pattern indicating the difference became bigger when the mean 

of two scores was higher. Besides that, the greatest part of cases was in the group with mean 0 

and difference 0. The SD of the difference between the AHA and NCEP-ATP score was the 

lowest of all differences of scores in Idefics T0 (0.38) and in Helena (0.46). This confirmed 

our previous findings that these two definitions were the most similar ones in classifying 

children or adolescents as having MS. 



 

Figure 1: Comparison of the definitions: overview of the Bland & Altman Plots at the Helena study population. 
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Figure 2: Comparison of the definitions: overview of the Bland & Altman Plots at the Idefics study population at baseline (T0). 
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Tracking analyses (table 10 & 11) from T0 to T1 in Idefics gave remarkable results. A lot of 

children had a lower score when growing older (2 years): for WHO 11.1 %, for AHA 11.4% and 

for NCEP-ATP 11.2%. Respectively, 71.1%, 62.8% and 66.3% stayed in the same score category 

and 17.8%, 25.8% and 22.5% got a higher score. Kappa values for comparison between T0 and 

T1 scores were similar for each definition: 0.47 for WHO, 0.44 for AHA and 0.46 for NCEP-

ATP. The underlying factors lowering the score from T0 to T1 were explored in the cases with a 

lower score. They were found to be lipids for WHO (n=211) in 64.0% of the cases and HDL in 

both AHA (n=217) in 54.4% and NCEP-ATP (n=213) in 63.8%. 

 

Table 10: Tracking of the definitions after two years: calculated difference T1-T0 (n (%)) 

n=1904 -3 -2 -1 0 1 2 3 4 

AHA 
1 (0.1%) 13 (0.7%) 

203 

(10.7%) 

1196 

(62.8%) 

414 

(21.7%) 
67 (3.5%) 9 (0.5%) 1 (0.1%) 

NCEP-

ATP 
0 (0.0%) 8 (0.4%) 

205 

(10.8%) 

1263 

(66.3%) 

364 

(19.1%) 
58 (3.0%) 5 (0.3%) 1 (0.1%) 

WHO 
1 (0.1%) 6 (0.3%) 

204 

(10.7%) 

1354 

(71.1%) 

299 

(15.7%) 
37 (1.9%) 2 (0.1%) 1 (0.1%) 

IDF, International Diabetes Foundation; NCEP-ATP, National Cholesterol Education Program Adult Treatment 

Panel III (modified for children and adolescents by Cook); WHO, World Health Organization;  AHA, pediatric 

American Heart Association; 

 

 

Table 11: Tracking of the definitions after two years: kappa 

coefficients of comparison of the scores of T0 and T1 with their 

95% confidence interval (CI) 

 Kappa coefficient (CI) 

AHA 0.44 (0.40-0.48) 

NCEP-ATP 0.46 (0.42-0.50) 

WHO 0.47 (0.42-0.52) 

IDF: International Diabetes Foundation; NCEP-ATP:  National 

Cholesterol Education Program Adult Treatment Panel III (modified 

for children and adolescents by Cook); WHO: World Health 

Organization;  AHA: pediatric American Heart Association; 
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Discussion 

The selection of the definitions considered in this study was based on their frequency of use 

according to literature and origin in MS history (9). The prevalence of MS in pediatric 

populations depends on the definition that is used (6). Recently, other researchers also found that 

NCE-ATP and IDF classifications of MS do not identify the same pediatric population (32;33). 

Our crosstabs confirmed the high rate of subjects belonging to non-concordant definitional 

groups. 

In a review, the prevalence in the general population, aged between 2 and 19 years old,  ranged 

from 1.2% to 22.6% (5). In this study MS prevalence varied from 1.0% to 1.4% in children 6-9 

years, from 2.3% to 3.5% in children 6-10 years and from 1.6% to 3.5% in adolescents 12-17 

years, which is less. As seen in other studies, a remarkable higher prevalence of MS in older 

children and adolescents than in younger children was found (6). Furthermore Camhi et al. 

showed tracking of the clustering of cardiovascular risk factors (34). In our study, indeed, 17.8%- 

25.8% (depending on the definition) showed tracking, however also 11.1%-11.4% showed a 

decrease in score. Main reasons for this decrease were lipids and HDL. To our knowledge this 

has not been found before. 

As all these definitions are expressed as dichotomous variables, there is no scale of having MS. A 

continuous variable, like cMetS, would give a better view on the effective risk for cardiovascular 

diseases, as each component is taken into account in the evaluation of risk, even when not 

reaching dichotomizing cut-offs. As this method creates sample-specific cut-offs, it is less utile 

for comparison between populations. Besides that, it is not totally correct to assume that each 

component is equally important in defining CVD risk. Individually high risk factors can be 

hidden in people with a low cMetS (11). By using the score (4-5 categories) instead of the 

dichotomous variable in part of our analyses we partly countered the problem of cut-offs.  

In our attempt to identify the selected MS definitions with the highest agreement, we found that 

the most analogous definitions were the AHA and the NCEP-ATP. They only differ little in the 

glucose-component of the definition, but they also differ in sort of cholesterol-criterion. As fixed 

cut-offs are more useful in daily practice the NCEP-ATP definition was regarded as being the 

most convenient. For research, on the other hand, it’s more correct to use percentiles, so it would 

be better to use the AHA definition. Though this would be a great step forward to a universal 

definition, it is not possible to take out the best of the 4 definitions in the current study. IDF is a 
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definition invented in Europe, while NCEP-ATP and AHA are definitions originating from 

America. However, it is useful to know which definition marked mostly the same subjects as 

having MS compared to all other definitions. 

It’s important to retain that the WHO definition is very different from all others. When taking 

WHO as reference definition, sensitivity was notably higher, which means other definitions 

included the same cases, in Helena more than in Idefics T1 and T0. The results of sensitivity were 

generally higher in Helena: 0.30 to 0.81 than in T1 (0.39 to 0.59) and lowest in Idefics T0 (0.32 

to 0.44). 

 

Limitations and strengths 

Important strengths of this study are the large sample sizes and large geographical spread all over 

Europe in both studies. The standardized measurements of both studies are a benefit for the 

validation of our results. Also the two years tracking is a great opportunity. This longitudinal 

aspect made it possible to detect an evolution in components.  

Percentiles in the definitions imply that always part of the population is considered abnormal. 

The false positive proportion however decreases when combining multiple components to assess 

MS. Apart from this; there is a generational gap between the children reference data (T. Cole) are 

based on, a cohort of 1990, and the children and adolescents being subject of the studies. As T. 

Cole had no data for HDL and total cholesterol percentiles, tables (adjusted for age and sex) of 

National Institute of Health for these percentiles were used instead (30). These are American data 

while T. Cole’s data are based on British subjects. As these tables are only available from the age 

of 6 the study group in Idefics was reduced to the children between 6 and 9 years. 

The percentiles of blood pressure could also only be evaluated for children from 4 years old. 

These were calculated with T. Cole’s reference data in a manner that didn’t allow adjustment for 

height, although this was requested in the definitions. The percentiles of the HOMA-index, to 

take into account abnormal glucose homeostasis for the WHO-definition, weren’t corrected for 

age and sex as there were no reference data found, even not in adults. Another limitation of our 

study is the lack of hard endpoints. 

Future research 

In the current study there couldn’t be proven anything about tracking of MS from childhood into 

adulthood, but analyzing the evolution in two years is already a beginning. It has been shown that 
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if MS risk factors are low in childhood, the cardiovascular risk in adulthood continues to be low 

(35). However, to know which components should be clinically treated to avoid future morbidity, 

further longitudinal studies are needed (5). The question remains whether it is actually valuable 

diagnosing MS in children to start early with interventions. The underlying factors lowering the 

score over a period of two years were found to be lipids for the WHO definition and HDL in 

AHA and in NCEP-ATP.  To strengthen tracking findings, it would be useful to redo this analysis 

after obtaining the T2 data of Idefics, to compare longitudinal change in MS. It would be even 

more useful to follow people into adult life to identify evolution in risk factors and potentially 

cardiovascular events. A definition that detects subjects with a crucial and treatable proportion of 

components that matter in future life could then be created.  

Conclusion 

Several definitions exist for MS in children and adolescents: most frequently used IDF, NCEP-

ATP, AHA, WHO, amongst others. The most analogous definitions were the AHA and the 

NCEP-ATP. As fixed cut-offs are more useful in daily practice the NCEP-ATP definition was 

regarded as being the most convenient. For research, on the other hand, it’s more precise to use 

percentiles, so it would be better to use the AHA definition. Comparing scores in children after 

two years, MS rates increased in substantial proportion. However, also a large proportion of 

children showed a lowering of the score which is mainly explained by a decrease in lipids.  
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Part 2: Association of clustering of cardiovascular 

disease risk factors with intrinsic and extrinsic 

developmental factors in children and adolescents 

Introduction 

Metabolic syndrome (MS) is defined as the clustering of risk factors for cardiovascular disease 

(CVD) and type 2 diabetes mellitus, such as obesity, dyslipidemia, hypertension and glucose 

intolerance (1). The underlying mechanisms leading to these anthropometric, physiological and 

biochemical abnormalities are incompletely understood (15). Decreased insulin sensitivity has 

been proposed to be the common underlying causative factor (16).  

It has been shown that the simultaneous occurrence of CVD risk factors is already present in 

children and adolescents (17;18). Furthermore, the co-occurrence of CVD risk factors has been 

linked to an acceleration of the CVD process, not only  in adult (19) but also in pediatric 

populations (20). This indicates the importance of adequate and comprehensive prevention 

strategies directed at younger age groups. However, to better direct such prevention and 

intervention, associated determinants of MS should be known. 

For example, there is a great difference between the prevalence in general pediatric populations 

and in the obese (5;36;37). Worldwide a prevalence between 0.2-22.6% in general population and 

10.3-41.8% among the obese has been reported (5). The prevalence of MS in pediatric 

populations varies a lot because of different definitions that are used, different age of the children 

and different ethnical groups. In a previous study (unpublished results) (38) we concluded that  

the pediatric American Heart Association (AHA) definition (8) is the best definition of metabolic 

syndrome in children and adolescents to use in scientific research (compared to IDF, WHO and 

NCEP-ATP definitions). 

In adults, MS is influenced by gender, body composition and ethnicity, but there are several 

reasons why the adult definition should not be used for children (4). Growth influences MS in 

children and adolescents (21). Furthermore puberty induces physiological changes in adiposity 

and insulin sensitivity (22). As such, age dependent cut-off points are needed (9), but current cut-

offs still vary widely (23).  
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Pediatricians and other clinicians should be aware of the factors that could interact with the 

development of MS. However, study results are inconsistent (1). 

Apart from socioeconomic factors, there are certain factors, even prenatally, predisposing MS: 

maternal gestational diabetes or maternal obesity (39), low and high birth weight (40), early 

adiposity rebound (41) and genetic factors (42). Some researchers even find an association with 

infant feeding practices (43), however, others indicate that exclusive breast feeding was 

associated only with lower systolic blood pressure in children, but not with the other components 

of MS (44). Children who are breastfed had also lower blood glucose and serum insulin 

concentrations, with  marginally lower insulin concentrations in later life and a reduced risk of 

type 2 diabetes (45). 

Besides these factors, data on pubertal status and family history of cardiovascular disease, type 2 

diabetes, obesity or hypertension should be taken into account (6). Early menarche has been 

associated with higher BMI and triceps skinfold thickness, higher fasting insulin and HOMA-IR 

(homeostatic model assessment - insulin resistance), but no significant association with blood 

pressure and lipoproteins has been found. Besides that, a positive association with the prevalence 

of MS in adulthood  has been found  (46). 

In this article associations of clustering of cardiovascular risk factors with intrinsic and extrinsic 

factors are investigated. The importance of developmental factors such as birth height and weight, 

normal body changes by puberty and menarche are explored to asses their role in MS in children 

and adolescents. Furthermore, the influence of body composition, physical activity and familial 

background is analyzed. The final objective of this study is to assess associations between 

parameters at young age and AHA score category which could thus be directive for further 

research activities for prevention of risk factors and, as such, MS.  

Method 

Study group 

This article is based on two European databases, one with children (Idefics) and one with 

adolescents (Helena). 

Idefics 

The IDEFICS study (“IDentification and prevention of dietary and lifestyle induced health 

EFfects In Children and infantS”) is a prospective cohort and intervention study with as main 



27 

 

topic  overweight and obesity and its potential causes. The baseline survey (T0) was conducted in 

2007-2008 in eight European countries (Sweden, Germany, Hungary, Italy, Cyprus, Spain, 

Belgium and Estonia) and contained 16224 children aged 2-9 years (12;47). 

Helena  

The Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study (HELENA-

CSS) is a randomized multi-centre study of the nutritional and lifestyle status of European 

adolescents. The present study contains 3528 adolescents, aged 12.5–17.5 years, of ten European 

cities (Vienna, Ghent, Lille, Dortmund, Athens, Heraklion, Pécs, Rome , Zaragoza and 

Stockholm) (14). 

After exclusion of subjects with missing data to assess the AHA definition, the final study 

population consisted of 6677 children (Idefics) and  1023 adolescents (Helena) of which the 

AHA definition could be calculated. The children were aged 6 to 9 years (mean 7.47), the 

adolescents 12 to 17 years (mean 14.67). The distribution of sex was 49.7 % males and 50.3% 

females in Idefics and 46.4% males and 53.6% females in Helena. Overview of the descriptives 

of all variables can be found in appendix 1 table 1 to 4.   

 

Measurements 

In Idefics, height was measured with a Stadiometer SECA 225 and weight with an Electronic 

scale TANITA BC 420. BMI was calculated. A measuring band SECA 200 was used to assess 

waist and hip circumference. Fat mass was estimated using single skinfolds as well as different 

generalised and populationspecific empirical equations involving two to six sites. Bioelectrical 

impedance (BIA) and body mass were assessed using a prototype leg-to-leg device that is based 

on the TANITA BC 420 SMA digital scale (TANITA) (48). Measurement of waist circumference, 

BIA and drawing of blood samples required the child to be in a fasting state. Blood pressure was 

measured with an automated sphygmomanometer, two times with an interval of 5 minutes if the 

difference between the first 2 measurements was more than 5% a third measurement was 

performed. The lowest value of all measurements was then used for the analysis. Fasting blood 

sample was taken preferably by venipuncture and alternatively by finger prick (capillary blood). 

Glucose and lipids were measured with a point-of-care analyzer (Cholestech LDX®) from one 

drop of blood. To assess the socioeconomic status of families included in the study, information 

on education and income was collected. International Standard Classification of Education 
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(ISCED) Level was used to categorize education. Country-specific income levels were assigned 

with reference to the average net equivalence income. Parental self-completion questionnaires 

gave pregnancy information of child and early infant nutrition. Parental face-to-face medical 

interviews were used to assess medical history: diseases in the family and current medications of 

the child. Physical activity was assessed by accelerometer measurements. A uniaxial 

accelerometer (ActiGraph) gave activity counts in 15 s/1 min intervals over 3 days. Computer-

assisted parental interviews were used for dietary recall (24 h) and assessment of school meals of 

the child. To get a notion of the total energy intake and macro/micronutrient intakes these results 

were coupled with food composition tables. Further details on the Idefics data collection are 

published elsewhere (12;48). 

In Helena, for the anthropometric data, participants were barefoot and in underwear. Weight was 

measured with an electronic scale (Type SECA 861) to the nearest 0.1kg. Height was measured 

in the Frankfort plane with a telescopic stadiometer (Type SECA 225) to the nearest 0.1cm. BMI 

was calculated (27).  Waist circumference was measured three times at the midpoint between the 

lowest rib and the iliac crest, with a non-elastic tape (Seca 200) to the nearest 0.1 cm (27). For 

BIA measurements, a classical tetrapolar technique was used by means of BIA 101 AKERN SRL. 

Standard instructions for BIA measurements were followed (27). With the BIA resistance, the 

adolescents’ fat-freemass was obtained using sex-specific equations of Sun et al. (49) and their 

body fat% (BF%) was calculated by dividing the difference of the adolescent’s weight and fat-

free mass by their weight (50). Systolic and diastolic blood pressures were measured with an 

automatic oscillometric device (OMRON M6)(two recordings, 10 minutes apart). Venous blood 

samples were collected in one third of the total Helena population, after an overnight fasting 

period, according to a standardized collection protocol. Serum triglycerides (TG), total 

cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) were measured enzymatically on 

the Dimension RxL clinical chemistry system. Information about the education level of both 

parents and other socio-economic factors was collected with a self-reported socioeconomic 

questionnaire (51). Education level was categorized: (i) lower education and lower secondary 

education, (ii) higher secondary education and (iii) higher education or university degree. A 

questionnaire for information on birth was sent with the information letter and consent forms to 

the parents (51). Physical activity was measured by accelerometry and was expressed as average 

intensity (counts/minute). A physical activity questionnaire provided a total sum of moderate and 
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vigorous physical activity (min/week), truncated afterwards. Adolescents were asked to wear an 

accelerometer (ActiGraph MTI GT1M; ActiGraph LLC, Pensacola, Florida) for 7 consecutive 

days. Participants were instructed to wear the accelerometer on their lower back, attached by an 

elastic belt, during all waking hours (52). Dietary information was obtained with the Helena-

Dietary Assessment Tool (DIAT), a computer-assisted interview was based on the YANA-C 

(Young Adolescents’ Nutrition Assessment on Computer). This is a 24 Hour Dietary Recall (24-

HDR) that is based on six meal occasions (breakfast, morning snack, lunch, afternoon snack, 

dinner and evening snack) of the previous day (14). Country-specific nutrient composition 

databases were used to calculate total energy and nutrient intake (53).  Nutrient intake variables 

were corrected as under-reporters were excluded. Diet quality indexes contained 3 (dietary 

quality, dietary diversity and dietary equilibrium) (54) to 5 (plus a meal index and a physical 

activity score) pillars. Evaluation of Tanner stage was done by a medical doctor during the 

general clinical assessment. Girls were additionally asked for age of menarche and the date of the 

last menses (51). A detailed description of the HELENA-CSS sampling and recruitment 

approaches, standardization and harmonization processes, data collection, analysis strategies and 

quality control activities has been published elsewhere (14;27;51-53). 

 

Calculation of AHA score (table 1) 

To calculate the AHA score (5 categories) some percentiles not yet available in the databases 

were needed. The method of Tim Cole was used to calculate the percentiles of blood pressure, 

adjusted for age and sex, based on a British reference population of 1990 (28). The lowest 

measurement of blood pressure was used as this was assumed to be clinically the most valid. In 

the British reference population, no data for HDL percentiles were available. Tables (adjusted for 

age and sex) of National Institute of Health for these percentiles were used instead (30). 

 

Table 1: American Heart Association definition of the Metabolic Syndrome in children and adolescents: 3 

of the 5 criteria must be fulfilled 

Waist circumference ≥ 90th percentile for age, sex and race/ethnicity 

Triglycerides ≥ 110 mg/dL 

HDL cholesterol ≤ 10th percentile for race and sex 

Fasting blood glucose ≥ 100 mg/dL 

Blood pressure ≥ 90th percentile for age, sex and height 
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Statistical analyses 

Data analyses were executed with SPSS 20 (PASW, Predictive Analytics SoftWare). The 

significance level in all statistical tests was α= 0.05.  

Definition 

The selection of outcome variables of interest for further exploration was based upon (i) an 

extensive literature review and subsequent (ii) explorative analyses. These comprised Spearman 

rank correlations (non-parametric) computed between the AHA score and a set of possibly 

associated variables, based on existing literature. Of all continuous variables it was checked if 

they had a normal distribution by Kolmogorov-Smirnov and Shapiro-Wilk tests. Most variables 

were not normal distributed, so Mann-Whitney U (MWU) tests were performed with the 

dichotomized AHA as grouping variable. Only blood pressure parameters were normally 

distributed but MWU was used instead of student's t-test because of uniformity. For the 

categorical variables Chi Square and Fisher Exact tests were performed. 

All variables of interest, especially those with significant correlation and high correlation 

coefficient (r) in both Idefics and Helena, were selected for further analysis by multinomial 

mixed models. First, the test of parallel lines was done to check whether differences between 

consequent AHA scores were similar. A random intercept for country, center and setting ID 

(intervention vs. control region) in Idefics and for study center and school in Helena was included 

to counteract selection bias. The AHA score was the target variable and age and sex were always 

taken into account as confounders. When the test was done for leptin or adiponectin also the z-

score of BMI was added as confounder. For all variables concerning food, physical activity and 

breast feeding the maximal education level of both parents was included as confounder together 

with age and sex. 

 

Results 

The results were reported by category of variables, first describing the correlations (appendix 2 

table 1 (Helena) and table 2 (Idefics)), then MWU tests (appendix 2 table 3 (Helena) and table 

4 (Idefics)) or Chi Square tests and finally the generalized linear mixed models (table 2 (Helena) 

and table 3 (Idefics)). 
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Table 2: Mixed models of the AHA score with different categories of variables in the Helena study 

   
Odds 

ratio 
Lower Upper 

P-

value 
n 

Body composition Z-values for BMI* 3.88 3.31 4.54 <0.001 1023 

Z-value for waist circumference* 5.02 4.22 5.97 <0.001 1023 

Height (cm)* 1.03 1.01 1.05 <0.001 1023 

Weight (kg)* 1.12 1.10 1.13 <0.001 1023 

Body fat % taking into account Tanner stage* 1.16 1.14 1.18 <0.001 992 

Bio-impedancemetry: Resistance* 0.99 0.99 0.99 <0.001 1014 

Bio-impedancemetry: Reactance* 0.97 0.95 0.98 <0.001 1016 

Blood value Leptin levels (ng/mL)*** 1.05 1.04 1.06 <0.001 957 

Components of MS 

definition 

Z-value for the lowest systolic blood pressure* 1.78 1.58 2.00 <0.001 1023 

Z-value for the lowest diastolic blood pressure* 1.61 1.40 1.84 <0.001 1023 

Mean arterial pressure (mmHg)* 1.08 1.07 1.10 <0.001 1023 

 Glucose (mg/dL)* 1.09 1.07 1.11 <0.001 1023 

Triglycerides (mg/dL)* 1.03 1.03 1.03 <0.001 1023 

HDL 10th percentile (ref. cat.: yes) no 0.03 0.02 0.07 <0.001 1023 

Parents Maximal education* 

(ref.cat.: 3 ‘higher 

education or university 

degree’) 

 

1’lower education 

and lower secondary 

education’ 

1.51 1.08 2.11 0.02 930 

2 ‘higher secondary 

education’ 
1.53 1.08 2.16 0.02  

Birth and breast feeding Months exclusive breastfeeding  

(in 4 categories) (ref.cat.: >5)** 

0 1.01 0.61 1.67 0.96 766 

<3 1.08 0.68 1.73 0.74  

3-5 1.08 0.68 1.74 0.74  

Breast feeding total duration (years)** 0.94 0.97 0.38 2.44 784 

Ponderal index* 0.99 0.97 1.01 0.49 820 

Physical activity Energy intake/BMR  ** 0.36 0.26 0.50 <0.001 591 

Average intensity (counts per second)** 0.92 0.85 0.99 0.02 645 

Nutrient intake EI in cal/day (24-HDR) (EUR)** 0.63 0.43 0.94 0.02 476 

Water intake (kg/day) (EUR) ** 1.00 1.00 1.00 0.15 476 

Protein intake (100g/day) (EUR) ** 1.00 1.00 1.00 0.05 476 

Fat intake (100g/day) (EUR) ** 1.00 1.00 1.00 0.05 476 

Carbohydrate intake (100g/day) (EUR) ** 1.00 1.00 1.00 0.05 476 

Puberty Tanner stage girls (ref. cat.: 

4&5)**** 

1 0.14 0.04 0.42 0.001 496 

2 0.25 0.12 0.50 <0.001  

3 0.37 0.21 0.63 <0.001  

Age of menarche* 0.84 0.72 0.98 0.03 448 

Daily contraception**** (ref.cat.: yes) no 0.26 0.14 0.47 <0.001 509 

*: age and sex added as confounders;  **: age, sex and maximal education level of parents added as confounders;  *** age, sex 

and z-score of BMI added as confounders; ****: age as confounder 

AHA: American Heart Association; ref.cat.: reference category; BMR: basal metabolic rate; EI: energy intake; 24-HDR: 24 hour 

dietary recall; EUR: excluding under-reporters 
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Table 3: Mixed models of the AHA score with different categories of variables in the Idefics study 

   
Odds 

ratio 
Lower Upper 

P-

value 
N 

Body 

composition 

Z-value for BMI*  3.10 2.94 3.27 <0.001 6677 

Z-value waist 

circumference* 
 3.50 3.31 3.69 <0.001 6677 

Height (cm)*  1.12 1.11 1.13 <0.001 6677 

Weight (kg)*  1.26 1.25 1.27 <0.001 6677 

Bioelectrical 

Impedance (ohm)* 
 0.99 0.99 0.99 <0.001 6613 

Body_fat_PC*  1.22 1.20 1.23 <0.001 6592 

Blood values Leptin (serum) 

(ng/ml)*** 
 1.01 0.98 1.04 0.59 772 

Adiponectin 

(serum) 

(ug/ml)*** 

 0.95 0.91 0.99 0.009 772 

Components of 

the definiton 

Z-value for the lowest systolic 

blood pressure* 
1.90 1.80 2.00 <0.001 6677 

Z-value for the lowest diastolic 

blood pressure* 
1.61 1.51 1.72 <0.001 6677 

Mean arterial 

pressure (mmHg)* 
 1.09 1.08 1.09 <0.001 6677 

Glucose (mg/dL)*  1.07 1.06 1.07 <0.001 6677 

Triglyceride 

(mg/dL)* 
 1.03 1.03 1.03 <0.001 6677 

HDL 10th 

percentile* (ref.cat.: 

yes) 

no 0.03 0.03 0.04 <0.001 6677 

Parents BMI mother 

(kg/m2)* 
 1.07 1.06 1.08 <0.001 6258 

BMI father (kg/m2)*  1.08 1.07 1.10 <0.001 5586 

ISCED-Level: 

Maximum of both 

parents* (ref.cat.: 6) 

0 3.04 1.71 5.40 <0.001 6413 

1 2.39 1.58 3.60 <0.001  

2 1.88 1.40 2.51 <0.001  

3 1.53 1.20 1.95 0.001  

4 1.49 1.14 1.94 0.004  

5 1.27 0.99 1.62 0.62  

Socio-demographic 

- parents' monthly 

household income 

1 0.90 0.10 7.79 0.92 5863 

2 0.90 0.10 7.77 0.92  

3 0.79 0.09 6.84 0.83  
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(after taxes and 

deductions)* 

(ref.cat.: 10) 

4 0.70 0.08 6.06 0.75  

5 0.71 0.08 6.17 0.76  

6 0.66 0.08 5.73 0.71  

7 0.53 0.06 4.61 0.57  

8 0.52 0.06 4.56 0.56  

9 0.55 0.06 4.78 0.59  

Pregnancy and 

breast feeding 

Pregnancy - mother's age at birth of 

child (years)* 
1.00 0.99 1.01 0.73 6132 

Pregnancy - preterm delivery 

(weeks before calculated date)* 
1.01 0.97 1.06 0.56 1708 

Breast feeding total duration 

(years)** 
0.99 0.89 1.10 0.84 5511 

Ponderal index* 1.00 0.99 1.01 0.88 6002 

Family 

diseases 

Family diseases - obesity. 

mother**  

(ref.cat.: yes) 

No 0.47 0.38 0.59 <0.001 5354 

Family diseases - obesity. 

father**  

(ref.cat.:1) 

No 0.61 0.48 0.78 <0.001 5354 

Family diseases - diabetes 

mellitus. mother** 

(ref.cat.: yes) 

No 0.30 0.18 0.50 <0.001 5354 

Family diseases - diabetes 

mellitus. father**  

(ref.cat.: yes) 

No 0.75 0.49 1.16 0.20 5354 

Family diseases - 

dyslipidemia. mother** 

(ref.cat.: yes) 

No 0.56 0.40 0.77 <0.001 5354 

Family diseases - 

dyslipidemia. father** 

(ref.cat.: yes) 

No 0.85 0.68 1.07 0.16 5354 

Family diseases - 

hypertension. mother** 

(ref.cat.: yes) 

No 0.58 0.45 0.75 <0.001 5354 

Family diseases - 

hypertension. father** 

(ref.cat.: yes) 

No 0.76 0.62 0.93 0.007 5354 

Physical 

activity  

Average counts per second**  0.94 0.91 0.96 <0.001 3433 

PAL**  0.90 0.83 0.97 0.006 4855 
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Child’s diet Child's age at which cereals or food 

containing rye. wheat or barley 

introduced (years)** 

1.10 0.93 1.29 0.26 5613 

Child's age vegetables introduced 

(years)** 
1.09 0.91 1.31 0.35 5797 

Child's age fruits introduced 

(years)** 
1.04 0.84 1.31 0.70 5865 

Child's age meat introduced 

(years)** 
1.11 0.94 1.30 0.23 5763 

Child's age cow milk introduced 

(years)** 
0.99 0.90 1.09 0.84 5417 

Nutrient 

intake 

EI in cal/day (24-HDR. first 

recall)** 
1.00 0.97 1.03 0.83 4855 

Water intake (kg/day. first recall)** 1.01 0.99 1.04 0.38 4851 

Protein intake (100g/day. first 

recall)** 
1.00 0.96 1.06 0.79 4855 

Fat intake (100g/day. first recall)** 1.00 0.95 1.04 0.87 4855 

Carbohydrate intake (100g/day. first 

recall)** 
0.99 0.95 1.03 0.59 4851 

*: age and sex added as confounders;  **: age, sex and maximal education level of parents added as confounders;  ***: age, 

sex and z-score of BMI added as confounders 

AHA: American Heart Association; ref.cat.: reference category; ISCED: International Standard Classification of Education; 

PAL: physical activity level; EI: energy intake; 24-HDR: 24 hour dietary recall 
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In Helena, all components of body composition except for height were correlated with AHA 

definition score (P<0.001). Though, the values of r in the inverse correlation with both bio-

impedance parameters were lower than 0.20, which is a rather weak correlation. In Idefics, height 

was significantly correlated too, as was bio-electrical impedance. Additionally, waist/hip ratio, 

body fat percentage and central/peripheral fat distribution were correlated. MWU tests also 

showed all variables but height being significant in Helena and all were significant in Idefics and 

also showed the same direction of correlation in all variables. By multilevel analysis for z-value 

of BMI, an odds ratios of 3.10 in Idefics and 3.88 in Helena was obtained. Odds ratios for waist 

circumference, weight, height and body fat percentage varied between 1.12 and 1.25 in Idefics 

and 1.03 and 1.16 in Helena. All mixed models were significant (P<0.001). 

Serum leptin (ng/ml) levels were significantly positively correlated in both Idefics (r=0. 59) and 

Helena (r=0.37), as was adiponectin, only available in Idefics, negatively (r=-0.23). This was 

affirmed by MWU testing in the Idefics population. After adjustment for BMI, leptin was 

significantly associated with AHA score in Helena (P<0.001; OR=1.05, CI 1.04-1.06), but this 

was not significant in Idefics (P=0.59; OR=1.01, CI 0.98-1.04). 

All variables being component of the definition (waist circumference, blood pressure, glucose, 

triglycerides and the HDL 10
th

 percentile age-corrected) were significant at the 0.01 level. Z-

values of lowest systolic blood pressure had a higher r than lowest diastolic in both Idefics and 

Helena. MAP was significant too. MWU testing affirmed this in both study populations. 

Regarding lowest systolic and diastolic blood pressure z-values, the odds ratios to have a higher 

AHA score were 1.90 and 1.61 in Idefics and 1.78 and 1.61 in Helena (all P<0.001).Waist 

circumference had the highest r (0.63) of all components and HDL was inversely correlated.  

MWU testing affirmed this in both studies. In mixed models, all components were significantly 

(P<0.001) related to AHA score. Odds ratios for glucose and triglycerides were 1.07 (CI 1.06-

1.07) and 1.03 (CI 1.03-1.03) in Idefics and 1.09 (CI 1.07-1.11) and 1.03 (CI 1.03-1.03) in 

Helena. The HDL 10
th

 percentile had a 0.03 odds ratio in both Idefics and Helena. 

 

Maximum parental education level was significantly inversely correlated in both study 

populations, though with a low r (≤ 0.138). This was also seen in Chi-square testing. Maximal 

education level of both parents was significantly related to the AHA score in Idefics (except for 

the 5
th

 of 6 categories) and in Helena. The odds ratios to obtain a higher AHA score were lower if 
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parents had a higher educational level. They increased from 1.27 (ISCED level 5) to 3.04 (ISCED 

level 1) in Idefics. In Helena, significant (P=0.02) and equally high odds ratios were found for 

lower education/ lower secondary education (1.53; CI 1.08-2.11) and higher secondary education 

(1.51; CI 1.08-2.16) comparing to higher education or university degree.  

Besides that, BMI of father and mother and socio-demographic data as parents' monthly 

household income (after taxes and deductions) were given in Idefics. They were all significantly 

correlated, BMI with a positive correlation factor and income with a negative. The significance of 

BMI of father and mother was also seen in MWU tests, that of income was also seen in Chi-

square testing. Mixed models confirmed this with an odds ratio of 1.08 for both father’s and 

mother’s BMI. After correction for confounding factors in the multinomial analysis, the 

association between income and AHA score was not significant. 

 

In Idefics, mother’s age at birth of child and preterm delivery (weeks before calculated date) were 

significant at a 0.05 level, with a low r. But this was not significant in the MWU test. Mixed 

models showed no significant relation for breastfeeding, neither in Idefics (P=0.84) nor in Helena 

(P=0.49).  

In Helena birth weight and height and ponderal index correlations were not significant. Neither 

was birth weight in Idefics. In contrast, birth height and ponderal index were inversely correlated, 

though with a very low r (≤ 0.07). In mixed models, ponderal index was not significant in both 

studies. Breastfeeding, even categorized for duration and exclusiveness, was not significant in 

Helena, but total duration in months was significant in Idefics (r=-0.07).  All other test of breast 

feeding were not significant.  

In Idefics, obesity, dyslipidemia and hypertension in mother and father were significantly 

associated, but diabetes was only when mothers affected, all with low r. Mixed models affirmed a 

significant (P<0.001) relation for obesity, diabetes, dyslipidemia and hypertension in mother. 

Paternal diabetes and dyslipidemia were no longer significant (P=0.16), but obesity and 

hypertension remained significant. 

Physical activity level (PAL), estimated from energy intake/basal metabolic rate (BMR) ratio, 

was inversely correlated at a 0.01 significance level, but with a lower r in Idefics than in Helena. 

The questionnaire total sum of moderate and vigorous physical activity (min/week, truncated) in 

Helena was only significant at a 0.05 significance level and with a low r. Average intensity 
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(counts per minute) was not associated in Helena, but was in Idefics. In MWU testing, only PAL 

was significant in Helena, but both average intensity and PAL were in Idefics. Odds ratios for 

PAL were varying between the study groups: 0.90 (CI 0.83-0.97; P=0.006) in Idefics and 0.36 

(CI 0.26-0.50; P<0.01) in Helena. Accelerometer average counts per second gave a significant 

odds ratio being 0.92 (CI 0.85-0.99; P=0.02) in Helena and 0.94 (CI 0.91-0.96; P<0.001) in the 

Idefics population. 

 

In Helena, diet quality indexes were not correlated with the AHA score, nor with 3 (dietary 

quality, dietary diversity and dietary equilibrium), neither with 5 (plus a meal index and a 

physical activity score) pillars taken along. In Idefics, all correlation factors of diet and nutrient 

intake variables were low (between -0.06 and 0.09). Energy intake, water intake and fat intake 

were significantly correlated with the AHA score, but protein and carbohydrate intake were not. 

Remarkable is the negative r of energy and fat intake.  In the MWU tests, only energy and water 

intake were significant. The variables of the starting and ending age of some aspects of the diet 

showed totally different P-values between the correlation and the MWU test, so they were not 

further explored. In Idefics, mixed models showed no significant association for all diet and 

nutrient intake variables. In Helena, only energy intake had a significant odds ratio of 0.63 (CI 

0.43-0.94; P=0.02). 

 

Regarding puberty stadium, numeric values for pubertal status of breast/gonads and pilosity, were 

significantly correlated with the AHA score, though with a low r. Tanner stage was not associated 

in 5 categories and it was only in girls if the 4
th

 and 5
th

 category were recoded as one. Use of 

daily contraception was significantly correlated (P=0.05) and age of menarche also, though 

adversely (P=0.01). Age of menarche gave no significant result by MWU testing. Tanner stage 

and use of daily contraception showed no relationship in Chi square tests. Tanner stage of girls 

(taken together category 4 and 5 as reference category) showed a 0.14 (CI 0.04-0.42) odds ratio 

for the 1
st
 (P=0.001), a 0.25 (CI 0.12-0.50) for the 2

nd
 (P<0.001) and a 0.37 (CI 0.21-0.63) for the 

3
th

 category (P<0.001). Age of menarche showed a significant odds ratio (0.84 (CI 0.72-0.98; 

P=0.03)). Daily contraception also had a significant odds ratio of 0.26 (CI 0.14-0.47; P<0.001) if 

no contraception was used compared to when contraception was used.  
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Discussion 

AHA is a good definition for research (38). Children (in Idefics) and adolescents (in Helena) 

were assessed as fulfilling the MS definition or not in a dichotomous AHA variable. To raise 

validity of associations, the AHA score was used as much as possible. 

In our study, several associations with MS were found. These can be a great help in setting goals 

for prevention of rooting cardiovascular risk early in life. 

 

Results 

Comparing the three ways of testing, generally they gave the same conclusions, which 

strengthens the results, although there were some exceptions.  

Of all components of the definition, waist circumference had the highest r. As this parameter is 

easy to measure and most correlated with MS, this could be useful for follow-up in all children. 

In general, components of the definition and body composition variables gave an equally high 

odds ratio in Idefics and Helena. This means these variables have the same grade of influence in 

obtaining a higher AHA score category independent of the age of the subjects (children or 

adolescents). Like mentioned in other studies there is a clear correlation between fat parameters 

(BMI, body fat percentage, waist circumference) and MS (23;41). 

Also the blood parameters leptin and adiponectin, linked with fat metabolism, correlate with the 

AHA score like expected: leptin positively and adiponectin negatively. After correction for BMI 

in mixed models, leptin was no longer significant in the children population, but it remained 

significant in the adolescent population. As other researchers found, leptin can be used as 

biomarker of MS in adolescents (55).  

The odds ratios of the maximal education level of the parents decreased with higher level, like the 

negative r already mentioned.  This indicated that, subjects with a lower parental education level 

had a greater chance for a higher AHA score than those with a higher level. Therefore, children 

of parents with low educational level are vulnerable to develop MS. In Idefics, this was a trend 

for all categories, but in Helena it wasn’t, as equally high odds ratios were found for lower 

education/ lower secondary education and higher secondary education comparing to higher 

education or university degree. This must be nuanced, as other researchers observed no consistent 

association of children's CVD risk factors with parental socio-economic position (SEP) 
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(occupational class and education), but for sure with parental lifestyle, independent of parental 

SEP (56). 

The link with parental lifestyle and probable genetic predisposition was confirmed in our results 

as a higher BMI of mother or father was linked with a higher score in all tests. Parental  diseases 

were also correlated with increasing AHA score. Obesity and hypertension were significantly in 

both parents, but diabetes and dyslipidemia only when mothers were affected. Other researchers 

found that the offspring of parents with diabetes plus metabolic syndrome showed higher 

proportion of variables related to metabolic syndrome compared with healthy parents (57). 

Odds ratios for income categories were not significant. Even so,  this information makes us 

conclude that parents play an important role in the development of MS, not only by genetic 

(intrinsic) but also by environmental (extrinsic) factors. 

Parameters of birth (height, weight, ponderal index) were in most tests not significantly related 

with the AHA score, so these are not useful as predictors for the development of MS later. 

Though, a link of low and high birth weight with diabetes type 2 in children was suggested (40). 

According to Harville et al., the relationship between small-for-gestational-age and MS is 

partially confounded by later BMI (58). In literature there is no general conclusion of the 

influence of breast feeding on MS and diabetes mellitus (43-45). In the Idefics and Helena 

population breast feeding was not related with MS. 

Others studies showed an association between physical activity and certain components of MS 

(59). In our analyses mixed models showed that for adolescents more than for children, a higher 

physical activity level is protecting against getting a higher AHA score category. Accelerometer 

data also showed this by a significant odds ratio. 

There is no uniform trend in the diet and nutrient variables. Remarkable is the negative r of 

energy and fat intake. MWU confirmed this unexpected inverse correlation between energy 

intake and MS. Dietary intake by 24 hours dietary recall was not significantly related with AHA 

score in mixed models, except for energy intake in Helena. Other researchers found dietary 

patterns to be in association with higher risk factors (60). Further research with longer then a 24 

hour dietary would be useful. 

Regarding the pubertal stage of girls, the higher the Tanner stage and the lower the age of 

menarche, the greater the chance of belonging to a higher AHA score category. A review 

concluded the same negative direction of association between cardiometabolic risk factors and 
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earlier pubertal timing (61). Age of menarche was thus in contrast to the use of daily 

contraception, that showed a significant link with higher AHA scores. 

 

Limitations and strengths 

The large sample sizes and large geographical spread all over Europe in both studies gives 

important strength to this analysis. Furthermore, the standardized measurements benefit the 

validation of our results. 

By using a definition, always part of the population is considered “abnormal” as percentiles are 

used in the AHA definition. Apart from this, by the use of reference data (T. Cole) based on a 

cohort of 1990, the generational gap between these children and the subjects of our study 

populations was ignored. No data were found for HDL and total cholesterol percentiles in T. 

Cole’s database. Therefore tables (adjusted for age and sex) of National Institute of Health were 

used instead (30). T. Cole’s data are based on British subjects whereas the NIH data are 

American. The NIH data are available only from the age of 6, so our study group was reduced in 

Idefics. Blood pressure percentiles were calculated with T. Cole’s data, but adjustment for height 

was not possible, although this was requested in the definition. Besides that, blood pressure could 

also only be evaluated for children from 4 years old. The lack of hard endpoints is a limitation of 

this study. 

As the AHA score is a categorical variable, correlation is not fully statistically justified as test. It 

was used to get an idea of factors possibly influencing the AHA score. This score was used in 

multinomial mixed model analyses, but unfortunately it is not possible to identify the most 

important component of the definition, as they had all different units and thus are incomparable. 

 

Future research 

To know which of the associations found in this article play a role in future MS morbidity, 

longitudinal studies are needed (5). Whether it is actually valuable diagnosing MS in children to 

start early with interventions remains the question. 
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Conclusion 

A link between some developmental factors and MS can be seen. Most of them were similar in 

children and adolescents. Of all components of the definition, waist circumference had the 

highest r. Body composition and fat parameters like body fat percentage, BMI, leptin and 

adiponectin were, like expected, correlated with MS. But leptin was not, when corrected for age, 

sex and BMI in children, in contrast to adolescents. A lot of parameters of parents, like BMI, 

some family diseases and education level were linked with MS, so parents play an important role 

in the development of MS, not only by genetic (intrinsic) but also by environmental (extrinsic) 

factors. A higher physical activity level is protecting against getting a higher AHA score category. 

Parameters of birth and diet and nutrient variables were not significantly related with MS. 

Pubertal stage was only related in girls.  
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General conclusion 

MS is present in 1.0% - 3.5% of the children and adolescents in the present study populations, 

depending on the assessed definition. This is less than in other studies (0.2% - 22.6%) (8). Still, it 

remains an important group of children and adolescents who are at risk for later cardiovascular 

diseases. Detecting the children at risk at young age is not easy, especially because of the lack of 

consensus on the definition of MS. Considering our results, it can be concluded that the AHA 

definition is the best definition for research and the NCEP-ATP definition is most useful for daily 

practice. An important remark is that these definitions are both dichotomous, whereas risk could 

be more nuanced and individual evolution could be better followed when using a continuous 

score. Disadvantage of that continuous score is the sample-specific cut-off which makes studies 

less comparable. By testing a possible tracking of two years, an unexpected decrease of score was 

seen with increasing age in an important part of the children. Thus, a high score of MS at young 

age is not always persisting or increasing. 

Identifying the children and adolescents at risk for MS would be more practical and effective 

when we could not only rely on the components of MS, but also on parameters influencing these 

components. Prevention could be directed to these factors, if they are obviously linked with MS. 

In our populations, a lot of related factor were found. For example body composition and fat 

parameters, logically as some of them are indeed components of the definition. It became clear 

that parents play an important role in the development of MS. A lot of parameters of the parents, 

like BMI, some family diseases and education level were linked with MS. Also a higher physical 

activity level is linked with the AHA score and is protective. Parameters of birth and diet and 

nutrient variables were not significantly related with MS. Pubertal stage was only related in girls. 

So a lot of factors, related with MS, were identified, but further longitudinal research is required 

to clarify which factors are linked with future morbidity or mortality. Handling these factors 

should be the main goal in the whole MS story. 

 

To conclude, it’s clear that MS is already present in children and adolescent, although universal 

agreement on the definition is absent, and so urgently needed. Some possible predictors of MS at 

young age were identified, but further research is necessary on the long-term impact of these 

factors. 
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Appendix 1: Descriptives of the continuous and 

categorical variables of the Helena and Idefics samples. 

Table 1: Descriptives of continuous variables in the Helena study   

  N Minimum Maximum Mean SD 

Age (years) 1023 12.50 17.00 14.67 1.16 

Body 

composition 
Z-values for BMI 1023 -2.96 3.36 0.48 1.10 

Z-value for waist circumference 1023 -3.55 4.68 0.88 1.07 

Height (cm) 1023 140.00 197.40 165.27 9.26 

Weight (kg) 1023 29.70 106.40 58.38 12.30 

Bio-impedancemetry: Resistance 1014 400.00 886.00 591.72 84.04 

Bio-impedancemetry: Reactance 1016 38.00 146.00 60.74 10.50 

Body fat % taking into account Tanner stage  992 5.52 60.69 23.58 9.48 

Blood values Leptin levels (ng/mL) 957 0.18 169.97 19.72 22.32 

Components 

of MS 

definition 

Z-value for lowest systolic blood pressure 1023 -4.99 5.58 -0.14 1.24 

Z-value for lowest diastolic blood pressure 1023 -2.92 4.81 0.82 0.96 

Mean arterial pressure (mmHg) 1023 58.00 122.33 81.76 8.74 

Glucose (mg/dL) 1023 55.00 135.00 91.00 7.28 

Triglycerides (mg/dL) 1023 16.00 388.00 68.83 35.03 

Birth and  

breast feeding 
Months breastfeeding (in 4 categories) 859 0.00 3.00 1.61 1.07 

Months exclusive breastfeeding (in 4 categories) 830 0.00 3.00 1.31 0.98 

Weight at birth (kg) 851 0.83 5.30 3.32 0.58 

Height at birth (cm) 822 27.00 60.00 50.40 3.23 

Ponderal index (kg/m³) 820 0.01 0.14 0.03 0.01 

Physical 

activity and 

energy 

Energy intake/BMR (PAL) 652 0.18 5.44 1.47 0.64 

MVPA (minutes/week) (truncated data) 864 0.00 2520.00 718.27 581.63 

Average intensity (counts per minute) 698 152.22 1411.59 437.97 156.85 

Diet quality Diet quality index for adolescents including 3 

pilars/guidelines: dietary quality. dietary diversity 

and dietary equilibrium 

783 -10.33 85.33 53.41 16.14 

Diet quality index for adolescents including 4 

pilars/guidelines: dietary quality. dietary diversity. 

dietary equilibrium and a physical activity score 

745 13.56 89.00 63.27 13.26 

Diet quality index for adolescents including 5 

pilars/guidelines: dietary quality. dietary diversity. 

dietary equilibrium. a meal index and a physical 

activity score 

745 17.51 90.63 68.85 11.64 

Nutrient 

intake 
EI (kcal/day) (24-HDR) (EUR) 523 1342.77 5472.04 2437.62 643.57 

Water intake (g/day) (EUR) 523 758.35 4652.50 2106.44 596.41 

Protein intake (g/day) (EUR) 523 49.52 253.10 96.62 28.12 

Fat intake (g/day) (EUR) 523 42.04 275.16 91.48 28.20 

Carbohydrate intake (g/day) (EUR) 523 108.46 697.89 297.75 89.66 

Puberty Age of menarche (years) 448 8.00 16.00 11.92 1.21 

BMR: basal metabolic rate; EI: energy intake; 24-HDR: 24 hour dietary recall; EUR: excluding under-reporters; 
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Table 2: Descriptives of the categorical variables of the Helena study 

  Frequency Percent n 

Sex of the child Male 475 46.43 1023 

Female 548 53.57  

Score AHA 0 538 52.59 1023 

1 346 33.82  

2 108 10.56  

3 25 2.44  

4 5 0.49  

5 1 0.10  

Definition AHA (dichotomous) No 992 96.97 1023 

Yes 31 3.03  

HDL 10th percentile ≤ 10th percentile 996 97.36  

> 10th percentile 27 2.64  

Parents: Maximal education 

level of both 

1 81 8.71 930 

2 268 28.82  

3 279 30.00  

4 302 32.47  

Puberty: Numeric values for 

pubertal status girls breast 

1 2 0.40 498 

2 40 8.03  

3 114 22.89  

4 209 41.97  

5 133 26.71  

Puberty: Numeric values for 

pubertal status girls pilosity 

2 26 5.24 496 

3 125 25.20  

4 219 44.15  

5 126 25.40  

Puberty: Numeric values for 

pubertal status boys gonade 

1 7 1.66 421 

2 39 9.26  

3 91 21.62  

4 183 43.47  

5 101 23.99  

Puberty: Numeric values for 

pubertal status boys pilosity 

1 14 3.32 422 

2 44 10.43  

3 95 22.51  

4 163 38.63  

5 106 25.12  

Puberty: Tanner stage Tanner stage 1 7 0.76 917 

 Tanner stage 2 58 6.32  

 Tanner stage 3 195 21.26  

 Tanner stage 4 387 42.20  
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 Tanner stage 5 270 29.44  

Puberty: Tanner 1&2. 3. 4. 5      

 

  

Tanner stage 1&2 65 7.09  

Tanner stage 3 195 21.26  

Tanner stage 4 387 42.20  

Tanner stage 5 270 29.44  

Puberty: Daily contraception      

 

 

No 455 89.39 509 

Yes 
54 10.61 

 

Puberty: Tanner 1&2. 3. 4. 5 

boys     

 

  

Tanner stage 1&2 42 9.98 421 

Tanner stage 3 84 19.95  

Tanner stage 4 174 41.33  

Tanner stage 5 121 28.74  

Puberty: Tanner 1&2. 3. 4. 5  

girls    

 

  

Tanner stage 1&2 23 4.64 496 

Tanner stage 3 111 22.38  

Tanner stage 4 213 42.94  

Tanner stage 5 149 30.04  

AHA: American Heart Association 

 

Table 3: Descriptives of the continues variables of Idefics 

   N Minimum Maximum Mean SD 

Age (years) 6677 6.00 9.90 7.47 0.80 

Body 

composition 

Z-value for BMI 6677 -6.61 5.08 0.39 1.30 

Z-value for waist circumference 6677 -4.13 5.18 0.59 1.39 

Height (cm) 6677 92.70 154.70 126.78 7.34 

Weight (kg) 6677 13.00 76.00 27.46 6.56 

Bioelectrical Impedance (ohm) 6613 114.50 916.40 634.62 71.12 

Waist/hip ratio 6615 0.60 1.25 0.85 0.05 

Central and peripheral fat distribution 4879 0.40 2.61 1.22 0.29 

Body fat % 6592 4.60 64.34 18.16 6.94 

Blood 

parameters 

Leptin (serum) (ng/ml) 772 0.50 35.20 7.71 6.93 

Adiponectin (serum) (µg/ml) 772 1.90 39.10 9.50 4.24 

Components 

of the 

definition 

Z-value for the lowest systolic blood 

pressure (mmHg) 
6677 -5.98 3.69 -0.58 1.03 

Z-value for the lowest diastolic blood 

pressure (mmHg) 
6677 -2.99 3.71 0.71 0.81 

Mean arterial pressure (mmHg) 6677 46.83 117.50 76.95 6.92 

Glucose (mg/dL) 6677 45.00 205.00 86.28 9.43 

Triglyceride (mg/dL) 6677 19.00 497.00 46.69 30.22 

Parents Mother's age (years) 6442 18.00 75.00 36.38 5.23 

Father's age (years) 5907 22.00 73.00 39.42 5.81 
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BMI mother (kg/m2) 6258 12.35 112.24 24.03 4.47 

BMI father (kg/m2) 5586 17.26 54.94 26.56 3.64 

Pregnancy 

and breast 

feeding 

Birth - child's weight (g) 6287 600.00 6100.00 3332.60 554.82 

Birth - child's height (cm) 6014 30.00 66.00 50.84 3.03 

Pregnancy - mother's age at birth of 

child (years) 
6132 15.00 45.00 28.95 5.10 

Pregnancy - preterm delivery (weeks 

before calculated date) 
1708 0.00 15.00 2.80 2.06 

Breast feeding total duration (month) 5556 0.00 71.00 5.18 6.71 

Ponderal index (kg/m3) 6002 7.55 111.75 25.52 4.35 

Physical 

activity 

Physical Activity per week (hours) 6293 0.00 120.00 18.49 10.86 

Average counts per minute 3512 114.85 2602.10 584.70 186.84 

PAL 5023 0.00 147.95 1.40 2.41 

Child’s diet Prior child's diet was fully integrated 

into usual household diet - exclusive 

breast-feeding. starting age (months) 

4005 0.00 4.00 0.15 0.37 

Prior child's diet was fully integrated 

into usual household diet - exclusive 

breast-feeding. ending age (months) 

4422 0.00 24.00 4.25 2.16 

Prior child's diet was fully integrated 

into usual household diet - breast-

feeding combination. starting age 

(months) 

3443 0.00 24.00 4.02 2.56 

Prior child's diet was fully integrated 

into usual household diet - breast-

feeding combination. ending age 

(months) 

3341 0.00 72.00 10.05 6.61 

Prior child's diet was fully integrated 

into usual household diet - Formula 

milk. starting age (months) 

3382 0.00 24.00 3.21 2.93 

Prior child's diet was fully integrated 

into usual household diet - Formula 

milk. ending age (months) 

3210 0.00 96.00 14.26 9.23 

Child's age at which cereals or food 

containing rye. wheat or barley 

introduced (months) 

5660 0.00 60.00 7.98 4.13 

Child's age vegetables introduced 

(months) 
5847 1.00 72.00 6.39 3.55 

Child's age fruits introduced (months) 5917 1.00 38.00 5.77 2.90 

Child's age meat introduced (months) 5812 0.00 96.00 7.99 4.00 

Child's age cow milk introduced 

(months) 
5462 0.00 84.00 13.62 7.54 
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Nutrient 

intake 

EI in kcal/day (24-HDR. first recall) 5023 1.44 153327.62 1539.74 2548.12 

Water intake (g/day. first recall) 5019 0.00 82346.75 1163.18 2136.03 

Protein intake (g/day. first recall) 5023 0.00 6983.62 59.81 129.58 

Fat intake (g/day. first recall) 5023 0.00 8759.25 59.10 154.54 

Carbohydrate intake (g/day. first 

recall) 
5019 0.08 11503.18 189.24 198.85 

PAL: physical activity level; EI: energy intake; 24-HDR: 24 hour dietary recall 

 

Table 4: Descriptives of the categorical variables of Idefics 

 
Frequency 

Valid 

Percent 
n 

Sex of the child Male 3320 49.72 6677 

Female 3357 50.28  

Score AHA 0 3904 58.47 6677 

1 2085 31.23  

2 568 8.51  

3 107 1.60  

4 13 0.19  

Definition AHA 

(dichotomous) 

0 6557 98.20 6677 

1 120 1.80  

HDL 10th percentile < 10th percentile 5791 86.73 6677 

≤ 10th percentile 886 13.27  

ISCED-Level: Maximum 

of both parents 

ISCED level 1 58 0.90 6413 

ISCED level 1 140 2.18  

ISCED level 2 566 8.83  

ISCED level 3 2205 34.38  

ISCED level 4 1045 16.30  

ISCED level 5 2008 31.31  

ISCED level 6 391 6.10  

Socio-demographic - 

parents' monthly 

household income (after 

taxes and deductions) 

Country-specific category 1 578 9.86 5863 

Country-specific category 2 625 10.66  

Country-specific category 3 550 9.38  

Country-specific category 4 630 10.75  

Country-specific category 5 920 15.69  

Country-specific category 6 1019 17.38  

Country-specific category 7 740 12.62  

Country-specific category 8 429 7.32  

Country-specific category 9 369 6.29  

Country-specific category 

10  (only Hungary) 

3 
0.05 
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Income categories Low income level 1224 20.88 5863 

Low/medium income level 509 8.68  

Medium income level 2139 36.48  

Medium/high income level 942 16.07  

High income level 1049 17.89  

Family diseases - obesity, 

mother      

No 5112 94.11 5432 

Yes 320 5.89  

Family diseases - obesity, 

father   

No 5172 95.21 5432 

Yes 260 4.79  

Family diseases - diabetes 

mellitus, mother      

No 5376 98.97 5432 

Yes 56 1.03  

Family diseases - diabetes 

mellitus, father   

No 5352 98.53 5432 

Yes 80 1.47  

Family diseases - 

dyslipidemia, mother      

No 5296 97.50 5432 

Yes 136 2.50  

Family diseases - 

dyslipidemia, father      

No 5114 94.15 5432 

Yes 318 5.85  

Family diseases - 

hypertension, mother      

No 5199 95.71 5432 

Yes 233 4.29  

Family diseases - 

hypertension, father      

No 5029 92.58 5432 

Yes 403 7.42  

AHA: American Heart Association; ISCED: International Standard Classification of Education 
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Appendix 2: extra tables: correlations and Mann 

Whitney U tests of the Helena en the Idefics study. 

 

Table 1: Correlations of the AHA score (0-5) with different categories of variables in the Helena study 

  r P-value n 

Body composition Z-values for BMI 0.56 <0.001 1023 

Z-value for waist circumference 0.63 <0.001 1023 

Height (cm) 0.04 0.15 1023 

Weight (kg) 0.47 <0.001 1023 

Bio-impedancemetry: Resistance -0.18 <0.001 1014 

Bio-impedancemetry: Reactance -0.12 <0.001 1016 

Body fat % taking into account Tanner stage  0.51 <0.001 992 

Blood values Leptin levels (ng/mL) 0.37 <0.001 957 

Components of 

MS definition 

Z-value for lowest systolic blood pressure 0.29 <0.001 1023 

Z-value for lowest diastolic blood pressure 0.25 <0.001 1023 

Mean arterial pressure (mmHg) 0.30 <0.001 1023 

Glucose (mg/dL) 0.23 <0.001 1023 

Triglycerides (mg/dL) 0.32 <0.001 1023 

HDL 10th percentile 0.24 <0.001 1023 

Parents Maximal education level of both -0.14 <0.001 930 

Birth and  

breast feeding 

Months breastfeeding (in 4 categories) -0.02 0.65 859 

Months exclusive breastfeeding (in 4 categories) 0.00 1.00 830 

Weight at birth (kg) -0.02 0.54 851 

Height at birth (cm) 0.03 0.47 822 

Ponderal index (kg/m³) -0.02 0.49 820 

Physical activity 

and energy 

Energy intake/BMR (PAL) -0.27 <0.001 652 

MVPA (minutes/week) (truncated data) -0.08 0.02 864 

Average intensity (counts per minute) -0.07 0.08 698 

Diet quality Diet quality index for adolescents including 3 pilars/guidelines: 

dietary quality. dietary diversity and dietary equilibrium 
0.06 0.09 783 

Diet quality index for adolescents including 4 pilars/guidelines: 

dietary quality. dietary diversity. dietary equilibrium and a physical 

activity score 

0.02 0.54 745 

Diet quality index for adolescents including 5 pilars/guidelines: 

dietary quality. dietary diversity. dietary equilibrium. a meal index 

and a physical activity score 

0.00 0.91 745 

Nutrient intake EI (kcal/day) (24-HDR) (EUR) -0.13 0.002 523 

Water intake (g/day) (EUR) -0.035 0.43 523 

Protein intake (g/day) (EUR) -0.088 0.045 523 
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Fat intake (g/day) (EUR) -0.10 0.02 523 

Carbohydrate intake (g/day) (EUR) -0.12 0.004 523 

Puberty Numeric values for pubertal status girls breast 0.17 <0.001 498 

Numeric values for pubertal status girls pilosity 0.14 <0.001 496 

Numeric values for   pubertal status boys gonade -0.07 0.15 421 

Numeric value for  pubertal status boys pilosity -0.07 0.15 422 

Tanner stage 0.05 0.15 917 

Tanner 1&2, 3, 4, 5 0.05 0.14 917 

Age of menarche (years) -0.11 0.02 448 

Daily contraception 0.18 <0.001 509 

Pubertal stage 4 cat. Boys -0.07 0.14 421 

Tanner stage 4 cat. Girls 0.15 <0.001 496 

AHA: American Heart Association; BMR: basal metabolic rate; EI: energy intake; 24-HDR: 24 hour dietary recall; EUR: 

excluding under-reporters; cat.: category 

 

Table 2: Correlations of the AHA score with different categories of variables in the Idefics study 

  r P-value n 

Body composition Z-value for BMI 0.55 <0.001 6677 

Z-value for waist circumference 0.62 <0.001 6677 

Height (cm) 0.22 <0.001 6677 

Weight (kg) 0.51 <0.001 6677 

Bioelectrical Impedance (ohm) -0.29 <0.001 6613 

Waist/hip ratio 0.33 <0.001 6615 

Central and peripheral fat distribution -0.41 <0.001 4879 

Body fat % 0.51 <0.001 6592 

Blood values Leptin (serum) (ng/ml) 0.59 <0.001 772 

Adiponectin (serum) (µg/ml) -0.23 <0.001 772 

Components of 

MS definition 

Z-value for the lowest systolic blood pressure (mmHg) 0.27 <0.001 6677 

Z-value for the lowest diastolic blood pressure (mmHg) 0.16 <0.001 6677 

Mean arterial pressure (mmHg) 0.22 <0.001 6677 

Glucose (mg/dL) 0.27 <0.001 6677 

Triglyceride (mg/dL) 0.23 <0.001 6677 

HDL 10th percentile 0.52 <0.001 6677 

Parents Mother's age (years) -0.02 0.05 6442 

Father's age (years) 0.01 0.61 5907 

BMI mother (kg/m2) 0.15 <0.001 6258 

BMI father (kg/m2) 0.16 <0.001 5586 

ISCED-Level: Maximum of both parents -0.10 <0.001 6413 

Socio-demographic - parents' monthly household income  

(after taxes and deductions) 
-0.16 <0.001 5863 

Income categories -0.15 <0.001 5863 
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Pregnancy and 

breast feeding 

Birth - child's weight (g) 0.02 0.06 6287 

Birth - child's height (cm) 0.07 <0.001 6014 

Pregnancy - mother's age at birth of child (years) -0.03 0.05 6132 

Pregnancy - preterm delivery (weeks before calculated date) 0.06 0.02 1708 

Breast feeding total duration (month) -0.07 <0.001 5556 

Ponderal index (kg/m3) -0.06 <0.001 6002 

Family diseases Family diseases - obesity. mother 0.11 <0.001 5432 

Family diseases - obesity. father 0.06 <0.001 5432 

Family diseases - diabetes mellitus. mother 0.06 <0.001 5432 

Family diseases - diabetes mellitus. father 0.03 0.03 5432 

Family diseases - dyslipidemia. mother 0.06 <0.001 5432 

Family diseases - dyslipidemia. father 0.04 <0.001 5432 

Family diseases - hypertension. mother 0.06 <0.001 5432 

Family diseases - hypertension. father 0.06 <0.001 5432 

Physical activity 

and energy 

Physical Activity per week (hours) -0.04 0.01 6293 

Average counts per minute -0.16 <0.001 3512 

PAL -0.12 <0.001 5023 

Child’s diet Prior child's diet was fully integrated into usual household diet - 

exclusive breast-feeding. starting age (months) 
-0.02 0.28 4005 

Prior child's diet was fully integrated into usual household diet - 

exclusive breast-feeding. ending age (months) 
-0.01 0.55 4422 

Prior child's diet was fully integrated into usual household diet - 

breast-feeding combination. starting age (months) 
-0.04 0.02 3443 

Prior child's diet was fully integrated into usual household diet - 

breast-feeding combination. ending age (months) 
0.00 0.84 3341 

Prior child's diet was fully integrated into usual household diet - 

Formula milk. starting age (months) 
-0.05 0.01 3382 

Prior child's diet was fully integrated into usual household diet - 

Formula milk. ending age (months) 
0.02 0.37 3210 

Child's age at which cereals or food containing rye. wheat or 

barley introduced (months) 
0.09 <0.001 5660 

Child's age vegetables introduced (months) 0.07 <0.001 5847 

Child's age fruits introduced (months) 0.02 0.20 5917 

Child's age meat introduced (months) 0.01 0.42 5812 

Child's age cow milk introduced (months) 0.05 <0.001 5462 

Nutrient intake EI in kcal/day (24-HDR. first recall) -0.04 0.01 5023 

 Water intake (g/day. first recall) -0.03 0.02 5019 

 Protein intake (g/day. first recall) -0.01 0.42 5023 

 Fat intake (g/day. first recall) -0.06 <0.001 5023 

 Carbohydrate intake (g/day. first recall) 0.00 0.75 5019 

AHA: American Heart Association; ISCED: International Standard Classification of Education; PAL: physical activity level; EI: 

energy intake; 24-HDR: 24 hour dietary recall 
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Table 3: Mann-Whitney U tests of the most important variables with the dichotomous AHA definition at 

the Helena study population 

 Def AHA Mean Rank P-value n 

Body composition Z-values for BMI 0 501.56 <0.001 1023 

 1 846.16   

Z-value for waist circumference 0 500.45 <0.001 1023 

 1 881.61   

Height (cm) 0 510.20 0.27 1023 

 1 569.52   

Weight (kg) 0 502.88 <0.001 1023 

 1 803.79   

Bio-impedancemetry: Resistance 0 510.92 0.03 1014 

 1 395.18   

Bio-impedancemetry: Reactance 0 512.58 0.01 1014 

 1 374.57   

Body fat % taking into account Tanner stage 0 486.07 <0.001 992 

 1 830.88   

Blood value Leptin levels (ng/mL) 0 470.94 <0.001 927 

  1 728.03   

Components of 

MS definition 

Z-value for lowest systolic blood pressure 0 503.80 <0.001 992 

 1 774.26   

Z-value for lowest diastolic blood pressure 0 504.64 <0.001 992 

 1 747.37   

Mean arterial pressure (mmHg) 0 503.84 <0.001 992 

 1 773.08   

 Glucose (mg/dL) 0 504.54 <0.001 1023 

 1 750.76   

Triglycerides (mg/dL) 0 499.97 <0.001 1023 

 1 897.00   

HDL-Cholesterol (mg/dL) 0 520.64 <0.001 1023 

 1 235.58   

Physical activity 

and energy 

Energy intake/BMR (PAL) 0 331.54 <0.001 629 

 1 188.78   

MVPA (minutes/week) (truncated data) 0 434.39 0.22 837 

 1 373.94   

Average intensity (counts per minute) 0 350.59 0.44 675 

 1 317.57   

Diet quality Diet quality index for adolescents including 3 

pilars/guidelines: dietary quality. dietary diversity 

and dietary equilibrium 

0 391.47 0.72 757 

 1 407.35   
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Diet quality index for adolescents including 4 

pilars/guidelines: dietary quality. dietary diversity. 

dietary equilibrium and a physical activity score 

0 372.19 0.57 721 

 1 397.29   

Diet quality index for adolescents including 5 

pilars/guidelines: dietary quality. dietary diversity. 

dietary equilibrium. a meal index and a physical 

activity score 

0 372.36 0.66 721 

 1 392.13   

Puberty Age of menarche (years) 0 224.48 0.98 448 

 1 225.25   

AHA: American Heart Association; BMR: basal metabolic rate; MVPA: moderate and vigorous physical activity 

 

Table 4: Mann-Whitney U tests of the most important variables with the dichotomous AHA definition at 

the Idefics study population 

 Def 

AHA 
Mean Rank P-value n 

Body composition Z-value for Body Mass Index  0 3292.14 <0.001 6677 

 1 5899.63   

Z-value for waist circumference  0 3290.26 <0.001 6677 

 1 6001.98   

Height (cm) 0 3312.00 <0.001 6677 

 1 4814.33   

Weight (kg) 0 3291.91 <0.001 6677 

 1 5912.18   

Waist/hip ratio 0 3280.16 <0.001 6615 

 1 4827.51   

Central and peripherial fat distribution 0 2473.41 <0.001 4879 

 1 810.041   

Bioelectrical Impedance (ohm) 0 3336.85 <0.001 6613 

 1 1664.15   

Body fat % 0 3253.02 <0.001 6592 

 1 5745.68   

Blood values Leptin (serum) (ng/ml) 0 377.31 <0.001 772 

  1 598.92   

 Adiponectin (serum) (ug/ml) 0 391.45 <0.001 772 

  1 271.97   

Components of 

definition 

Z-score lowest systolic blood pressure 0 3300.18 <0.001 6677 

 1 5460.06   

Z-score lowest diastolic blood pressure 0 3309.98 <0.001 6677 

 1 4924.56   
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Mean arterial pressure (mmHg) 0 3302.97 <0.001 6677 

 1 5307.84   

Glucose (mg/dL) 0 3309.22 <0.001 6677 

 1 4966.10   

Triglycerides (mg/dL) 0 3309.59 <0.001 6677 

 1 4946.04   

HDL-Cholesterol (mg/dL) 0 3380.11 <0.001 6677 

 1 1092.79   

Parents Mother's age (years) 0 3225.08 0.25 6442 

 1 3024.58   

Father's age (years) 0 2956.38 0.43 5907 

 1 2823.53   

BMI mother (kg/m2) 0 3119.57 <0.001 6258 

 1 3700.59   

BMI father (kg/m2) 0 2781.37 <0.001 5586 

 1 3479.69   

Pregenancy and 

breast feeding 

Birth - child's weight (g) 0 3140.08 0.21 6287 

 1 3356.26   

Birth - child's height (cm) 0 3003.82 0.21 6014 

 1 3220.87   

Pregnancy - mother's age at birth of child (years) 0 3072.38 0.05 6132 

 1 2741.53   

Pregnancy - preterm conception (weeks before 

calculated date) 
0 854.73 0.87 1708 

 1 838.40   

Breast feeding total duration (months) 0 2782.00 0.18 5556 

 1 2560.86   

Physical activity Physical Activity per week (hours) 0 3142.88 0.17 6293 

 1 3389.95   

Average counts per minute 0 1763.54 <0.001 3512 

 1 1322.13   

PAL 0 2524.07 <0.001 5023 

 1 1842.65   

Child’s diet Prior child's diet was fully integrated into usual 

household diet - exclusive breast-feeding. starting age 

(months) 

0 1999.97 0.03 4005 

 1 2189.28   

Prior child's diet was fully integrated into usual 

household diet - exclusive breast-feeding. ending age 

(months) 

0 2209.78 0.48 4422 

 1 2314.27   
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Prior child's diet was fully integrated into usual 

household diet - breast-feeding combination. starting 

age (months) 

0 1719.19 0.18 3443 

 1 1901.61   

Prior child's diet was fully integrated into usual 

household diet - breast-feeding combination. ending 

age (months) 

0 1665.22 <0.001 3341 

 1 2059.23   

Prior child's diet was fully integrated into usual 

household diet - Formula milk. starting age (months) 
0 1693.82 0.28 3382 

 1 1553.63   

Prior child's diet was fully integrated into usual 

household diet - Formula milk. ending age (months) 
0 1604.40 0.60 3210 

 1 1670.86   

Child's age at which cereals or food containing rye. 

wheat or barley introduced (months) 
0 2824.14 0.03 5660 

 1 3184.29   

Child's age vegetables introduced (months) 0 2917.47 0.02 5847 

 1 3291.89   

Child's age fruits introduced (months) 0 2954.81 0.14 5917 

 1 3205.30   

Child's age meat introduced (months) 0 2898.24 <0.001 5812 

 1 3387.92   

Child's age cow milk introduced (months) 0 2728.75 0.31 5462 

 1 2895.84   

Nutrient intake EI in kcal/day (24-HDR. first recall) 0 2517.47 0.05 5023 

 1 2208.94   

Water intake (g/day. first recall) 0 2516.09 0.03 5019 

 1 2172.52   

Protein intake (g/day. first recall) 0 2514.19 0.43 5023 

 1 2390.82   

Fat intake (g/day. first recall) 0 2517.15 0.06 5023 

 1 2226.57   

Carbohydrate intake (g/day. first recall) 0 2515.06 0.07 5019 

 1 2229.65   

AHA: American Heart Association; PAL: physical activity level; EI: energy intake; 24-HDR: 24 hour dietary recall 

 


