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Background and aims: International reference values for cardiometabolic risk variables, to allow for 

standardization of continuous risk scores in children, are not currently available. The aim of this study 

was to provide international age- and gender-specific reference values for cardiometabolic risk 

factors in children and adolescents.  

 

Methods: Cohorts of children sampled from different parts of Europe (North, South, Mid and 

Eastern) and from the United States were pooled. In total, 22,479 observations (48.7% European vs. 

51.3% American), 11,234 from girls and 11,245 from boys, aged 6–18 years were included in the 

study. Linear mixed-model regression analysis was used to analyze the associations between age and 

each cardiometabolic risk factor.  

 

Results: Reference values for 14 of the most commonly used cardiometabolic risk variables in 

clustered risk scores were calculated and presented by age and gender: systolic blood pressure (SBP), 

diastolic blood pressure (DBP), waist circumference (WC), body mass index (BMI), sum of 4 skinfolds 

(sum4skin), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), 

low-density lipoprotein cholesterol (LDL-C), TC:HDL-C ratio, glucose, insulin, homeostatic model 

assessment-score (HOMA-score), and cardiorespiratory fitness (CRF).   

 

Conclusions: This study suggests a common standard to define cardiometabolic risk in children. 

Adapting this approach makes single risk factors and clustered cardiometabolic disease risk scores 

comparable to the reference material itself and comparable to cardiometabolic risk values in studies 

using the same strategy. This unified approach therefore increases the prospect to estimate and 

compare prevalence and trends of cardiometabolic risk in children when using continuous 

cardiometabolic risk scores. 

 

 

 

Keywords: Cardiovascular disease risk factors, metabolic syndrome, reference values, 

standardization, pediatric 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

3 
 

1. Introduction 

For almost a century, epidemiologists and other healthcare professionals have been aware of the 

biological phenomenon that risk factors for cardiovascular diseases (CVD) cluster in some individuals 

[1]. However, it was not until Reaven´s Banting Medal award lecture in 1988 that the 

pathophysiological condition “Syndrome X” [2], which grounded the later “metabolic syndrome” 

(MetS), was unified and gained considerable foothold in the medical literature.  

The interest in MetS has steadily increased over the years [3], however, despite efforts of 

harmonizing the syndrome [4], limited consensus exists regarding its components and use. A number 

of definitions of the syndrome have been proposed, of which the most used are the definitions 

suggested by the World Health Organization (WHO) [5], National Cholesterol Education Program’s 

Adult Treatment Panel III (NCEP ATP III) [6], and International Diabetes Federation (IDF) [7]. Adjusted 

versions of these definitions have also been applied in children and adolescents (hereafter referred 

to only as children) [8-11]. Divergent definitions of the MetS do not only make comparison between 

studies and populations difficult in general, but the arbitrarily adjusted versions also pose a major 

limitation when estimating prevalence and trends of cardiometabolic risk in children. 

Despite evidence associating the MetS to increased risk of developing CVD, using the commonly 

applied definitions [12, 13], the use of dichotomized variables to create a clustered risk score ignores 

the continuous nature of risk and substantially decreases the available information and power of 

statistical analysis [14-16]. In addition, children have not yet established CVDs, which further makes 

the argument to use thresholds in children inadequate. Furthermore, definitions of the MetS derived 

from dichotomized risk variables often identify a relatively low prevalence of the MetS in pediatric 

populations (< 4%) [17]. Thus, the use of a continuous cluster risk score in children is arguably 

superior to a dichotomized score to overcome the limitations when adapting adult definitions to the 

pediatric population [3, 18]. However, standardized reference values for cardiometabolic risk 

variables in children are not currently available. Such standards are needed to identify prevalence 

and trends of cardiometabolic risk in children and simultaneously aid comparability among studies.  

Andersen and colleagues [19] published reference values for single cardiometabolic risk variables of 

adiposity, impaired glucose intolerance, dyslipidemia, hypertension, markers of inflammation, and 

cardiorespiratory fitness. The study pooled data from European and US cohorts, including 15 794 

children between 6 and 18 years old, aiming to provide a basis for establishing the level of 

cardiometabolic risk in children. However, the study did not include log-transformed values for non-

normally distributed variables, nor were age- and gender-specific variability estimates presented. 

Such values are required to allow for future standardization of cardiometabolic risk factors. Further, 
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the authors assumed linearity of all risk factors across the 12-year age span, thus ignoring possible 

non-linear trends caused by biological maturation [20, 21]. Hence, the purpose of the present study 

is to provide reference values for the most commonly used cardiometabolic risk factors in European 

and US children, while taking these previous limitations into account.  

 

2. Materials and methods  

2.1. Sample and study design 

Cross-sectional data from 23 cohorts of children aged 6–18 years were pooled, as described earlier 

by Andersen and colleagues [19]. Data were divided into eight new cohorts for this study, 

representing data from the following countries: Denmark (European Youth Heart Study (EYHS 1997–

1998 and 2003–2004) and Copenhagen School Child Intervention Study (CoSCIS 2001, 2004, and 

2008)), Estonia (EYHS 1999), Norway (EYHS (1999–2000) and Physical Activity among Norwegian 

Children Study (PANCS) 2005–2006), Portugal (EYHS 1999–2000 and 2008), Switzerland (Kinder 

Sports Studie (KISS) 2005–2006 and 2009), and the United States (US National Health and Nutrition 

Examination Survey (NHANES) 2001–2002, 2003–2004, 2005–2006 and 2007–2008).  

The majority of the European data (EYHS, KISS, and PANCS) were based on randomly selected 

samples, using public schools as the primary sampling unit. In PANCS, Statistics Norway randomly 

selected schools from all regions of the country that included 96% of all Norwegian children in the 4
th

 

and 10
th

 grades in the sampling frame. Of those, 82% (n = 2299) participated and n = 2266 were 

included in the present study [22]. In EYHS, a two-stage cluster sampling procedure was used to 

recruit a minimum of 1000 girls and boys (9 and 15 years old) from each study location, randomly 

sampled from the schools’ register lists. Schools were stratified according to the socio-economic 

character of the local area (urban or rural) and weighted according to size [23]. The overall 

participation rate was 74% in EYHS I (n = 4169), whereof this study included children from Estonia (n 

= 1174) and Norway (n = 754) [23]. We also included data from Danish (n = 1861) [24] and 

Portuguese (n = 1771) children from both EYHS I and EYHS II. The KISS physical activity (PA) 

intervention study represents data from two provinces of Switzerland, where 28 classes were 

randomly chosen from a sample of 190 consenting classes. Of the initial 502 included children at 

baseline (age 7 and 11 years), 96% were re-tested at the post-intervention tests [25] and 60% at the 

3-year follow-up [26]. We excluded follow-up values from KISS for variables where a significant 

intervention effect were revealed. In total, 1309 observations were included from the KISS study in 

the present study. The cohort in CoSCIS PA intervention study consisted of representative Danish 

children from two suburbs of Copenhagen. In total, 696 children (68% of invited) participated at 
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baseline from 46 preschool classes (aged 6–7 years), 613 of these were included in the post-

intervention tests, and 513 in the 7-year follow-up [27]. We included all values from CoSCIS as no 

intervention effects were revealed between groups (n = 1812 observations). NHANES randomly 

selected representative North American children following a multi-stage selection procedure, using 

mostly single counties as the primary sample unit with probability proportionate to the measure of 

county size [28]. Compared to Andersen et al. [19] we extended the NHANES data to cover the same 

time period as the European data cover and to match the number of European and American 

children. Overall, n = 11 532 children were included in the present study from biannual survey 

releases covering 7 years (2001–2008). In total, 22 479 valid observations (48.7% European vs. 51.3% 

American), 11 234 from girls and 11 245 from boys, in at least one of the 14 cardiometabolic risk 

variables of interest, were included.  

All individual studies have been ethically approved prior to commencement of investigation and all 

participants and legal guardians provided informed consent. Details of the earlier pooling of cohorts, 

sampling procedures, data collections, analyses, and ethical approvals for the separate studies are 

described elsewhere [19, 22, 23, 27-30].  

 

2.2. Cardiometabolic risk factors 

The variables included in the present study were systolic blood pressure (SBP), diastolic blood 

pressure (DBP), waist circumference (WC), body mass index (BMI), sum of four skinfolds (Sum4Skin), 

triglyceride (TG), total cholesterol,
 
 high-density lipoprotein cholesterol (HDL-C), low-density 

lipoprotein cholesterol (LDL-C), the ratio of TC to HDL-C (TC:HDL-C ratio), glucose, insulin, 

homeostatic model assessment (HOMA) score and cardiorespiratory fitness (CRF). 

2.2.1. Blood pressure 

Similar for the studies included, SBP and DBP were measured when children were in a sitting position 

after at least five minutes of rest, at the mid-upper arm with an appropriately sized cuff. The 

European studies all used oscillometric blood pressure devices whereas NHANES used the 

auscultation method by the mercury sphygmonometer. The mean of three measures was used in the 

analyses (if more than three measures were obtained, the mean of the last three was used).  

2.2.2. Anthropometrics 

WC was measured with an anthropometric tape around the abdomen at the end of a light 

respiration, either a) at the level of the umbilicus, or b) midway between the lower rib margin and 

the iliac crest, or c) at the smallest circumference between the ribcage and the iliac crest and half-
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way between the lower cost rim and the Spina iliaca anterior superior. WC was measured ones in all 

studies except EYHS that obtained two measures of WC and the mean values of those was used in 

the analysis. Height was measured without shoes to the nearest ≤ 0.5 cm and body weight was 

measured with an accuracy of ≤ 0.5 kg. BMI (kg/m
2
) was calculated as weight (kg) divided by height 

squared (m
2
). Skinfold thickness was measured with a Harpenden caliper at biceps, triceps, 

subscapular, and suprailiac sites and summed for the use in analyses.   

2.2.3. Blood samples 

Blood samples were collected during the morning hours in fasting children and stored at -70 to -80°C 

until analysis. All studies draw intravenous blood samples from participants, except the Norwegian 

part of the EYHS that used capillary blood as the basis for the biochemical analyses. Children under 

the age of 12 years were not instructed to fast in NHANES, and non-fasting TC, HDL-C, and TG values 

were therefore corrected for fasting time (hours) according to Steiner et al. [31]. TC, HDL-C, and TG 

were measured by enzymatic methods, and we estimated LDL-C from TC, HDL-C and TG using the 

Friedewald formula [32]. Glucose was analyzed using the hexokinase method in all studies except 

CoSCIS that used the dehydrogenase methodology. Insulin was measured using an enzyme-linked 

immunosorbent assay. No values on glucose or insulin were obtained for children < 12 years in 

NHANES. HOMA score was defined as [insulin (pmol/L) * glucose (mmol/L)]/22.5 [33].  

2.2.4. Cardiorespiratory fitness 

Cardiorespiratory fitness (mL/kg/min) was assessed by either: a) directly measured VO2peak from a 

graded maximal treadmill running test [34], or b) directly measured VO2peak during a graded maximal 

cycle ergometer test [22], or c) a standardized submaximal treadmill running test [35], or d) a 20 m 

graded maximal multistage shuttle run field test [36]. All results obtained from cycle ergometer tests 

were multiplied by 1.05 to be comparable with results obtained by the directly measured VO2peak 

treadmill running test [37]. NHANES did not measure CRF in children < 12 years. For more detailed 

test descriptions, please see the original studies [19, 22, 23, 27, 29, 30].  

 

2.3. Statistical analysis 

Prior to performing the analyses, we assessed standardized residuals for all risk factors regressed by 

gender and age, and removed values with residuals ≥ 5 standard deviations (SD) from the mean (n = 

261 values). WC, BMI, Sum4Skin, TG, TC:HDL-C ratio, insulin and HOMA score were thereafter 

logarithmically transformed (natural log) because of skewness.  
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Linear mixed-model regression analysis was used to analyze the associations between age and single 

risk factors, including the random intercept of cohort. The trend for age was tested in all models by 

evaluating first, second, and third-order terms of age (higher order terms were omitted to avoid 

overfitting). The highest order terms were retained in the models if statistically significant. Thus, 

reference values for variables where a linear trend for age was evident were calculated by the 

following regression equation: risk factorref_linear = α + (β * age). Furthermore, reference values for 

variables showing a quadratic or cubic relationship with age were calculated by including a second-

order term (risk factorref_quadratic = α + (β1 * age) + (β2 * age
2
)) or a second- and third-order term (risk 

factorref_cubic = α + (β1* age) + (β2 * age
2
) + (β3 * age

3
)), respectively. All analyses were conducted 

separately in boys and girls after verifying statistically significant interactions by gender (age*gender) 

for most variables. Age- and gender-specific reference values are presented as means and SD, where 

SDs were calculated as the mean of residuals from the regression models. All variables and 

regression equations are presented by gender and age as absolute values. Non-normally distributed 

variables are also presented as log-transformed values.  

In addition, we performed a subgroup analysis using a broad selection of previously applied 

continuous clustered risk scores in the pediatric population [18, 38, 39] to investigate the 

comparability of differently constructed composite cardiometabolic risk scores using the Pearson 

correlation coefficients. Single risk variables were converted to z-scores, summarized, and divided by 

the total number of included variables to create comparable mean values for the clustered z-scores. 

Calculations were derived from the reference values suggested herein, representing children with 

valid data in all 14 risk variables (n = 6471). 

An alpha-level of p ≤ 0.05 was considered statistically significant. All statistical analyses were 

conducted using IBM SPSS version 23 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp., 

USA). 

 

3. Results  

The reference material was primarily derived from cross-sectional data and baseline values (91% of 

the data) whereas a minor part (9% of the data) constitutes of longitudinal data from intervention 

studies without significant intervention effects. The contribution of data from each cohort and 

number of observations per single risk factor by age and gender are presented in Supplementary 

Table A and B, respectively. 
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Reference values are presented in Table 1 (absolute values) and Table 2 (log-transformed values for 

skewed variables). All variables showed statistically significant age-related associations in both 

genders. In general, a similar trend for age was evident in both genders for the following variables: 

SBP, DBP, WC, BMI, LDL-C, glucose, insulin and HOMA score. Levels of SBP, DBP, WC, and BMI 

increased as the children aged (SBP flattening in girls from 11 years), whereas LDL-C decreased until 

the age of 15 years and increased minimally after 16 years. Until the age of 12, levels of glucose 

increased steadily in both genders and thereafter levelled off. Insulin and HOMA score levels both 

increased steadily until the age of 15 years, thereafter both curves reversed.  

In girls, skinfold thickness increased linearly with age. TC and HDL-C increased until the age of eight, 

decreased slightly between the ages of nine and 14 years, and thereafter increased again. The 

TC:HDL-C ratio decreased linearly by age, although minimally. Levels of TG increased until the age of 

13 years, plateaued, and decreased again from the age of 16 years. CRF levels increased until the girls 

were nine years of age and thereafter declined throughout the age span. 

In boys, skinfold thickness increased with age, however, not to the same extent as in girls, and 

decreased after the age of 14 years. TC decreased linearly across ages, whereas HDL-C increased until 

the age of nine, decreased until 15 years of age, and thereafter increased slightly again. TG and 

TC:HDL-C ratio (from the age of seven) both increased with age. CRF also increased steadily as the 

boys aged. All gender- and age-specific reference values are calculated from the regression equations 

shown in Table 3. For a graphic illustration, please see the Supplementary material (Figure A-N). 

The correlation coefficients between different clustered cardiometabolic risk scores, based on the 

derived reference values, are presented in Table 4. A moderate-to-strong relationship was found 

between all investigated cluster scores (r = [0.52–0.98], p ≤ 0.001). The clustered cardiometabolic risk 

score, including DBP, TC, and HDL-C levels, showed the lowest correlation with other risk scores, 

mean r = 0.65, whereas the overall correlation between all cluster scores was considerably higher, 

mean r = 0.85.  

 

4. Discussion 

The present study provides reference values for cardiometabolic risk factors in a large sample of 

European and American 6- to 18-year-old children. Future studies investigating prevalence of 

cardiometabolic risk in children or associations with, for example, lifestyle factors, may use the 

present data as a common reference when calculating and interpreting their results. First, the 

equations given in Table 3 can be used to calculate age-predicted reference values for individuals. 
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Second, standardized scores can then be calculated for each individual variable by using the following 

equation: z-score = [(x-x)̄/SDx]̄, where the age-predicted reference value is used as the mean (x)̄. 

Third, a mean-clustered risk score can be derived using these z-scores. A practical example of how to 

calculate comparable cluster risk scores is provided in the Supplementary material (Table D). 

Substituting sample-specific mean values with the age-predicted reference values and SDs, as 

suggested herein, will substantially increase the utility of the z-score approach in pediatric 

epidemiological research. This approach makes it possible to compare individual- and study-level 

data for single and clustered risk scores with representative groups of European and American 

children and can be used in both clinical and research settings. Further, the strong correlations found 

between different combinations of variables constituting clustered cardiometabolic risk scores 

suggests that it is possible to compare cardiometabolic cluster risk scores of different cohorts 

regardless of the ensemble of components included.  

As to our knowledge, only a few studies present the possibility to standardize pediatric risk variables 

for use in epidemiological work and analysis [40, 41]. The fourth report from the National High Blood 

Pressure Education Program (NHBPEP) Working Group on Children and Adolescents provides 

reference values for systolic blood pressure derived from data from more than 60 000 American 

children [40]. Gurka and colleagues [41] have suggested a standardized equation to calculate 

continuous risk scores based on 4 174 American children (NHANES) aged 12–19 years, comprising 

five cardiometabolic risk variables. The approach provides gender- and racial/ethnic-specific risk 

scores, but does not consider the effect of age on cardiometabolic risk [42]. Further, the scores are 

derived from factor analyses, which depend on measurement error and short time fluctuations 

within each risk factor, rather than the contribution of risk itself. Finally, the ability of Gurka’s 

clustered risk score to predict type 2 diabetes and carotid intima media thickness has been 

investigated; however, the score did not show increased predictive utility compared to other 

continuous cluster scores [38].  

Our study extends previous works by including a large international sample, and providing 

transparent methods to standardize up to 14 different cardiometabolic risk factors for monitoring, 

profiling, and surveillance of CVD risk in children during growth and maturation. The generalizability 

of the reference values is, nonetheless, limited by the sampling procedures and methodology within 

each original study. In general, all comparison between studies of cardiometabolic risk factors are 

limited by the use of different protocols and lack of standardized methods, which also pose a 

challenge when pooling data from different cohorts. International consensus of standard methods to 

obtain cardiometabolic risk factors are therefore a future challenge in this area of research. Further, 

we did not account for ethnic diversity, which might influence CVD risk factor levels [43]. However, 
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the present study provides a common reference material to define pediatric cardiometabolic risk and 

on data including different races and ethnic subgroups from both Europe and USA (≈ 60% Caucasian 

(Supplementary Table C)). If risk factor levels differ among subgroups, these subgroups will have 

higher or lower standardized risk scores than others, but still be comparable to the reference 

material and other studies of the same subgroups using these reference values for standardization. 

Thus, we argue that the proposed reference material in any case will facilitate comparison across 

studies and over time, and contribute to move the research field of childhood cardiometabolic health 

forward. 

We investigated linear, quadratic, and cubic trends with age to fit the best equations for each of the 

14 cardiometabolic risk variables. Allowing data to fluctuate with age does, however, increase the 

possibility of overfitting data. Consistent with previous studies, some risk factors do not change 

linearly over time and differ between genders [20, 21, 40, 44, 45], most likely because of biological 

changes related to age and maturation. These changes can potentially influence the stability and 

accuracy of the MetS diagnosis [42]. For instance, puberty has a considerable impact on fat 

distribution, insulin sensitivity and secretion [45], and levels of TG have been shown to increase while 

levels of HDL-C decrease [20]. Although we lack a complete pathophysiological understanding of all 

cardiometabolic risk factors, and the timing and influence of puberty and growth are unclear, we 

consider the use of non-linear trends in growing children an appropriate approach.  

While residuals for most variables did not vary with age, residuals increased with age for the skewed 

variables: WC, BMI, skinfold thickness, insulin, and HOMA scores. After log transformation, the 

variation of residuals was considerably less. When comparing standardized cluster risk scores 

(consisting of SBP and the log-transformed variables TC:HDL-C ratio, TG, HOMA score, and WC) using 

either constant or age-specific SD values within the youngest and oldest age groups, results were 

similar (ICC ≥ 0.99). We therefore choose to use the same robust SDs for all age groups to allow for a 

simpler application of algorithms. 

Continuous cluster risk scores have been used frequently in studies of pediatric cardiometabolic risk 

[18, 38] and have been shown to be associated with levels of PA and CRF [46], and to predict adult 

type 2 diabetes and carotid artery intima media thickness [38]. When comparing the predictive 

ability of continuous approaches against a dichotomized MetS definition, less evidence exists. 

Nevertheless, these studies show that the continuous risk score is either equal to [38] or superior to 

a dichotomized risk score in estimating children’s future cardiovascular health [47]. Still, the 

predictive ability of later cardiometabolic risk and disease from clustered cardiometabolic risk scores 

in children has only shown to be moderate [38]. More longitudinal studies following children over 
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time are needed to illuminate this area of research and to increase our understanding about the best 

approach to predict increased risk of cardiometabolic diseases from an early age.  

The identification of “high-risk individuals” can vary greatly in the same group of children depending 

on the approach applied [17]. Andersen and colleagues identified less than 1% of children at risk 

using the IDF definition [19]. When using a clustered z-score approach in the same group of children, 

the risk group was extended to approximately 16% [19]. This latter group of children was 

characterized by having 3 or more clustered risk variables; in other words, having an unhealthy 

metabolic profile and an increased risk of later CVD. Identifying individuals at risk as early as possible 

is critical for prevention purposes. Importantly, children that exhibit only increased risk could go 

undetected when applying dichotomized definitions of the MetS, and prevention strategies would be 

unable to offer guidance and support for lifestyle changes. Further, dichotomization also makes it 

impossible to measure small and moderate changes in the degree of risk. Yet, dichotomization has its 

advantages as a diagnostic tool in medical and clinical settings to define individuals at risk, but it is 

imperative to establish thresholds using relevant biological information. For example, Andersen et al. 

[19] suggested a composite z-score cutoff point to be 0.39, to identify children at increased 

cardiometabolic risk (15.7% with clustering of ≥ 3 risk factors). Using a more conservative approach, a 

composite z-score cutoff point of 0.85 (≥ 4 risk factors) identified 6.2% children to be at risk. These 

thresholds could be considered when aiming at determine children at increased cardiometabolic risk. 

Nevertheless, these and other suggested cut-off values must be validated in long-term follow-up 

studies of large samples of children followed into adulthood when metabolic diseases emerge. 

The optimal ensemble of risk variables in the MetS is not fully known, albeit most researchers in the 

field agree that hypertension, adiposity, dyslipidemia (cholesterol and triglycerides), and insulin 

resistance are the physiological risk components to be considered in a clustered risk score. The 

bivariate correlation analyses (Table 4) suggest that the cluster scores representing these four risk 

components are strongly related. Thus, future studies that standardize their risk variables according 

to the present reference material have the flexibility to calculate a clustered mean risk score of their 

own choice, or available components, and still be able to compare their results. Even simple non-

invasive risk scores consisting of SBP, adiposity, and CRF have shown high sensitivity and specificity 

when compared with other definitions including all risk components [48]. However, one of the 

simplest cluster-risk scores included in this study, consisting of DBP, TC, and HDL-C, produced the 

poorest correlation of all cluster scores. It might be of minor importance which single risk factors are 

included, as long as at least one of the sine qua non variables in the MetS, insulin resistance or 

obesity [2, 8], is represented. Cardiorespiratory fitness is not included in the description of the 

“original” risk components, but low CRF in adults has been shown to be one of the strongest 
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determinants of overall mortality and risk of death caused by CVD and thus poses a major challenge 

for public health [49, 50]. In children, the evidence is less clear, but accumulating research shows an 

inverse relationship between levels of CRF and clustering of cardiometabolic risk factors, as well as 

risk of later CVDs [46]. Therefore, reference values for CRF are also presented and may be considered 

as an additional and important risk factor in any cardiometabolic cluster risk score. 

We recommend that future studies apply the reference values, as suggested herein, to increase 

standardization of calculations and definitions used to identify cardiometabolic risk in children. This 

unified approach to define and understand cardiometabolic risk in the pediatric population will 

substantially reduce confusion and allow for increased knowledge in this important field of research. 

In summary, this study presents the so far largest international reference material of cardiometabolic 

disease risk factors for the pediatric population. We suggest using this material as a common 

standard to define age- and gender-specific cardiometabolic risk in children. This approach makes 

continuous single risks factors and clustered cardiometabolic disease risk scores comparable to the 

reference material itself and comparable to cardiometabolic disease risk values in future studies 

adapting the same strategy, which is a significant step forward in the field of pediatric epidemiology. 
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Table 1  Reference values for single risk factors by age and gender (absolute values). 

BMI: body mass index; CRF: cardiorespiratory fitness; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; HOMA: homeostatic model assessment; LDL-C: low-density lipoprotein; N: number of 

observations; SBP: systolic blood pressure; SD: standard deviation; Sum4Skin: sum of four skinfolds; TC: total cholesterol; TC:HDL-C: total cholesterol: high-density lipoprotein cholesterol ratio; TG: triglyceride; WC: 

waist circumference.  

   Age 

(years) 

SBP 

(mmHg) 

DBP 

(mmHg) 

WC 

(cm) 

BMI 

(kg/m
2
) 

Sum4Skin 

(mm) 

TC 

(mmol/L) 

HDL-C 

(mmol/L) 

LDL-C 

(mmol/L) 

TC:HDL-C 

 ratio 

TG 

(mmol/L) 

Glucose 

(mmol/L) 

Insulin 

(pmol/L) 

HOMA 

score 

CRF 

(mL/kg/min) 

                 Girls                                     

 

 

 

 

 

 

Mean 

6 94.6 56.8 48.1 14.4 30.7 4.29 1.48 2.58 3.00 0.69 4.38 25.5 0.82 41.1 

7 96.5 57.9 52.4 15.3 32.7 4.37 1.51 2.57 3.00 0.72 4.61 28.5 0.99 42.2 

8 98.4 59.0 56.1 16.2 34.8 4.40 1.53 2.54 2.99 0.75 4.78 33.5 1.21 42.8 

9 100.2 60.0 59.4 17.1 36.8 4.39 1.53 2.50 2.98 0.77 4.91 39.8 1.48 43.0 

10 101.9 61.0 62.2 17.9 38.8 4.36 1.52 2.46 2.98 0.79 4.99 46.7 1.76 42.9 

11 103.4 61.8 64.6 18.6 40.8 4.31 1.51 2.42 2.97 0.81 5.04 53.7 2.03 42.5 

12 104.8 62.6 66.7 19.4 42.9 4.26 1.49 2.38 2.96 0.82 5.05 59.9 2.28 42.0 

13 105.9 63.4 68.5 20.0 44.9 4.21 1.48 2.34 2.96 0.82 5.05 64.9 2.46 41.3 

14 106.8 64.0 70.2 20.7 46.9 4.17 1.47 2.31 2.95 0.83 5.03 67.8 2.57 40.6 

15 107.5 64.6 71.7 21.3 49.0 4.16 1.47 2.30 2.94 0.82 5.00 68.1 2.57 40.0 

16 107.7 65.1 73.1 21.8 51.0 4.18 1.48 2.30 2.93 0.82 4.96 65.2 2.45 39.5 

17 107.7 65.5 74.5 22.3 53.0 4.25 1.51 2.31 2.93 0.81 4.93 58.3 2.18 39.2 

18 107.2 65.8 75.9 22.8 55.0 4.37 1.56 2.35 2.92 0.79 4.91 46.8 1.74 39.1 

SD  8.67 7.78 10.17 4.15 18.31 0.75 0.32 0.66 0.75 0.37 0.40 30.71 1.24 6.62 

N  9199 9113 11 039 10 907 4865 9526 9331 6297 9286 6136 5440 5549 5347 5612 

                     Boys                             

 

 

 

 

 

 

Mean 

6 95.8 58.0 51.2 15.1 24.6 4.39 1.48 2.51 2.83 0.65 4.51 21.9 0.78 46.1 

7 97.6 58.7 54.3 15.7 27.4 4.34 1.56 2.50 2.82 0.67 4.71 25.2 0.92 46.5 

8 99.4 59.4 57.2 16.4 29.7 4.30 1.60 2.47 2.83 0.69 4.86 29.8 1.11 47.0 

9 101.2 60.0 59.9 17.0 31.7 4.26 1.60 2.43 2.84 0.71 4.98 35.2 1.33 47.4 

10 103.0 60.7 62.6 17.7 33.3 4.22 1.59 2.38 2.85 0.73 5.06 41.0 1.57 47.9 

11 104.9 61.3 65.1 18.3 34.5 4.18 1.55 2.32 2.88 0.74 5.12 46.8 1.80 48.3 

12 106.7 62.0 67.4 19.0 35.3 4.13 1.50 2.27 2.91 0.76 5.15 52.2 2.02 48.8 

13 108.5 62.6 69.7 19.6 35.7 4.09 1.44 2.23 2.94 0.78 5.17 56.7 2.21 49.2 

14 110.3 63.3 71.8 20.3 35.7 4.05 1.39 2.19 2.99 0.80 5.17 60.1 2.35 49.6 

15 112.1 63.9 73.8 20.9 35.3 4.01 1.35 2.17 3.03 0.81 5.16 61.7 2.43 50.1 

16 113.9 64.6 75.6 21.6 34.6 3.96 1.32 2.17 3.09 0.83 5.15 61.4 2.42 50.5 

17 115.7 65.2 77.4 22.2 33.4 3.92 1.32 2.20 3.15 0.85 5.14 58.6 2.31 51.0 

18 117.5 65.9 78.9 22.9 31.8 3.88 1.34 2.25 3.22 0.87 5.13 52.9 2.10 51.4 

SD  9.32 8.06 10.60 3.99 16.71 0.74 0.32 0.64 0.80 0.40 0.41 32.09 1.36 7.74 

N  9046 8909 11 090 10 903 4848 9510 9307 6355 9262 6194 5539 5645 5450 5702 
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Table 2  Reference values for single risk factors by age and gender (log-transformed values) 

       Age 

        (years) 

WC  

 

BMI  

 

Sum4Skin  

 

TC:HDL-C  

ratio 

TG  

 

Insulin  

 

HOMA 

score  

        Girls 

 

 

 

 

 

 

Mean 

6  3.91 2.70 3.36 1.07 -0.45 3.04 -0.42 

7  3.97 2.74 3.41 1.07 -0.42 3.18 -0.21 

8  4.03 2.79 3.46 1.06 -0.38 3.34 -0.01 

9  4.08 2.83 3.51 1.06 -0.36 3.50 0.19 

10  4.12 2.87 3.56 1.06 -0.33 3.66 0.37 

11  4.16 2.91 3.61 1.06 -0.31 3.81 0.53 

12  4.19 2.95 3.66 1.05 -0.30 3.94 0.67 

13  4.22 2.98 3.71 1.05 -0.29 4.04 0.77 

14  4.24 3.01 3.76 1.05 -0.29 4.10 0.82 

15  4.26 3.04 3.81 1.05 -0.29 4.11 0.83 

16  4.28 3.06 3.86 1.04 -0.29 4.07 0.78 

17  4.29 3.08 3.91 1.04 -0.30 3.96 0.66 

18  4.31 3.09 3.96 1.04 -0.32 3.77 0.48 

SD  0.13 0.18 0.38 0.24 0.42 0.50 0.53 

              Boys 

 

 

 

 

 

 

Mean 

6  3.95 2.74 3.16 1.01 -0.51 2.93 -0.50 

7  4.00 2.77 3.24 1.01 -0.49 3.06 -0.32 

8  4.05 2.80 3.30 1.01 -0.47 3.20 -0.13 

9  4.09 2.83 3.36 1.01 -0.45 3.35 0.05 

10  4.13 2.86 3.40 1.02 -0.43 3.50 0.23 

11  4.17 2.89 3.44 1.02 -0.40 3.65 0.39 

12  4.20 2.93 3.46 1.03 -0.38 3.78 0.52 

13  4.23 2.96 3.47 1.04 -0.36 3.88 0.63 

14  4.26 2.99 3.48 1.06 -0.34 3.96 0.71 

15  4.29 3.02 3.47 1.07 -0.32 3.99 0.74 

16  4.31 3.05 3.45 1.09 -0.29 3.98 0.73 

17  4.33 3.09 3.42 1.11 -0.27 3.92 0.67 

18  4.35 3.12 3.39 1.13 -0.25 3.79 0.54 

SD  0.14 0.17 0.40 0.25 0.44 0.55 0.59 

BMI: body mass index; HOMA: homeostatic model assessment; log: logarithmically ; SD: standard deviation; Sum4Skin: sum of four  

skinfolds; TC:HDL-C: total cholesterol: high-density lipoprotein cholesterol ratio; TG: triglyceride; WC: waist circumference.  
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Table 3 Regression equations by age for single cardiometabolic risk factors in girls and boys.  

Equations for actual units are shown for all included variables, whereas equations for log-transformed values are shown only for skewed variables. 

        Girls     Boys 

       γ-intercept β-coefficient           SD ICC   y-intercept β-coefficient  SD ICC
a  

   age  age
2 

 age
3 

Absolute values 
     age  age

2 
 age

3
  

SBP 84.085419 1.352664 0.100390 -0.005781 8.6722095 0.09 84.930208 1.810944   9.3180619 0.08 

DBP 48.251195 1.642089 -0.036912  7.7788888 0.24 54.131674 0.652442   8.0580317 0.26 

WC 6.923239 9.461851 -0.494561  0.010098 10.1742481 0.14 30.320353 3.876927 -0.065298  10.6005333 0.06 

BMI 7.843299  1.219271 -0.021625   4.1473040 0.06 11.196837 0.650082   3.9862129 0.05 

Sum4Skin 18.512255 2.029718   18.3129132 0.10 -0.308554  5.330204 -0.196941   16.7136902 0.06 

TC 2.327413 0.613717 -0.057694  0.001662 0.7496077 0.07 4.641488 -0.042366   0.7383655 0.05 

HDL-C 0.730070 0.230285  -0.021182  0.000608 0.3196003   0.07 -0.212351  0.504949 -0.044087  0.001157 0.3210060 0.06 

LDL-C 2.219779 0.148092 -0.018060  0.000569 0.6603341 0.08 2.006579 0.200585 -0.023807  0.000745 0.6446768 0.08 

TC:HDL-C 3.044685 -0.006873   0.7540697 0.12 2.993067 -0.047512 0.003353  0.8018310 0.11 

TG 0.407089 0.059863 -0.002143   0.3723611 0.09 0.547833  0.017777   0.4018758 0.07 

Glucose 1.493865  0.742463  -0.050012  0.001072 0.3981106 0.16 2.171775 0.588765 -0.037923  0.000797 0.4133370 0.24 

Insulin 84.837643 -25.575818 3.268078 -0.109149 30.7104507 0.09 50.370236 -14.543330  2.041363 -0.068083 32.0871352 0.06 

HOMA 2.425747 -0.802842
 

0.112573 -0.003893 1.2376530 0.07 1.861164 -0.569878 0.081108 -0.002707 1.3600340 0.05 

CRF 20.809510 5.889239 -0.489963  0.012177 6.6184862 0.19 43.455681 0.441795   7.7436990   0.13 

                     Natural log-transformed values 

WC 3.340392 0.126343 -0.005788 0.0000974 0.1323175 0.15 3.609076 0.065647 -0.001350  0.1359390 0.07 

BMI 2.474502 0.028888 0.002023 -0.000096  0.1801600 0.06 2.544058 0.031888   0.1749271 0.05 

Sum4Skin 3.054577 0.050292   0.3769964 0.13 2.502077 0.141056 -0.005106  0.3981823 0.08 

TC:HDL-C 1.085626 -0.002610   0.2351238 0.14 1.075531 -0.016854 0.001108  0.2462190 0.11 

TG -0.782962 0.069081 -0.002402   0.4154836 0.11 -0.643920  0.021832   0.4436847 0.08 

Insulin 3.021447 -0.178175
 

0.039234 -0.001501 0.5043443 0.09 2.925177 -0.161127 0.034727 -0.001283 0.5538751 0.10 

HOMA  -1.257847 0.033936
 

0.024693
 

-0.001179  0.5344390 0.07 -1.210175  0.018537
 

0.022704 -0.001018 0.5862900 0.07 

β: beta; BMI: body mass index; CRF: cardiorespiratory fitness; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; HOMA: homeostatic model assessment; ICC: intra-class coefficient; log: 

logarithmically; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; SD: standard deviation; Sum4Skin: sum of four skinfolds; TC: total cholesterol; TC:HDL-C: total cholesterol:high-density 

lipoprotein cholesterol ratio; TG: triglyceride; WC: waist circumference; γ = regression.  
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a 
ICC`s represents the cluster effect among the cohorts. All models significant, p ≤ 0.001. 
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Table 4  Matrix of bivariate correlations of continuous cardiometabolic cluster score approaches
a
 used in pediatric populations 

BMI: body mass index; CRF: cardiorespiratory fitness; HDL-C: high-density lipoprotein cholesterol; HOMA: homeostatic model assessment; MAP: mean arterial pressure [DBP+ (SBP-DBP/3)]; SD: standard deviation; 

S4S: sum of four skinfolds; TC: total cholesterol; TC:HDL-C: total cholesterol: high-density lipoprotein cholesterol ratio; TG: triglyceride; WC: waist circumference. Log-transformed values: WC, BMI, S4S, TG, TC:HDL-C, 

  Mean (SD)              Correlations
b 

Cluster scores     Girls  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 DBP + TC + HDL-C 0.04 (0.51) 1                

2 Average (SBP + DBP) + HDL-C + TG + Glucose + WC -0.03 (0.50) 0.63 1               

3 Average (SBP + DBP) + HDL-C + TG + HOMA + S4S -0.01 (0.56) 0.60 0.88 1              

4 Average (SBP + DBP) + HDL-C + TG + Glucose + Insulin + WC -0.03 (0.50) 0.57 0.96 0.93 1             

5 MAP + HDL-C  + TG + WC -0.05 (0.53) 0.70 0.91 0.89 0.86 1            

6 MAP + HDL-C  + TG + HOMA + BMI -0.03 (0.53) 0.62 0.89 0.96 0.95 0.91 1           

7 MAP + HDL-C  + TG + Glucose + WC -0.03 (0.50) 0.64 1.00 0.88 0.95 0.91 0.89 1          

8 MAP + HDL-C  + TG + HOMA + WC + TC -0.02 (0.47) 0.76 0.85 0.90 0.90 0.87 0.92 0.85 1         

9 MAP + HDL-C  + TC:HDL-C + TG + Glucose + S4S -0.01 (0.54) 0.74 0.93 0.91 0.89 0.86 0.87 0.93 0.86 1        

10 SBP + TC:HDL-C + Insulin -0.01 (0.64) 0.66 0.69 0.80 0.79 0.68 0.83 0.66 0.86 0.71 1       

11 SBP + HDL-C  + TG + Insulin + BMI -0.05 (0.55)  0.53 0.83 0.94 0.90 0.86 0.97 0.81 0.89 0.81 0.88 1      

12 SBP + TC:HDL-C + TG + HOMA + WC -0.05 (0.56) 0.65 0.84 0.91 0.91 0.85 0.93 0.83 0.97 0.83 0.91 0.94 1     

13 SBP + TC:HDL-C + TG + HOMA + S4S -0.02 (0.59) 0.64 0.82 0.95 0.88 0.81 0.91 0.81 0.94 0.88 0.88 0.92 0.96 1    

14 SBP + TC:HDL-C + TG + HOMA + WC + CRF -0.08 (0.54) 0.58 0.80 0.89 0.87 0.81 0.90 0.79 0.93 0.80 0.86 0.92 0.96 0.94 1   

15 SBP + TC:HDL-C + TG + HOMA + S4S + CRF -0.05 (0.57) 0.57 0.78 0.92 0.84 0.77 0.88 0.76 0.89 0.84 0.83 0.89 0.92 0.96 0.97 1  

16 SBP + DBP + TG + HDL-C  + Glucose + Insulin + BMI + WC + S4S -0.01 (0.50) 0.57 0.91 0.93 0.93 0.86 0.91 0.91 0.86 0.86 0.74 0.87 0.87 0.89 0.87 0.87 1 

Cluster scores     Boys     

1 DBP + TC + HDL-C 0.03 (0.51) 1                

2 Average (SBP + DBP) + HDL-C + TG + Glucose + WC -0.03 (0.50) 0.62 1               

3 Average (SBP + DBP) + HDL-C + TG + HOMA + S4S -0.03 (0.55) 0.60 0.86 1              

4 Average (SBP + DBP) + HDL-C + TG + Glucose + Insulin + WC -0.02 (0.50) 0.56 0.96 0.92 1             

5 MAP + HDL-C  + TG + WC -0.04 (0.53) 0.71 0.90 0.89 0.85 1            

6 MAP + HDL-C  + TG + HOMA + BMI -0.04 (0.52) 0.62 0.89 0.97 0.94 0.92 1           

7 MAP + HDL-C  + TG + Glucose + WC -0.02 (0.50) 0.64 1.00 0.86 0.95 0.90 0.88 1          

8 MAP + HDL-C  + TG + HOMA + WC + TC -0.04 (0.47) 0.75 0.84 0.91 0.90 0.87 0.93 0.84 1         

9 MAP + HDL-C  + TC:HDL-C + TG + Glucose + S4S -0.03 (0.53) 0.72 0.94 0.90 0.90 0.88 0.88 0.94 0.87 1        

10 SBP + TC:HDL-C + Insulin -0.02 (0.64) 0.63 0.69 0.81 0.79 0.70 0.83 0.66 0.87 0.71 1       

11 SBP + HDL-C  + TG + Insulin + BMI -0.06 (0.56) 0.52 0.83 0.94 0.90 0.87 0.97 0.81 0.89 0.82 0.89 1      

12 SBP + TC:HDL-C + TG + HOMA + WC -0.06 (0.56) 0.62 0.83 0.91 0.90 0.85 0.93 0.81 0.97 0.83 0.93 0.95 1     

13 SBP + TC:HDL-C + TG + HOMA + S4S -0.06 (0.59) 0.61 0.80 0.95 0.87 0.82 0.91 0.79 0.94 0.86 0.90 0.93 0.97 1    

14 SBP + TC:HDL-C + TG + HOMA + WC + CRF -0.10 (0.54) 0.56 0.78 0.89 0.86 0.81 0.90 0.76 0.92 0.80 0.87 0.92 0.96 0.95 1   

15 SBP + TC:HDL-C + TG + HOMA + S4S + CRF -0.09 (0.57) 0.54 0.75 0.92 0.83 0.77 0.88 0.73 0.89 0.82 0.84 0.89 0.92 0.96 0.98 1  

16 SBP + DBP + TG + HDL-C  + Glucose + Insulin + BMI + WC + S4S -0.01 (0.50) 0.58 0.91 0.93 0.93 0.85 0.92 0.90 0.88 0.87 0.76 0.88 0.88 0.89 0.87 0.87 1 
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Insulin, and HOMA score. 
a 
Clustered risk scores were constructed from examples of previously applied continuous cardiometabolic cluster scores in the pediatric population [18,38,39]. 

b 
All correlations significant at 

the p ≤ 0.001 level (2-tailed). In total, 6471 (girls n= 3230, boys n= 3241) had valid data in all risk variables.  
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