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Abstract 

Background: Risk of developing cardiometabolic diseases (CMDs) can already be found in 

child populations. This risk is known to track from childhood into adulthood and in some cases 

concludes in cardiovascular or metabolic diseases. Studying the clustering of a number of known 

risk factors is likely a better predictor of future disease risk than single components. Increasing 

severity of multiple factors increases the probability of multiple comorbidities. Moreover, 

analyzing degree of clustering allows for stratified analyses and targeted preventive strategies. 

Nationally representative studies are necessary to monitor development of CMD risk among 

children. The primary aim of this thesis was to investigate the clustering of risk factors for 

cardiovascular and metabolic diseases in a large, healthy representative Norwegian child 

population. 

Methods: Baseline (2015) data (n = 1056) from The Health Oriented Pedagogical Project 

(HOPP) was analyzed for clustering of CMD risk factors. A correlation analysis was used to 

select factors for the risk score. A CMD risk score was calculated by adding number of factors in 

the least desirable quartile. A relative risk ratio >1 to an expected binomial probability 

distribution was defined as non-random clustering of risk factors. 

Results: Following the correlation analysis, five of eleven components were included: waist 

circumference (WC), total serum cholesterol/serum high-density lipoprotein cholesterol-ratio 

(TC/HDL-ratio), systolic blood pressure (SBP), haemoglobin-A1c (HbA1c), and the Andersen 

fitness test. No significant clustering of risk factors was found for any of the 0-5 CMD risk 

scores despite a risk ratio of 5.8 (95% CI = 0.7-46.9) at five risk factors.  

Conclusions: There was no clustering of risk factors among Norwegian children aged 6-12 years 

based on this sample. The present results using a continuous CMD risk score could regardless 

provide useful insights for future studies. 
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1. Background 

A growing body of scientific evidence suggests that risk of developing cardiometabolic diseases 

(CMD) starts early, tracks from childhood into adulthood, and may resolve itself in 

cardiovascular diseases (CVD) and type-2 diabetes later in life (Bugge, El-Naaman, McMurray, 

Froberg, & Andersen, 2013; Jayawardene, Lohrmann, Dickinson, Talagala, & Torabi, 2017; Li 

et al., 2016; Petkeviciene et al., 2015; van Vliet et al., 2011). Obese children are not only at 

increased risk of being obese throughout their lives but also of becoming diabetic and of 

developing CVDs (Llewellyn, Simmonds, Owen, & Woolacott, 2016; Simmonds, Llewellyn, 

Owen, & Woolacott, 2016). Body mass index (BMI) is predictive of future atherosclerotic CVDs 

and high fasting insulin predictive of future prediabetes (Ajala, Mold, Boughton, Cooke, & 

Whyte, 2017). Measures like obesity and high BMI in childhood may therefore be predictors of 

CMDs in adulthood. It is however possible that these associations vary across life stages because 

of different hormone profiles and risk exposures. 

The International Diabetes Federation (IDF) definition of the metabolic syndrome (MetS) is a 

dichotomous measure that covers a number of physiological factors; waist circumference (WC), 

triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), blood pressure, and fasting 

plasma glucose (“IDF,” 2015). The measures are important causative risk factors to heart 

diseases, stroke and diabetes. A clustering of risk factors is therefore thought to be indicative of 

future metabolic diseases. The criteria are well established for clinical application but has a few 

notable limitations. For one, the definition is meant for adults. Considering habits are developed 

through a lifetime, those diagnosed with MetS are faced with the arduous task of changing well-

established lifestyle habits. Cut-offs for anthropometry, hemodynamic measures, and physical 

fitness in children are moreover age-specific owing to differing physical developmental stages 

(Goodman, Daniels, Meigs, & Dolan, 2007). Dichotomization of risk factors could additionally 

mask the tracking of disease risk throughout stages of life, as it only uncovers diagnosed MetS, 

not “risk” as a spectrum towards diagnosed disease (Kelly et al., 2011). 

Continuous cluster scores rather than single components are likely better predictors of future 

disease risk (Kelly et al., 2011; Stoner et al., 2017). The theory is that increasing severity and 

magnitude of each component increases the probability of multiple comorbidities (Lars Bo 
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Andersen et al., 2015). Using degree of clustering, number of risk factors, allows for analyses 

separated by severity of the risk. Dichotomous scores could as such hide real associations 

between lifestyle behaviors and CMDs. Tracking correlation of risk factors from adolescence 

into adulthood has also been found to increase in clustered scores compared to the dichotomous 

MetS definition (Anderson et al., 2016; Kelly et al., 2011). Using clustered risk scores enables 

better tracking of disease risk from child- to adult-populations and are important in identifying 

early intervention opportunities. 

1.1. Theoretical foundation behind a cardiometabolic disease risk score 

There is no consensus definition on continuous CMD risk scores for children. Number of 

scientific publications on the topic have however increased in recent years, though researchers 

use a range of components for the score (Kamel et al., 2018). The lack of a harmonized 

definition makes comparison studies challenging. Nevertheless, single studies still provide 

important insights into key population characteristics in regards to cardiometabolic health. 

Validity of a CMD risk score must follow a few basic principles. All included variables need to 

be known correlates of CVDs and metabolic diseases. Further, multicollinearity should be 

avoided to mitigate skewed weighing of single components. Lastly, continuous ratio variables 

must form the foundation of the score. There are many methods to creating constructs, such as 

K-means clustering analysis, hierarchical cluster analysis, or principal component analysis. A 

challenge these methods pose is that they introduce sample-specific weighing of individual 

factors. The final cluster score would represent different characteristics in each population, 

limiting clinical applicability and comparisons across populations (Kamel et al., 2018; Stoner et 

al., 2017). A simple correlation analysis of all available risk factors could be the most 

reproducible for future research. 

The following subchapters cover risk factors to CMDs based on literature searches. The chapters 

follow often found categories in factor analyses (Anderson et al., 2016; Kamel et al., 2018; 

Stoner et al., 2017). 
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1.1.1. Adiposity 

Frequent measures of adiposity in regards to CMDs include WC, BMI, skinfold thickness, waist-

to-height ratio (WHtR), and body fat percentage (%F) (Abarca-Gómez et al., 2017, 2017; Chung, 

Park, Park, & Yoo, 2016; T. J. Cole & Lobstein, 2012; Kamel et al., 2018). The common 

denominator is visceral fat. Visceral and subcutaneous fat is associated with increased release of 

free fatty acids and pro-inflammatory cytokines, leading to worsening insulin resistance and 

lower HDL-C levels. 

WC, %F, and WHtR are likely better predictors of visceral fat than BMI. While BMI is 

commonly used for defining overweight or obese individuals (WHO, 2016), it cannot distinguish 

between low or high fat percentage or the proportion of muscle mass, nor does it reflect adipose 

tissue or the location of fatty tissue well (Anderson et al., 2016). %F is patently a more accurate 

measure of adipose tissue, though a disadvantage is the lack of information on where the fat is 

distributed. WC and WHtR does include measures of central adiposity. 

A challenge with WC is that it requires age-, sex-, and race-specific cut-offs. This could 

complicate diagnostic settings withal require population-specific data to establish cut-off values. 

The fact that it does not consider height is also a limitation, as there is a possibility that shorter 

individuals have higher CMD risk than taller people with the same WC (Ashwell, Gunn, & 

Gibson, 2012; Chung et al., 2016). WHtR may be preferable in diagnostic settings since it does 

not require age-, sex-, and race-specific cut-points (Mehta, 2015). WC has however been found 

to be a slightly stronger predictor of CMDs than WHtR in children and adolescents (Chung et al., 

2016; Mehta, 2015). 

1.1.2. Blood lipids 

Measures of blood lipids that correlate with CMDs are TG, total cholesterol (TC), HDL-C, low-

density-lipoprotein cholesterol (LDL-C), non-HDL-C, as well as various ratios between these 

(Kamel et al., 2018; Lemieux et al., 2001; Maumus, Marie, Siest, & Visvikis-Siest, 2005; 

Wadhera, Steen, Khan, Giugliano, & Foody, 2016). The majority of studies on clustering of 

CMDs include at least one lipid measure (Kamel et al., 2018). Poor lipid profiles are associated 

with being overweight and obese as well as higher CMD risk (Lemieux et al., 2001; Petkeviciene 

et al., 2015; “IDF,” 2015). 
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Due to limited opportunity for fasting, neither TG nor LDL-C was available for analysis in this 

paper. Both are commonly used markers for CVDs and metabolic health (Forouzanfar et al., 

2016; Gakidou et al., 2017; Jacobson et al., 2015). The Friedewald equation of LDL-C includes 

TG and HDL-C and is therefore normally preferred as a more comprehensive measure in 

classifying lipid levels (LDL-C (mg/dL) = TC - HDL-C – TG/5) (Jacobson et al., 2015; Martin et 

al., 2013). 

The reporting of TC and HDL-C is also indicative of CVD risk however, where a ratio of 

TC/HDL-C is often used (Kamel et al., 2018). While a single component like TC gives an idea of 

the individual’s lipid levels, it fails at providing a full profile of its constituents. A TC/HDL-ratio 

does on the other hand show proportion of “good” cholesterol. 

1.1.3. Metabolic factors 

Important metabolic factors to CMDs include fasting blood glucose (FBG), fasting insulin, 

glycated hemoglobin-A1c (HbA1c) and the homeostatic model assessment for insulin resistance 

(HOMA-IR) (Abarca-Gómez et al., 2017; Brouwer, Stolk, Liem, Lemmink, & Corpeleijn, 2013; 

Steene-Johannessen, Kolle, Anderssen, & Andersen, 2009; “IDF,” 2015). While fasting glucose 

and insulin levels are associated with higher TG and lower HDL-C levels (Lemieux et al., 2001), 

HbA1c and HOMA-IR are likely more relevant for this thesis paper. 

FBG is indicative of short-term glycemic control and HbA1c of chronic glycemic control (Stoner 

et al., 2017). This makes HbA1c a better measure for a child population where long-term effects 

of risk factors are concerned. HOMA-IR quantifies insulin sensitivity and β-cell function, and is 

therefore suitable for a continuous CMD risk score while also including those with impaired 

glucose tolerance (Wallace, Levy, & Matthews, 2004). Both HbA1c and HOMA-IR could be 

relevant in assessing CMD risk, though only HbA1c was available for analysis in this thesis 

paper. 

1.1.4. Hemodynamic measures 

Relevant hemodynamic measures include systolic and diastolic blood pressure (SBP and DBP), 

resting heart rate, and mean arterial pressure (Bleich et al., 2017; Brouwer et al., 2013; Kamel et 

al., 2018; Kelly et al., 2011). All these hemodynamic measures are associated with poor lipid 
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profiles and therefore poor metabolic health, including high TG, LDL-C and FBG (da Silva et 

al., 2017). 

The majority of studies on CMDs in child populations use SBP rather than DBP (Kamel et al., 

2018). Possible explanations are that tracking-correlation from childhood to adulthood is slightly 

higher for SBP, and that only SBP may be correlated to CMDs in child populations (Chen & 

Wang, 2008; Stoner et al., 2017). Only SBP and DBP were available for analysis in this thesis 

paper. 

1.1.5. Physical fitness 

Measures of physical fitness in relation to CMDs revolve around cardio-respiratory fitness. Good 

physical fitness could be even more important than adiposity in attenuating CMD risk (Brouwer 

et al., 2013). This is especially true for those overweight or obese (Brouwer et al., 2013). Various 

tests can be found in the literature, including cycling tests with spirometry to measure VO2max 

and shuttle run tests (Lars Bo Andersen, Hasselstrøm, Grønfeldt, Hansen, & Karsten, 2004; 

Brouwer et al., 2013). VO2max-tests with spirometry is one of the most reliable measures of 

aerobic endurance, but suffers from requiring resource-demanding equipment. Proxy tests of 

aerobic capacity are more readily accessible in clinical settings. 

The use of validated intermittent running tests such as the Andersen fitness test is preferable for 

reproducibility and reliability (Aadland, Andersen, Lerum, & Resaland, 2017; Aadland, Terum, 

Mamen, Andersen, & Resaland, 2014; L. B. Andersen, Andersen, Andersen, & Anderssen, 

2008). The test requires no special equipment and is suitable for large samples, testing up to ten 

children at a time (Appendix 5). It is moreover validated as a reliable indicator of VO2max for 

studies on child populations (Aadland, Andersen, Skrede, et al., 2017).  

1.1.6. Dietary diversity (for explorative analysis) 

Assessing overall dietary patterns may be more informative than single nutritional components 

when investigating CMD risk factors. Scores that evaluate overall characteristics of the diet 

based on food groups give an indication of nutrient adequacy and diet quality. Dietary diversity 

scores (DDS) reflect either number of major food groups consumed or variety within food 
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groups. Criteria for the scoring can be based on national dietary guidelines (Helsedirektoratet, 

2011). 

Consuming a higher number of major food groups has been associated with lower risk of type-2 

diabetes, CVD risk, all-cause mortality, and better metabolic health (Conklin, Monsivais, Khaw, 

Wareham, & Forouhi, 2016; Farhangi & Jahangiry, 2018). There is however some dispute as to 

whether greater variation in foods consumed is exclusively positive. Higher dissimilarity in food 

consumption within each major food group has been found to correlate with higher gain in WC 

in a 5-year cohort (Otto, Padhye, Bertoni, Jr, & Mozaffarian, 2015). Keeping the DDS to major 

food groups may therefore be more useful than diversity scores within each group. 

DDS was included in the thesis-cover’s exploratory analyses since it is also an important risk 

factor. It was kept out of the CMD risk score due to its large behavioral component. This would 

reduce the score’s reliability by introducing unknown confounding variables. Studying the 

relationship between DDS and disease risk could inform possible public health policy targets by 

highlighting challenging food groups. 

1.2. Aims 

The main aim of the master’s thesis was to investigate the clustering of risk factors related to 

CVDs and MetS in a nationally representative Norwegian child population. The secondary aim 

was to present data on and investigate secular trends in physical health. Contained in these aims 

was to explore potential benefits in clinical settings and public health policy-making. 

The purpose of this “thesis cover” is to supplement with theoretical and methodological aspects 

not covered in the scientific article. Further, there is an addition of two exploratory analyses 

following findings in the scientific article and its null-results. The author of this thesis would like 

to recommend reading the scientific article before continuing. 
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2. Method 

2.1. Design 

The entirety of the Health Oriented Pedagogical Project (HOPP) is a seven year intervention 

cohort study (Fredriksen, Hjelle, Mamen, Meza, & Westerberg, 2017). Aims of the cohort 

include investigating health and cognitive outcomes following comprehensive physical activity 

(PA), dietary and pedagogical capacity building interventions. The school-based intervention 

program in PA includes increased PA of 225 min/week as an integrated part of the theoretical 

learning (Fredriksen et al., 2017). As this paper only covers baseline data prior to the 

intervention, only a brief summary of the main components in the general study design is 

detailed below.  

Project development started in 2013 and the project description was first made available in 2014 

(“REK,” 2017). It was approved (following a single revision) by the Regional Committees for 

Medical and Health Research Ethics (REK) on the 14. January, 2015 (REK ref.no.: 2014/2064), 

immediately proceeded by data collection of baseline findings (“REK,” 2017). Project leader 

Professor P.M. Fredriksen spearheads the HOPP-research. 

Outcomes of the study include physiological, psychological, and academic variables. That is, 

anthropometry, body composition, physical fitness, blood samples (micronutrients, blood lipids, 

and micro C-reactive protein), executive cognitive function, dietary habits, and psychological 

health (e.g. inventory of life quality). All tests were administered at the children’s schools in 

gyms or classrooms. 

Additional aims of the study, aside from physical and psychological health following the 

intervention, is to inform future public health measures aimed at children in primary education. 

Findings through the HOPP-study will help shape the future of pedagogical methods that include 

physical activity as part of the curriculum. 

This paper only covers baseline findings (collected January-June 2015) with a cross-sectional 

design. The STROBE-checklist ensured the quality of this paper (Lachat et al., 2016). Findings 

from the thesis could provide insights on health risk assessment both in clinical settings and for 

public health interventions.  
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2.2. Sample 

The study population consisted of nine elementary schools, seven in Horten municipality and 

two in Akershus county (Figure 1). Intervention schools were those in Horten municipality and 

control schools in Akershus county. Eiksmarka and Rasta school were included based on 

comparable socioeconomic levels to the intervention schools. A centralized Norwegian program 

for systematic quality work in schools was used for identifying the control schools (“Conexus 

Insight (formerly PULS),” 2018). The entire population was however treated as a single 

population for the purposes of this thesis.  

 

 

Left: Horten municipality. Right: Oslo municipality 

Figure 1: Map over location of schools included in the study 

 

School registries were used for recruitment (aged 6-12 years, n=2816). 2302 children had 

informed consent from parents and guardians, representing a response rate of 82%. Lowest 

response rate was found among the 6-year olds at 75% and highest at 88% among the 12-year 

olds. 
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2.3. Recruitment and information 

Written information, informed consent forms, pamphlets, social media interaction, and a website 

regarding HOPP were given to parents by Horten municipality in 2014 (Appendix 1, 2, and 3). 

The study team gave additional information to parents at school meetings. Control schools were 

not informed of the school-based PA intervention. 

2.4. Data collection 

The test-staff was primarily recruited from students at colleges and universities. A member of the 

research-team taught procedures and equipment prior to data collection. It was preferable with up 

to eight testers each day depending on number of children at the school. An experienced test 

leader was always present as a coordinator. 

 

 

Figure 2: Approximation of test setup at each school. 

The figure shows the various stations for the gym/classroom-based tests. 

Station 1 were the questionnaires and cognitive tests (executive cognitive function, life quality, diet), 2 = blood pressure, 3 = 

waist circumference and height, 4 = body composition, 5 = aerobic capacity, 6 = handgrip strength, 7 = balance, 8 = spirometry. 

 

Classrooms and gyms provided by the respective schools were used for anthropometry and body 

composition. The children were upon arrival given a folder containing a form with only an ID 

number (Appendix 4). They were taught to keep it closed and with them at all times as they 
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moved to each measurement station (Figure 2). All measurements were registered in the form by 

the test-team. The folder was handed back before exiting the venue. 

2.5. Statistical analyses 

2.5.1. Quartile divisions 

Included participants for statistical analyses had valid measurements for all six variables; WC, 

SBP, HbA1c, TC, HDL-C, and the Andersen fitness test (L. B. Andersen et al., 2008). Exclusion 

of all with missing data prevents misrepresentation within each risk score. 

Quartile divisions determined cut-offs. Those in the quartile deemed least desirable was coded as 

having one risk factor (per variable). That means, highest quartile for WC, SBP, HbA1c, and 

TC/HDL ratio, and lowest for the Andersen fitness test. The Andersen fitness test was inverted 

compared to the rest since those who ran the shortest distance were considered the least 

physically fit. 

A combination of theoretical and statistical approaches were employed to determine the least 

desirable quartiles. The theoretical evaluation consisted of expert consultations, investigating 

existing reference values, a review of the available literature, and reports from The Norwegian 

Directorate of Health on major challenges pertaining to the CMD risk variables 

(Helsedirektoratet, 2009b; Helsedirektoratet, 2009a; Nasjonal folkehelseinstitutt, 2018). 

Statistical analyses included evaluating sample distributions around the mean along with 

histograms, both total and stratified by age. Sample skews provided information on whether the 

lower or upper end of the distribution were furthest away from the median scores. This gave an 

idea as to where the main challenges could be. 

2.5.2. Data cleaning 

Each variable was checked and cleaned for input errors. Outliers were not systematically 

removed as this would undermine the core purpose of this thesis; to identify those most in risk of 

CMDs. WC and SBP was divided in quartiles with no additional processing. Proper training of 

test personnel and good routines ensured stability of these instrument-based measurements. The 

Andersen fitness test results were checked for outliers that indicated the participant had given up 
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on the test or had an invalid run. The whole sample was split in quartiles for HbA1c, TC, and 

HDL-C since stringent hospital procedures ensured high validity of measurements and that blood 

samples are stable measures. 

2.5.3. Binomial probability distribution 

Original number of risk factors for the binomial probability function was ten: WC, TC, HDL-C, 

HbA1c, Andersen fitness test, BMI, muscle mass, percentage fat, non-HDL cholesterol, and 

mCRP (Fredriksen et al., 2017). SBP and WHtR were included as a result of literature search 

results (Abarca-Gómez et al., 2017, 2017; Chung et al., 2016; T. J. Cole & Lobstein, 2012; 

Kamel et al., 2018). The probability distribution would be as presented in Table 1. 

 

Table 1: Binomial probability distribution at 10, 6, and 5 independent trials 

Number of 
successes 

Factors probability mass 

10 factors 6 factors 5 factors 

1 18.77% 35.60% 39.55% 

2 28.16% 29.66% 26.37% 

3 25.03% 13.18% 8.79% 

4 14.60% 3.30% 1.46% 

5 5.84% 0.44% 0.10% 

6 1.62% 0.02%  

7 0.31%   

8 0.04%   

9 0.0029%   

10 0.0001%   

Distributions assumes a probability of 0.25% for each “success”. 

 

Ten factors would result in a less than 1% probability of presenting with ≥ 7 risk factors (Table 

1). There is little clinical relevance to four risk scores at such a low detection rate. Collating 

them in a single 7+ group would moreover lower the specificity of the CMD risk score. 

A probability distribution with six factors still left two categories below 1%. Five factors were 

therefore selected following a Pearson's correlation analysis of all included variables. In other 

words, two children were expected to have five risk factors due to random probability among the 

initial 2302 children. 
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Variables were selected based on ease of measure and versatility, correlating -0.7 ≥ r ≥ 0.7 with 

the highest number of variables.  

2.6. Explorative analysis: Clustering of CMD risk factors 

Explorative analyses were performed for the thesis-cover following findings presented in the 

scientific article. The cut-off value itself was included in the least desirable quartiles for all 

variables, not only for the Andersen fitness test. 

Though results showed no significant clustering of CMD risk factors, the margins to significant 

clustering at four factors were small. Results of the exploratory analysis would not serve to prove 

any hypotheses but might support the claim that larger sample sizes could result in significant 

clustering. 

The mathematical proof holds by using a different definition for quartile divisions. The original 

quartile division does not include the cut-off itself, but includes it in the lower quartile. Tukey’s 

method however assumes that the 1st and 4th quartiles include the cut-offs with the median value 

as the pivot of the division (Weisstein, 2018). This minor change could significantly affect for 

example HbA1c since a naturally low variance was expected for this value. 

2.7. Explorative analysis: Dietary patterns and CMD risk 

Dietary patterns were analyzed to explore possible associations with CMD risk. The food 

frequency questionnaire (FFQ) is a validated form developed for national surveys named 

Ungkost-2000 (Appendix 6, question 6 on smoking excluded) (Hansen, Myhre, Johansen, 

Paulsen, & Andersen, 2016; Øverby & Andersen, 2002). The questions were based on a typical 

Norwegian diet. Questions included frequency of food items, dietary restrictions, weight 

satisfaction, self-perceived health, and meal patterns. Food categories were vegetables, breads, 

dairy, fish, fast-food, meats, sweets, and vitamins. The questionnaire was administered by use of 

computers. 

Sample was limited to fourth-graders only since it is only validated for this age-group (Øverby & 

Andersen, 2002). The limited sample size renders it only suitable for explorative analyses in this 

thesis.  
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Question 17 regarding consumption frequency of vegetables, fruits and berries, wholegrain 

bread, and fish for dinner were collated to a single DDS. Norwegian national guidelines on 

consuming at least five vegetables, fruits, or berries per day, increased fiber intake, and fish for 

dinner at least twice a week formed the foundation for the coding of DDS (Helsedirektoratet, 

2011). That is, number of categories consumed at least 4-6 times/week for vegetables, fruits and 

berries, and wholegrain bread, and for fish at least 1-3 times/week. The higher the score the more 

diverse their diet. 

Bar graphs and line diagrams illustrated patterns in CMD risk score by DDS. 

2.8. Contributions and expenses 

Contributions for the scientific article was as follows: 

WHD and PMF developed the theory for this research paper. WHD did the literature searches, 

developed the statistical analysis plan, cleaned and analyzed the data, and wrote the drafts and 

final manuscript. PMF, ML, OPH, AM provided feedback and verified the final manuscript. 

PMF encouraged WHD throughout the writing process, devised the HOPP research protocol and 

its main conceptual ideas, supervised the HOPP research project and this thesis paper, monitored 

data collection throughout the project period, and provided feedback on the statistical analysis 

plan. PMF, ML, OPH, AM contributed to the design and implementation of the HOPP research 

project. WHD, PMF, ML, OPH, AM contributed to data collection. 

Key: WHD = Wei Hai Deng; ML = Morten Lindberg; OPH = Ole Petter Hjelle;  

AM = Asgeir Mamen; PMF = Per Morten Fredriksen. 

Primary funding sources are Horten municipality, providing funds for equipment purchases, and 

Kristiania University College for equipment, testing staff, and researchers to analyze and publish 

test results. 

Master’s thesis external advisor: 

Per Morten Fredriksen (PT, MSc, PhD) 

Professor, HOPP Project Leader 

Department of Health Sciences, Kristiania University College 

permorten.fredriksen@kristiania.no 

mailto:permorten.fredriksen@kristiania.no
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Master’s thesis internal advisor: 

Asgeir Brevik (MSc, PhD) 

Associate Professor 

Faculty of Health Sciences, Oslo Metropolitan University 

asgeir.brevik@oslomet.no  
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3. Results 

The following results chapters detail the statistical analyses that formed the basis of the clustered 

CMD risk score (chapters 3.2 to 3.5). The last two chapters (chapters 0 and 0) are additional 

exploratory analyses to the original statistical analysis plan. 

3.1. Sample distribution 

After only including those with all six valid measurements from the HOPP-sample, 1056 

children of 6 to 12 years old were included in the final analyses (table 2). Average age difference 

between each age group was 0.94 (SD = 0.09) (table 4). The majority of the sample were from 

Horten municipality (65%) (table 2). 

 

Table 2: Frequency and percentage distribution of sample by school 

School n % of n 

Lysheim School 68 6.4% 

Granly School 120 11.4% 

Fagerheim School 58 5.5% 

Åsgården School 59 5.6% 

Lillås School 121 11.5% 

Nordskogen School 103 9.8% 

Sentrum School 158 15.0% 

Rasta School 129 12.2% 

Eiksmarka School 240 22.7% 

Total 1056 100.0% 

 

3.2. Selecting factors/correlation analysis 

The correlation analysis coincidentally resulted in five risk factors. This was exactly the desired 

number of risk factors based on a binomial probability distribution (Table 1). Two notable 

groups with high correlations (r ≥ 0.7) could be found in Table 3, first group includes WC, BMI, 

MM, %F, and WHtR, the second is TC and non-HDL-C (Cohen, 1988). This leaves SBP 

moderately correlating with WHtR (r ≥ 0.5). Andersen aerobic fitness, HbA1c, HDL-C, and 

micro C-reactive protein (mCRP) only weakly correlated with other variables (r < 0.5) and were, 
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with the exception of mCRP, included in the CMD risk score. The final factors in the cluster 

analysis were WC, SBP, Andersen aerobic fitness, HbA1c, and TC/HDL-ratio. 

 

Table 3: Correlation matrix of risk factors for cardiovascular and metabolic diseases. 

 WC SBP Andersen HbA1c TC HDL-C non-HDL-C BMI MM %F mCRP WHtR 

WC 1 0.27* 0.08* 0.04 0.06* -0.19* 0.17* 0.86* 0.77* 0.66* 0.06 0.75* 

SBP 0.27* 1 0.19* 0.02 0.07* 0.02 0.06* 0.24* 0.35* 0.11* 0.01 0.63* 

Andersen 0.08* 0.19* 1 0.12* -0.05 0.09* -0.10* 0.00 0.38* -0.22* -0.08 -0.30* 

HbA1c 0.04 0.02 0.12* 1 0.08* 0.03 0.06* 0.03 0.05 -0.01 0.00 0.01 

TC 0.06* 0.07* -0.05 0.08* 1 0.26* 0.86* 0.08* -0.02 0.16* -0.04 0.10* 

HDL-C -0.19* 0.02 0.09* 0.03 0.26* 1 -0.28* -0.22* -0.14* -0.23* -0.09* -0.19* 

non-HDL-C 0.17* 0.06* -0.10* 0.06* 0.86* -0.28* 1 0.20* 0.05 0.28* 0.00 0.20* 

BMI 0.86* 0.24* 0.00 0.03 0.08* -0.22* 0.20* 1 0.71* 0.76* 0.11* 0.72* 

MM 0.77* 0.35* 0.38* 0.05 -0.02 -0.14* 0.05 0.71* 1 0.33* -0.01 0.21* 

%F 0.66* 0.11* -0.22* -0.01 0.16* -0.23* 0.28* 0.76* 0.33* 1 0.19* 0.68* 

mCRP 0.06* 0.01 -0.08 0.00 -0.04 -0.09* 0.00 0.11* -0.01 0.19* 1 0.12* 

WHtR 0.75* 0.63* -0.30* 0.01 0.10* -0.19* 0.20* 0.72* 0.21* 0.68* 0.12* 1 

All correlations are Pearson’s r. 

Blue indicates correlations < 0.2; yellow indicates correlations ≥ 0.2; red indicates correlations ≥ 0.5; green indicates correlations 

≥ 0.7. 

WC = waist circumference; SBP = systolic blood pressure; Andersen = Andersen fitness test; HbA1c = hemoglobin-A1c; TC = 

serum total cholesterol; HDL-C = serum high density lipoprotein cholesterol; BMI = body mass index; MM = muscle mass; %F 

= fat percentage; mCRP = micro C-reactive protein; WHtR = waist-to-height ratio. 

* p < 0.05 

 

 

3.2.1. A word about mCRP 

mCRP was only significantly different and outside normal ranges for those overweight or obese, 

and further for only a small number of participants (owing to a narrow variance). Including 

mCRP would limit findings to only those above normal weight. The measure was therefore ruled 

out a priori since the purpose of this paper was to investigate early signs of future disease risk 

also among those with normal BMIs. 

3.2.2. Adiposity and hemodynamic measures 

WC had a moderate or high correlation (p < 0.05) to BMI (r = 0.86), MM (r = 0.77), %F (r = 

0.66), and WHtR (r < 0.75) (Table 3). It makes little theoretical sense to use BMI, as it was 

originally a measure intended for adults. Z-score for BMI by age and sex or Cole et al.’s isoBMI 



17 

 

for children and adolescents would make better sense but is limited as a measure of central 

adiposity (T. J. Cole & Lobstein, 2012; Tim J. Cole, Bellizzi, Flegal, & Dietz, 2000). MM 

and %F are limited to those with access to bioelectric impedance instruments. WC and WHtR are 

much more accessible in comparison.  

Multicollinearity may be an issue with WHtR since it moderately correlates with SBP, the only 

hemodynamic measure. WC was therefore the strongest candidate for central adiposity and SBP 

for hemodynamic measures. 

3.2.3. Blood lipids 

Total cholesterol’s association with non-HDL was expected since it was calculated by 

subtracting HDL-C from TC (Table 3). A collated measure of TC/HDL-ratio represented both 

TC and HDL. Non-HDL was therefore unnecessary in favor of a TC/HDL-ratio. 

3.3. Assessing age and sex divided cut-off values 

The proceeding results support age and sex stratified quartile divisions rather than dividing the 

whole sample by age or sex alone. All CMD risk variables had some age and sex differences. 

Risk factors were therefore split in quartiles by both age and sex. This conclusion is even further 

supported by the different final cut-offs shown in table 5. 

3.3.1. Age differences in CMD risk factors 

Among all measures, weight, height, BMI, WC, all body composition except percentage body 

fat, and all cardiopulmonary variables, were significantly higher with increasing age in a one-

way ANOVA (p < 0.0001) (table 4). WHtR (p<0.0001) and HbA1c (p<0.05) also differed 

significantly between the age groups. Post-hoc Bonferroni analysis revealed that the differences 

in WHtR were between the youngest (6 and 7 year olds) and oldest (11 and 12 year olds) 

children (p<0.05), where the lowest ratio were among the older children. Post-hoc Bonferroni 

revealed no significant age differences in HbA1c. 

  



18 

 

Table 4: Descriptives of anthropometry, body composition, cardiopulmonary variables, and blood samples among 6-12 year olds 

 6  7  8  9  10  11  12 p-value 

for trend  n Mean (SD)  n Mean (SD)  n Mean (SD)  n Mean (SD)  n Mean (SD)  n Mean (SD)  n Mean (SD) 

Age (years) 88 6.64 (0.24)  135 7.52 (0.27)  159 8.48 (0.29)  176 9.49 (0.26)  184 10.47 (0.27)  230 11.49 (0.29)  84 12.25 (0.18)  

Anthropometry                      

Weight (kg) 88 23.35 (3.47)  135 26.45 (4.12)  159 29.26 (5.19)  176 32.77 (6.77)  184 36.62 (7.16)  230 40.84 (8.17)  84 43.11 (7.60) <0.0001 

Height (cm) 88 1.22 (0.05)  135 1.28 (0.06)  159 1.34 (0.06)  176 1.39 (0.06)  184 1.43 (0.07)  230 1.50 (0.07)  84 1.54 (0.07) <0.0001 

BMI (kg/m2) 88 15.51 (1.55)  135 15.98 (1.81)  159 16.24 (2.07)  176 16.90 (2.48)  184 17.73 (2.90)  230 17.94 (2.73)  84 17.99 (2.28) <0.0001 

Waist (cm) 88 56.95 (4.61)  135 59.25 (5.40)  159 60.50 (5.35)  176 62.88 (7.22)  184 65.51 (7.90)  230 67.10 (7.97)  84 67.97 (6.41) <0.0001 

WHtR 88 0.47 (0.03)  135 0.46 (0.04)  159 0.45 (0.04)  176 0.45 (0.04)  184 0.46 (0.05)  230 0.45 (0.05)  84 0.44 (0.04) <0.0001 

Body composition                      

Muscle mass (kg) 87 17.57 (2.19)  134 19.71 (2.50)  159 21.79 (3.12)  175 24.27 (3.67)  183 26.95 (3.88)  229 30.19 (4.61)  84 32.35 (4.49) <0.0001 

Fat (%) 87 19.94 (3.34)  134 20.77 (4.12)  159 20.74 (4.35)  175 20.87 (5.13)  183 21.50 (4.95)  229 20.99 (5.57)  84 20.23 (4.74) 0.229 

Fat mass (kg) 87 4.73 (1.43)  134 5.60 (1.92)  159 6.18 (2.29)  175 7.10 (3.47)  183 8.16 (3.61)  229 8.88 (4.10)  84 8.94 (3.57) <0.0001 

Fat-free mass (kg) 87 18.60 (2.29)  134 20.86 (2.63)  159 23.04 (3.28)  175 25.72 (3.82)  183 28.41 (4.03)  229 31.87 (4.89)  84 34.13 (4.72) <0.0001 

Bone mass (kg) 87 1.05 (0.13)  134 1.16 (0.15)  159 1.25 (0.18)  175 1.39 (0.20)  183 1.51 (0.21)  229 1.68 (0.25)  84 1.78 (0.23) <0.0001 

Protein mass (kg) 87 3.94 (0.50)  134 4.44 (0.57)  159 4.92 (0.72)  170 5.82 (3.89)  183 6.12 (0.89)  229 6.88 (1.07)  84 7.36 (1.04) <0.0001 

Cardiopulmonary                      

SBP (mmHg) 88 103.45 (9.57)  135 105.17 (10.59)  159 107.51 (9.30)  176 108.74 (9.20)  184 110.71 (9.99)  230 111.70 (10.42)  84 113.57 (11.07) <0.0001 

DBP (mmHg) 88 67.36 (8.94)  135 69.02 (7.11)  159 70.99 (7.55)  176 70.84 (7.70)  184 72.39 (7.27)  230 72.45 (7.10)  84 71.86 (5.86) <0.0001 

Andersen test (m) 88 775.69 (109.78)  135 851.59 (108.26)  159 926.84 (121.63)  176 965.83 (121.30)  184 993.68 (123.43)  230 1022.26 (109.79)  84 1084.70 (106.82) <0.0001 

Blood samples                      

HbA1c (%) 88 5.32 (0.19)  135 5.35 (0.28)  159 5.39 (0.20)  176 5.41 (0.37)  184 5.35 (0.24)  230 5.39 (0.22)  84 5.42 (0.23) <0.05 

TC (mmol/L) 88 4.20 (0.66)  135 4.24 (0.64)  159 4.34 (0.67)  176 4.38 (0.67)  184 4.40 (0.69)  230 4.28 (0.62)  84 4.25 (0.65) 0.090 

HDL-c (mmol/L) 88 1.61 (0.36)  135 1.67 (0.37)  159 1.67 (0.33)  176 1.65 (0.37)  184 1.63 (0.32)  230 1.61 (0.34)  84 1.63 (0.32) 0.623 

nonHDL-c (mmol/L) 88 2.60 (0.66)  135 2.57 (0.64)  159 2.68 (0.64)  176 2.74 (0.68)  184 2.77 (0.70)  230 2.66 (0.62)  84 2.62 (0.66) 0.102 

TC/HDL-c ratio 88 2.72 (0.64)  135 2.65 (0.71)  159 2.69 (0.61)  176 2.78 (0.68)  184 2.78 (0.63)  230 2.75 (0.67)  84 2.70 (0.66) 0.563 

mCRP (mg/L) 38 1.58 (2.37)  62 1.59 (3.36)  62 1.04 (2.28)  78 0.91 (1.69)  74 1.05 (1.91)  92 1.09 (2.04)  44 0.60 (2.10) 0.294 

* BMI = body mass index; WHtR = waist-to-height-ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; HbA1c = hemoglobin-A1c, TC = total serum cholesterol, 

HDL-c = serum high-density-lipoprotein cholesterol, nonHDL-c = serum non-high-density-lipoprotein cholesterol; TC/HDL-c ratio = serum total cholesterol to high-density-

lipoprotein cholesterol = ratio; mCRP = micro C-reactive protein. 

* Only those with six valid measures of the CMD risk factors are included in this table. 

* p-value for trend shows a one-way ANOVA by age.  
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3.3.2. Sex differences in CMD risk factors 

Boys in the sample had higher mean WC, SBP (∆μ = 1.6 mmol/L, 95% CI = 0.4-2.9, p < 0.05), 

Andersen test results (∆μ = 35 m, 95% CI = 18-52, p < 0.0001), and HbA1c. A t-test revealed no 

significant differences in mean WC (p = 0.137) and HbA1c (p = 0.553) between boys and girls.  

3.3.3. Age and sex differences in CMD risk factors 

Mean SBP and Andersen results among boys were higher than the girls’ in all age groups. Mean 

WC were higher among boys in the 6- and 11-year-olds in this sample. Age-divided sex analyses 

revealed significant general differences in WC among the 10- and 12-year-old boys and girls (p 

< 0.05). Significant differences in SBP were found among the 8-year-olds (p < 0.01). Significant 

differences in Andersen fitness test results were among the 9-11-year-olds (p < 0.05). 

Girls had higher mean TC/HDL-ratio in all age groups in the sample. Average difference of 

means among boys and girls were significant (p < 0.0001) by 0.2 (95% KI = 0.1-0.3). Age-

divided analyses showed significant differences among the 6-, 8-, 9-, and 11-year-olds (p <0.05). 

3.4. Quartile divisions 

Judging histogram distributions by age and sex (figure 3), both WC and TC/HDL-ratio are 

clearly right-skewed, while Andersen aerobic fitness test results are left-skewed. These place 

outlying values more likely to the right and left of the median respectively. These sides were 

therefore, in conjunction with literature reviews, used as the least desirable quartiles (L. B. 

Andersen et al., 2008; Dalene et al., 2017; Helsedirektoratet, 2010; Hui, Liu, & Ho, 2010; 

Lemieux et al., 2001). Systolic blood pressure was more evenly distributed on both tails. The fact 

that hypertension is a likely contributing factor to cardiovascular diseases places the least 

desirable quartile in the upper quartile (Chiu et al., 2016; Folkehelseinstituttet, 2016; “IDF,” 

2015). HbA1c has as expected a small variance and was supported by the stable cut-off values 

across all age groups and both sexes (Table 5). Seeing as high fasting blood sugar level is one of 

the indicators of diabetes, the upper quartile was used as the least desirable quartile (“IDF,” 

2015).  
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Figure 3: Histograms of cardiometabolic risk factors by age and sex divisions 
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Cut-off values were determined by assuming an ascending division of the quartiles, meaning the 

cut-off value itself was included in the lower quartile (table 5). Both HbA1c and TC/HDL-ratio 

cut-offs were stable across all age groups. Cut-off values for WC, SBP, the Andersen fitness test 

increased with increasing age. 

 

Table 5: Cardiometabolic risk score cut-off values based on quartiles by age and sex 

Sex and age 
WC > 
(cm) 

SBP > 
(mmol/L) 

Andersen ≤ 
(m) 

HbA1c > 
(%) 

TC/HDL-ratio > 
 

Boys      

6 58.4 109 721 5.4 2.9 

7 62.6 110 799 5.6 2.9 

8 64.0 114 860 5.5 2.7 

9 66.8 115 910 5.6 3.0 

10 70.0 118 900 5.5 3.1 

11 70.0 119 981 5.5 2.9 

12 73.0 123 1038 5.6 2.8 

Girls      

6 61.5 109 698 5.5 3.3 

7 60.0 112 780 5.5 3.1 

8 62.4 110 855 5.6 3.1 

9 66.4 113 871 5.5 3.3 

10 66.5 116 920 5.5 3.1 

11 73.0 118 940 5.5 3.2 

12 69.0 119 1020 5.6 3.1 
* WC = waist circumference; SBP = systolic blood pressure; Andersen = Andersen aerobic fitness test; HbA1c = hemoglobin-

A1c, TC/HDL-ratio = serum total cholesterol to high-density-lipoprotein ratio. 

* Cut-offs are based on quartile divisions stratified by age and sex. 

 

3.5. Cardiometabolic risk score 

Most of the children scored only one CMD risk factor (38.3%). 28.8% had zero risk factors. 

2.3% of the sample scored four and 0.6% five risk factors, of which most of those with five risk 

factors were nine years old. None of those six, seven, 10, and 12 years old had five risk factors, 

and none of the six years old had four or more risk factors (figure 4). Median CMD risk score 

was one for all age groups. 
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Figure 4: Clustered bar chart with distribution of cardiometabolic risk scores split by age. 

 

To supplement the article-findings, table 6 shows averaged sum of the absolute value of the z-

scores in each CMD risk category. While the article’s aim was to present specific data for the 

included CMD risk variables, the numbers in table 6 may instead allow study comparisons even 

when correlates of the variables included in this paper are used. 

 

Table 6: Mean sum of absolute values of z-scores by CMD risk score 

CMD  
risk score 

Mean  
z-score (SD) 

0 0.0 (0.0) 

1 1.2 (0.7) 

2 2.4 (1.0) 

3 4.0 (1.3) 

4 5.9 (1.9) 

5 8.3 (3.0) 

* CMD = Cardiometabolic disease 
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3.6. Explorative analysis: Clustering of CMD risk factors 

The scientific article of this thesis found no clustering of CMD risk factors at any CMD risk 

score, thwarted by large margins of error at four and five factors. Figure 5 shows relative risk to 

an expected binomial probability distribution using revised cut-offs. As can be seen, children in 

the zero and one risk factor groups were reallocated to the two or more risk factor groups. As a 

result there is a significant clustering at three (RR = 1.3, 95% CI = 1.0-1.7) and four (RR = 2.7, 

95% CI = 1.5-4.7) risk factors. There were no changes from the original findings at five risk 

factors. 

 

 

Figure 5: Explorative analysis: relative ratio of observed/expected distribution by number of 

cardiometabolic risk factors. 

Distribution of observed number of cardiometabolic risk factors in least favourable quartile against a binomial probability 

distribution. Any significant values above 1.0 indicates a clustering of risk factors. 

*  RR = 1.30, 95% CI = 1.01-1.69. 

** RR = 2.65, 95% CI = 1.49-4.73. 

***  RR = 5.82, 95% CI = 0.72-46.93. 
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3.7. Explorative analysis: Dietary diversity and CMD risk score 

There were 97 nine-year-olds and 70 ten-year-olds among those with both valid CMD risk 

measurements and dietary diversity scores (n = 167). Most children had a DDS of three (34%) or 

four (30%) (Figure 6). 

Children with four CMD risk factors all had a DDS of three and those with five risk factors all 

scored a DDS of four (Figure 6). Most of those with zero risk factors had a score of three in 

DDS, which was also median DDS. It is not clear which major food group was lacking in their 

diet, but wholegrain bread was the main lacking category across all DDSs. 

 

 

Figure 6: Bar graph of CMD risk factor frequency by dietary diversity score. 
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4. Discussion 

4.1. Defining the risk of cardiometabolic disease and clinical applicability 

In addition to studying clustering above an expected distribution, this thesis wanted to provide a 

potential risk assessment tool related to both CVDs and MetS in children. The presence of 

multiple factors equates to an elevated risk of developing CMDs (Lars Bo Andersen et al., 2015). 

Whether the consolidated score correlates with CMDs or if they are just a mixture of unrelated 

phenotypes is, however, dependent on large longitudinal cohorts.  

The analytical model in this study examined whether the clustering of factors occurred together 

more than by chance, in which case it would be plausible to assume underlying causes (Lars Bo 

Andersen et al., 2015). Early detection of such clustering with proper follow-ups can 

significantly reduce the risk of CMDs (Barstad et al., 2018; Bugge et al., 2013; van Vliet et al., 

2011). As such, health practitioners can benefit from a validated definition to administer suitable 

care. 

Challenges of a continuous CMD risk score are relatable to the defining of MetS criteria. The 

MetS has multiple standards, which include the IDF’s, the American Heart Association’s (AHA) 

and the National Cholesterol Education Program’s (NCEP) ATP-III definition and many more 

(“NHLBI,” 2001; “AHA,” 2018; “IDF,” 2015; Huang, 2009). Though all are similar in that they 

require a minimum number of risk factors, the components themselves differ greatly. Cut-points 

in each are different, not all require diagnosis of type-2 diabetes, the use of fasting glucose vary, 

the IDF definition places greater emphasis on central obesity, not all include specific instructions 

by ethnicity or sex, and so on. These differences lead to diverging prognostic ability and 

identification of cases. 

A benefit of the selection process of risk factors in this thesis was the exclusion of covariates. 

This means that each included variable is likely a unique identifier for the risk of CMDs. The 

same methodological approach in an adult sample would further validate the method with hazard 

ratio analyses (Selmer et al., 2017). The addition of reporting strong and moderate correlations to 

each variable allows more flexibility in study comparisons as well as more versatility in clinical 

use (Table 3). 
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An important question that remains is whether CMD risk should be defined in child populations. 

In the case of MetS, a three-year follow-up found instability in the diagnosis of adolescents 

(Goodman et al., 2007). The study found that different stages of growth and development 

required different diagnostic thresholds. These findings along with the varying MetS definitions 

highlight two challenges: different diagnostic factors may be required at different life-stages, and 

the population-specific nature of defining cut-points, whether dichotomously or as ordinal 

variables.  

Background variables such as age, sex, ethnicity, and socioeconomic status may confound the 

current findings. The current CMD risk factors agree with previous findings where BP, adiposity, 

and cholesterol loaded onto the same factor (Stoner et al., 2017). In addition, HbA1c loaded onto 

adiposity and was indicative of overweight-obesity in children. However, while a strength of this 

study is the large sample size, a wide variability in background variables may hide e.g. age and 

sex specific differences in the CMD risk definition. The single-point data does, unfortunately, 

not allow investigating stability of the CMD risk score prospectively (Ahrens et al., 2014; 

Goodman et al., 2007; Magge et al., 2017). Overweight and obesity prevalence, for example, 

differ across socio-demographic groups (Júlíusson et al., 2010). Longitudinal economic changes 

affect risk of CVDs differently across varying strata of socioeconomic status (Jackson, Yang, & 

Zhang, 2018). Even perceptions of diabetes risk factors differ greatly among ethnic minorities in 

Norway (Kjøllesdal, Hjellset, Bjørge, Holmboe-Ottesen, & Wandel, 2011). It may be prudent to 

define age-, sex-, and even ethnicity-, and socioeconomic status-specific cut-points. 

The use of clustering of CMD risk as a continuum of risk (risk score 0-5) may mitigate some of 

the diagnostic limitations. A continuous risk score, rather than dichotomously defining risk, 

better reflects the continuous nature of the risk factors. A continuous risk score enables better 

administration of care to high-risk individuals in tiers. All included risk factors are at least 

known factors to CMDs. In other words, use of a continuous risk score may be better suited for 

use in pediatric practice and public health policy-making. 
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4.2. Preventive care in public health 

4.2.1. Identifying the target population of preventive care 

Initial findings from this thesis indicate no significant clustering of CMD risk factors among 

Norwegian children 6-12 years of age. The exploratory analysis however reflects previous 

findings in Norway and Denmark better (Figure 5) (L. B. Andersen, Wedderkopp, Hansen, 

Cooper, & Froberg, 2003; Steene-Johannessen et al., 2009). There may be a clustering of CMD 

risk factors among those with four factors. 

Most notable were the changes in the three and four risk factor groups where 95% confidence 

intervals now indicate significant clustering at three or more risk factors. Results at three risk 

factors are nearly not clinically relevant and only statistically significant at two decimal places. 

There was a more significant clustering at four risk factors. If so, targeting the four percent who 

had four risk factors, especially considering most children at all ages only had one factor, would 

mean significantly lower preventive care expenditures compared to population-wide strategies. 

Nine-year-olds could potentially be primary targets (presenting with five risk factors), and 

secondary those seven-years-old (Figure 4). Both these and earlier findings warrant further 

research on early signs of CMDs among child populations. 

Norway was, according to a 2015 OECD report, the third largest spender per capita on health 

expenditures and resources among OECD countries, behind USA in first place and Switzerland 

on second (OECD, 2015). The equivalent 2017 report places Norway in fourth place at USD 

6647 in total spending per capita (OECD, 2017). Interestingly, growth of Norwegian prevention 

expenditure has steadily decreased the past decade (Gmeinder, Morgan, & Mueller, 2017). 

Annual growth in prevention expenditure per capita was 11.5% from 2007-2009 and at 3.2% 

from 2013-2015. Preventive care amounted to only 3% (2017) of total Norwegian health 

expenditures (Figure 7) (Gmeinder et al., 2017; “Health accounts,” 2018). 
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Figure 7: Health expenditure (%) by function of care, 2017 

 

Higher health expenditures are not always indicative of better access or quality of care. 

Improving the current health care system lies not in increasing health care investments but rather 

in reallocation and improving the effectiveness of existing resources. Targeted disease 

prevention strategies is one such measure that may lead to lowering future hospital admission 

rates in conjunction with raising economic productivity (Kenkel & Sindelar, 2011). It is 

important to identify two factors: the rate-limiting steps and the key actors to target (Bauman & 

Nutbeam, 2013; Schiavo, 2013). That is, addressing the most important constraints for effective 

health services, and defining the primary and secondary audiences for policy changes.  

This paper investigated whether and which children should be targets for primary disease 

prevention strategies. If so, identifying their primary and secondary audiences would be the 

reasonable next step. Potential primary audiences being their primary caregivers, teachers, or 

even the children themselves’ influence on their caregivers, and potential secondary audiences 

being their access to resources/their environment, schools as an arena, friends, or sports facilities 

(Schiavo, 2013). 

4.2.2. The preventive paradox 

Disease as a continuum of symptoms necessitates population-wide preventive strategies 

wherever risk is diffused through the whole population (Rose, 1985). This may at first glance 
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somewhat invalidate the methodology in this thesis. Uncovering whether there is a clustering of 

risk factors at any level may hold little value in a public health perspective. It is unclear whether 

targeting those in the high-risk groups at four or more risk factors is cost-effective in reducing 

the disease burden of CMDs.  

Medical practice and public health strategies are often concerned with the segment of health that 

concerns disease. While this statement may seem self-explanatory, further investigation reveals a 

dichotomous assumption on disease occurrence. Doctors categorize individuals as healthy or sick 

and politicians concern themselves with definable in-risk segments of the population. The overall 

goal is clear: a wish to categorically reduce the number of sick individuals. Rose et al. however 

argues that these high-risk strategies, where efforts are focused on those judged most likely to 

develop disease, neglects a continuum of disease severity (Rose, Khaw, & Marmot, 2008). This 

can create a paradoxical situation where, despite sufficient preventive strategies to reduce the 

number of high-risk individuals, total number of individuals requiring medical care continues to 

rise. 

The argument is that disease concerns, by statistical definition, only a minority of the population. 

A bell curve dictates that the majority population is “normal” and should traditionally be left to 

themselves. However, cancer for example is the end-stage of a series of common changes, 

starting from minor cellular mutations, to premalignant stages, to localized malignancy, to a 

locally invasive disease, and finally in some cases to systemic invasions (Rose et al., 2008). 

Coronary heart disease is the same, it involves the gradual narrowing of small vessels that 

oxygenate the heart through atherogenesis, caused by, among others, the accumulation of serum 

LDL-C (Mahan, Escott-Stump, Raymond, & Krause, 2012). Both these cases illustrate disease 

(where their risk factors are continuous distributions) as a continuum or process rather than a 

dichotomous definition. The practical necessity of clear disease definitions is undisputable: when 

should an individual be sent home from the hospital, who should receive medication, should 

there be containment measures for potential epidemic outbreaks, etc. If disease exists in a 

continuum however, then we can surmise that the majority of those deemed “normal” is 

potentially at some stage of “disease” even without any clinical diagnosis. Some of these may 

also require medical care. Even if those in the “normal” group have a lower probability of 

becoming sick, having a much larger N also means there likely will be a larger number who will 
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become diseased in this group (p*N) than those who are defined in the marginalized in-risk 

group. 

The solution to this issue is then to utilize the analytical method of this thesis as a gradation of 

disease risk. Disease prevention strategies should be redefined as risk reduction strategies. This 

allows for multiple targeted measures based on severity of risk for CMDs. Rather than looking 

for clustering of risk factors, the provided z-scores would be of greater interest (Table 6). 

Tailored measures graded by standard deviations from a population average provides a more 

nuanced and targeted approach to population-wide health care systems. Population-specific 

research is necessary to facilitate this, in order to reveal the population-distribution of specific 

risk factors. The approach solves the issue of ambiguous definitions for disease when finding 

target-groups for public health strategies. A quote from Rose et al. summarizes benefits of this 

strategy perfectly: “A large number of people exposed to a small risk may generate many more 

cases than a small number exposed to a high risk.” (Rose et al., 2008).  

4.1. Dietary diversity and CMD risk 

Exploratory analyses by DDS showed that those with four and five risk factors also had a DDS 

of three or four. Most of those with zero or one risk factor had a DDS of three. Higher DDS 

should normally indicate diets that are more varied. These findings could however illustrate that 

those with a DDS of four may include individuals with higher caloric consumption than 

necessary. The CMD risk score may, in other words, indicate that those with a higher risk score 

should be more cautious about a high DDS. 

Satisfying dietary recommendations for three of “vegetables, fruits and berries, wholegrain 

bread, and fish” may be the most cost efficient on a population-scale. Focusing on overall diet 

patterns, rather than isolated nutrients for cardiometabolic risk may, in fact, be better 

(Mozaffarian, 2016). Intervening on dietary patterns permit greater flexibility and personal 

preferences in diet choices. Smaller changes across all these food categories, without overt focus 

on fulfilling all recommendations, potentially increase compliance and effectiveness of 

measures. 
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4.2. Ethical considerations 

4.2.1. Formal legal responsibilities 

Informed consent was collected from the children’s legal guardians in accordance with the 

Health and Rights Act (Pasient- og brukerrettighetsloven, 1999, §§ 4–4). Consents may be 

withdrawn at any time and all personal health data can be requested deleted within 30 days as 

outlined in The Health Research Act (Helseforskningsloven, 2008, § 16). All processing of 

personal health data is furthermore in accordance with the Health and Rights Act  

(Helseforskningsloven, 2008, Chapters 7 & 8). All collected data was directly linked to the 

research aims and participants have a right to access their own personal data upon request. 

The Regional Committees for Medical and Health Research Ethics (REK) granted prior approval 

according to The Health Research Act (Helseforskningsloven, 2008, § 9 §10). The committee is 

responsible for ensuring that medical and health research in Norway is ethically acceptable. All 

substantial changes to the project description would be subject to REK’s approval in line with 

The Health Research Act (Helseforskningsloven, 2008, § 11). 

4.2.2. Children as a sensitive target group 

School meetings provided parents and guardians opportunities for feedback. As an example, all 

anthropometric measures and body composition data was kept unavailable for the children 

themselves as a request from their caregivers. This was to prevent the children from comparing 

and discussing their measurements between themselves. 

There was however a methodological challenge in this. It was possible to cover the body 

composition scanner's screen while measuring, to train the HOPP-team not to orally convey 

results to the children, and to note results out of sight before handing their folder back. Secrecy 

was however heavily reliant on the individual child's obedience to instructions of not looking in 

their own folder while moving between measurement stations. This was easier among the 

youngest children in the study sample than the older, where non-compliance to the instruction 

was more common. 

To remedy this, as part of a process to both improve efficiency and lower resource demands, 

digitizing the data collection could solve multiple challenges. Registering results on for example 
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synchronized tablet devices at each station would keep them permanently out of reach for the 

children. Only an ID would be necessary to match measures. It would moreover eliminate time 

and human resources required in digitizing all paper-based-data, improve security if managed 

properly (ie. encryption of tablets), and perhaps most interestingly is the possibility of live 

analytics and error-detection. That is, missing data or errors in data-collection could be 

discovered on-site and immediately rectified. A simpler variant involving only data collection 

was implemented as of 2018. 

4.2.3. Coding, de-identification, anonymity, and security 

All children were given identifying numbers (IDs) based on class rosters kept secure separately. 

The data is therefore coded, not de-identified or anonymized (Rothstein, 2010; Sariyar & 

Schlünder, 2016). The data will be de-identified by June, 2025, at which point all rosters linking 

IDs with names will be destroyed (“REK,” 2017). Due to the nature of collecting such 

comprehensive personal measures, there is always a deductive and identity disclosure risk 

(Sariyar & Schlünder, 2016). That is, given enough motivation and effort, it is possible to link 

sets of personal characteristics in the dataset to individuals. 

Remedying the challenge of not being able to ensure complete anonymity involves improving 

storage and management solutions. The European Union's (EUs) general data protection 

regulation (GDPR) came into effect 25th, May 2018. This divides the addressing of data security 

in two parts: pre- and post-GDPR. 

Data security in HOPP falls under two considerations: data storage and data management. The 

baseline data of which this paper draws its results were stored on a secure network assisted 

storage (NAS) solution. A Western Digital My Cloud server stored all the coded raw data (“WD 

corp.,” 2018). Periodic backups were manually executed when necessary. Rosters linking IDs 

with names were kept separately in a locked room and archive. As for management, the server 

could be reached with the correct address, username, and password. Physical paper-journals with 

raw data was additionally stored behind locked doors in locked archives. Only HOPP research-

team members were given direct access to the server and selective parts were shared upon 

request to the project leader for specific purposes (eg. master's thesis work). 
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The weakest link in data management was therefore the shared data outside of the research team. 

There were no specific requirements placed on these, neither encryption nor password protection. 

These were however more likely anonymized by virtue of only a small section of data and 

variables made available, lowering the risk of deductive disclosure risks. 

4.2.4. EU General Data Protection Regulations 

Following the advent of the GDPR however, stricter measures had to be put in place as of May 

2018 (University of Oxford, 2018). What entails good research practice is already in line with 

most GDPR requirements. Most responsibilities following the GDPR are fulfilled through the 

registration of the project under REK. These include, but are not limited to, the fair use and 

transparency of personal data, a legitimate and clear purpose for the data collection, collection of 

only relevant information, and de-identification of the data. These are already satisfied through 

the project description submitted to the ethics committee detailing the project-aim, target 

population, informed consent, allowances for opting out, and procedures for the de-identification 

of the data (“REK,” 2017). Publication of study-results in reputed scientific journals ensures 

additionally fair use and transparency. Areas where the new regulations require action are the 

stricter requirements on storage security and management. 

The clauses involving data security are to prevent unauthorized, unlawful access and use of 

personal data. That includes unsolicited and accidental loss and destruction of the data. In short 

this affects the HOPP-data on three fronts; (a) ensuring formal authorization of access to data, (b) 

clearly defined purposes for each person given access, and (c) damage control in case the data 

ends up in unauthorized hands. The result of the first two points was to move the data offline 

from the NAS to offline hard disks with 256-bit AES volume-encryption and the purchase of pin 

protected encrypted memory sticks for secure data transfers. All of which was stored in locked 

archives and rooms where only authorized individuals had access. Placing both physical and 

digital barriers makes it easier to limit access only to those with specific need. It also lowers risk 

of unauthorized access. Data encryption furthermore protects the personal data in case of 

accidental loss or theft (whether digital or physical). 

Moving the data offline and requiring physical transfers through authorized encrypted memory 

sticks does however place some limitations on efficiency. A cloud-based solution would allow 
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unhindered access to always-updated data, enabling collaboration that is more efficient as well as 

lowering human resource demands. The HOPP-research solutions are, however, sufficient as 

intermediary solutions in the advent of the new EU regulations. There are several technical and 

administrative challenges that must be addressed for secure cloud-based solutions of research 

data. While there are third party providers offering secure storage solutions for researchers (e.g. 

National e-Infrastructure for Research Data and the Norwegian Centre for Research Data), a 

challenge would be the protection of intellectual property. These services often place a number 

of requirements on the type of data stored, publication and near-unsolicited access to the data, or 

charge a sizeable premium. Larger institutions would therefore benefit from setting up 

comprehensive in-house solutions. That is, secure cloud-based storage systems, mechanisms for 

authorization of data access, and either secure dedicated computers or software for protecting 

downloaded research data on personal workstations. 

4.3. Major strengths, limitations, and future research 

4.3.1. Major strengths 

Major strengths of this study include the large sample size evenly distributed by age and sex, and 

the use of biomarkers. The effect of respondents’ discrimination capability and literacy levels 

were as such reduced in the present study (Johnson & Morgan, 2016). The exclusion of PA level 

data (by accelerometers) is an example of favoring biomarkers. PA level introduces many 

confounding behavioral traits, as it is not purely a physiological measurement. 

Few previous studies have collected similarly comprehensive data in Norway for this age range 

and among a mostly healthy child population. Most studies include specific ages with smaller 

sample sizes (L. B. Andersen et al., 2003; Bugge et al., 2013; Chu, Rimm, Wang, Liou, & Shieh, 

1998; Dalene et al., 2017; Steene-Johannessen et al., 2009, 2009). The sample size enables both 

age and sex specific quartile divisions (Table 4). This strength is paradoxically also one of the 

major limitations of the study; quartile divisions and z-scores are population-specific. With the 

method used in this thesis, the sample averages and distributions become defining of subsequent 

risk score analyses. Quartile cut-offs (Table 5), z-scores (Table 6), and clustering of CMD risk 

factors (Figure 5) provide, however, a piece of the puzzle in conjunction with other studies. The 

study-results may be limited to six to twelve-year-olds in eastern-Norway, if not specifically to 
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Horten municipality and Akershus County. The HOPP-sample has, for example, a higher 

proportion of high parental education levels compared to the rest of the country (Deng & 

Fredriksen, 2018). z-Scores are in such cases the most relevant for study comparisons. 

Providing data on the distribution of the continuous CMD risk score is another strength of the 

study, and is important to the implementation of effective preventive strategies. Rather than a 

simple dichotomization of CMD risk such as the MetS diagnosis based on arbitrary cutoffs, a 

CMD score better reflects the gradual and continuous nature of lifestyle diseases such as CMDs. 

The continuous score is particularly useful in a research perspective as it allows exploring the 

relative impact of distinct CMD risk levels in various populations. 

4.3.2. Major limitations 

As discussed in the article, a clear limitation of the study is the lack of a clinical outcome. Even 

without a clear clinical outcome, short-term prospective study designs would enable the 

assessment of changes in the risk scores. The only consolation this thesis relies on is that all 

included individual variables of the CMD risk score are known risk factors and track from 

childhood to adolescence and adulthood (Ali et al., 2014; Lars Bo Andersen et al., 2004; Barstad 

et al., 2018; Bugge et al., 2013; van Vliet et al., 2011).  

This thesis does, moreover, not perform any validity or reliability analyses for the CMD risk 

construct. Tests of internal consistency would reveal the construct’s reliability. There are 

however some issues with either principal factor analysis or tests for internal consistency. First is 

the question of how to treat inverted variables such as the Andersen aerobic fitness test. 

Cronbach’s alpha, as an example, is normally best at dealing with e.g. likert scales that are easily 

inverted. Second is that the choice of variables become subject to statistical methods and less on 

previous research and ease of access for clinicians. This is especially an issue considering that 

defining CMDs may differ at different life-stages, in different ethnic groups, and vary by SES. In 

contrast, the current cluster score manages to include all major risk categories (adiposity, blood 

lipids, metabolic factors, hemodynamic measures, and physical fitness) while minimizing 

multicollinearity. 
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4.4. Final remarks 

CMD risk may increase with increasing age based on secular trends among Norwegian children 

aged 6-12 years from the HOPP baseline. Some of the concern may however be mitigated by a 

lack of significant clustering of risk factors in this particular age group. While these are 

important findings, this thesis’ real value lies in its utilization and presentation of a continuous 

CMD risk score. Recognizing that disease prevention for a majority of the population is a matter 

of risk reduction enables stratified prevention measures by degree of risk. 

In light of the negative global trends in physical health, the lack of a consensus definition for 

CMD risk for children necessitates longitudinal cohort studies. These would allow for studying 

longitudinal and secular trends as well as validity testing constructs of CMD risk. Future 

research on CMD risk scores should split analyses by sex, age groups, ethnicities, and SES. 
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Abstract 

Aims: The main aim of the present study was to investigate the clustering of risk factors for 

cardiovascular diseases and metabolic syndrome in a large, healthy representative Norwegian child 

population. Methods: From a population of 2817, parents of 2297 children agreed to participate. Values 

of waist circumference (WC), total cholesterol (TC), high density lipoprotein (HDL-C), systolic blood 

pressure (SBP), haemoglobin-A1c (HbA1c) and Andersen aerobic fitness test were used to test clustering 

of cardiometabolic risk factors in this sample. Expected distribution of probability from 0-5 risk factors 

was accordingly: 23.7%, 39.6%, 26.4%, 8.8%, 1.5%, and 0.1%. A cardiometabolic risk score from zero to 

five for each individual was derived by adding the number of variables in the least desirable quartile 

(highest for WC, SBP, TC, and HbA1c; lowest for aerobic fitness and HDL-C). Results: A risk ratio of 

5.8 (95% confidence interval 0.7-46.9) was found at five risk factors, though the small sample size 

rendered results non-significant. An explorative analysis combining children with four and five risk 

factors does not reveal any significant clustering either. Conclusion: No clustering of risk factors was 

found among Norwegian children aged 6-12-years.  
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Background 

There has been a considerable increase in the prevalence of obesity the last decades.  Almost a third of the 

adult population in the world are obese (607 million) (The GBD 2015 Obesity Collaborators, 2017). As a 

result, the worldwide burden of cardiovascular and metabolic diseases has increased (The GBD 2015 

Obesity Collaborators, 2017). In addition, increased time spent inactive may augment the risks of 

developing both cardiovascular and metabolic diseases. It is important to investigate risk factors for these 

diseases among children, given evidence that they likely persist into adulthood (Berenson, Srinivasan, Xu, 

& Chen, 2016; Koskinen et al., 2017; Suglia et al., 2017). 

Tracking risk factors from childhood to adolescence, and later to late adulthood is challenging. However, 

being overweight or obese during early childhood has been shown to increase the risk of being at an 

unhealthy weight in adulthood, as well as lifestyle diseases (Berenson, Srinivasan, & Nicklas, 1998; 

Berenson et al., 2016; Koskinen et al., 2017). There are strong indications that children who show signs 

of cardiometabolic risk factors may develop diabetes in adolescence and adulthood (Koskinen et al., 

2017). Despite tendencies of a levelling out with regard to weight gain in children in some countries [6, 

7], the trend of increased obesity and inactivity among children worldwide is still a major concern for 

public health. Norway is one of the few countries where there is a decrease in overweight children [8]. 

About 16 % of Norwegian children are however currently overweight or obese [7]. Measurements of 3rd  

grade pupils revealed that 14 % had experienced an unhealthy weight-gain [9]. Given these figures, it is 

of great importance to map cardiometabolic risk factors in early childhood in order to follow any 

development in a child population. 

While individual risk factors may indicate current health status, the cumulative effect of multiple factors 

lead to lifestyle diseases. Early identification and intervention for children at risk of developing 

cardiometabolic diseases (CMD) could minimize the tracking of risk factors into adulthood [10, 11]. 

Bailey et al. report that good cardiorespiratory fitness during youth is related to lower CMD risk in 

adulthood [11], where clustering of CMD risk factors occurs in for example obese children [12]. While 
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definitions for metabolic syndrome are useful for diagnostic purposes, they only provide a dichotomized 

result. Tracking quantitative risk scores provide population-level assessments of soft-endpoints among 

child populations while measuring degree of clustering. Steene-Johannessen et al. found clustering of 

cardiovascular disease risk factors in 11.4% of a representative Norwegian child population [13]. More 

nationally representative studies covering multiple geographical areas are necessary both to monitor 

development and for accurate assessment of CMD risk status among Norwegian children. 

Several risk factors have been used in different papers to estimate overall burden of future CMD [13]. 

Anthropometric variables like weight, body mass index (BMI), WC and body fat have previously been 

used [13, 14]. In addition, serum cholesterol, high density lipoprotein, triglycerides and micro C-reactive 

protein (mCRP) have been used to estimate clustering of CMD risk factors [13, 15, 16]. Blood pressure 

(BP), endurance tests and physical activity level have also been considered clinically relevant factors [17]. 

The main aim of the present study was to investigate the clustering of risk factors for cardiovascular 

diseases and the metabolic syndrome in a large, healthy representative Norwegian child population. In 

addition to the conventional dimensions of anthropometric measurements, biomarkers in blood samples 

and BP, the study also included an aerobic performance test and body composition variables. 

 

Method 

Sample 

This paper employed a cross-sectional design. The cardiometabolic risk factors presented in this study are 

baseline findings (January-June 2015) from the larger prospective Health Oriented Pedagogical Project 

(HOPP) cohort study. Primary school children (n=2817) from Norway were invited to participate and 

written informed consent was obtained from 82% (n=2297) of the population, ranging from 6 to 12 years 

of age (table 1). HOPP's full study design can be found published by Fredriksen et al. and is therefore not 

detailed in this paper [18]. Relevant essentials are presented below. 
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Anthropometry and body composition 

Weight and body composition (muscle mass, body fat, bone mass, and protein mass) were measured with 

a Tanita MC-980MA (Tokyo, Japan) through bioelectrical impedance analysis, barefoot, in light clothing, 

subtracting 0.4kg to compensate for weight of the clothes [19]. A SECA 213 stadiometer (SECA GmbH, 

Germany) measured body height without shoes to the nearest 0.5cm [20]. Waist circumference (WC) was 

measured with a tape measure to the nearest 0.5cm at full expiration at the level of the umbilicus. BMI 

was calculated as weight divided by height squared and waist-height ratio (WHtR) as WC divided by 

height. 

An automatic BP monitor (Model M6 Comfort IT, Intellisense HEM-7322U-E, Omron Healthcare Co., 

Ltd., Kyoto, Japan) with a cuff (Intelli Wrap Cuff, HEM-FL31, Omron Healthcare Co., Ltd., Kyoto, 

Japan) attached to their left upper-arm measured BP up to three times depending on failure to detect 

pressure, or if results were outside normal age-adjusted ranges. In case of three unsuccessful attempts, the 

BP was measured on the right arm until a successful test was confirmed.  A retest was performed at a later 

occasion if results were still outside normal ranges. 

Andersen fitness test 

Aerobic fitness was measured for all students using the Andersen intermittent running test [21]. The test 

is an indirect measure of VO2max. School gymnasiums were used for administering the test in groups of 

10-20 children, depending on number of supervisors present. The children ran back and forth to touch the 

walls/lines at intervals of 15 seconds of running and 15 seconds of rest, for a total of 10 minutes. Total 

distance was recorded as number of laps completed plus distance covered during the last lap. The children 

were told to run as fast as they could in order to cover the longest distance possible. 
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Blood samples 

Blood samples were collected for 1356 (59%) children in a non-fasting state between 08.00 am-01.30 pm. 

The children were called from their classrooms in groups of four, making sure they had not performed 

strenuous exercise prior to sample collection. Blood samples were collected by a phlebotomist in 4ml 

tubes (Vacuette Z Serum Sep Clot Activator and K2EDTA, Greiner Bio-One International, Austria) from 

the antecubital vein. The gel tubes were then set to coagulate for 30 min before centrifuged at 2000 G for 

10 minutes. Samples were, at the end of each day, transported to Vestfold Hospital Trust (cert. NS-EN 

ISO 15189) for analyses according to standard laboratory procedures. Serum total cholesterol (TC) and 

high-density lipoprotein-cholesterol (HDL-C) were measured in Vitros 5600 or Vitros 5.1 (Ortho-Clinical 

Diagnostics, USA), and haemoglobin-A1c (HbA1c) in Tosoh G8 (Tosoh, Japan) with reagents from the 

supplier. Non-HDL-C was calculated as TC subtracted by HDL-C. 

Statistical analyses 

All variables were normally distributed, mean values with standard deviation (SD), and 95% confidence 

intervals (CI) are presented for all variables. All analyses were completed using Statistical Package for the 

Social Sciences v24 (IBM SPSS, Armonk, N.Y. USA). Differences by age, sex, and clustering of risk 

factors were analyzed with parametric t-tests and analyses of variance (ANOVA). A p-value ≤ .05 was 

considered statistically significant.  

The analytical model used in the present study, as described in Fredriksen et al., was adjusted from ten to 

five risk factors [18]. Clustering of cardiometabolic risk factors is defined as a ratio >1 to a binomial 

distribution [22]. As such, additional factors above five resulted in a reduction of detection rate close to 

0%, invalidating practical relevance. Additionally, multicollinearity of variables was investigated through 

Pearson’s correlation test. A score >0.7 was considered strongly correlated, whereupon one variable was 

selected for further analysis. Weight, BMI, muscle mass, and percentage of body fat correlated strongly 

with WC, and non-HDL-C with TC. mCRP was only clinically significant among obese children and 
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therefore irrelevant for the whole sample. Six key components were thus included in assessment of 

clustering of cardiometabolic risk factors: WC, systolic blood pressure (SBP), Andersen aerobic fitness 

test, TC, HDL-C, and HbA1c. 

Despite a weak correlation between TC and HDL-C (r=0.026, p<0.0001), the biological correlation of the 

two would likely indicate collinearity in subsequent analyses. As HDL-C is a subcomponent of TC, being 

high-risk in one of these variables indicates a high probability for being so for the other variable as well. 

A ratio was therefore calculated (TC/HDL) for this study, as both variables are important risk factors for 

CMDs. This approach has been used in previous studies to represent blood lipid values where 

measurements of triglycerides are not available [23–25].  

Defining clustering of CMD risk factors as a ratio to an expected binomial probability distribution is 

detailed by Andersen et al. [22]. A ratio >1 indicates an occurrence of risk factors that is no longer 

random, notwithstanding cause. Expected distribution of probability from 0-5 risk factors are, 

respectively, 23.7%, 39.6%, 26.4%, 8.8%, 1.5%, and 0.1%. All variables were cleaned for input errors 

and divided in quartiles by age and sex. A CMD risk score from zero to five for each individual was 

derived by adding the number of variables in the least desirable quartile (highest for WC, SBP, TC, and 

HbA1c; lowest for aerobic fitness and HDL-C).  

A converted correlation r based on Cohen’s d shows effect size between those with and without clustering 

of risk factors [26]. r = 0.2, 0,5, and 0.8 were roughly translated as small, moderate, and large effect sizes. 

The average sum of z-scores in each risk score category is also presented. 

Ethical considerations 

The HOPP team physician followed up on any anthropometric or blood sample values outside normal 

ranges. In the case of abnormal values, parents and/or guardians were advised to contact their child’s 

general practitioner for further follow-up. All children were given the option to opt out of any tests and 

were otherwise excluded if sick or absent from school on the day of testing. 
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Results 

Sample characteristics 

Of the HOPP population, 37.5% had completed all tests for the CMD risk factors (table 1). The main 

limiting factor for the sample size was the blood tests (n=1344), as there were over 2000 participants for 

the anthropometric and body composition measures. Both sex (boys=50.3%) and age was evenly 

distributed, with the lowest number of participants in the 6- and 12-year-old groups. Average sample age 

was 9.7 years (SD=1.7) with a WC of 63.4 cm (SD=7.7) and no significant sex differences. 

Sex differences 

Boys had higher average muscle mass (0.9kg higher, 95%CI=0.2-1.6, p<0.05), fat-free mass (1.1kg 

higher, 95%CI=0.4-1.8, p<0.01), bone mass (0.1kg higher, 95%CI=0.1-0.2, p<0.0001), and HDL-C 

(0.12mmol/L higher, 95%CI=0.07-0.16, p<0.0001) than girls (table 2). Girls had higher percentage of 

body fat (3.0% higher, 95%CI=2.5-3.6), fat mass (1.0kg higher, 95%CI=0.6-1.4), and TC/HDL ratio 

(0.21 higher, 95%CI=0.1-0.3) (p<0.0001). Additionally, boys ran significantly further (974 m, SD=144) 

than girls (939 m, SD=137) in the Andersen aerobic fitness test (p<0.0001). There were no significant 

average sex differences for any of the anthropometric measures. 

Sex differences by age 

Differences were found when stratifying sex by age (table 3). The Andersen aerobic fitness test results 

were different for the highest number of age groups, ranging from 24 m to 52 m further for boys (p<0.05). 

Only the seven and twelve year olds had no significant differences in distance covered. WC was only 

different for the ten (2.8cm, p<0.05) and twelve (3.2cm, p<0.001) year olds, showing higher 

circumferences for the boys at both ages. No clinically relevant differences in SBP nor HbA1c was 

present in any age group. Girls had a significantly higher TC/HDL ratio in all age groups except among 7-
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, 10-, and 12-year-olds by 0.22 to 0.34 (p<0.05). The highest TC/HDL ratio was among nine-year-old 

girls at 3.0 (SD=0.7, p<0.001) and is within a preferred range of <3.5 [27, 28]. 

ANOVA across age-groups revealed a significant increase with age (p<0.001) for all anthropometric 

variables, body composition, and cardiopulmonary variables except body fat percentage (p=0.23) (table 2 

and 3). Among the blood values, only HbA1c was significantly higher among the older children 

compared to the younger (p<0.05). 

Clustering of CMD risk factors 

Only those with zero risk factors were significantly over a risk ratio of one (RR=1.21, 95%CI=1.05-1.40) 

when comparing to the expected distribution (figure 2). Those with two factors in the least desirable 

quartile had a lower prevalence in HOPP than the expected binomial probability distribution (RR=0.81, 

95%CI=0.70-0.95). Low sample sizes at four (n=24) and 5 (n=6) risk factors led to large confidence 

intervals at these levels. No clustering of CMD risk factors was found among the HOPP sample. 

Results have been dichotomized by three and less risk factors and four or more risk factors based on 

findings from both the ASK- and EYHS-studies for comparison (table 4) [13, 29]. Those with four or 

more risk factors had a higher mean age (10.10 years, SD=1.46) than those with fewer (9.66 years, 

SD=1.74), though the difference was not significant (p=0.11). 

Comparing mean values for the risk factors; WC was 22.8% higher, SBP 8.1% higher, Andersen aerobic 

fitness test 12.0% lower, TC/HDL ratio 45.6% higher, and HbA1c 3.9% higher among children with four 

or more risk factors than those with fewer than four risk factors(p<0.0001). There were no large effect 

sizes for any CMD risk factors, though both WC and TC/HDL ratio had medium differences, the rest 

showing small differences. Most of those with four or more risk factors were overweight (median isoBMI 

= 25.0 kg/m2), while most of those with fewer had a normal weight (18.5 kg/m2) (p<0.0001) [8, 30]. z-

scores at each risk factor category is presented in figure 1. 
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Discussion 

Main findings 

The present study found no clustering of CMD risk factors among children in Norway aged 6-12 years. A 

risk ratio of 5.8 (95%CI=0.7-46.9) was found at five risk factors, though the small sample size rendered 

results non-significant. An explorative analysis combining children with four and five risk factors does 

not reveal any significant clustering either. The null results of this observational study do not negate the 

importance of further research but reflects the complicated nature of tracking soft endpoints of CMDs, 

especially among younger children. 

Cardiometabolic risk 

Two other Scandinavian studies, the EYHS-Denmark (1997-98) and ASK (2005-06) studies, had a 

clustering of cardiovascular risk factors at four and five or more factors (figure 3) [13, 29]. This 

inconsistency with HOPP results may be difficult to explain. However, age differences between the 

studies may be a contributing factor. Average age for the HOPP sample is lower than both EYHS and the 

ASK-study, which include adolescents at 15 years of age. Considering the higher sample mean age at four 

or more risk factors, despite the difference not being statistically significant (table 4), could suggest that 

risk of developing CMDs rise with increasing age. 

The groups had no large differences but had a small difference for multiple anthropometric, 

cardiopulmonary, and blood values (table 4). Most noteworthy was perhaps that weight, WC, and 

TC/HDL ratio all had moderate differences, suggesting a tendency towards clustering for the four or more 

risk factors group. A paper published by Steinarsson et al. reported WC, SBP, HbA1c, TC, and HDL-C 

that were worse for all variables among a Swedish adult population aged 18-44 years of age where social 

health conditions are otherwise comparable to Norway [31, 32].  
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The use of quartiles for the cluster analysis had the benefit of identifying those children with an elevated 

risk for, but had not yet developed disease. Non-random clustering of risk factors is likely attributable to 

extraneous environmental factors. Lack of clustering among the HOPP sample can therefore indicate 

healthier behavioral patterns among the younger sample in the present study compared to both EYHS-

Denmark and the ASK study [13, 29]. Suglia et al. suggests a conceptual model for cardiometabolic 

health in which childhood adversities (discrimination, bullying, economic hardships etc.) are at the 

foundation of developing unwanted health behaviors, poor mental health, and less efficient physiological 

mechanisms (eg. heightened cortisol production) [4]. All of these factors could systematically change in 

the children’s environment with increasing age. 

Another cause may be different cardiometabolic markers across various stages of life. Ali et al. report for 

example, that while waist adiposity alone remained a significant predictor of cardiometabolic health 

among children, visceral and subcutaneous fat along with WHtR remained significant among adults [33]. 

The varying influence of risk factors at different ages could stress the need for adapted risk factor profiles 

depending on the age group studied. 

While the method is the same as Steene-Johannessen et al.’s study, the risk factor variables in the present 

study were regrettably not identical [13]. The variables are however recognized to have an equal impact 

on CMDs [14, 34, 35]. Regional variability may additionally be a likely cause. Van Vliet et al. reports 

that Norway is among the countries with the most favorable CMD risk factors worldwide [36]. That is, 

finding clustering of risk factors may only be true for certain subgroups of the population such as those 

with low socioeconomic status. Bugge et al. report that those with higher socioeconomic status had lower 

BMI z-scores, WC, and higher VO2max [10]. 

Clinical relevance for these findings lie in their potential diagnostic value. Based on cumulative z-score at 

four or more risk factors in a representative population, researchers and health practitioners may assess 

increased risk in developing cardiovascular and metabolic diseases among children. In theory, any 

strongly correlated variables excluded from the clustering score can substitute each other. WC, WHtR, 
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and TC/HDL ratio had the highest effect sizes, meaning abdominal fat coupled with a poor serum 

cholesterol profile could be focuses in public health intervention strategies, as these had the largest 

between-group differences. 

A major strength of the study is the large sample size, and subsequently age and gender specific quartile 

divisions. The goal of the study was to identify those in the "worst quartile" for selected variables, thus 

with an increased risk of disease development in the future. CMDs are long-term lifestyle diseases with 

potential tracking into adolescence and adulthood [10, 37]. The reporting of z-scores for clustering of risk 

factors reduces the specificity of having to use each risk factor included in this study, also theoretically 

allowing easier cross-population comparisons. Due to a low number of participants with four or more risk 

factors when split by age (n=2-7), the reporting of age-specific z-scores would prove little purpose. Their 

aggregated z-score is instead reported for one to three (-0.12, SE 0.07) versus four or more (3.81, SE 

0.36) risk factors for the sake of future comparisons (table 4). 

A limitation of reporting risk and z-scores based on quartiles is its sample specificity. Results are mostly 

representative of the sample it was based on. Adjustments for socioeconomic status, sex, and age 

distribution based on Norway's national population could increase representability. Analyses would 

unfortunately still be limited without adjusting for the prevalence of disease in the population. The nearest 

available statistic for a hard endpoint would be using the IDF definition for metabolic syndrome, for 

which there are national and global statistics [38]. Follow-up studies should crosscheck CMD risk scores 

with national metabolic syndrome prevalence and compare the degree to which these risk assessments 

overlap. 

Conclusion 

No clustering of cardiometabolic risk factors was found among 6-12-years-old Norwegian children. Boys 

had however slightly more favorable TC/HDL ratio than girls and had better aerobic fitness.  
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Table 1: Population and sample distribution by age in the HOPP study 

Age Population HOPP sample Complete CMD data* Percent of population 

6 318 240 88 27.7% 

7 445 354 135 30.3% 

8 431 349 159 36.9% 

9 481 402 176 36.6% 

10 459 380 184 40.1% 

11 511 426 230 45.0% 

12 171 151 84 49.1% 

Total 2816 2302 1056 37.5% 

* Represents number of participants who completed all six cardiometabolic disease (CMD) risk factor tests; waist circumference, 

Andersen fitness test, systolic blood pressure, total serum cholesterol, serum HDL-cholesterol, and serum HbA1c. 

  



68 

 

Table 2: Descriptives for cardiometabolic risk factors in 6-12 year old children  

 
Boys  Girls 

 n Mean (SD) 95% CI    Mean (SD) 95% CI 

Age (years) 531 9.6 (1.7) 9.5-9.8  525 9.7 (1.7) 9.6-9.9 

Anthropometry        

Weight (kg) 531 33.9 (8.7) 33.2-34.7  525 33.9 (9.3) 33.1-34.7 

Height (cm) 531 139.9 (11.0) 139.0-140.9  525 140.0 (11.9) 139.0-141.0 

BMI (kg/m2) 531 17.1 (2.6) 16.9-17.3  525 17.0 (2.6) 16.7-17.2 

Waist (cm) 531 63.7 (7.5) 63.1-64.3  525 63.0 (7.8) 62.3-63.7 

WHtR 531 0.5 (0.0) 0.5-0.5  525 0.5 (0.0) 0.5-0.5 

Body composition        

Muscle mass (kg) 527 25.6 (5.7) 25.1-26.1  524 24.7 (6.0) 24.2-25.2 

Fat (%) 527 19.3 (4.8) 18.9-19.8  524 22.4 (4.3) 22.0-22.7 

Fat mass (kg) 527 6.8 (3.4) 6.5-7.1  524 7.8 (3.5) 7.5-8.1 

Fat-free mass (kg) 527 27.1 (6.0) 26.6-27.7  524 26.0 (6.3) 25.5-26.6 

Bone mass (kg) 527 1.5 (0.3) 1.5-1.5  524 1.4 (0.3) 1.3-1.4 

Protein mass (kg) 525 5.8 (1.3) 5.7-5.9  521 5.7 (2.6) 5.5-6.0 

Cardiopulmonary        

BPsys (mmHg) 531 110 (10) 109-111  525 108 (10) 107-109 

BPdia (mmHg) 531 71 (8) 70-71  525 71 (7) 71-72 

Andersen test (m) 531 974 (144) 961-986  525 938 (137) 927-950 

Blood samples        

HbA1c (%) 531 5.4 (0.3) 5.4-5.4  525 5.4 (0.2) 5.4-5.4 

TC (mmol/L) 531 4.3 (0.6) 4.2-4.4  525 4.3 (0.7) 4.3-4.4 

HDL-C (mmol/L) 531 1.69 (0.35) 1.66-1.72  525 1.58 (0.33) 1.55-1.61 

nonHDL-C (mmol/L) 531 2.60 (0.65) 2.54-2.65  525 2.75 (0.66) 2.70-2.81 

TC/HDL ratio 531 2.6 (0.6) 2.6-2.7  525 2.8 (0.7) 2.8-2.9 

mCRP (mg/L) 221 1.11 (2.29) 0.81-1.41  229 1.27 (3.51) 0.82-1.73 

BMI=body mass index; BPsys=systolic blood pressure; BPdia=diastolic blood pressure; HbA1c=glycated haemoglobin; TC=total 

cholesterol; HDL-C=high-density lipoprotein cholesterol; nonHDL-C=non-high-density lipoprotein cholesterol; mCRP=micro C-

reactive protein.  
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Table 3: Descriptives of cardiometabolic risk factors by age and gender 

 
Age 6 7 8 9 10 11 12 

 
n (boys) 88 (46) 135 (72) 159 (77) 176 (94) 184 (85) 230 (114) 84 (43) 

Waist (cm)* 

Total 56.95 (4.61) 59.25 (5.4) 60.50 (5.35) 62.88 (7.22) 65.51 (7.9) 67.10 (7.97) 67.97 (6.41) 

Boys 56.49 (3.38) 59.74 (5.58) 61.17 (5.17) 63.41 (6.48) 67.00 (8.83) 66.37 (6.78) 69.55 (7.16) 

Girls 57.45 (5.67) 58.70 (5.17) 59.88 (5.47) 62.28 (7.99) 64.22 (6.78) 67.82 (8.96) 66.32 (5.08) 

BPsys (mmHg)* 

Total 103.45 (9.57) 105.17 (10.59) 107.51 (9.3) 108.74 (9.2) 110.71 (9.99) 111.70 (10.42) 113.57 (11.07) 

Boys 104.37 (9.43) 105.64 (10.93) 109.78 (8.62) 109.48 (8.64) 111.27 (10.53) 112.16 (10.60) 114.44 (12.09) 

Girls 102.45 (9.74) 104.63 (10.24) 105.38 (9.45) 107.89 (9.78) 110.22 (9.53) 111.25 (10.26) 112.66 (9.96) 

Andersen test (m)* 

Total 775.69 (109.78) 851.59 (108.26) 926.84 (121.63) 965.83 (121.3) 993.68 (123.43) 1022.26 (109.79) 1084.70 (106.82) 

Boys 786.89 (114.28) 860.75 (105.77) 943.87 (125.03) 989.93 (114.86) 1015.55 (134.16) 1048.12 (105.94) 1098.42 (90.64) 

Girls 763.43 (104.62) 841.11 (110.96) 910.85 (116.86) 938.21 (123.27) 974.90 (110.68) 996.84 (107.98) 1070.32 (120.99) 

HbA1c (%)* 

Total 5.32 (0.19) 5.35 (0.28) 5.39 (0.2) 5.41 (0.37) 5.35 (0.24) 5.39 (0.22) 5.42 (0.23) 

Boys 5.32 (0.18) 5.36 (0.27) 5.37 (0.21) 5.43 (0.45) 5.36 (0.26) 5.40 (0.21) 5.40 (0.22) 

Girls 5.31 (0.21) 5.33 (0.30) 5.41 (0.18) 5.38 (0.24) 5.35 (0.23) 5.39 (0.23) 5.43 (0.24) 

TC/HDL ratio 

Total 2.72 (0.64) 2.65 (0.71) 2.69 (0.61) 2.78 (0.68) 2.78 (0.63) 2.75 (0.67) 2.70 (0.66) 

Boys 2.58 (0.68) 2.62 (0.78) 2.58 (0.63) 2.62 (0.64) 2.72 (0.60) 2.60 (0.55) 2.69 (0.63) 

Girls 2.88 (0.56) 2.69 (0.62) 2.80 (0.56) 2.96 (0.68) 2.84 (0.65) 2.90 (0.75) 2.72 (0.70) 

*Significant age differences for totals at p<.05 in an ANOVA.  
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Table 4: Clustered descriptives of cardiometabolic disease risk factors. 

 
1-3 risk factors (n=1026)  4+ risk factors (n=30) Cohen’s d 

** 
 

Mean (SD) 95% CI  Mean (SD) 95% CI 

Age (years) 9.7 (1.7) 9.6-9.8  10.1 (1.5) 9.6-10.7 0.25 

Anthropometric       

Weight (kg) 33.5 (8.6) 33.0-34.1  46.2 (13.5) 41.1-51.2 1.47 

Height (cm) 139.8 (11.4) 139.1-140.5  144.3 (11.0) 140.2-148.4 0.39 

BMI (kg/m2) 16.9 (2.4) 16.7-17.0  21.8 (4.3) 20.1-23.4 2.07 

isoBMI (median kg/m2) 18.5   25.0   

Waist (cm) 62.9 (7.1) 62.5-63.4  77.3 (12.3) 72.7-81.9 2.02 

WHtR 0.45 (0.04) 0.45-0.45  0.53 (0.06) 0.51-0.56 2.06 

Cardiopulmonary       

BPsys (mmHg) 109 (10) 108-109  118 (10) 114-121 0.86 

BPdia (mmHg) 71 (8) 71-72  71 (7) 68-73 -0.05 

Andersen test (m) 959 (141) 951-968  845 (106) 805-884 -0.81 

Blood samples       

TC (mmol/L) 4.3 (0.6) 4.3-4.3  4.9 (0.9) 4.6-5.3 0.98 

HDL-C (mmol/L) 1.65 (0.34) 1.63-1.67  1.30 (0.34) 1.18-1.43 -1.01 

TC/HDL ratio 2.7 (0.6) 2.7-2.7  3.9 (0.8) 3.6-4.2 1.98 

HbA1c (%) 5.4 (0.3) 5.4-5.4  5.6 (0.2) 5.5-5.7 0.78 

Risk factors z-score* -0.12 (2.16) -0.25-0.01  3.81 (1.96) 3.08-4.54 1.82 

BMI=body mass index; BPsys=systolic blood pressure; BPdia=diastolic blood pressure; HbA1c=glycated haemoglobin; TC=total 

cholesterol; HDL-C=high-density lipoprotein cholesterol. 

* Average sum of z-scores of waist circumference, BPsys, Andersen aerobic fitness test, TC/HDL ratio, and HbA1c. 

** Base is “1-3 risk factors”-group’s SD.  
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Figure 1: Average sum of z-scores by clustered cardiometabolic risk factors. 
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Figure 2: Ratio of observed/expected distribution by number of cardiometabolic risk factors. 

Distribution of observed number of cardiometabolic risk factors in least favourable quartile as binomial data against a binomial 

probability distribution. 

* Upper boundary of 95%CI = 46.9. 
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Figure 3: Comparison of EYHS-Denmark, ASK, and HOPP sample distribution by number of 
cardiometabolic risk factors. 
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Appendix 2: Information to children for recruitment 
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Appendix 3: Informed consent forms 
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Appendix 4: Data collection forms 
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