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Dansk resume

Baggrund
Hjertekarsygdom (HKS) er den fgrende arsag til ded i Danmark og i den vestlige verden. Selvom HKS
ikke er manifest hos barn og unge, sa har flere studier vist, at hos nogle individer starter den
patologiske atherosclerotiske proces i barndommen og videreudvikles gennem livet. Som fglge heraf er
der behov for at skaffe viden om de mekanismer, der er underliggende for udviklingen af HKS, ligesom
det er af stor betydning for samfundet at finde effektive forebyggelses strategier. Imidlertid er det
vanskeligt at male HKS risikoen hos tilsyneladende raske barn. Det er blevet foreslaet at en beregning
af graden af “cluster”, det vil sige ophobning, af de individuelle HKS risikofaktorer, er en god metode
til dette. Denne fremgangsmade er dog kun af interesse, hvis denne clustering har en rimelig stabil
karakteristik gennem barndommen. En forggelse af det fysiske aktivitets niveau er blevet foreslaet som
en made at reducere HKS risikoen. Skolen som arena er ideel til populations-baserede fysisk aktivitets
interventioner, da skolen er det bedste sted at na et stort antal bgrn med forskellig sociogkonomisk
baggrund. En af de foreslaede mekanismer involveret i udviklingen af HKS er low grade inflammation,
karakteriseret ved en forhgjet udskillelse af inflammatoriske markgarer, der inkludere bade cytokiner og
hormoner. Disse er desuden under pavirkning af bade kropsfedt og fysisk aktivitet. Studier af bgrn og
unge har, ligesom studier af voksne, fundet korrelationer mellem clustered HKS risikofaktorer og
nogle, men ikke alle, undersggte inflammatoriske markarer. Ingen studier har inkluderet de anti-
inflammatoriske naturlige blokkere af pro-inflammatoriske cytokiner, STNFRI and IL-1Ra, i denne
type af analyser i normale padiatriske populationer. Ogsa longitudinelle data pa inflammatoriske
markgrer og HKS risiko i paediatriske populationer er sparsomme.
Fokus og mal
Hovedfokus for denne afhandling var derfor clustering af HKS risikofaktorer og malene var:

e At beskrive effekten af en skolebaseret fysisk aktivitets intervention pa bade individuelle og

clustered HKS risikofaktorer.
e At evaluere graden af tracking af clustered HKS risikofaktorer fra barndom til tidlig ungdom,
ved brug af tre maletidspunkter; 6 ar, 9 ar og 13 ar.
e At undersgge sammenhangen mellem en raeekke inflammatoriske markarer og clustering af

HKS risikofaktorer hos barn og unge, bade tvaersnitsligt og longitudinelt.



Metode

Denne afhandling er baseret pa data fra Copenhagen School Child Intervention Study, et quasi-
eksperimentelt longitudinelt studie. Studiet involverede 18 skoler (10 intervention og 8 kontrol) og
inkluderede en opfalgning 4 ar efter interventionen var afsluttet. 696 bgrn deltog ved baseline
(gennemsnitsalder 6,7 ar), 613 efter intervention, (gennemsnitsalder 9,5 ar) og 513 ved opfalgningen
(gennemsnitsalder 13,4 ar). Interventionen bestod af en fordobling af mangden af idraetsundervisning
(fra 90 til 180 min/uge), efteruddannelse af idreetslerere og en opgradering af idreets- og legefaciliteter.
Antropometri og blodtryk blev malt. VOapea blev malt direkte, og fysisk aktivitet blev bestemt ved
accelerometri. Faste blodpraver blev analyseret for HKS risikofaktorer og inflammatoriske markarer.
Hovedresultater

Sma, men signifikante effekter af interventionen blev fundet for drengene; de forggede deres HOMA
score mindre fra baseline til efter interventionen i forhold til kontrolgruppe drengene (P = 0.004) og
deres systoliske blodtryk blev forgget mindre fra baseline til follow-up (P = 0.010). Der var ingen
andre signifikante forskelle mellem grupperne.

Der blev fundet signifikant tracking af clustering af HKS risikofaktorer i mellem alle maletidspunkter
(r =0,514, 0,559 og 0,381 mellem 6 til 9, 9 til 13 og 6 til 13 ar, respektivt, alle P< 0.0001). Clustering
af HKS risikofaktorer var negativt associeret med adiponektin og positivt associeret med CRP, IL-6 og
TNFa niveauer (P alle < 0.05). Ingen associationer blev fundet for sSTNFR1 or IL-1Ra. IL-6 niveauet i
9-ars alderen var korreleret til 1L-6 i 13-ars alderen (r = 0.360, P = 0.0001) og til HOMA-IR i 13-ars
alderen (r = 0.223, P = 0.008).

Konklusioner

Vi fandt at clustering af HKS risikofaktorer har en rimelig stabil karakteristik gennem barndommen, og
forebyggende strategier bar derfor starte i tidlig skolealder. Dog fandt vi kun moderate
interventionseffekter, hvilket indikerer at en fordobling af idreetstimerne, efteruddannelse af leerere of
forbedring af udstyr ikke er tilstreekkeligt til at inducere markante forbedringer i HKS risikofaktorerne
hos normale bgrn. Mere intensive interventioner er tilsyneladende pakreavet hvis
forebyggelsesstrategier skal veere effektive.

HKS risikoen var associeret med adiponectin, TNFa, CRP og IL-6, men ikke med de anti-
inflammatoriske markerer STNFR1 or IL-1Ra hos 13-arige. IL-6 niveauet i 9-ars alderen var associeret

til bade 1L-6 og HOMA-IR i 13-ars alderen hos piger. Dette betyder at low grade inflammation allerede



er til stede hos unge og kan veere involveret i udviklingen af forringet metabolisme. Der er dog stadig

behov for flere studier pa dette omrade.

English summary

Background
Cardiovascular disease (CVD) is the leading cause of death in Denmark and in the western world. Even
though CVD is not present in youth, several studies have shown that the pathological processes of
atherosclerosis begin in childhood and progress throughout life. Consequently, there is a need to gain
knowledge of underlying mechanisms for the development of CVD, as well as the finding of effective
prevention strategies are of great public importance. However, measuring CVD risk in apparently
healthy children is difficult. Assessing the level of clustering of individual CVD risk factors has been
suggested as a good method. This approach is, however, only of interest if the clustering can be
considered a fairly stable characteristic throughout childhood. Increasing physical activity has been
suggested as a tool to reduce CVD risk. The school setting is an ideal environment for population-
based physical activity interventions, as the school setting may be the easiest way to reach a large
number of children with different socio-economic backgrounds. One of the proposed mechanisms
involved in the development of CVD is low grade inflammation characterized by excess release of
inflammatory markers, including both cytokines and hormones, which are influenced by both fatness
and exercise. Studies in youth have, like in adults, found correlations between clustered CVVD and
some, but not all, inflammatory markers. No study has, however, included the anti-inflammatory
natural blockers of pro-inflammatory cytokines, sSTNFRI and IL-1Ra, in this type of analysis in normal
pediatric populations. Also, longitudinal data on inflammatory markers and CVD risk in pediatric
populations are sparse.
Focus and aim
The main focus of this thesis was therefore the clustering of CVD risk factors and the aims were;

e To describe the effect of a school-based physical activity intervention on individual and

clustered CVD risk factors.
e To evaluate tracking of clustered CVD risk in youth using three time-points; age 6, age 9 and

age 13 years.



e To examine the relationship between a wide range of markers of inflammation and clustering of
CVD risk factors in youth both cross-sectionally and longitudinally.

Methods
This thesis is based on data from the Copenhagen School Child Intervention Study, a quasi-
experimental longitudinal study. The study involved 18 schools (10 intervention and 8 controls) and
included a follow-up 4 years after the end of intervention. 696 children participated at baseline (mean
age 6.7 years), 613 at post-intervention (mean age 9.5 year) and 513 at follow-up (mean age 13.4 year).
The intervention consisted of a doubling of the amount of physical education (from 90 to 180
min/week), training of PE teachers, and upgrading of PE and playing facilities. Anthropometrics and
systolic blood pressure were measured. VOapeax Was directly measured, and PA was assessed using
accelerometry. Fasting blood samples were analyzed for CVD risk factors and inflammatory markers.
Main results
Small, but significant effects of the intervention was found for boys; their HOMA score increased less
from baseline to post-intervention compared with control boys (P = 0.004) and their systolic blood
pressure increased less from baseline to follow-up (P = 0.010). There were no other significant
differences between groups.
Significant tracking coefficients were found between clustered z-score at all time intervals (r = 0.514,
0.559 and 0.381 between ages 6 t0 9, 9 to 13 and 6 to 13 years, respectively, all P< 0.0001).
The clustered z-score was negatively associated with adiponectin and positively associated with CRP,
IL-6 and TNFa levels (P-values all < 0.05). No associations were found for STNFR1 or IL-1Ra. For
girls but not boys, levels of IL-6 at age 9 years correlated with IL-6 at age 13 years (r =0.360, P =
0.0001) and with HOMA-IR at age 13 years (r = 0.223, P = 0.008).
Conclusions
The clustered z-score was found to be a fairly stable characteristic through childhood and preventive
strategies should therefore start at early school-age. However, our results on the effect of the
intervention on CVD risk factors are only modest and this might indicate that a doubling of PE and
providing training and equipment may not be sufficient to induce major improvements in CVD risk
factors in a normal population. More intensive interventions are warranted in order to make effective

preventive strategies.



In adolescents, CVD risk was associated with the level of adiponectin, TNFa, CRP and IL-6, but not
with the anti-inflammatory markers STNFR1 or IL-1Ra. The level of IL-6 at age 9 years was associated
with the level of IL-6 at age 13 years and HOMA-IR at age 13 years. This means that low grade
inflammation is already present at young ages and could be involved in the development of impaired

metabolism. However, there is still a need for further studies in this area.
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1. Introduction

The main focus of this thesis is the development of cardiovascular disease (CVD) risk factors in
children and adolescents. This focal point is being explored from different angles; how stable the CVD
risk factors are over the course of childhood (tracking), how they relate to inflammatory markers and
how a school-based PA intervention can affect the CVD risk factors.

CVD is one of the main causes of global mortality and disease related morbidity (1). Therefore, gaining
a better understanding of the underlying mechanisms for the development of CVD as well as findings
of effective prevention strategies are of great public importance. CVD comprises a variety of diseases
that involve the heart or blood vessels, but is in this thesis referred to as a category of diseases related
to atherosclerosis. This introduction will briefly describe the atherosclerotic process and the traditional
physiologic risk factors for CVD constituting the metabolic syndrome (MetS). A relatively new area of
interest in CVD research is the relation to low-grade inflammation. Selected markers of low grade
inflammation and their relation to CVD are described.

As CVD is not present in youth, methods to assess CVD risk in this population are presented, as well as
the relation of CVD risk to physical activity, physical fitness and low-grade inflammation in children
and adolescents. Also, the current knowledge regarding tracking of CVD risk from childhood and
adolescence to adulthood will be shortly described. Finally, this section contains a brief introduction to

intervention studies aiming at reducing CVD risk factors in children and adolescence.

The Copenhagen School Child Intervention Study (CoSCIS) is a school-based study with the aim of
measuring the effect of extra physical education (PE) lessons, teacher education and upgrading of
physical education and outdoor facilities on a wide range of health parameters in children and
adolescents (see section 2.1. Study design). Data for this thesis are from baseline, post-intervention and

follow-up measurements.

1.1 The atherosclerotic process

Atherosclerosis is degenerative changes in the arterial wall which decreases the elasticity and narrows

the lumen of the vessel. Eventually it may result in heart attack, stroke or gangrene in the extremities,
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depending on the site of the atherosclerosis. The atherosclerotic process is slow; it develops over a
period of several years (decades) through a complex series of cellular events occurring within the
arterial wall (2-4). The atherosclerotic process can for simplicity be divided into four stages; fatty
streak development, early fibroatheroma, vulnerable plague formation and complex lesion development
(5).

The earliest recognizable lesion is the “fatty streaks”, which is the first visible lesion in the
development of atherosclerosis. For some individuals fatty streaks start to develop in childhood or
adolescence (6). One theory suggests that low density lipoprotein cholesterol (LDLc) particles enter the
inner lining of the arteries, the arterial intima, which triggers a series of events. The LDLc particles are
oxidized into pro-inflammatory particles activating an innate immune-response. At this time smooth
muscle cells start to accumulate fat and secrete chemokines, endothelial cells become activated and
secrete adhesion molecules, and all this draw monocytes, mast cells, neutrophils and T lymphocytes
into the intima of the arterial wall (5). The smooth muscle cells furthermore secrete connective tissue to
the extracellular matrix.

Early fibroatheroma is the second step, where the monocytes migrate into the sub-endothelial space,
differentiate into macrophages, take up lipids and become foam cells (2). When foam cells, other
inflammatory cells and the arteries own cells start to accumulate, inflammation increases and
macrophage and smooth muscle cell death occurs, which further provoke inflammation. Smooth
muscle cells start to migrate into the damaged area, and all this, in turn, develops into fibrous plaques.
These plaques usually contain a lipid core consisting of debris, cholesterol and foam cells, which are
covered by connective tissue with embedded smooth muscle cells. These lesions gradually increase in
size resulting in a narrowing of the arterial lumen, which may impede the blood flow (5).

Vulnerable plaque formation is the third step where the fibrous cap in some sites becomes thin and
susceptible to rupture.

Finally, if the plaques continue to aggregate, rupture might occur and cause thrombosis, eventually
resulting in a complete occlusion (2-4). The increased mass of some plaques may, without rupture,
become sufficiently large to form significant occlusion of the vessel, which may cause lethal ischemia

simply through flow restriction (5).
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1.2 Traditional CVD risk factors

The concept of risk factors for CVD was introduced by researchers from the Framingham Heart Study
(7). The traditional risk factors for CVD can be categorized in 4 categories; 1) inherited factors
including sex, age and family history of CVD (genes), 2) behavioral or lifestyle related factors
including diet, physical (in)activity, cardiorespiratory fitness and tobacco exposure, 3) physiological
factors including elevated blood pressure, central overweight/obesity, dyslipidemia and impaired
glucose metabolism and 4) medical diagnoses such as diabetes mellitus type 1 and 2, kidney disease
and more (7;8). In this introduction focus will be on the physiological risk factors and how they

interact, but a section on physical (in)activity and cardiorespiratory fitness is also included.

1.2.1 Physiological risk factors

Dyslipidaemia

Dyslipedaemia indicates an unfavorable lipid and lipoprotein profile usually characterized by high
plasma concentrations of LDLc and very low density lipoprotein cholesterol (VLDLc), with depressed
concentrations of high density lipoprotein cholesterol (HDLc) (9). Also the size of the cholesterol
particles is an important factor in dyslipidemia; with smaller LDLc and HDLc particles being more
atherogenic independent on the concentration of the lipoproteins (10-12). As described above, the level
of LDLc, particular small LDLc particles, in the blood plays a crucial role for both the initial lesion
development and the subsequent building of plaques and many of the other CVD risk factors actually
impact the development of CVD by their influence on the lipid metabolism (5). Studies have found a
strong graded association between CVD and total cholesterol (TC) (13), LDLc (14) and a negative
association to HDLc (15;16). Moreover, the level of free fatty acids in the blood has also been shown to
contribute to insulin resistance by inhibiting insulin signaling (17;18). Also the intramyocellular
accumulation of triglycerides (TG) and long-chain fatty acyl-CoA (LC-CoA) esters has, in different

lines of research, been shown to impair insulin signaling (18).

Insulin resistance
Insulin sensitivity can be defined as the ability of insulin to stimulate its target tissues (most important
muscle, fat and liver). Insulin resistance on the other hand, can be defined as the situation where a

normal concentration of insulin produces a less than normal response (19). Insulin resistance is highly
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related to the development of both CVD and type 2 diabetes (20;21). Insulin resistance affects the other
CVD risk factors in several ways; blood pressure is affected directly because of an impairment of the
insulin-mediated vasodilation and indirectly as hyperinsulinemia increases the sympathetic nervous
system activity. In the insulin resistant and hyperinsulinemic state the lipid profile is impacted by
increased synthesis of VLDL in the liver, decreased concentrations of lipoprotein lipase and promotion
of lipid synthesis within the arterial wall (22). Furthermore, hyperinsulinemia is directly causing obesity
as insulin inhibits adipocyte lipase and up-regulates adipocyte lipo-protein lipase (LPL), thereby
increasing transportation and storage of fat in adipocytes (23). Finally, different studies indicate that

hyperinsulinemia may contribute to the sympathetic overdrive in obesity (24).

Hypertension

Hypertension is strongly related to CVD in general and in particular to stroke and heart failure (25;26).
Because of increased workload on the heart in hypertension left ventricular hypertrophy is often seen,
which is associated with increased incidence of heart failure, ventricular arrhythmias and myocardial
infarction. Hypertension is also part of the atherosclerotic process as it is related to the reduced
elasticity of the vessels, a factor contributing to plaque formations, which, as described above, again

results in reduced lumen size, impaired blood flow and increased total peripheral resistance (4).

Central obesity

Obesity is a powerful predictor of CVD (27;28) and significantly increases the risk of hypertension,
hyperglycemia and dyslipidemia. The distribution of body fat is highly important as abdominal obesity
is a better predictor of CVD, than overall adiposity (29). Adipose tissue was earlier regarded a passive
energy reserve, but is now recognized as very metabolically active, especially the visceral adipose
tissue. Excess adiposity is associated with increased free fatty acid flux to the liver which may impair
liver metabolism, leading to increased gluconeogensis and VLDL production (29). Additionally, the
excess visceral adipose tissue acts as a secretory gland releasing hormones and adipokines creating a
state of low grade inflammation, which will be described further in section 1.2.3. Inflammatory
markers. All of this influence the regulation of biological functions such as appetite and energy
balance, insulin sensitivity, lipid metabolism and blood pressure (8;28;30;31). Finally, central obesity

has been associated with chronic sympathetic over-activity with an elevated sympathetic outflow to
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organs such as the heart, kidneys, and blood vessels. Chronic sympathetic nervous system over-activity
can, among other things, contribute to the development of insulin resistance and dyslipidemia by
stimulating lipolysis to increase non-esterified free fatty acids (NEFA) and thereby contribute to the
creation of a vicious cycle (24).

Physical (in)activity and (low) cardiorespiratory fitness as risk factors for CVD

Even though physical activity (PA) and cardiorespiratory fitness level are not included in the traditional
physiologic risk factor group, both factors are highly important physiologically and interact with the
other physiologic CVD risk factors in several ways.

PA has both immediate and long term effects on health outcomes. In adults, low level of PA is known
to contribute to the early onset and development of MetS and CVD (32-37). The mechanisms whereby
PA influences the CVD risk factor level are multiple and include the reduction of dyslipidemia, insulin
resistance, hypertension and low grade inflammation, enhancement of glycemic control and endothelial
function and regulation of body weight (36).

Regular aerobic exercise training is positively associated with muscle fiber mitochondrial volume and
aerobic enzyme activity (38), as well as enhanced capilarization of muscle fibers (39). This leads to an
improved metabolic capacity in muscles resulting in broad beneficial effects, including improvements
in nutrient metabolism. PA enhances glucose uptake in myocytes by two different mechanisms; an
insulin-dependent mechanism and a contraction induced mechanism (40-42). The underlying
mechanisms are not fully elucidated yet, but insulin sensitivity might be enhanced by exercise training
because of the positive effect on some of the inhibitors of insulin signaling (inflammatory cytokines,
intramuscular lipids etc.). The contraction-induced glucose transport is mediated by adenosin mono
phosphat-activated protein kinase regulated by the cells energy status (43) and has been found to be
independent of insulin sensitivity in the muscles (42).

Despite the well-established benefits of PA in CVD protection and the well-established relationship
between lipid profile and risk of CVVD, evidence regarding the effect of regular exercise on the
atherogenic lipid profile is sparse (44). In fact, most studies have found no effect of regular exercise
independent of weight loss on TC or LDLc (for review see (44)). However, in a longitudinal study by
Kraus and colleagues (45) exercise training for 8 months increased LDLc particle size, independent of

training intensity and weight loss, and without a concomitant reduction in LDLc concentration.
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Furthermore, increased capilarization enhances LPL concentration, thereby improving fat metabolism
and it has been proposed that exercise training enhances fat oxidation in the cell and reduces intra-
myocellular lipid accumulation, which might decrease insulin resistance (18). Physical activity can also
affect blood pressure, probably by increasing adrenalin sensitivity. Finally, increased level of PA is
also associated with a decreased level of markers of low-grade inflammation (46).

Besides protecting against disease, regular PA is also important with regard to achieving a sufficient
level of health-related cardiorespiratory fitness. In adults, low level of cardiorespiratory fitness has
been found to contribute to the early onset and progression of CVD, the overall risk of premature death
(47;48) and has been related to the metabolic syndrome (32;49). In general, there seems to be a dose-
response relationship between cardiorespiratory fitness, total mortality and the level of CVD risk

factors.

1.2.2 Underlying mechanisms behind the development of adverse CVD risk factor level

As described above the CVD risk factors are interconnected and affect each other in several ways. The
underlying mechanisms linking the CVD risk factors to each other and to CVD have been the subject
for intense investigation in recent decades (8). In the scientific community there are ongoing
discussions of which factors are most important in initiating the simultaneous rise in many CVD risk
factors, and central obesity, insulin resistance and physical inactivity have been proposed. Other
proposed mechanisms not considered classic physiological CVD risk factors include; adipocyte
dysfunction, mitochondrial dysfunction and oxidative stress and low-grade inflammation.

1) Adipocyte dysfunction is triggered by excessive levels of circulating glucose and triglycerides,
which causes adipocyte hypertrophy and hyperplasia. Adipocyte dysfunction is characterized by
infiltration of inflammatory cells in adipocytes, elevation of pro-inflammatory cytokines both locally
and systematic, and endoplasmatic reticulum stress resulting in a state of insulin resistance and
impaired lipid metabolism (50-53). However, even though adipose dysfunction is important in the
understanding of the development of CVD, it is very difficult to measure in humans (8) which limits
the relevance in population-based studies.

2) Mitochondrial dysfunction in adipocytes and oxidative stress are conditions also caused by the
excess circulating nutrients and resulting in a high production of reactive oxygen species (ROS). When

this production can no longer be controlled by compensatory antioxidants, it can have detrimental
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effects throughout the body. Excess ROS production can lead to mitochondrial deoxyribonucleic acid
(DNA) damage, not only in adipocytes, but also in myocytes and hepatocytes. Malfunctioning
mitochondria may cause lipid accumulation in these tissues, which again causes insulin resistance
contributing to the vicious cycle of high circulating levels of nutrients, ultimately resulting in the
formation of atherosclerotic plaques (53-55). No sensitive measureable marker(s) of mitochondrial
dysfunction and oxidative stress has been found (8), so the relevance in epidemiologic research is
limited.

3) Low grade inflammation is characterized by an excess release of inflammatory markers, including
cytokines and hormones, from the visceral adipose tissue and other tissues, at least partly as a result of
both adipocyte dysfunction and oxidative stress (8;28;30;31). Different lines of research have led to an
understanding of the importance of low grade inflammation in all stages of the atherosclerotic process,
including plaque development, disruption, and thrombosis (2;8;56). In the following section selected

markers of low grade inflammation are described and related to CVVD and CVD risk factors.

1.2.3 Inflammatory markers

Adiponectin

Adiponectin is a protein exclusively secreted from adipocytes and is considered anti-inflammatory
(57). Circulating adiponectin level is negatively associated with the level of body fatness (58),
especially visceral fat (59). In population studies adiponectin has been found negatively related to the
development of type 2 diabetes (60;61), MetS (62) and CVD (63;64). The protective mechanisms of
adiponectin have not been completely revealed yet. It is known, however, that the actions are multiple;
in vitro experiments have shown that adiponectin reduces the expression of adhesion molecules in
endothelial cells (65) and suppresses proliferation and migration of smooth muscle cells into the intima
media (66). Furthermore, animal models have shown that adiponectin ameliorates insulin resistance

and increases fatty acid oxidation (67;68).

C-reactive protein (CRP)
CRP is produced in the liver and is considered a strong inflammatory marker. It is secreted from
hepatocytes in response to interleukin-6 (IL-6) (69). CRP is correlated to obesity in a dose dependent

fashion, with no preferential expression from subcutaneous or visceral fat (24). In adults the level of
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CRP has been found related to the number of MetS components present (70) and also to predict
development of CVD (69-72) and type 2 diabetes (73). In vitro and in vivo studies have found that CRP
induces endothelial cell activation and dysfunction (69;74;75), impairs endothelial vasoreactivity (75),
may induce oxidative stress and the secretion of other cytokines (69;76) and is directly involved in
hepatic insulin resistance (77). However, as CRP is significantly associated with various established
CVD risk factors including obesity, hypertension and dyslipidemia, it is difficult to determine whether
CRP is a cause of CVD risk or a bystander to the other risk factors (78). Furthermore, recent studies
doing Mendelian randomization analyses of important genes coding for CRP, found no indications of
CRP concentration per se as being a causal factor in CVD (79-81). Therefore, the precise role of CRP

in the development of CVD risk factors in humans remains unknown.

Tumor necrosis factor-alpha (TNFa) and soluble TNF o receptors (sTNFR)

TNFa is a cytokine produced primarily by macrophages, but also by a broad variety of other cell types
including endothelial cells, cardiac myocytes, adipose tissue, lymphoid cells, mast cells, fibroblasts,
and neuronal tissue. It is involved in systemic inflammation and is a member of a group of cytokines
that stimulate the acute phase reaction in inflammation. Chronic elevation has been found in obesity
and type 2 diabetes (82). The specific role of TNFa in the development of CVD is still not completely
discovered, but high systemic levels of TNFa are consistently found related to CVD risk. In rodent
models, biochemically or genetically blocking of TNFa in obesity results in improved insulin
sensitivity (82). Studies in humans have come to conflicting results; in one study TNFa neutralization
did not improve whole body insulin sensitivity (83), whereas another study found that TNFa. infusion
in healthy humans induced insulin resistance in skeletal muscles (84). TNFa has also been found
involved in impaired lipid metabolism (85). Furthermore, it has been found that TNFa induces the
expression of intercellular adhesion molecule (ICAM)-1, an inflammatory molecule involved in the
early process of atherosclerosis (8).

TNF-receptor 1 (TNFR1) initiates the majority of TNF’s biological responses. The binding of TNFa to
TNFR1 triggers a series of intracellular events including inflammatory responses (86). STNFR is
secreted in response to TNFa as well as to interleukin 1 (IL-1)B, IL-6, and interleukin-8 (IL-8) and
STNFRI is therefore considered a marker of cytokine-induced inflammation. STNFRI binds TNFa,

thereby preventing TNFa binding to cellular TNFR’s, thus reducing inflammation. TNFa is difficult to
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measure partly because of the very low levels in normal individuals, in particular in children, and partly
because of its unstable nature. Furthermore, TNFa exerts its greatest impact locally and is metabolized
quite rapidly. In contrast, STNFRL1 is considered a more robust marker of cytokine induced
inflammation as STNFRI has a much longer half-life and is present at higher concentrations in the
blood compared to TNFa (87).

IL-6

IL-6 is secreted by T cells and macrophages in order to stimulate an immune response, and by
adipocytes relative to the level of obesity. However, IL-6 is also secreted by myocytes in response to
exercise (88). The role of IL-6 in insulin resistance and development of CVD is highly controversial.
On one hand IL-6 has consistently been observed in patients with type 2 diabetes mellitus, and as a
consequence it has been related to insulin resistance and/or impaired glucose disposal (89). On the
other hand administration of IL-6 to healthy humans did not impair muscle glucose uptake or whole-
body glucose disposal (90). Some in-vitro studies have demonstrated that IL-6 causes insulin resistance
in mice and human adipocytes and hepatocytes (91-93), whereas this was not found in skeletal muscle
cells (94). One study found that IL-6 infusion in healthy humans increased insulin-stimulated glucose
uptake in skeletal muscles (95). Furthermore, it has been shown that IL-6 knockout mice develop
mature-onset obesity and impaired glucose tolerance, which is reversed by the administration of
exogenous IL-6 (96). These last results could imply a positive effect of IL-6 on glucose metabolism at
least in skeletal muscles, mediated by increased insulin sensitivity and glucose uptake.

Reports have suggested both pro- and anti-inflammatory effects of 1L-6 (88;97). Due to its direct
stimulatory effect on the production of acute-phase reactants, including CRP, and its correlation with
disease activity in some autoimmune conditions, it is generally considered pro-inflammatory. The anti-
inflammatory effects of IL-6 include inhibition of TNFa and stimulation of the production of the anti-
inflammatory interleukin-1 receptor antagonist (IL-1Ra) and interleukin-10 (IL-10) (88). In
observational studies IL-6 and its down-stream inflammatory biomarkers (e.g. CRP and fibrinogen) has
been related to all stages of the pathogenesis of CVD (98), but causality in the development of CVD
has not been established. However, recent large-scale studies on human genetic and biomarker data

have found evidence for a causal relationship between IL-6 and the occurrence of CVD (99;100).
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IL-1Ra

IL-1Ra is an agent that binds non-productively to the cell surface interleukin-1 receptors (IL-1R). IL-
1R is the receptor that binds IL-1 o and B, both cytokines considered strongly pro-inflammatory. Hence
IL-1Ra prevents IL-1 from signaling to its target cells (101). The ratio between IL-1Ra/IL-1 in the
plasma is close to 1 in a healthy population, whereas higher levels of IL-1 are seen in diseases such as
type 2 diabetes, atherosclerosis and some cancers (102). Paradoxically, IL-1Ra is, at least in rodent
models, found to cause obesity and probably to be involved in insulin resistance (101). However, the

mechanisms behind this have not been revealed yet.

From the above it can be concluded that much is known about low-grade inflammation, but also that
much has still to be learned. Both mechanistic studies and observational/epidemiologic studies are

needed.

1.3 Clustering of CVD risk factors and the metabolic syndrome (MetS)

As described above the physiological CVD risk factors interact and affect each other (as well as the
underlying mechanisms). Therefore, a clustering of CVD risk factors is seen in some individuals and
this cluster constitute a state of increased risk for several metabolic diseases including type 2 diabetes
and CVD. The MetS is one definition of risk factor clustering. However, no consensus exists regarding
the best way to define this syndrome. The three most commonly used definitions are from the World
Health Organization (WHO) (103), the National Cholesterol Education Program’s Adult Treatment
Panel 111 (NCEP: ATP I1lI) (104) and the International Diabetes Federation (IDF) (105). All groups
agree on the components of the syndrome, however, they provide different clinical criteria (see table
1.1).

Regardless of applied definition studies have shown that the prevalence of MetS worldwide is
increasing. E.g. recent estimates indicate that 34% and 35% of North American men and woman,
respectively, have MetS as defined by NCEP: ATP 11 (106).

A study with data from 1982-84 of 2493 Danish adults using the same definition found a prevalence of
18.6% and 14.3% for men and woman, respectively (20). These numbers would probably be higher

today.
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Table 1.1. Criteria for the diagnosis of metabolic syndrome according to three commonly used

definitions.

IDF

NCEP ATP 111

WHO

Diagnosed if glycemia is
abnormal and 2 further criteria
are present

Fasting glycemia 100-125
mg/dL or type 2 diabetes

WC > 94 cm (males) > 80 cm
(females)

TG > 150 mg/dL or HDL <40
(males) < 50 (females)

BP > 130/85 mm HG or on
hypertensive treatment

Diagnosed if 3 out of 5 criteria
are present

Fasting glycemia 100-125
mg/dL

WC > 102 cm (males) > 88 cm
(females)

TG > 150 mg/dL or HDL <40
(males) < 50 (females)

BP >130/85 mm HG

Diagnosed if glycemia is
abnormal and 2 further criteria
are present

Glucose intolerance, type 2
diabetes or insulin resistance
measured by HOMA-IR

BMI > 30 and waist-to-hip >
0.9 (males) > 0.85 (females)

TG > 150 mg/dL or HDL < 35
(males) < 39 (females)

BP > 160/90 mm HG or on
hypertensive treatment

Microalbuminuria > 20
mcg/min

BMI: body mass index, BP: blood pressure, HOMA-IR: homeostasis model assessment, IDF: international
Diabetes Foundation, NCEP ATP III: National Cholesterol Education Program’s Adult Treatment Panel 111, TG:
triglycerides, WC: waist circumference, WHO: World Health Organization.

1.4 CVD risk in youth

“High risk” for CVD is difficult to define in children, as no hard endpoints such as manifest disease or

death have yet occurred. Even though clinical manifestations of CVD do not normally appear before

middle-age, studies have shown that atherosclerosis originates during childhood and adolescence

(107;108). Results from the Pathological Determinants of Atherosclerosis in Youth Study showed that

the degree of atherosclerosis found in youth is related to the level of physiologic CVD risk factors

measured post-mortem (108;109).
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Several large-scale cohort studies have investigated the level of individual risk factors in children and
adolescents (110-115). Results from these studies revealed large differences in the level of risk factors
among ‘normal’ children. However, as the level of some individual risk factors tend to fluctuate on a
day-by-day basis, a high level does not necessarily indicate an increased risk for future disease
(116;117). However, when several risk factors are high in the same individual, it might indicate that
some underlying mechanism(s) has been turned on, and that the child is at increased risk for future

CVD. Different methods to examine this have been proposed and will be presented in the following.

1.4.1 Metabolic syndrome in youth

As described above, the MetS is one way to classify clustering of risk factors. Several studies have
attempted to make a MetS definition suitable for children and adolescents (118-122), but no commonly
accepted definition exists regarding cut-offs of risk factors or the number of risk factors that should be
present for diagnosis (123). Most studies on prevalence of MetS in pediatric populations use age- and
gender-specific percentiles either from national reference data or study-specific. Jolliffe and Janssen
used growth curve modeling to develop age- and sex-specific criteria for MetS in youth linked to adult
cut-off points from the NCEP ATP Il and the IDF definitions (121). About the same time IDF
published a consensus statement, where they recommend using the same cut-off points as for adults
(105), except for waist circumference, where age-, race- and sex-specific percentiles should be used
instead of absolute values. Further, they recommended only assessing waist circumference until the age
of 10 years (120).

By applying the age- and sex-specific criteria for MetS in youth, Joliffe and Janssen found a MetS
prevalence in adolescents (age 12-19 years) from the National health and Examination Survey
(NHANSES) (1999 to 2002) of 7.6% and 9.6% according to cut-off points linked to the NCEP ATP 111
or IDF definitions, respectively. A much lower prevalence was found in children from European Youth
Heart Study (EYHS) using the cut-off points by IDF (124). In this cohort the researchers found a
prevalence of 0.2% and 1.4% in 9- and 15-y-olds, respectively.

1.4.2 Clustering of CVD risk factors in youth

The dichotomization of the risk factors in any definition of MetS is, however, a reduction of the
available data and does not provide the full spectrum of knowledge available. Clustering of individual

risk factors in the same individual has been suggested as a good method to assess CVD risk level in
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apparently healthy children (117). This approach sum standardized values (z-scores) of selected CVD
risk factors (e.g. blood pressure, insulin or homeostasis model assessment for insulin resistance
(HOMA-IR), TC, TG, a measure of fatness and the negative values of fitness and HDLc). However, no
consensus exists in regard to which risk factors to include in the cluster score, and no reference data
have been developed. That means that studies are not easy to compare and that the level of risk is based
on the study population.

By using a clustered score consisting of HOMA, TC:HDLc ratio, TG, systolic blood pressure and sum
of four skinfolds a previous study from our group found no clustering of CVD risk factors in 6 year old
children, whereas clustering was found at age 9 years. Being within the upper quartile of three or more
risk factors was found in 3.33 (95% confidence intervals (Cl): 1.41 — 7.87) times as many participants
as expected if risk factors had been independently distributed (125).

Results from EYHS have shown that CVD risk factors tend to cluster in overweight and inactive
children and in children with low peak oxygen uptake (VOapeax) (117). This is alarming, as the
prevalence of obesity and overweight is increasing in child populations throughout the world (126). At
the same time it has been shown that PA and VO.pea have decreased particularly in the low fit pediatric
population (127;128).

1.4.3 Physical activity, cardiorespiratory fitness and CVD risk factors in youth

As in adults, studies in children have shown a range of beneficial effects of PA on health. Results from
observational studies suggest a weak beneficial effect of PA on HDLc and TG, blood pressure and
insulin resistance levels, but no consistent effect on TC or LDLc levels (129;130). Several explanations
exist for the inconsistent and weak relationships. First thing is the large variation in the individual risk
factors caused by fluctuation, measurement error etc. Maybe even more important is that the majority
of studies assess PA by self-report, which inaccurately measures the PA of children and adolescents
(131). When objective measures of PA are used more consistent findings are seen. For example, an
inverse correlation between PA measured by accelerometry and insulin resistance was found in some
(116;132;133), but not in all studies (134). Using data from EYHS, Andersen and colleagues found
significant inverse correlations between PA and almost all single risk factors, including waist
circumference, sum of 4 skinfolds, blood pressure, HOMA-IR, TC and TG level, but no correlations to

BMI and HDLc (116). The same study also investigated the relationship between PA and clustered
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CVD risk factors and found a significant and graded inverse relationship over quintiles of PA. This
inverse relationship between objectively measured PA and clustered CVD risk factors has also been
found in other studies (125;135-138).

Associations between cardiorespiratory fitness and single CVD risk factors are generally stronger,
compared to the association to PA, mainly because the error variation in cardiorespiratory fitness is
much smaller. Previous population studies in youth have shown weak independent relationship
between cardiorespiratory fitness and single CVD risk factors (139-142). Several studies have
investigated the relationship between clustered CVD risk factors and fitness (114;117;136;137;142-
146). Some studies have found that the relationship between clustered CVD risk factors and fitness
disappear after adjusting for body fatness (114;137;143), while others have found that fitness are
independently associated with clustered CVD risk factors in children (117;136). This type of
adjustments will be discussed in section 4. General discussion.

1.4.4 Low grade inflammation in youth

As in adults, studies in youth populations have linked markers of low-grade inflammation, like CRP,
TNFa, adiponectin and IL-6, to all of the individual CVD risk factors (147-152); as well as to the MetS
(118;153;154). Four studies in youth have examined the relation between low-grade inflammation and
a clustering of CVD risk factors (148;151;155;156). These studies found a relation between the
clustering of CVD risk factors and CRP (148;151;156) and adiponectin (155), but not IL-6 and TNFa
(148;156). No study has, however, included the anti-inflammatory natural blockers of pro-
inflammatory cytokines, STNFRI and IL-1Ra, in this type of analysis in normal pediatric populations.
Also, longitudinal data on inflammatory markers and CVD risk in pediatric populations are sparse.
Studies in youth have given convincing evidence of a relationship between the level of inflammatory
markers and lifestyle related factors such as level of body fatness (148-151) and cardiorespiratory
fitness (157;158).

Pediatric populations are interesting in this type of research because, as described earlier, for some
individuals this is the time when clustering of CVD risk factors are initiated. Studying children and
adolescents therefore might add significantly to the picture of how low-grade inflammation affects the
development of an adverse risk profile and how lifestyle affects low-grade inflammation.
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1.5 Tracking of clustered CVD risk factors

The clustering of CVD risk factors seen in some children is, however, only of interest if the clustering
could be considered a stable characteristic. One study has linked MetS to CVD morbidity in adulthood
(159) and most studies, despite differences in methodology, find significant tracking of clustered CVD
risk factors from childhood to adulthood (160-163). Likewise, tracking is also found for the individual
risk factors; blood pressure (108;164;165), overweight/obesity (161;165-173) and insulin/HOMA(163).
However, the shorter-term stability of clustered risk factors over the course of childhood and
adolescence has yet to be elucidated.

1.6 Interventions aiming at improving metabolic health in children and
adolescents

Considering the world-wide rise in pediatric obesity and the increase in children with impaired
metabolism and early signs of life-style related diseases, effective intervention strategies are warranted.
PA has been suggested as an important area in prevention of both obesity and lifestyle diseases
(136;174). The school setting has been proposed as an ideal environment for population-based PA
interventions, as schools provides an advantageous setting for encouraging a healthy lifestyle among
children and enhancing PA (175-177). The compulsory physical education (PE) in schools is the only
setting that ensures PA for all children, including overweight, inactive and unfit children, who are

difficult to target by other means (177).

1.6.1 School-based interventions

Several school-based intervention studies have been conducted with a large diversity of results on
fatness (178), PA (175;179;180), fitness (175;180) and CVD risk factors (181). These will be discussed
in greater detail in section 4.1. Effects of the intervention. Many intervention studies suffer from
methodological weaknesses, e.g. low sample size, inadequate duration and volume of the PA
intervention or are not suitable for long-term implementation in large populations (178;180). The
challenge is to find interventions, which both provide effective means to improve the health of children

and, at the same time, are possible to implement on large scale populations.
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1.7 Aims of the thesis

1. To describe the effect of a school-based physical activity intervention providing a doubling of

3.

time for PE, new didactic tools to the PE teachers, and an upgrading of sports and playing

facilities in intervention schools on CVD risk factors (Paper ).

. To evaluate tracking of clustered CVD risk in youth using three time-points; age 6, age 9 and

age 13 yrs. Secondly, to analyze the effects of overweight/obesity and cardiorespiratory fitness
on the level of tracking (Paper I1).

To examine the relationship between markers of inflammation and CVD risk factors in youth
cross-sectionally (Paper 111) and longitudinally (Paper 1V).
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2. Methods

2.1 Study design; Copenhagen School Child Intervention Study

CoSCIS is a controlled longitudinal intervention study that took place in 18 public schools (10
interventions schools (IG) and 8 controls schools (CG)) in two suburbs of Copenhagen. Baseline
measurements were carried out in 2001/2002, post-intervention measurements in 2004/2005 and
follow-up measurements in 2008 (see figure 1). All tests were performed at the participating schools in
a gym or a classroom except for the fitness test which was performed using permanently installed

equipment in a camper trailer.

Figure 1. Study design — Copenhagen School Child Intervention Study

Baseline Post-intervention 7-years follow-up
2001/2002 2004/2005 2008/2009

Intervention

Intervention

The intervention and control schools were not randomly selected. The local Authority of Ballerup had
decided to upgrade the physical activity opportunities for their youngest school-children and contacted
the research group in order to quantify and measure the effect of such an intervention. The intervention
was hereafter planned in cooperation between the intervention local Authority and the researchers. In
2000 the intervention was started and involved all 1% to 3" grade classes. The program consisted of

four constituent parts.

1. Anincrease in the amount of PE lessons from 90 to 180 minutes per week, given as two double
sessions each week.

2. Extralessons in health education, focusing on the importance of PA and healthy eating.
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3. 3-4 full days a year of supplementary training for the PE teachers focused on didactic tools to
enhance the children’s motivation for and enjoyment of PA and, at the same time, keeping the
intensity in PE lessons moderate to vigorous.

4. Fourth, indoor and outdoor PE and playing facilities were upgraded in all intervention schools.

Schools within Tarnby local Authority were chosen as control group as this local area resembles the
socio-demographics of the intervention Authority. Control schools followed the normal curriculum of

one double PE session per week (90 min/week) and had no teacher training or facility upgrading.

Participants

All children from all preschool classes (6-7 years of age) in public schools in the two local areas were
invited to participate in the study (n = 1024). Figure 2 displays an overview of study design and
participants.

A total of 706 children (69 % of the population) volunteered to participate. Three children failed to
attend any test, five only had a blood sample taken and two carried out only the physical activity
assessment, giving a final number of 696 children (364 boys and 332 girls, 409 from intervention and
287 from control) at baseline with a mean age of 6.75 £ 0.37 years. In first grade, one year after the
baseline measurements, all children were assessed by a school doctor. At this time-point there were no
differences between participants and non-participants with respect to age, height, weight and body
mass index (BMI) for either sex (182).

Post intervention a total of 613 children participated in the study of which 2 children did not participate
at baseline. From baseline to post-intervention 85 children dropped out of the study (12.21 %). At
follow-up 442 of previous participants volunteered to participate again. 171 of participants dropped out
from post-intervention to follow-up (a drop-out of 36.5 % from baseline to follow-up and a dropout
from post intervention to follow-up of 27.9 %). At follow-up 71 children who did not participate at any

of the other time points were included in the study.

27



Figure 2
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Ethics

Written, informed consent was obtained from the child’s parent or legal guardian after being given a
detailed written explanation of the aims of the study, any possible hazards, discomfort, and
inconvenience, and the option to withdraw at any time. The study was approved by the ethics

committee at the University of Copenhagen.

Quiality control

To reduce measurement error, which can result in bias, quality control was performed at different
levels. A detailed manual was written for all measurements. The manual included all practical
procedures related to the data collection and manual notation of results. All central variables were
tested for reproducibility before baseline measurements. All test personal were trained before testing.
The same trained bio-technician performed all blood draws, three skilled researchers performed all
skinfolds measurements and three experienced researchers performed all fitness testing. Manually
entering of data was done continuously and data was double checked by a second person. Each subject

was given a unique ID-number and treated as anonymous. Outliers were checked.

Sample size and power calculations

Power and sample size calculations were done a priori before the study was started to ensure sufficient
power to detect physiologic meaningful differences between IG and CG on main parameters. However,
these calculations were based on assumptions on dropout and variation. Furthermore, analyses done on
subgroups with a smaller number of subjects than in the entire cohort might suffer from a lack of
power. Therefore, all results should be interpreted both by the statistical significance level, but also by

observing the absolute values of eventual differences between groups.

2.2 Measurements

All measurements were performed between 0800 and 1400 h. Blood draws were completed before
0930 h. Accelerometer data was normally collected the week after the other measurements. Since the
data collection took several months, testing was done alternating weeks in intervention schools and

control schools to account for growth, maturation and seasonality in PA.

29



Age and anthropometry

Age was calculated from day of birth and day of testing. Body height was measured without shoes to
the nearest 1 mm using a Harpenden stadiometer (West Sussex, UK). Body mass was measured in light
clothing to the nearest 0.1 kg using an electronic scale (Seca 882, Brooklyn, NY). BMI was calculated
(kgem ?) and BMI z-scores (zBMI) were computed based on WHO recommendations (183). Biceps,
triceps, subscapular and suprailiac skinfolds were measured to the nearest mm, in triplicate, with
Harpenden calipers (Harpenden, West Sussex, UK). The mean of 3 measurements was used for
analysis. All skinfold measurements were taken on the self-reported non-dominant side of the body by
the same three skilled researchers. The sum of four skinfolds (S4SF) was calculated according to the
method presented by Durnin and Rahaman (184) and used as an estimate of body fatness. Waist
circumference was measured to the nearest mm with an anthropometric tape, midway between the
lower rib margin and the iliac of the trunk. Sexual maturation was assessed at post-intervention and at
follow-up by self-report using a scale of pictures of breast and genital development for girls and boys,

respectively (185).

Blood pressure
Blood pressure was measured after 15 minutes of rest with a Dinamap XL vital signs blood pressure
monitor (Critikron, Inc., Tampa, FL) using appropriate sized cuffs. Five measurements were taken over

10 minutes and the mean of the last three measurements was recorded.

Blood sampling

A band-aid with an analgesic cream (EMLA) was sent to all participants prior to the day of the blood
sample. At the start of the test day the children were asked what they had been eating and drinking
from the night before. Only water and sugar-free chewing gum were allowed for a child to be accepted
as fasting. Non-fasted children were asked to come back one of the following days to have their blood
drawn. Blood samples were collected from the antecubital vein. After sampling the children were
offered breakfast. Glucose was analyzed immediately after sampling (Hemocue). The remainders of the
samples were centrifuged; plasma aliquoted within 30 min, kept at -20°C, and later stored at -80°C.
Insulin was analyzed spectrophotometrically using an enzyme linked immunosorbent assay (DAKO
Insulin, Code no. K6219). TC, HDLc and TG were analyzed on a COBAS FARA (Roche, Switzerland)
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using spectrophotometry (ABX Diagnostics, Montpellier, France). Inflammatory markers were
analyzed with high-sensitivity immunoassays or multi-plex kits. For IL-6, Quantikine High-Sensitivity
ELISA with a detection limit of 0.5 pg'mL—1 (R&D, Minneapolis, MN) was used. For TNFa,
Quantikine High-Sensitivity ELISA with a detection limit of 0.1 pg-mL™" (R&D, Minneapolis, MN)
was used. STNFRI (the total amount of free receptor plus the total amount of receptor bound to TNFa),
IL-1Ra and adiponectin was measured on a Luminex 100 (Luminex Corporation, Austin, TX,

USA) using Invitrogen kits (Invitrogen Corporation, California, USA), with detection limits of 15
pg:mL™, 30 pg-mL™ and 0.058 ng:-mL™ for sSTNFRI, IL-1Ra and adiponectin, respectively. C-reactive
protein was determined using particle-enhanced turbidimetric immunoassay: Tina-quant CRP (latex)
high-sensitivity assay (Cobas, Roche Diagnostics, Mannheim, Germany) with a detection limit of 0.1
mg-L™". All essays were used according to the manufacturer’s instructions. Insulin resistance was
estimated according to homeostasis model assessment (HOMA-IR) as glucose (mmol-1™%) multiplied by
insulin (mU-1") divided by 22.5 (186).

Physical activity measurements

PA was assessed using a combination of a questionnaire and the Actigraph 7164 activity monitor
(Actigraph Inc., Pensacola, Florida, USA). This accelerometer has been validated and has shown a high
degree of mechanical reproducibility (187) and good validity with respect to free living energy
expenditure assessed by doubled labeled water in children (188). The accelerometer was secured
directly to the skin at the lower back using an elastic belt. The children were instructed to wear the
accelerometer for five consecutive days, three weekdays and two weekend days. They were also
instructed to wear the accelerometer during the entire day and only removed it e.g. during water
activities. The accelerometer was programmed to start monitoring on the second day in order to
familiarize the children with the device and avoid artificially elevated measurements in the beginning
of recording caused by excitement.

After the sampling the accelerometers were collected and memory downloaded. A recording epoch of
10 seconds was selected. All continuous sequences of 60 consecutive epochs (i.e. 10 minutes) or more
with zero counts were considered as non-wearing and were subsequently deleted (189). Only children
providing a minimum of three days with eight hours of valid recording, after removal of missing data,

were included in the analyses. At post-intervention and follow-up a PA questionnaire was distributed
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and returned with the accelerometers. Children and parents were, among other things, asked to note
time and reason for any period of “non-wear”. Accelerometer data was subsequently adjusted for water
activities information obtained by the questionnaires. All non-wear periods at post-intervention and
follow-up, which could be identified as water activity, were substituted with blocks of activity
corresponding to the mean counts per minute in a normal PE lesson. In this thesis and in Paper I the
overall amount of PA (mean counts per minute) and minutes per day spent on moderate to vigorous
(MV) PA (> 1500 counts/min)(190) is reported.

Cardiorespiratory fitness (VOgpeax) testing

VOypeak Was assessed using a continuous running protocol on a treadmill. VOgpea Was measured
directly on an AMIS 2001 Cardiopulmonary Function Test System (Innovision, DK 5260 Odense) at
baseline and at post-intervention and using the COSMED K4b? portable metabolic system (COSMED,
Rome, IT) at follow-up. Both systems were calibrated immediately before each trial. We were
unfortunately unable to cross validate the two systems, but both have been validated against the
Douglas bag method and were found to obtain valid measures of VO, (191;192). At baseline and post-
intervention the test protocol was as described in Table 2.1. No children completed 15 minutes.

Table 2.1. VOgpeak test protocol.

Minutes 0 3 5 7 9 11 13 15
Velocity | 4 km/h 8 km/h 8 km/h 8 km/h 8 km/h 9km/h 13 km/h 15 km/h
Grade 0% 0% 3% 6 % 9% 9% 9% 9 %

At follow-up a pilot-study was conducted prior to the test period. It was found that by using the same
protocol as at baseline and post-intervention, some children would be running for too long before
reaching maximal effort. We therefore modified the protocol and increased intensity every minute
(incline or speed) until near max (by observing the child and following both heart rate and respiratory
exchange-ratio (RER)). In time to exhaustion the minutes taken out of the protocol were added to the
final running time.

The children were instructed to run until exhaustion. To determine if a test was performed satisfactorily

at least one of three objective physiological criteria should be fulfilled; heart rate (HR) > 200 beat/min,
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RER > 0.99, or a defined plateau of oxygen uptake (VO (an increase of less than 2.1 ml-mintkg™)
together with a subjective criteria for exercise intolerance (193). For this thesis and all papers VOzpeak
is expressed in mL/kg/min. For children who ran to exhaustion but did not attain a valid measurement
because of equipment failure, VOopeac Was estimated from a regression equation calculated from all the
valid tests using running time to exhaustion and sex (~10% of participants). At baseline 57 children ran
to exhaustion without having a VO recording due to unwillingness to wear the necessary equipment or
not wearing the equipment satisfactorily. At baseline, analysis of covariance showed no difference
neither in intercept nor slope between sexes, and a common equation was calculated: VO, = 29.4 +
0.037 * time to exhaustion (sec).

At post-intervention and follow-up analysis of covariance showed differences between sexes and the
equations were calculated for each sex separately. At post-intervention VOzpeax for boys was calculated
as follows: 25.4 + (2.299 * time to exhaustion (sec)) and for girls: 21 + (2.451 * time to exhaustion
(sec)), for boys and girls, respectively. At follow-up VOgpea Was calculated as follows: 24.7 + (1.9 *

time to exhaustion (sec)) and 20.9 + (1.9 * time to exhaustion (sec)), for boys and girls, respectively.

2.3 Participants and Statistics

Differences in baseline values of BMI, waist, S4SF and VO.peax between children who participated at
post-intervention and follow-up compared to children who dropped out of the study was calculated
using paired t-tests adjusted for sex. Differences between children who gave vs. not gave blood in BMI,
waist, S4SF and VOopeax Were calculated using paired t-tests adjusted for sex. Number and percentages
of children meeting the criteria for MetS were calculated.

Paper |

In Paper I all children participating in CoSCIS were included except for children only participating at
follow-up and one child, who moved from the intervention to the control community. The number of
children in different analyses differs considerably between different variables and time-intervals (see
Table 1 and 2, Paper 1), because of children choosing not to participate in all tests (e.g. blood sampling

or fitness test).
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Means and standard deviations for physical characteristics and CVD risk factors at baseline, post-
intervention and follow-up were calculated by sex and group (Table 1, Paper I). A composite risk
score (clustered z-score) was computed from the sex-specific sum of z-scores for systolic blood
pressure, TG, ratio of TC to HDL, HOMA-IR, S4SF, and the negative value of VOapea z-score. BMI,
waist circumference, S4SF, HOMA-IR, TG, TC to HDL-ratio and sum of z-scores were positively
skewed and therefore transformed (natural log) for the analyses. All statistical analysis is described in
the Methods of Paper I.

Furthermore, to investigate the intervention effect on the children most likely to benefit from the
intervention two subgroups were constructed. One subgroup; the overweight subgroup, was based on
baseline S4SF. Children with S4SF z-scores (by sex) above 1 were included (n = 69, 36 from IG and 33
from CG) corresponding to ~ 10% of the total population. The other subgroup; the unfit subgroup, was
based on baseline VOy.peak. Children with baseline VOy.peak z-scores at -1 or below were included (n
=104, 61 from 1G and 43 from CG) corresponding to ~ 16%. These results are presented in the
Appendix.

Paper Il

In paper 11 all children with complete measures of CVD risk factors at least at two of the three time-
points were included (n = 434). A composite CVD risk score (clustered z-score) was constructed by
adding the sex-specific z-scores for systolic blood pressure, HOMA-IR, TG, S4SF and the negative z-
scores for HDLc and VOgapea. In analysis with stratification for SASF, S4SF was removed from the
clustered z-score and in analysis with stratification for VOxpea, this variable was removed from the
clustered z-score. As we did not find any differences in the clustered z-score between intervention and
control group in Paper I, the two groups were pooled for all analyses in this paper. All statistical
analyses are described in the Methods of Paper I1.

For this thesis, children were grouped in tertiles based on fitness and fatness. Clustered z-score
(without fitness or fatness, respectively) tracking coefficients were calculated within each tertile using

Pearson correlations.
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Paper 111

Data for Paper 111 was from the follow-up measurement in 2008 (mean age 13.4 yrs £ 0.3). A
composite CVD risk factor score (clustered z-score) was computed by summing z-scores “by sex” of
following six variables; the ratio of TC to HDLc, TG, HOMA-IR, systolic blood pressure, S4SF, and
inverse of VOzpeak. Complete data for the clustered z-score and the inflammatory markers were
available for 413 subjects. IG and CG were pooled for all analysis. Means and standard deviations for
all variables were computed by groups based on median split for fitness and S4SF (Table 1, Paper 111).
All statistical analysis is described in the Methods section of Paper Il1.

Paper IV

Data used in this paper is from post-intervention and follow-up measurements. Complete data on IL-6
from both assessments were available for 292 subjects. Since no differences between IL-6 levels in the
intervention and control group were found, data from the two groups were pooled for all analyses.
Means and standard deviations for all variables were computed by sex (Table 1, Paper 1V). All
statistical analysis is described in the Methods section of Paper IV.

Furthermore, for this thesis correlations between IL-6 at age 9 years and the individual risk factors,

systolic blood pressure, total cholesterol, HDLc and TG, are presented.

1. Results

3.1 Characteristics of the participants in CoSCIS

Drop out analysis

There were no significant differences in baseline levels of S4SF, BMI, waist circumference or VOapeak
between the children who participated at post-intervention and the children who dropped out of the
study, with or without adjusting for sex. There was no difference between IG and CG in drop-out rate.
Children who participated at follow-up had significantly lower baseline BMI, waist and S4SF (17.0 vs.
17.86, 55.2 cm. vs. 56.5 cm, and 25.7 mm. vs. 28.2 mm. respectively) and a higher baseline VOgpeax
(47.4 vs. 45.7 ml kg™ min™) compared to children who dropped out (p=0.002, 0.001, 0.001, and
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0.0001; respectively), with and without adjusting for sex. There was no difference between IG and CG

in drop-out rate.

Missing blood

Of the 696 children participating at baseline blood was obtained from 493 children (70.8 %). 203 did
not have blood taken. At baseline children without blood samples had a significantly higher BMI (16.3
vs. 15.9), SASF (13.2 vs. 8.0) and waist circumference (56.4 vs. 55.4 cm) compared to children who
gave blood (p = 0.022, 0.000 and 0.022, respectively). There was no difference between children who
gave vs. not gave blood on VOzpeak. More children in IG had blood drawn compared to CG (73% vs.
63%, p=0.004).

Of the 613 children participating in the study at post-intervention blood was obtained from 454
children (74.0 %) and there was no difference between IG and CG in the percentage of children with
and without blood samples. Children without blood samples had a significantly higher S4SF (36.1 mm
vs. 32.6 mm) and a lower VOapea (47.1 ml kg™ min™ vs. 49.7 ml kg™ min™) compared to children who
gave blood (p = 0.022 and p = 0.000 respectively), whereas there were no differences in waist
circumference or BMI between children who gave vs. not gave blood. Of the 513 children participating
at follow-up blood was obtained from 454 children (88.5 %).

At follow-up children without blood samples had a significantly lower VOg_peax (46.7 ml kg™ min? vs.
49.4 ml kg™ min™) compared to children who gave blood (p = 0.039), but this was no longer significant
after adjusting for sex. There were no significant differences in waist circumference, S4SF or BMI
between children who gave vs. not gave blood at follow-up. Adjusting for sex did not change any of

these findings.

Participants

Each paper contains a table with characteristics of included participants (Table 1, Paper I, 11, 111 and
1V). For this thesis, to further assess the health status of the children the total number of children
meeting the criteria of the MetS for youth was assessed. At baseline and post-intervention the criterion
was being at or above 90" percentile for waist circumference using the references from Fernandez and
colleagues (194) and from McCarthy and colleagues (195) (Table 3.1).
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Table 3.1. Numbers and percentages of participants at or above 90™ percentile for waist

circumference for age and sex at baseline and post-intervention using two different references.

% in
N above 90" intervention/
Variable Sex N waist total ~ percentile % of total  control group
Baseline waist circumference by Boys 364 13 3.2
Fernandez Girls 329 18 5.5 3.9/5.3
Baseline waist circumference by Boys 364 85 23.4
McCarthy Girls 329 104 31.6 28.2/26.0
Post-intervention waist Boys 317 21 5.2
circumference by Fernandez Girls 295 26 8.8 8.6/6.4
Post-intervention waist Boys 317 140 44.2
circumference by McCarthy Girls 295 123 41.7 43.1/42.8

Age- and sex-specific waist circumference cut-points for being at or above the 90™ percentile according to Fernandez and
co-workers (194) and McCarthy and co-workers (195).

At 7-years follow-up the number of children meeting the criteria for adolescent MetS cutpoints
presented by Jolliffe and Janssen (121) were assessed (Table 3.2). A total of 8 or 9 children (>2%) met
the criteria for having MetS depending on which criteria were being used. The percentage of
adolescents meeting the cut-points of the individual risk factors varied considerable with most
adolescents meeting the cut-point for high glucose concentration and fewest meeting the cut-points for

waist circumference as defined by ATP and TG.

Sexual maturation

At baseline all children were Tanner stage 1. At post-intervention 15 boys (4.9 %) and 118 girls (40.4
%) were Tanner stage 2, no boys and 14 girls (4.8 %) were Tanner stage 3 and the rest of the children
were Tanner stage 1. At 7-years follow-up 3 boys (1.2%) and 1 girl (0.4%) were Tanner stage 1, 16
boys (6.3 %) and 13 girls (5.2 %) were Tanner stage 2, 120 boys (47.2 %) and 54 girls (21.6 %) were
Tanner stage 3, 101 boys (39.8 %) and 136 girls (54.4 %) were Tanner stage 4 and 14 boys (3.4 %) and
46 girls (18.4 %) were Tanner stage 5.
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Table 3.2. Numbers and percentages of participants at or above adolescent metabolic syndrome

(MetS) cut-points for age and sex at 7-years follow-up according to criteria by Jolliffe and

Janssen (121).

% in
N meeting intervention/
Variable Sex N total criteria % of total control group
Boys 258 0 0
Waist ATP Girls 250 5 2.0 1.7/0.0
Boys 258 6 2.3
Waist IDF Girls 250 26 10.4 7.4/4.8
Boys 258 24 9.3
Systolic BP Girls 251 16 6.4 9.1/6.2
Boys 235 36 15.3
HDLc Girls 215 44 20.5 18.2/17.2
Boys 235 9 3.8
TG Girls 211 4 1.9 3.3/2.2
Boys 236 149 63.1
Glucose Girls 216 113 52.3 59.6/56.0
Meeting ATP MetS Boys 233 4 1.7
criteria® Girls 212 5 2.4 2.6/1.1
Meeting IDF MetS Boys 233 4 1.7
criteria® Girls 212 4 1.9 1.9/1.7

ATP: National Cholesterol Education Program Adult Treatment Panel 111

IDF: International Diabetes Federation

& ATP MetS definition: at least 3 of the following;: high waist circumference, high systolic or diastolic blood pressure, low

HDLc, high TG and high blood glucose.

b IDF MetS definition: high waist circumference and at least 2 of the following; high systolic or diastolic blood pressure,

low HDLc, high TG and high blood glucose.

3.2 Effects of the intervention (Paper 1)

Table 2, Paper | presents the immediate and long-term effect of the intervention. The immediate effect

is the difference between 1G and CG change-scores from baseline to post-intervention. The long-term

effects are the difference between 1G and CG change-scores from baseline to follow-up.
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Anthropometrics

No significant difference between IG and CG were found for any anthropometric measure.

Physical activity and cardiorespiratory fitness

No significant difference between 1G and CG were found for mean PA (counts/min), MVPA (minutes
spent above 1500 counts/min) measure or cardiorespiratory fitness. However, the difference in MVPA
(corresponding to a ~ 12 minutes/day less decrease in MVPA in IG compared to CG) became

statistically significant when results were not adjusted for school-cluster (data not shown).

CVD risk factors

From baseline to post-intervention IG had a borderline smaller increase in systolic blood pressure
compared to CG (p = 0.092) and IG boys had a significantly smaller increase in HOMA-IR compared to
CG boys (p = 0.004); whereas no difference between groups was found for girls (Figure 1, Paper 1).
Long-term effects of the intervention were measured comparing IG and CG change-scores from
baseline to follow-up. The change-scores of systolic blood-pressure were significantly lower for IG
boys compared to CG boys (p = 0.010), but this difference was not found for girls (Figure 2, Paper 1).
There were no other significant differences in change-scores. After Bonferroni correction no differences

were found between groups.

Overweight subgroup

To investigate the intervention effect in the children most likely to benefit from the intervention two
subgroups were constructed. Intervention effects in the most overweight subjects were investigated by
comparing the children in IG with a baseline S4SF z-score at or above 1 with the same group in CG
(Table 1, Appendix). The only significant difference found was for change-scores in zBMI from
baseline to post-intervention, where IG children had a greater increase compared to CG. There was a
borderline significant difference in MVVPA with IG children increasing their value, whereas CG
children decreased their value. No other differences between groups were found in the overweight

subgroup. Post hoc analyses with a subgroup based on McCarthy waist cut-points (195) at baseline (n =
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189), showed the same tendencies, however both the difference in BMI and in MVPA became
statistical significant (data not shown).

From baseline to post-intervention the group with a S4SF z-score below 1 SD (the normal-weight
group) in IG had a significant less decrease in MVVPA compared to the same group in CG. Furthermore,
as in the entire cohort IG boys had a lesser increase in HOMA-IR compared to CG boys (P = 0.045).
From baseline to follow-up normal-weight IG children had a significantly lesser increase in systolic

blood pressure compared to the same children in CG (P = 0.038) (data not shown).

Unfit subgroup

Intervention effects in the most unfit subjects were investigated by comparing the children in IG with a
baseline VO,.peax Z-score at or below -1 with the same group in CG (Table 2, Appendix). From baseline
to post-intervention the only significant difference found was for change-scores in zBMI, where 1G
children had a greater increase compared to CG. IG had a significant greater increase in BMI and
HOMA-IR from baseline to follow-up. There were no other differences between IG and CG in the unfit
subgroup.

Comparing the children in 1G with a baseline VO,.peax z-score above -1 (normal fitness group) with the
same group in CG it was found that 1G children increased their S4SF more compared to CG (P =
0.039). Furthermore, the boys in the IG had a less increase in HOMA-IR compared to boys in CG and
decreased their sum of z-scores, whereas boys in CG increased their sum of z-scores (P = 0.004 and

0.042, respectively) (data not shown).

3.3 Tracking of CVD risk factor clustering (Paper II)

BMI, S4SF, systolic blood pressure and HOMA-IR increased with age. VOapeax increased from age 6 to
age 9 years, TG increased from age 9 to age 13 years and HDLc increased from age 6 to age 9 years
and then decreased from age 9 to age 13 years (Table 1, Paper I1). Moderate correlations were found
between clustered z-score at age 6 to 9 and 9 to 13 years, whereas the coefficient between age 6 and 13
years was somewhat weaker (Table 2, Paper I1). These coefficients did not change substantially when
analyses were done for each sex separately (data not shown). For the single risk factors highest tracking

coefficients were seen for S4SF, followed by systolic blood pressure and HDLc. Tracking coefficients
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for HOMA-IR and TG were low to moderate. The tracking coefficients for VOgpeac Were high from 6 to
9 years and 9 to 13 years, but low from 6 to 13 years (Table 2, Paper I1).

Logistic regression showed that children with moderate and high risk respectively, in clustered z-score
at first time-point had a 6.1 (95% CI: 2.37-7.93) and 21.2 (95% CI: 7.93 — 56.80) times greater risk,
respectively, of having a clustered z-score above 1 SD at the second time-point between the ages 6 to 9
years, 4.51 (95% CI: 1.71 — 11.89) and 30.8 (95% CI: 9.73 — 97.50) times greater risk between the ages
9 to 13 years, and 2.3 (95% CI: 1.04 —5.19) and 4.9 (95% CI: 1.92 — 12.34) times greater risk between
the ages 6 to 13 years, compared to children with low risk in clustered z-score (Table 3, Paper I1).

Tracking coefficients for groups based on level of VOypeax are presented in Table 3.3.

Table 3.3. Tracking coefficients between clustered z-score (without VOopeak) at different ages
stratified for VOypeax

6 to 9 years 9 to 13 years 6 to 13 years

Grouping (mean (SD)) r r r
By VO,peax at age 6 years

1% tertile (40.823.3 ml kg™ min™) 0.590 0.501

2" tertile (46.9+2.4 ml kg™ min™) 0.489 0.425

3" tertile (53.3(+3.5 ml kg™* min™) 0.396 0.253*
By VOgpeax at age 9 years

1% tertile (42.8+4.5 ml kg™* min™) 0.670

2" tertile (50.0+3.3 ml kg™ min™2) 0.497

3" tertile (56.5+4.7 ml kg™ min™) 0.290**

Pearsons correlations. All P-value < 0.0001, unless marked. *: P-value = 0.01, **: P-value = 0.002

Tracking coefficients were highest in the 1% tertile (least fit) at all three time intervals (r-values 0.501-
0.670). The coefficients were strong in the 1 and 2™ tertiles and low in the 3" tertiles.

Tracking coefficients for groups based on S4SF are presented in Table 3.4. Lowest tracking
coefficients were found in the 1% tertile (least fat) at all three time intervals. However, the picture was
not as clear as for VO,pea. Between age 6 and 9 years there was no significant coefficient in the 1%
tertile, a strong coefficient in the 2™ tertile and moderate coefficient in the 3". Between age 6 and 13
years the coefficients were weak in all tertiles. Between age 9 and 13 the coefficients were weak in the

1%t and 2" tertile and stronger in the 3.
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Table 3.4. Tracking coefficients. Pearson coefficients between clustered z-scores at different ages
stratified for SASF

6 to 9 years 9to 13 years 6 to 13 years

Grouping (mean (SD)) r r r
By S4SF at age 6 years

1* tertile (19.5+2.4 mm) 0.068* 0.201*

2" tertile (23.942.4 mm) 0.499 0.314**

3" tertile (33.9+9.1 mm) 0.340 0.233%
By SASF at age 9 years

1% tertile (20.5+3.0 mm) 0.317**

2" tertile (27.4+4.1 mm) 0.297**

3" tertile (47.0+14.6 mm) 0.492

All P-value < 0.0001, unless marked. *: non-significant, **: P-value <0.01, 1: P-value = 0.042

3.4 Low grade inflammation (Paper Il and IV)

Cross-sectional analysis

The general characteristics of the included subjects are presented by fitness/fatness groups in Table 1,
Paper I11. After adjusting for sex and pubertal status, the high-fitness group had lower BMI (only in
the high fat group) and S4SF, higher VOgpeax, Systolic blood pressure and HDLc and lower clustered z-
score, adiponectin and IL-6 levels than the low fitness group. Adolescents in the high fat group were
younger, had higher BMI, S4SF, systolic blood pressure, HOMA-IR, clustered z-score and CRP level,
but lower fitness, HDLc concentration and adiponectin level compared to the low fat group.

Partial correlations, adjusted for sex and pubertal status, between clustered z-score and the
inflammatory markers are presented in Table 2, Paper I11. Significant, but weak, correlations were
found between clustered z-score and circulating levels of adiponectin, CRP, IL-6 and TNFa. When
analyzed in groups based on median split of S4SF by sex, correlations between the clustered z-score
and adiponectin and CRP were only significant for adolescents with S4SF values in the upper half. This
group also exhibited a greater correlation coefficient for IL-6 and lower correlation coefficient for
TNFa compared to adolescents with S4SF values in the lower half, but these differences were non-
significant.

Table 3, Paper 111 shows the odds ratios for high clustered z-score for quartiles based on the level of
the inflammatory markers. Table 4, Paper 111 shows the correlations between the inflammatory

42



markers. The anti-inflammatory markers adiponectin, STNFR1 and IL-1Ra were correlated, as were the
pro-inflammatory markers CRP, IL-6 and TNFa. Furthermore, adiponectin was inversely correlated to
CRP.

Longitudinal analysis

We did not find any significant cross-sectional correlations between IL-6 levels and HOMA-IR at age 9
years or at age 13 years, irrespective of adjustment for fatness and fitness. HOMA-IR age 9 years was
correlated with HOMA-IR age 13 years for girls (r = 0.242, P = 0.004), but not for boys (r = 0.143, P
=0.083). A significant correlation between levels of IL-6 at age 9 years and levels of IL-6 at age 13
years was found for girls. Furthermore, the girls also displayed correlations between IL-6 levels at age
9 years and HOMA-IR four years later. None of these correlations were found for boys (Table 2, Paper
1V). Adjusting for TNFa at age 13 did not change these results substantially (data not shown). The
correlations were weakened after adjusting for fatness, and fitness and fatness combined at age 13
years. When the children were stratified by Tanner stages, only the most mature girls (Tanner stages 4-
5) displayed a significant correlation between IL-6 levels at age 9 years and HOMA-IR at age 13 years
(Table 3, Paper 1V).

Girls with 1L-6 levels within the upper quartile at age 9 years had an odds ratio of 2.55 (95% CI: 1.12 —
5.80) for having IL-6 levels within the upper quartile at age 13 years and an odds ratio of 3.86 (95% CI:
1.58 — 8.57) for being in the upper quartile of HOMA-IR, compared with the rest of the girls. There
were no other significant increased risks (P > 0.05) (Table 4, Paper 1V).

The correlations between IL-6 and the other individual risk factors are presented in Table 3.5. The girls
displayed correlations between IL-6 levels at age 9 years and TG levels four years later. For boys,
levels of IL-6 at age 9 years correlated with level of TC at age 13 years. There were no significant
cross-sectional correlations between IL-6 levels and any of the risk factors at baseline, irrespective of

adjustment for fatness and fitness (data not shown).
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Table 3.5. Pearson correlations between IL-6 at age 9 and cardiovascular risk factors at age 13;
1) unadjusted**, 2) adjusted for sum of 4 skinfolds (S4SF), 3) VOgpeak (MI/kg), and 4) both S4SF
and VOqpeak at age 13.

IL-6 age 9
Adjusted for Adjusted for S4SF

Risk factors age 13 Unadjusted Adjusted for S4SF VOzpeax & VO;peqk
Systolic Blood Pressure

Boys 0.023 0.023 0.049 0.050

Girls 0.042 0.072 0.057 0.074
Total Cholesterol

Boys 0.172* 0.177* 0.172* 0.177*

Girls -0.051 -0.031 -0.049 -0.042
HDLc

Boys 0.134 0.130 0.128 0.125

Girls -0.129 -0.101 -0.147 -0.129
Triglycerides

Boys 0.130 0.140 0.131 0.137

Girls 0.190* 0.176* 0.185* 0.179*

*: P-value < 0.04. Significant correlations in bold face.

** All correlations adjusted for risk factor value at age 9 years.
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2. General Discussion

This thesis presents data and results from Copenhagen School Child Intervention Study, a 3-years
controlled intervention study with a follow-up four years after the end of the intervention. The
intervention was proposed as a way to enhance and improve physical activity and thereby health in

Danish children in public schools.

4.1 Effects of the intervention (Paper 1)

Effects of the intervention were assessed as differences between intervention and control group in
change-scores from baseline to post-intervention and from baseline to follow-up. In the following the

results will be compared to results from other school-based studies and discussed.

Body composition

Most obesity treatment studies have showed limited long-lasting effects and primary prevention is
therefore essential (196). However, extensive reviews on studies addressing all kinds of obesity
prevention programs in children concluded that most studies show limited success in preventing
childhood obesity (178;197). In the present study no positive intervention effects were found for BMI,
zBMI, waist circumference or S4SF. The results of other school-based intervention studies are
conflicting. Some did find a significantly better development in BMI in intervention groups (198-202),
while others did not (139;203-206). BMI is commonly used, but probably not the best measure of body
fatness in studies of growing children, primarily because BMI is not linearly proportional with age.
Also, theoretically, it is possible that intervention studies only measuring BMI could be biased by
increases in lean body mass as a result of the increased PA. However, it is unlikely that most school-
based interventions substantially influence the amount of lean body mass, as more intense strength
training is needed in order to induce muscle hypertrophy in children (207;208). Finally, increases in
BMI do not affect body composition in the same way in all children. A study by Demerath and
colleagues found that a similar increase in BMI z-scores resulted in a greater increase in body fat for
girls and younger boys, whereas older boys (13-18 years) increased their lean body mass proportionally
more (209). Other measures of body fatness, however, also provide conflicting results of different
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interventions. Some school-based intervention studies have found positive intervention effects on
obesity prevalence or body fatness assessed by a composite score of both BMI and triceps skinfolds
(210)(only girls), skinfolds (211), percentage body fat by bio-impedance (200), waist circumference
(199) and percentage of participants with a waist circumference at or above the 90" percentile (201).
Other studies have not found any group differences in body fatness by under-water weighting (205), by
waist circumference (139), by skinfold and bio-impedance (212) or by skin fold alone (204;213). It is
of great importance to gain an understanding of the reasons why some school-based intervention
studies succeed in preventing overweight/lowering body fat, while others do not. Several possible
explanations for the differences in results between studies exist; one example being the diversity in
intervention components. In the review by Brown & Summerbell (178) the authors conclude that there
is not enough evidence to conclude on the effectiveness of diet vs. PA interventions, or the combination
of the two. It is, however, likely that multi-component interventions have a greater chance of reducing
overweight. All above mentioned studies finding a better development in intervention group BMI
compared to control, had both a diet and a PA component (198-201), whereas 3 out of 5 studies without
an effect on BMI were PA only interventions (139;203;206). Speculation suggests that combining the
PA intervention with focus on diet could reduce the chance that intervention school children increase
their energy intake in order to compensate for the increased energy expenditure caused by the extra PA.
Furthermore, focus on PA also outside school could reduce the possibility for a compensatory decrease
in PA after school (see below). Also the amount of extra PA delivered in the intervention differs
between studies, but it is not consistently found that studies with the highest amount of PA have the
greatest effect on body fatness.

Finally, it is possible that the baseline level in fatness parameters can influence the intervention effect
on these parameters. The majority of children in CoSCIS were of normal weight, thus they had a
limited potential for change, at least in regard to BMI. In a study by Marcus and colleagues, evaluating
the effect of a 1-4 year school-based multi-component intervention, no difference was found in change-
scores of BMI standard deviations, whereas the proportion of children who were initially overweight or
obese and reached normal body weight was greater in the intervention schools compared to the control
schools (206). This suggests that it can be important to analyze data apart from the mean, to evaluate
the effect of the intervention on the children who would actually benefit from a change in body

composition. A subgroup based on baseline S4SF (at or above 1 SD) was made, but the effect of the
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intervention on body composition was not greater in this group compared with the total population. On
the contrary, IG children in this subgroup actually had a greater increase in zZBMI compared to the
subgroup in CG and the same was also found in the unfit subgroup. Thus, in our study, the intervention
was not more effective in altering body composition in the most fat or most unfit group of children.
However, a physically active lifestyle in a long-term perspective might ultimately turn out to be a solid

approach to regulating BMI regardless of initial BMI status.

Physical activity

Surprisingly, doubling the amount of PE had no significant effect on overall physical activity levels in
IG compared to CG. One possible explanation is that IG children compensated for the increased
school-time PA during the remainder of the day, a phenomenon found in the study by Donnelly and
colleagues (205). However, these data were obtained from questionnaires, which is an inaccurate
measure of PA in children and adolescents (131). Even though we used objective measures of PA and
combined them with data from a questionnaire, it is possible that the method was not sensitive enough
to capture small differences between groups. However, contrary to our result, a recent review
summarizing previous reviews and newly published school-based intervention studies on PA-outcome
found that 9 out of 10 newer studies assessing overall PA were effective in proving a positive
intervention effect (180). This shows that it is actually possible to induce and measure intervention
effects on overall PA in this type of studies, both by objective and subjective means.

In the present study, although not statistically significant, the IG did decrease their MVPA less
compared to CG from baseline to post-intervention; the difference amounted to ~12 min/day. This
difference was actually significant when analyses were done without adjusting for school-cluster (data
not shown). Two other studies have reported similar results for MVPA (214;215). As MVPA is related
to CVD risk factors (116;136), this modest, 12-min difference could explain some of the small positive
metabolic changes found in this study. This difference in MVVPA was also found for the overweight
subgroup, which suggests that the intervention actually also reached these children. The applied

method of assessing PA in this study is discussed in Section 4.5 Study strength and limitations.
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Cardiorespiratory fitness (VO2peak)

We did not find any positive intervention effect on VOgpeak. Researchers have suggested that to
improve VOapeak Of children, the focus has to be on high intensity exercise with a minimum of 3-5
training sessions per week (129;193). Many population-based long-scale intervention studies with PE
intervention comparable to CoSCIS fail to achieve improvements in cardiorespiratory fitness
(204;205;214,216), which emphasizes the difficulty in implementing large-scale interventions
sufficiently intense to significantly alter cardiorespiratory fitness level in normal populations. Other
studies have, however, found an effect on fitness (211;217-219). Obvious differences between the
interventions in CoSCIS and in the studies of Kriemler and co-workers and Resaland and co-workers
are the number of minutes of PE/PA lessons (180 vs. 225 and 300 min) and the distribution throughout
the week (two times/week vs. 5 times/week). The intervention in the study by Hansen and colleagues
consisted of 50 min extra PE 3 days a week on top of the normal curriculum (219). The authors do not
state what the normal amount of PE was, but it was probably 45-50 min 2 times per week, which is
standard in Denmark. This gives a total of 240-250 min per week. The study by Trevino and colleagues
had a 45 minute lesson 4 days a week, which corresponded to the amount in the present study, but with
a more frequent delivery (217). Results from these studies show that it is possible to induce positive
changes in cardiorespiratory fitness in normal pediatric populations, but that amount and frequency are
important factors to consider. It should be noted, though, that only the study by Resaland and co-
workers measured peak oxygen consumption directly in a max test (218). In the study by Hansen and
colleagues VOzpeax Was estimated from maximum mechanical power in a maximum progressive test
and the other two studies used performance tests (shuttle run test and modified step test).

When analyzing the effect of an intervention on VOgpea it is important to consider that the distribution
might be uneven. In the study by Resaland and colleagues the greatest improvements in VOpeax Were
found in the two quartiles with lowest baseline VOzpeax (218). Therefore, examining changes in sub-
groups are necessary. However, in the present study there were no differences between IG and CG in
change-scores of VOopeax in either the overweight or the unfit subgroups, even though these groups

might have had the greatest room for improvements.
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Blood pressure

We found a borderline smaller increase in systolic blood pressure from baseline to post-intervention
compared to controls. This difference in systolic blood pressure became significant at follow-up, but
only for boys. A meta-analysis of randomized controlled trials (RCT) concluded that short-term
exercise does not appear to reduce blood pressure in children and adolescents (220). Another review of
more than 850 studies on exercise in youth found four studies showing an effect on blood pressure in
children with elevated blood pressure, but no effect on children with normal blood pressure (129).
However, some studies have found improvements in blood pressure following a short-term exercise
intervention in children (221), a 2-year school-based PA intervention (139) and an 8-month school-
based intervention (219). These results, together with our results, suggest that it is possible to generate
positive alterations on blood pressure in both normo- and hypertensive children. A study by Leary and
colleagues investigating the relationship between objectively measured PA using accelerometers and
blood pressure concluded that the volume of PA (mean counts/min) was more closely related to blood
pressure compared to MVPA (min/day above 3600 counts/min) (222). Our results seem to contradict
this, as we did not find any differences between groups in mean PA, but did find a tendency for a lesser
decrease in MVPA in the intervention group.

Apart for the possible effects of the increased amount of exercise, it is plausible that the improvements
in HOMA-IR positively affected the blood pressure of IG children (see section 1.2.1 Physiological risk
factors). Finally, increased PA has also been found to lower activity in the sympathetic nervous system
resulting in a reduction in total peripheral resistance and to lower plasma rennin and aldosterone (221).
These changes can positively influence BP, but none of these factors were measured in the present

study.

HOMA-IR

A smaller increase in HOMA-IR from baseline to post-intervention was observed for the boys in the IG
compared to CG, but this difference did not persist to follow-up. Previous studies have likewise
reported positive intervention effects on glucose and/or insulin levels (200;201;217), while others have
not found any effects on these variables (139;205). Two studies found that the improvements in glucose
and/or insulin levels were accompanied by improvements in measures of fatness (200;201), whereas

one study, like CoSCIS, found that the improvements were independent of changes in body
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composition (217). The independency of improvements in weight status has also been found in studies
on overweight and obese children (223;224). These results, together with our results, suggest that it is
possible to make favorable changes in insulin sensitivity by targeting PA, even without changes in
fatness. McMurray and colleagues (225) investigated the effect of an exercise intervention on insulin
levels in children and concluded that only children improving VOzpeax Obtained positive effects on
insulin levels. We did not find any improvements in VOzpeak and must conclude that it is possible to
make changes in HOMA-IR without changes in fitness. It is possible that the better maintenance of PA
and MVPA in IG compared to CG, even though not statistically significant, could have mediated these
changes. No positive intervention effects were noted for the overweight or the unfit subgroups, whereas

in both ‘normal’ groups the boys increased their HOMA-IR less in the IG compared to the CG.

Lipids

We did not find any intervention effects on blood lipids, similar to the results from some (204;226), but
not all other intervention studies in children (139;227). The review by Strong and co-workers found
evidence for a weak relationship between PA and blood lipids, especially for HDL-C and TG. They
concluded that there appears to be a minimum threshold of 40 minutes of activity per day, 5 days a
week (total 200 min/week), to achieve an improvement in blood lipid profile (129). The PE
intervention of CoSCIS (180 min/week given in two sessions) did not meet these thresholds and this
may be one reason why we do not find any effect on blood lipids. However, these criteria were not met
in one of the two mentioned interventions, which did find an effect (227). In that study the physical
activity component consisted of two weekly sessions of 45 min each, indicating that results on blood

lipids might not be limited to very intense interventions.

Clustered z-score

To our best knowledge, only one other school-based intervention study, the KISS-study by Kriemler
and colleagues, has analyzed the intervention effect on a clustered risk score. In that study the clustered
risk score consisted of the standardized values of waist circumference, mean blood pressure, glucose,
TG and inverted HDLc (211). The researchers found a significantly larger decrease in the
cardiovascular risk score in the intervention group compared to the control group; which is in contrast

to our findings. Previous results from EYHS and the present study show that both low cardiorespiratory
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fitness and high levels of body fat are strong predictors for clustering of CVD factors in children
(117;125;228). The fact that we do not find an effect of the intervention on sum of z-scores may be
caused by the lack of intervention results on these variables. In support of this, the study by Kriemler
and colleges also found positive intervention results in measures of fatness and VOzpeax (211). When
looking at the most fit group, boys in IG group actually increased their clustered z-score less compared
to CG boys, which again show that the intervention effect in this study was not greater in subgroups of

the initially unhealthiest children.

Implementation of intervention

The extra PE session was administered by the normal PE teachers and the content was not controlled or
supervised by the researchers. Approximately one third of the extra PE lessons were swimming lessons.
The goal in the PE sessions was to make fun activities with a high level of intensity and incorporating
both strength and cardiovascular training. The final planning and execution of the lessons was done by
the PE teachers. The teachers were asked to keep a monthly record of the content of the lessons, but the
drop-out in these data was too great for them to be used. Therefore, there was no strict control with the
content of the PE classes (normal + extra) in CoSCIS. Thus, the amount and intensity of PA in classes
is unknown, which could be a weakness of the study. However, any positive intervention effect found
is caused by this “real world scenario” and therefore maybe possible to reproduce on larger scale
populations.

All PE teachers were obliged to participate in the teacher training program and a record was kept, to
ensure participation. There were of course teachers who stopped working in the intervention schools
and new teachers starting without the training. A regular teacher training program would, in a long-
term perspective, overcome this problem. Also, the upgrading of PE and playgrounds at intervention
schools was done gradually and was not terminated when the intervention was started. This could
possibly influence the measured effect of the intervention as the number of permanent play facilities
has been found to affect the PA of children (229).

This is the first Danish large-scale school-based PA intervention using the best available methods in
measuring PA, VOapea and CVD risk factors. Other school-based intervention studies providing more
substantial effects on CVD risk factors and VOzpeac have conducted intervention more focused on high

intensity, had a greater overall amount of PA and a higher frequency of PA (e.g. (201;211;218)).
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However, these interventions could be difficult to implement on a population basis because of the large

time and resource expenditure.

4.2 Tracking of CVD risk factor clustering (Paper 1I)

In Paper Il the short-term tracking of a clustering of CVD risk in the CoSCIS population was
examined. We found moderate to high level of tracking between all the measured time points (Table 2,
Paper I1), similar to the results of the only other study examining the stability of clustered CVD risk
factors from childhood (age 9 years) to adolescence (age 15 years) (230). Tracking of clustered CVD
risk factors has also been found from childhood or adolescence to adulthood (160-163). Interestingly,
clustering of CVD risk factors was not evident in this cohort at age 6 years (228), whereas a cluster was
found in some individuals from the age of 9 years (125). Therefore, it was unexpected to find a high
degree of tracking between the ages 6 to 9 years and 6 to 13 years. The results of Paper Il indicate that
a relative high level of several CVD risk factors at this low age is predictive for high future metabolic
risk.

When tracking coefficients of the summed CVD risk factors were calculated within each tertile of
VOgpeak, a lower baseline VOapeax level was associated with a higher tracking coefficient of clustered z-
score and this was consistent for all time intervals (Table 3.3). This implies that within the least fit
group, the stability of metabolic health is greater compared to within the most fit group.

When the children were grouped based on their S4SF no clear picture was found between groups in
tracking of clustered CVD risk factors. In cross-sectional studies overweight and obesity have
consistently been found related to clustering of CVD risk factors in children and adolescents
(117;137;231;232) and convincing evidence suggests that overweight and obesity tracks from
childhood into adulthood (166). Furthermore, some studies have found that overweight or obesity in
childhood is associated with increased risk of later development of CVD risk factor clustering
(233;234). The results from these studies show that the level of body fatness is important for the
development of CVD risk factor clustering, but our results suggest that fatness might not be pivotal for
the stability of CVD risk factor clustering over time.

Our results and the results from the above mentioned studies show that clustering of CVD risk factors
is a relatively stable characteristic from early school-age and to the start of adolescence, and this
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knowledge has potentially important clinical implications, as it points to implementation of preventive

strategies starting in early childhood.

4.3 Inflammation in youth (Paper III and 1IV)

In adults convincing evidence suggest that low-grade inflammation has a fundamental role in all stages
of the atherosclerotic process (2;8;50;56). Also in youth relationships between markers of low-grade

inflammation and the level of individual CVD risk factors have been found (147-152).

Cross-sectional analysis on inflammatory markers and clustered z-score (Paper 111)

We evaluated the associations between a clustered z-score and six different markers of low-grade
inflammation. The clustered z-score was positively correlated with circulating CRP, TNFo and 1L-6
levels and inversely correlated with adiponectin. No correlations were found for IL-1Ra and STNFR1.
Other studies have found similar results for adiponectin and CRP (148;151;153-156), whereas our
results on TNFa and IL-6 are novel, as other studies by Steene-Johannessen and colleagues (148) and
Andersen and colleagues (156) did not find these relationships. Subjects in our study had a mean age of
13.4 years = 0.3, whereas the subjects in the earlier study by Andersen and colleagues were ~ 9.5 years
(156) and in the study by Steene-Johannessen and colleagues half of the subjects were ~ 9.5 years and
the other half ~ 15.5 years (148). It is possible that a measureable relationship between IL-6, TNFa and
CVD risk factors takes time to develop and is not yet present at age 9 years. This is supported by
observational studies in adults reporting findings of a relationship between IL-6, TNFa and different
CVD outcomes (98). Furthermore, also in support of our results regarding IL-6, one study in youth did
find that the level of IL-6 increased with increasing number of MetS components present (153).
Recently, two studies on human genetic and biomarker data have found evidence for a causal
relationship between IL-6 and CVD (99;100). In a meta-analysis of 82 studies it was found that the
Asp358Ala gene variant, previously found to impair IL-6 receptor signaling, was associated with low
concentrations of CRP and fibrinogen and high concentrations of IL-6 and soluble IL-6 receptors (100).
Results from a Mendelian randomization analysis of 133.000 individuals found independent effects of
IL-6 on CVD risk, and blocking the IL-6 receptor in patients with rheumatoid arthritis in clinical trials

showed similar results (99).
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We did not find any correlation between the clustered z-score and STNFR1 in this cohort, which might
imply that any inflammation in these adolescents is still insufficient to induce an accompanying release
of anti-inflammatory mediators from leukocytes and other tissues. This is also supported by the fact
that we did not find any correlation between clustered z-score and the anti-inflammatory protein IL-
1Ra. Our finding is of potential interest, since elevation in pro- inflammatory cytokines both in children
and adults with inflammatory diseases is usually accompanied by a release of STNFR1 and IL-1Ra (e.g.
(235;236)). The anti-inflammatory mediators in Paper 111 were all inter-correlated, as were the pro-
inflammatory mediators, whereas the only correlation between pro- and anti-inflammatory mediators
was an inverse correlation between adiponectin and CRP. It may therefore be speculated that cytokine
release from fat-tissue, as opposed to cytokine release during leukocyte activation, is insufficiently
counter-balanced by anti-inflammatory molecules with a risk of continuous low-grade inflammation,
which could ultimately result in CVD. However, it is also possible that this relatively normal-weight
and healthy population had not yet developed metabolic disturbances and low-grade inflammation to an

extent sufficient to activate the anti-inflammatory response.

Longitudinal analysis of the relationship between IL-6 and HOMA-IR (Paper 1V)

Longitudinal data on the inflammatory markers of the entire cohort were unfortunately only available
for IL-6. Because of economic consideration only half of the sample of 9-years olds was analyzed
immediately post-intervention (156). These children were selected based on their clustered risk score.
Children in the lower and upper quartile of clustered z-score were analyzed first. The other half (second
and third quartile) was analyzed with the follow-up samples in 2009 and unfortunately results on TNFa
and CRP in the two halves were not comparable. It was therefore not possible to determine the
correlations between the other inflammatory markers and IL-6 or their influence on the correlation
between IL-6 and HOMA-IR.

In Paper 1V a correlation was observed between circulating IL-6 levels at age 9 years and HOMA-IR
at age 13 years for girls, but not for boys. Roth and colleagues found a weak but significant correlation
between change-scores of IL-6 and HOMA-IR over one year in an intervention study on obese children
(237). Taken together, these results could suggest a role of IL-6 in the longitudinal development of
insulin resistance. However, we did not find any correlations between IL-6 and HOMA-IR in the cross-

sectional analysis, supporting the results of other cross-sectional studies (148;149;152;156), which
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might imply that IL-6 is not closely related to HOMA-IR in these age-groups. Also, the specific role of
IL-6 in the pathogenesis of insulin resistance is still controversial. On the one hand, IL-6 has
consistently been observed in patients with type 2 diabetes mellitus, and as a consequence has been
related to insulin resistance and/or impaired glucose disposal (88), but on the other hand administration
of IL-6 to healthy humans did not impair muscle glucose uptake or whole-body glucose disposal (90).
It has been shown that IL-6 suppresses the production of TNFo (97), but concomitantly, TNFa causes
IL-6 production and also the release of IL-6 to the circulation (238). Therefore, hypothetically it is
possible that TNFa actually induces impaired glucose metabolism, while high systemic levels of IL.-6
reflect a high local production of TNFa, and are not directly involved in the pathogenesis of insulin
resistance (238). However, adjusting for TNFa at age 13 years did not modify the correlation found in
girls between IL-6 at age 9 years and HOMA-IR at age 13 years significantly (data not shown).
Positive correlations between IL-6 at age 9 years and total cholesterol and TG at age 13 years were
found for boys and girls, respectively (Table 3.5). In contrast, a study by Gobel and colleagues found
no correlation between IL-6 and any measure of blood lipids in overweight and normal weight
adolescents (239). No correlation between HDLc and IL-6 was found replicating the findings of Nemet
and colleagues (158). The complete relationship between IL-6 and the lipid profile in adults has not
been revealed yet. Studies addressing the effect of IL-6 on fat metabolism show that IL-6 has diverging
effect depending on the target tissue. Mechanistic studies have not found an effect of IL-6 on lipolysis
and fatty acid kinetics in human adipocytes (92;240). However, systemic fatty acid oxidation and
lipolysis was increased after human recombinant IL-6 infusion in healthy males. This increase was
found to be caused by an increase in skeletal muscle lipolysis causing fatty acid and glycerol release to
the circulation (240). Results from these studies suggest that IL-6 can induce whole body lipolysis and
fat oxidation without causing hypertriacylglycerolemia (238). Interestingly, blocking of I1L-6 in
diseases like rheumatoid arthritis and Castleman’s disease have been found to result in dyslipidemia

(241-243), but how the relation is in a normal population is not known (244).

Inflammatory markers, fatness and fitness
In Paper 111 adiponectin was negatively and CRP positively related to S4SF, replicating the results of
others (118;118;148-150;150;151;156;158;245). Interestingly, we only found a significant correlation

between adiponectin and CRP and the clustered z-score in the group with S4SF values above the
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median, which emphasizes that fatness is important for these associations. This observation, however,
does still not tell whether adiposity is the cause, a mediator or a confounder in the mechanistic chain.
Paradoxically, fitness was also negatively correlated to adiponectin after adjusting for fatness, which
was also found in a study by Nemet and colleagues (158). In contrast, Rubin and colleagues found a
positive correlation (152). CRP was not significantly correlated to VOgpeax after adjusting for S4SF.
Other studies have found negative correlations between VOypea and CRP in youth (156;157;245;246).
Two of these studies find, as we do, that the correlation was no longer significant after adjusting for
fatness (157;246). However, this does not necessarily eliminate fitness as an important factor, because
fatness could be an intermediate between fitness and low-grade inflammation, and adjusting for fatness
could therefore be misleading.

No correlations between fatness and IL-6 or TNFa were found. The correlation between the clustered
z-score and TNFa was strongest in the group with S4SF values below the median, but did not reach
statistical significance in either group. These results indicate that the relationship between CVD risk
and TNFa and possibly also IL-6, might be independent of adiposity in youth.

While no correlation was found for TNFa, IL-6 was negatively related to fitness, whereas previously
studies in youth did not find any relationship (156;158). The circulating level of IL-6 can be affected
both chronically by release from the adipose tissue in overweight, but also acutely by release from
muscle cells during and after bouts of exercise (88). In CoSCIS blood samples were taken first thing in
the morning, which means that they were probably not affected by any acute exercise bouts, but more
likely reflected the level of body fatness. Body fatness is also strongly correlated to cardiorespiratory
fitness expressed in milliliters VO, per kilogram (247).

Neither of the anti-inflammatory markers IL-1Ra and sTNFR1 were correlated to fatness or fitness.

In Paper 1V adjusting for fitness, fatness or fitness and fatness combined did not change the results

substantially.

Final remarks on inflammatory markers

The complex mechanisms leading to impaired metabolism and the possible roles of the inflammatory
markers are still under investigation. Cross-sectional, our results in Paper 111 showed a significant
correlation between the clustered z-score and circulating levels of CRP, TNFa and IL-6, and an inverse

correlation with adiponectin, whereas no correlations were found for IL-1Ra and sTNFR1. For CRP,
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adiponectin and IL-6 the correlations to clustered z-score were strongest in adolescents above the
median for fatness, whereas the opposite was found for TNFa. However, as previously mentioned, it
should be emphasized that this does not tell us anything about causality, as fatness theoretically could
be the cause, a mediator or a confounder in the association between CVD risk and low grade
inflammation. This is the first study to examine the relation between clustered z-score and the anti-
inflammatory markers IL-1Ra and STNFR in youth, and interestingly, in contrast to what is seen in a
number of inflammatory diseases, up-regulation of pro-inflammatory signals was not accompanied by
an increase in these anti-inflammatory molecules.

VOyeak Was negatively correlated to clustered z-score, adiponectin and 1L-6 levels. S4SF was
positively correlated to clustered z-score and CRP levels and negatively to adiponectin levels, which
implies that life style modifications that alter fitness level and body composition can positively
influence the level of at least some markers of low grade inflammation and maybe, thereby, the
metabolic risk profile in adolescents.

Longitudinally, the results in Paper IV show that IL-6 levels in childhood tracked into adolescence,
especially for girls. Further, IL-6 levels in childhood were related to HOMA-IR and TG four years later
for girls, but not for boys, whereas IL-6 levels in childhood were related to total cholesterol level for
boys, but not girls. These relationships remained significant after adjusting for fatness and fitness. To
our knowledge this is the first study to examine the longitudinal relation between IL-6 and HOMA-IR

in a normal pediatric population.

4.4 Study strengths and limitations

Study strengths

The main strengths of CoSCIS were the length of the school-based intervention, the relatively large
study population and the inclusion of both a post-intervention and a 4-year follow-up measurement.
Also the use of accurate methods of measuring PA, VOzpea and CVD risk factors is a strength. In
Papers I-111, a continuous composite risk score for assessing CVD risk was used. As stated earlier, this
type of outcome may be a better indicator of health in apparently healthy children and adolescents,
compared to the individual risk factors. Furthermore, a clustered score can to some extent compensate

for the day-to-day fluctuations in the single risk factors. Paper I included PA variables consisting of
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accelerometer data adjusted for water-based activities. Even though this is not an optimal measure, it is
probably at the time being the best objective measure of PA in epidemiological studies. Limitations of
this approach will be discussed below.

In Paper 111 several markers of low-grade inflammation were included; both the highly studied CRP
and adiponectin, the primarily pro-inflammatory cytokine TNFa, the pro- and anti-inflammatory
cytokine IL-6 and finally the anti-inflammatory natural blockers of pro-inflammatory cytokines,
STNFRI and IL-1Ra. The two last mentioned have not been included in this type of analysis
beforehand.

Study limitations

Study design and participants

One limitation of the study was the quasi-experimental study design (Paper 1). A randomized
controlled study design would have been stronger, but was, because of practical issues, not a possibility
at the time the study was started. However, the IG and CG were matched on socio-demographic
factors, which eliminate some of the potential confounders. In addition, we did not have a stringent
control with the content of the extra PE sessions. Even though lack of stringent control over
intervention components is a limitation in our study, it could be stated that our results reflects the real-
life school system. The results are therefore more generalizable and easy to apply on a population basis
than a researcher led program.

Another factor influencing our results in Paper | was the drop-out. We found that the children who
dropped out were heavier and had poorer VOzpeax than those retained. This was found in both IG and
CG. Since the fattest and most unfit children are the ones most expected to gain from an intervention
like CoSCIS, this could theoretically cause an underestimation of the true intervention effect. Also, a
dropout rate similar to this study is very common and difficult to avoid in long-term, large-scale
school-based interventions. Furthermore, the amount of missing data was larger for some variables,
namely blood variables, cardio respiratory fitness and PA due to the unpleasant and comprehensive
nature of these measurements. This could have limited our power to detect differences between groups
in these variables. The same is the case for the subgroup analyses where the number of subjects became
very small. However, by looking at the absolute values of differences between groups the conclusions

are the same as for the statistical significance level.
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A general ‘weakness’ of all included papers is the relatively lean and healthy population in CoSCIS.
This could potentially limit the generalizability of the results, especially to populations with a higher
prevalence of overweight and impaired metabolism. However, as mentioned, it has previously been
found that CVD risk factors cluster in some children already from the age of 9 years in this cohort
(125), which implies that some children have an impaired metabolic risk profile. Finally, although
many of the analyses were adjusted for several confounding factors including age, sex and sexual
maturity, unmeasured confounding factors such as genetic variation, energy intake and patterns,
smoking, family history of CVD and other socio-cultural factors could possibly explain some of our
observations. A weakness of paper I11 is the cross-sectional study design, which does not allow for

any conclusions on causality.

Methods and measurements

The use of accelerometers in Paper | is limited by the inability to capture cycling and load-bearing
activities. However, this potential bias is probably equal in intervention and control group and should
therefore not influence the results. The accelerometer data do not capture swimming either, but were
adjusted for water-based activity information collected by questionnaires. The reason for this
adjustment was the fact that part of the intervention was delivered as swimming lessons. It is, however,
not very accurate to consider all water-based activities equal in intensity. Furthermore, the choice of
substituting these blocks of non-wear with blocks of an average intensity of a normal PE lesson is
conjecture, but our best guess. This approach is conservative, as the physical activity level during water
activities probably is higher, but this could at worst underestimate the PA level in the intervention
group. Finally, the accumulation of physical activity over three to four days may not be fully
representative of this complex behavior.

A weakness with the cardiorespiratory exercise test (Papers I-1V) is the use of arbitrary criteria to
define maximum effort. However, mean maximal HR during the VOgpeax tests were 196, 203 and 201
beats per minute at baseline, post-intervention and follow-up, respectively. We are therefore confident
that the subjects in the present study were exhausted and that ‘true” VOgpeax Values are reported.
Furthermore, two different VO,-analysers were used; the AMIS 2001 Cardiopulmonary Function Test
System (Innovision, DK 5260 Odense) at baseline and at post-intervention and the COSMED K4b?

portable metabolic system (COSMED, Rome, IT) at follow-up. We were unfortunately unable to cross
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validate the two systems, but both have been validated against the Douglas bag method and were found
to obtain valid measures of VO, (191;192). Moreover, eventual bias caused by the use of two different
systems, is equal in 1G and CG (Paper I) and absolute values are not essential for the results of Paper
11 and V. Other measures of fitness than the cardiorespiratory could have been included. Muscle
fitness has been increasingly recognized in the prevention of chronic disease in adults (248) and
features of the metabolic syndrome. Consequently, inclusion of resistance training as part of an
exercise program for promoting health in adults has been endorsed by several organizations (249).
Therefore, new school-based intervention studies could with advantage include measures of muscle
fitness in the test battery.

All papers include HOMA-IR as a measure of insulin resistance. The ‘gold standard’ for measuring
insulin resistance is the euglycaemic, hyperinsulinaemic clamp technique (250). However, this method
is time-consuming, more invasive than only one blood sample, costly and labour intensive, which
makes this method more difficult to use in large-scale studies and normally not used in studies of
children. HOMA-IR has been validated against the clamp method in youth and was found to function
well as a surrogate measure (251). Furthermore, a study by Andersen and colleagues showed that
HOMA-IR actually was a better predictor of clustered CVD risk factors than the 2-hours oral glucose
tolerance test and fasting levels of insulin and glucose (252).

In paper 111 a wide range of inflammatory markers were analyzed, but other markers such as retinol
binding protein 4, resistin, fibrinogen, plasminogen activator inhibitor-1 and brain-derived neurotrophic
factor, could have been included. At the time of the analyses, with limited funding, the most promising
markers found in the literature were chosen after discussion in the study group. Paper IV seriously
lacks the inclusion of other inflammatory markers, especially TNFa and TNF modifying mediators. We
cannot exclude that these markers, which are related to both I1L-6 and insulin resistance, are
confounding the investigated associations in Paper 1V. Therefore, no conclusions regarding the
mechanisms by which low-grade inflammation affects insulin resistance can be drawn. Furthermore, a
possible bias in both Papers 111 and 1V is that although we excluded children with any signs of
infections or fever, undetected subclinical infection could have caused an increase in the level of
inflammatory markers in some children. We did, however, try to run all analyses omitting outliers, and

that did not change our results substantially.
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3. Conclusions

This study found that a three year school-based exercise intervention resulted in positive changes in
systolic blood pressure and HOMA-IR in IG compared to CG, especially for the boys. We found an
intervention effect on MVPA corresponding to a difference of ~ 12 min/day less decrease in 1G
compared to CG. This difference was no longer significant after adjusting for school-cluster. We did
not find any effects on VOy,eax and measures of fatness and no differences were statistically significant
after Bonferroni corrections. Therefore, our results indicate that interventions inducing small changes
in PA, even without changes in fitness and fatness, can positively influence the health of children and
adolescents. However, we mostly saw positive effects in boys and the improvements were relatively
modest. Therefore, our data also suggest that a doubling of PE exposure and providing training and
equipment may not be sufficient to induce major changes in CVD risk factors in normal populations, at
least not when administered as two double lessons per week. Furthermore, if positive changes should
be sustained, the increased amount of PE exposure should probably continue throughout the children’s

school-life.

In this population moderate to strong tracking was found for the clustered z-score from age 6 to age 9
years, 9 to 13 years and 6 to 13 years. This suggests that a high level in several CVD risk factors in
early school-age is already predictive for the development of the clustering of CVD risk factors seen in
the older age-groups. Tracking of clustered z-score differed between tertiles of fitness, with children in
the lowest fitness group displaying the highest tracking coefficients. The picture was not as clear for

tertiles of fatness.

Our results showed a significant correlation between the clustered z-score and circulating levels of
CRP, TNFa and IL-6, and an inverse correlation with adiponectin, whereas no correlations were found
for IL-1Ra and sTNFR1. For CRP, adiponectin and IL-6 the correlations to clustered z-score were
strongest in adolescents with S4SF above the median, whereas the opposite was found for TNFa. IL-
1Ra and sTNFR1 was not up-regulated by the pro-inflammatory markers as shown by a lack of inter-

correlation between inflammatory and anti-inflammatory markers. VOzpcac Was negatively correlated to
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clustered z-score, adiponectin and IL-6 levels. S4SF was positively correlated to clustered z-score and

CRP levels and negatively to adiponectin levels.

Finally, it was found that IL-6 levels in childhood track into adolescence, especially for girls. Further,
IL-6 levels in childhood were related to HOMA-IR four years later for girls, but not for boys. These
relationships remained significant after adjusting for fatness and fitness. However, we did not find any
cross-sectional association between IL-6 and HOMA-IR at either age 9 or age 13 years, suggesting that
in these age groups the level of IL-6 is not directly related to HOMA-IR.

4. Practical implications and future research

The intervention of Copenhagen School Child Intervention Study was proposed as a way to enhance
and improve physical activity and thereby health in Danish children in public schools. The plan was to
test the largest possible change in physical activity in schools, which was considered politically
realistic to implement nationwide. Also, the magnitude and costs of the intervention elements in
CoSCIS were realistic, and did not exceed what could be implemented on large scale populations.
Positive results could therefore provide politicians with an idea of a relative simple way to improve
health in school-aged children. Thus the results from CoSCIS are potentially important in future
planning and implementing of public health strategies.

As the positive intervention effects in CoSCIS were modest, further research is needed in order to
investigate how interventions should be conducted to obtain greater positive intervention results in
rather healthy youth populations. Future PA intervention studies should specifically focus on the
influence of duration, frequency, and intensity of the programs on the development in health in
children. For this purpose studies with a stronger design and more comprehensive interventions
compared to CoSCIS have now been started in Scandinavia. It should also be noted that in CoSCIS the
intervention had no greater effect on subgroups of initially overweight and unfit children. How to target

these groups should also be a focus in future studies.
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The results regarding stability of clustering of CVD risk factors have important clinical implications, as
they show stability of clustering of CVD risk factors across school-age and points to implementation of
preventive strategies starting in early childhood. Furthermore, there is no reason to wait to take action,
as it is probably easier to teach good habits in early childhood compared to in adolescence or
adulthood.

Our results on inflammatory markers add significantly to the current knowledge regarding low-grade
inflammation in youth. The correlations between the clustered z-score and IL-6 and TNFa had not been
found in youth before. The same is the case for the lack of an up-regulation of the anti-inflammatory
cytokines IL-1Ra and sSTNFR1 with increased levels of pro-inflammatory markers. These results
should therefore be verified on other cohorts. Also, the use of our longitudinal data on inflammatory
markers is limited because only one marker was included. Data on the longitudinal relationships
between pro-inflammatory and anti-inflammatory markers and the development of CVD risk factors

are warranted.

Finally, the finding of relationships between inflammatory markers and VOopeac and level of body
fatness implies that life style modifications that alter fitness level and body composition can positively
influence the level of markers of low grade inflammation and maybe, thereby, the metabolic risk

profile in adolescents. However, well-designed intervention studies should verify this.

63



5. Acknowledgements

This research project would not have been possible without the support of many people.

First | would like to express my sincere gratitude to my main supervisor Lars Bo Andersen, professor at the
University of Southern Denmark. You have shared your great knowledge with me, but given much space
for my personal ideas. Although you have been very busy these last years you have always answered
promptly and constructively. Thanks to both you and Birgitte for your great hospitality and also for

supporting my experiments with alternative ways of living!

Also big thanks to my co-supervisor, Karsten Froberg, head of RICH, Centre for Research in Childhood
Health. I have highly appreciated your great support over the years. Your positive attitude towards all
employees at the center and the work we are doing is fantastic.

As part of my PhD program | spent 8 months at the University of North Carolina, Chapel Hill, NC, USA. |
am forever grateful for the way my family and | were received by Professor Robert G. McMurray and his
lovely wife Marsha. Thank you for letting us stay at your place both in the beginning and in the end of our
stay and for treating us as members of your family! I consider you both friends for life and | am sure we
will keep on meeting. To Bob; thank you for being the best mentor I could hope for and for always carefully

and constructively reviewing my many drafts.

A special thank you goes to Bianca EI-Naaman, my fellow PhD student in CoSCIS. We have been
following each other since we started at the university and became friends very quickly. I think we were the

perfect team during the 3" data collection, which we were in charge of!
A part from the above mentioned, | have had different co-authors on the four papers and | am grateful to

every one of them for patience, constructive comments and useful criticism. Thank you Magnus Dencker,

Ingar Holme, Klaus Muller and Claus H. Nielsen.

64



During my time as an employee at the University of Southern Denmark, | have been very glad to be a part
of RICH. Thank you to all the RICH-people for a great scientific environment, a friendly workplace, great

travels and fun parties!

A big thanks to all of the people who have worked for CoSCIS; former PhD students Stig Eiberg Hansen,
Henriette Hasselstrgm and Vivian Grgnfeldt who were in charge of the first two data collections, to bio
technician Ellen, who were the best in taking blood samples in children, and to Arne who participated in all
three data collections, just because he liked it. I would also like to thank all of the students who participated

in the data collections — too many to be mentioned, but truly appreciated!

Also my biggest gratitude to all participating children and families, schools and local Authorities of

Ballerup and Tarnby.

Thank you to my family and friends for encouragement and support! And to Peter Pearson for proof reading
of the thesis.

Finally, | dedicate this thesis to my husband Jonah and my three children, August, Lukas and Ursula. To
Jonah: thank you for being extremely supportive and encouraging and also for your crazy carrier coaching
and harsh pushing, when that was needed. And to the kids: thank you for being you and always being there

to remind me of how to set my priorities! The three of you are the greatest joy of my life!

Anna

65



6. References

(1)

)

3)
(4)

Q)

(6)

(7)

(8)

©)

(10)

(11)

(12)

(13)

Reference List

World Health Organization. Global health risks: Mortality and burden of disease attributable to selected major
risks. 2009. Geneva, WHO.

Ross R, Agius L. The process of atherogenesis--cellular and molecular interaction: from experimental animal
models to humans. Diabetologia 1992 December;35 Suppl 2:534-S40.

Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature 1993 April 29;362(6423):801-9.

Chapman MJ, Sposito AC. Hypertension and dyslipidaemia in obesity and insulin resistance: pathophysiology,
impact on atherosclerotic disease and pharmacotherapy. Pharmacol Ther 2008 March;117(3):354-73.

Insull W, Jr. The pathology of atherosclerosis: plaque development and plaque responses to medical treatment.
Am J Med 2009 January;122(1 Suppl):S3-S14.

Berenson GS, Wattigney WA, Tracy RE, Newman WP, I11, Srinivasan SR, Webber LS, Dalferes ER, Jr., Strong
JP. Atherosclerosis of the aorta and coronary arteries and cardiovascular risk factors in persons aged 6 to 30
years and studied at necropsy (The Bogalusa Heart Study). Am J Cardiol 1992 October 1;70(9):851-8.

O'Donnell CJ, Elosua R. Cardiovascular risk factors. Insights from Framingham Heart Study. Rev Esp Cardiol
2008 March;61(3):299-310.

Balagopal PB, de Ferranti SD, Cook S, Daniels SR, Gidding SS, Hayman LL, McCrindle BW, Mietus-Snyder
ML, Steinberger J. Nontraditional risk factors and biomarkers for cardiovascular disease: mechanistic, research,
and clinical considerations for youth: a scientific statement from the American Heart Association. Circulation
2011 June 14;123(23):2749-69.

Chan DC, Watts GF. Dyslipidaemia in the metabolic syndrome and type 2 diabetes: pathogenesis, priorities,
pharmacotherapies. Expert Opin Pharmacother 2011 January;12(1):13-30.

Cheung MC, Brown BG, Wolf AC, Albers JJ. Altered particle size distribution of apolipoprotein A-I-containing
lipoproteins in subjects with coronary artery disease. J Lipid Res 1991 March;32(3):383-94.

Kamigaki AS, Siscovick DS, Schwartz SM, Psaty BM, Edwards KL, Raghunathan TE, Austin MA. Low density
lipoprotein particle size and risk of early-onset myocardial infarction in women. Am J Epidemiol 2001 May
15;153(10):939-45.

Pascot A, Lemieux I, Prud'homme D, Tremblay A, Nadeau A, Couillard C, Bergeron J, Lamarche B, Despres JP.
Reduced HDL particle size as an additional feature of the atherogenic dyslipidemia of abdominal obesity. J Lipid
Res 2001 December;42(12):2007-14.

Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, Halsey J, Qizilbash N, Peto R, Collins R. Blood

cholesterol and vascular mortality by age, sex, and blood pressure: a meta-analysis of individual data from 61
prospective studies with 55,000 vascular deaths. Lancet 2007 December 1;370(9602):1829-39.

66



(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

Sniderman AD, Williams K, Contois JH, Monroe HM, McQueen MJ, de GJ, Furberg CD. A meta-analysis of
low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, and apolipoprotein B as markers of
cardiovascular risk. Circ Cardiovasc Qual Outcomes 2011 May;4(3):337-45.

Negi S, Ballantyne CM. Insights from recent meta-analysis: role of high-density lipoprotein cholesterol in
reducing cardiovascular events and rates of atherosclerotic disease progression. J Clin Lipidol 2010
September;4(5):365-70.

Despres JP, Lemieux I, Dagenais GR, Cantin B, Lamarche B. HDL-cholesterol as a marker of coronary heart
disease risk: the Quebec cardiovascular study. Atherosclerosis 2000 December;153(2):263-72.

Dresner A, Laurent D, Marcucci M, Griffin ME, Dufour S, Cline GW, Slezak LA, Andersen DK, Hundal RS,
Rothman DL, Petersen KF, Shulman GI. Effects of free fatty acids on glucose transport and IRS-1-associated
phosphatidylinositol 3-kinase activity. J Clin Invest 1999 January;103(2):253-9.

Kiens B. Skeletal muscle lipid metabolism in exercise and insulin resistance. Physiol Rev 2006
January;86(1):205-43.

Wallace TM, Matthews DR. The assessment of insulin resistance in man. Diabet Med 2002 July;19(7):527-34.

Jeppesen J, Hansen TW, Rasmussen S, Ibsen H, Torp-Pedersen C, Madsbad S. Insulin resistance, the metabolic
syndrome, and risk of incident cardiovascular disease: a population-based study. J Am Coll Cardiol 2007 May
29;49(21):2112-9.

Abbasi F, Brown BWJ, Lamendola C, McLaughlin T, Reaven GM. Relationship between obesity, insulin
resistance, and coronary heart disease risk. J Am Coll Cardiol 2002 September 4;40(5):937-43.

Moller DE, Kaufman KD. Metabolic syndrome: a clinical and molecular perspective. Annu Rev Med
2005;56:45-62.

Chakraborty C. Biochemical and molecular basis of insulin resistance. Curr Protein Pept Sci 2006
April;7(2):113-21.

Smith MM, Minson CT. Obesity and Adipokines: Effects on Sympathetic Overactivity. J Physiol 2012 February
20.

Stokes J, 111, Kannel WB, Wolf PA, D'Agostino RB, Cupples LA. Blood pressure as a risk factor for
cardiovascular disease. The Framingham Study--30 years of follow-up. Hypertension 1989 May;13(5
Suppl):113-118.

Rosamond W, Flegal K, Furie K, Go A, Greenlund K, Haase N, Hailpern SM, Ho M, Howard V, Kissela B,
Kittner S, Lloyd-Jones D, McDermott M, Meigs J, Moy C, Nichol G, O'Donnell C, Roger V, Sorlie P,
Steinberger J, Thom T, Wilson M, Hong Y. Heart disease and stroke statistics--2008 update: a report from the
American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Circulation 2008 January
29;117(4):e25-146.

Grundy SM. Obesity, metabolic syndrome, and cardiovascular disease. J Clin Endocrinol Metab 2004
June;89(6):2595-600.

Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular disease. Nature 2006
December 14;444(7121):875-80.

Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature 2006 December 14;444(7121):881-
7.

67



(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

Chan JC, Tong PC, Critchley JA. The insulin resistance syndrome: mechanisms of clustering of cardiovascular
risk. Semin Vasc Med 2002 February;2(1):45-57.

Miranda PJ, DeFronzo RA, Califf RM, Guyton JR. Metabolic syndrome: definition, pathophysiology, and
mechanisms. Am Heart J 2005 January;149(1):33-45.

Ford ES, Li C. Physical activity or fitness and the metabolic syndrome. Expert Rev Cardiovasc Ther 2006
November;4(6):897-915.

Barengo NC, Hu G, Lakka TA, Pekkarinen H, Nissinen A, Tuomilehto J. Low physical activity as a predictor for
total and cardiovascular disease mortality in middle-aged men and women in Finland. Eur Heart J 2004
December;25(24):2204-11.

Wannamethee SG, Shaper AG, Alberti KG. Physical activity, metabolic factors, and the incidence of coronary
heart disease and type 2 diabetes. Arch Intern Med 2000 July 24;160(14):2108-16.

Williams PT. Physical fitness and activity as separate heart disease risk factors: a meta-analysis. Med Sci Sports
Exerc 2001 May;33(5):754-61.

Bassuk SS, Manson JE. Epidemiological evidence for the role of physical activity in reducing risk of type 2
diabetes and cardiovascular disease. J Appl Physiol 2005 September;99(3):1193-204.

Li J, Siegrist J. Physical activity and risk of cardiovascular disease-a meta-analysis of prospective cohort studies.
Int J Environ Res Public Health 2012 February;9(2):391-407.

Hoppeler H, Fluck M. Plasticity of skeletal muscle mitochondria: structure and function. Med Sci Sports Exerc
2003 January;35(1):95-104.

Prior BM, Lloyd PG, Yang HT, Terjung RL. Exercise-induced vascular remodeling. Exerc Sport Sci Rev 2003
January;31(1):26-33.

Zierath JR. Invited review: Exercise training-induced changes in insulin signaling in skeletal muscle. J Appl
Physiol 2002 August;93(2):773-81.

Richter EA, Wojtaszewski JF, Kristiansen S, Daugaard JR, Nielsen JN, Derave W, Kiens B. Regulation of
muscle glucose transport during exercise. Int J Sport Nutr Exerc Metab 2001 December;11 Suppl:S71-S77.

Wojtaszewski JF, Nielsen JN, Richter EA. Invited review: effect of acute exercise on insulin signaling and action
in humans. J Appl Physiol 2002 July;93(1):384-92.

Richter EA, Nielsen JN, Jorgensen SB, Frosig C, Birk JB, Wojtaszewski JF. Exercise signalling to glucose
transport in skeletal muscle. Proc Nutr Soc 2004 May;63(2):211-6.

Ahmed HM, Blaha MJ, Nasir K, Rivera JJ, Blumenthal RS. Effects of physical activity on cardiovascular
disease. Am J Cardiol 2012 January 15;109(2):288-95.

Kraus WE, Houmard JA, Duscha BD, Knetzger KJ, Wharton MB, McCartney JS, Bales CW, Henes S, Samsa
GP, Otvos JD, Kulkarni KR, Slentz CA. Effects of the amount and intensity of exercise on plasma lipoproteins.
N Engl J Med 2002 November 7;347(19):1483-92.

Thomas NE, Williams DR. Inflammatory factors, physical activity, and physical fitness in young people. Scand J
Med Sci Sports 2008 October;18(5):543-56.

68



(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

Blair SN, Kampert JB, Kohl HW, 111, Barlow CE, Macera CA, Paffenbarger RS, Jr., Gibbons LW. Influences of
cardiorespiratory fitness and other precursors on cardiovascular disease and all-cause mortality in men and
women. JAMA 1996 July 17;276(3):205-10.

Blair SN, Kohl HW, 111, Barlow CE, Paffenbarger RS, Jr., Gibbons LW, Macera CA. Changes in physical fitness
and all-cause mortality. A prospective study of healthy and unhealthy men. JAMA 1995 April 12;273(14):1093-
8.

Brien SE, Janssen |, Katzmarzyk PT. Cardiorespiratory fitness and metabolic syndrome: US National Health and
Nutrition Examination Survey 1999-2002. Appl Physiol Nutr Metab 2007 February;32(1):143-7.

Libby P, Ridker PM, Hansson GK. Inflammation in atherosclerosis: from pathophysiology to practice. J Am Coll
Cardiol 2009 December 1;54(23):2129-38.

Hotamisligil GS. Inflammation and metabolic disorders. Nature 2006 December 14;444(7121):860-7.

Hotamisligil GS. Endoplasmic reticulum stress and the inflammatory basis of metabolic disease. Cell 2010
March 19;140(6):900-17.

de Ferranti S, Mozaffarian D. The perfect storm: obesity, adipocyte dysfunction, and metabolic consequences.
Clin Chem 2008 June;54(6):945-55.

De Rosa S, Cirillo P, Paglia A, Sasso L, Di P, V, Chiariello M. Reactive oxygen species and antioxidants in the
pathophysiology of cardiovascular disease: does the actual knowledge justify a clinical approach? Curr Vasc
Pharmacol 2010 March;8(2):259-75.

Evans JL, Goldfine ID, Maddux BA, Grodsky GM. Are oxidative stress-activated signaling pathways mediators
of insulin resistance and beta-cell dysfunction? Diabetes 2003 January;52(1):1-8.

Tzoulaki I, Murray GD, Lee AJ, Rumley A, Lowe GD, Fowkes FG. C-reactive protein, interleukin-6, and
soluble adhesion molecules as predictors of progressive peripheral atherosclerosis in the general population:
Edinburgh Artery Study. Circulation 2005 August 16;112(7):976-83.

Ziemke F, Mantzoros CS. Adiponectin in insulin resistance: lessons from translational research. Am J Clin Nutr
2010 January;91(1):258S-61S.

Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, Hotta K, Shimomura I, Nakamura T, Miyaoka
K, Kuriyama H, Nishida M, Yamashita S, Okubo K, Matsubara K, Muraguchi M, Ohmoto Y, Funahashi T,
Matsuzawa Y. Paradoxical decrease of an adipose-specific protein, adiponectin, in obesity. Biochem Biophys
Res Commun 1999 April 2;257(1):79-83.

Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ, Retzlaff BM, Knopp RH, Brunzell JD,
Kahn SE. Relationship of adiponectin to body fat distribution, insulin sensitivity and plasma lipoproteins:
evidence for independent roles of age and sex. Diabetologia 2003 April;46(4):459-69.

Li S, Shin HJ, Ding EL, van Dam RM. Adiponectin levels and risk of type 2 diabetes: a systematic review and
meta-analysis. JAMA 2009 July 8;302(2):179-88.

Spranger J, Kroke A, Mohlig M, Bergmann MM, Ristow M, Boeing H, Pfeiffer AF. Adiponectin and protection
against type 2 diabetes mellitus. Lancet 2003 January 18;361(9353):226-8.

Juonala M, Saarikoski LA, Viikari JS, Oikonen M, Lehtimaki T, Lyytikainen LP, Huupponen R, Magnussen CG,
Koskinen J, Laitinen T, Taittonen L, Kahonen M, Kivimaki M, Raitakari OT. A longitudinal analysis on

69



(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

associations of adiponectin levels with metabolic syndrome and carotid artery intima-media thickness. The
Cardiovascular Risk in Young Finns Study. Atherosclerosis 2011 July;217(1):234-9.

Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB, Rimm EB. Plasma adiponectin levels and risk of
myocardial infarction in men. JAMA 2004 April 14;291(14):1730-7.

Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Matsumoto S, Ouchi N, Arita Y, Okamoto Y, Shimomura I,
Hiraoka H, Nakamura T, Funahashi T, Matsuzawa Y. Association of hypoadiponectinemia with coronary artery
disease in men. Arterioscler Thromb Vasc Biol 2003 January 1;23(1):85-9.

Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, Hotta K, Nishida M, Takahashi M, Nakamura
T, Yamashita S, Funahashi T, Matsuzawa Y. Novel modulator for endothelial adhesion molecules: adipocyte-
derived plasma protein adiponectin. Circulation 1999 December 21;100(25):2473-6.

Arita Y, Kihara S, Ouchi N, Maeda K, Kuriyama H, Okamoto Y, Kumada M, Hotta K, Nishida M, Takahashi M,
Nakamura T, Shimomura I, Muraguchi M, Ohmoto Y, Funahashi T, Matsuzawa Y. Adipocyte-derived plasma
protein adiponectin acts as a platelet-derived growth factor-BB-binding protein and regulates growth factor-
induced common postreceptor signal in vascular smooth muscle cell. Circulation 2002 June 18;105(24):2893-8.

Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori Y, Ide T, Murakami K, Tsuboyama-
Kasaoka N, Ezaki O, Akanuma Y, Gavrilova O, Vinson C, Reitman ML, Kagechika H, Shudo K, Yoda M,
Nakano Y, Tobe K, Nagai R, Kimura S, Tomita M, Froguel P, Kadowaki T. The fat-derived hormone adiponectin
reverses insulin resistance associated with both lipoatrophy and obesity. Nat Med 2001 August;7(8):941-6.

Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, Yamashita S, Noda M, Kita S, Ueki K, Eto K,
Akanuma Y, Froguel P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R, Kahn BB, Kadowaki T. Adiponectin
stimulates glucose utilization and fatty-acid oxidation by activating AMP-activated protein kinase. Nat Med
2002 November;8(11):1288-95.

Devaraj S, Singh U, Jialal I. The evolving role of C-reactive protein in atherothrombosis. Clin Chem 2009
February;55(2):229-38.

Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic syndrome, and risk of incident
cardiovascular events: an 8-year follow-up of 14 719 initially healthy American women. Circulation 2003
January 28;107(3):391-7.

Kaptoge S, Di AE, Lowe G, Pepys MB, Thompson SG, Collins R, Danesh J. C-reactive protein concentration
and risk of coronary heart disease, stroke, and mortality: an individual participant meta-analysis. Lancet 2010
January 9;375(9709):132-40.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, IlI, Criqui M, Fadl Y'Y, Fortmann SP,
Hong Y, Myers GL, Rifai N, Smith SC, Jr., Taubert K, Tracy RP, Vinicor F. Markers of inflammation and
cardiovascular disease: application to clinical and public health practice: A statement for healthcare professionals
from the Centers for Disease Control and Prevention and the American Heart Association. Circulation 2003
January 28;107(3):499-511.

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, interleukin 6, and risk of
developing type 2 diabetes mellitus. JAMA 2001 July 18;286(3):327-34.

Venugopal SK, Devaraj S, Jialal I. C-reactive protein decreases prostacyclin release from human aortic
endothelial cells. Circulation 2003 October 7;108(14):1676-8.

Teoh H, Quan A, Lovren F, Wang G, Tirgari S, Szmitko PE, Szalai AJ, Ward ME, Verma S. Impaired
endothelial function in C-reactive protein overexpressing mice. Atherosclerosis 2008 December;201(2):318-25.

70



(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

(86)
(87)

(88)

(89)

(90)

(91)

Vaughan DE. PAI-1 and atherothrombaosis. J Thromb Haemost 2005 August;3(8):1879-83.

Xi L, Xiao C, Bandsma RH, Naples M, Adeli K, Lewis GF. C-reactive protein impairs hepatic insulin sensitivity
and insulin signaling in rats: role of mitogen-activated protein kinases. Hepatology 2011 January;53(1):127-35.

Boekholdt SM, Stroes ES. The interleukin-6 pathway and atherosclerosis. Lancet 2012 March
31;379(9822):1176-8.

Elliott P, Chambers JC, Zhang W, Clarke R, Hopewell JC, Peden JF, Erdmann J, Braund P, Engert JC, Bennett
D, Coin L, Ashby D, Tzoulaki I, Brown IJ, Mt-Isa S, McCarthy M, Peltonen L, Freimer NB, Farrall M,
Ruokonen A, Hamsten A, Lim N, Froguel P, Waterworth DM, Vollenweider P et al. Genetic Loci associated
with C-reactive protein levels and risk of coronary heart disease. JAMA 2009 July 1;302(1):37-48.

Kivimaki M, Lawlor DA, Eklund C, Smith GD, Hurme M, Lehtimaki T, Viikari JS, Raitakari OT. Mendelian
randomization suggests no causal association between C-reactive protein and carotid intima-media thickness in
the young Finns study. Arterioscler Thromb Vasc Biol 2007 April;27(4):978-9.

Wensley F, Gao P, Burgess S, Kaptoge S, Di AE, Shah T, Engert JC, Clarke R, Davey-Smith G, Nordestgaard
BG, Saleheen D, Samani NJ, Sandhu M, Anand S, Pepys MB, Smeeth L, Whittaker J, Casas JP, Thompson SG,
Hingorani AD, Danesh J. Association between C reactive protein and coronary heart disease: mendelian
randomisation analysis based on individual participant data. BMJ 2011;342:d548.

Hotamisligil GS. Inflammatory pathways and insulin action. Int J Obes Relat Metab Disord 2003 December;27
Suppl 3:553-S55.

Rosenvinge A, Krogh-Madsen R, Baslund B, Pedersen BK. Insulin resistance in patients with rheumatoid
arthritis: effect of anti-TNFalpha therapy. Scand J Rheumatol 2007 March;36(2):91-6.

Plomgaard P, Bouzakri K, Krogh-Madsen R, Mittendorfer B, Zierath JR, Pedersen BK. Tumor necrosis factor-
alpha induces skeletal muscle insulin resistance in healthy human subjects via inhibition of Akt substrate 160
phosphorylation. Diabetes 2005 October;54(10):2939-45.

Khovidhunkit W, Memon RA, Feingold KR, Grunfeld C. Infection and inflammation-induced proatherogenic
changes of lipoproteins. J Infect Dis 2000 June;181 Suppl 3:5462-S472.

Chen G, Goeddel DV. TNF-R1 signaling: a beautiful pathway. Science 2002 May 31;296(5573):1634-5.
O'Shea JJ, Ma A, Lipsky P. Cytokines and autoimmunity. Nat Rev Immunol 2002 January;2(1):37-45.

Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus on muscle-derived interleukin-6. Physiol Rev
2008 October;88(4):1379-406.

Febbraio MA, Pedersen BK. Muscle-derived interleukin-6: mechanisms for activation and possible biological
roles. FASEB J 2002 September;16(11):1335-47.

Steensberg A, Fischer CP, Sacchetti M, Keller C, Osada T, Schjerling P, van HG, Febbraio MA, Pedersen BK.
Acute interleukin-6 administration does not impair muscle glucose uptake or whole-body glucose disposal in
healthy humans. J Physiol 2003 April 15;548(Pt 2):631-8.

Kim HJ, Higashimori T, Park SY, Choi H, Dong J, Kim YJ, Noh HL, Cho YR, Cline G, Kim YB, Kim JK.

Differential effects of interleukin-6 and -10 on skeletal muscle and liver insulin action in vivo. Diabetes 2004
April;53(4):1060-7.

71



(92)

(93)

(94)

(95)

(96)

(97)

(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

Rotter V, Nagaev |, Smith U. Interleukin-6 (IL-6) induces insulin resistance in 3T3-L1 adipocytes and is, like IL-
8 and tumor necrosis factor-alpha, overexpressed in human fat cells from insulin-resistant subjects. J Biol Chem
2003 November 14;278(46):45777-84.

Senn JJ, Klover PJ, Nowak IA, Mooney RA. Interleukin-6 induces cellular insulin resistance in hepatocytes.
Diabetes 2002 December;51(12):3391-9.

Weigert C, Brodbeck K, Staiger H, Kausch C, Machicao F, Haring HU, Schleicher ED. Palmitate, but not
unsaturated fatty acids, induces the expression of interleukin-6 in human myotubes through proteasome-
dependent activation of nuclear factor-kappaB. J Biol Chem 2004 June 4;279(23):23942-52.

Carey AL, Steinberg GR, Macaulay SL, Thomas WG, Holmes AG, Ramm G, Prelovsek O, Hohnen-Behrens C,
Watt MJ, James DE, Kemp BE, Pedersen BK, Febbraio MA. Interleukin-6 increases insulin-stimulated glucose
disposal in humans and glucose uptake and fatty acid oxidation in vitro via AMP-activated protein kinase.
Diabetes 2006 October;55(10):2688-97.

Wallenius V, Wallenius K, Ahren B, Rudling M, Carlsten H, Dickson SL, Ohlsson C, Jansson JO. Interleukin-6-
deficient mice develop mature-onset obesity. Nat Med 2002 January;8(1):75-9.

Pedersen BK, Febbraio MA. Point: Interleukin-6 does have a beneficial role in insulin sensitivity and glucose
homeostasis. J Appl Physiol 2007 February;102(2):814-6.

Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the biology of atherosclerosis. Nature
2011 May 19;473(7347):317-25.

Hingorani AD, Casas JP. The interleukin-6 receptor as a target for prevention of coronary heart disease: a
mendelian randomisation analysis. Lancet 2012 March 31;379(9822):1214-24.

Sarwar N, Butterworth AS, Freitag DF, Gregson J, Willeit P, Gorman DN, Gao P, Saleheen D, Rendon A,
Nelson CP, Braund PS, Hall AS, Chasman DI, Tybjaerg-Hansen A, Chambers JC, Benjamin EJ, Franks PW,
Clarke R, Wilde AA, Trip MD, Steri M, Witteman JC, Qi L, van der Schoot CE, de FU et al. Interleukin-6
receptor pathways in coronary heart disease: a collaborative meta-analysis of 82 studies. Lancet 2012 March
31;379(9822):1205-13.

Perrier S, Darakhshan F, Hajduch E. IL-1 receptor antagonist in metabolic diseases: Dr Jekyll or Mr Hyde?
FEBS Lett 2006 November 27;580(27):6289-94.

Dinarello CA. Biologic basis for interleukin-1 in disease. Blood 1996 March 15;87(6):2095-147.

Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complications. Part
1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation. Diabet Med 1998
July;15(7):539-53.

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, Gordon DJ, Krauss RM, Savage PJ,
Smith Jr SC, Spertus JA, Costa F. Diagnosis and management of the metabolic syndrome. An American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement. Executive summary. Cardiol Rev
2005 November;13(6):322-7.

Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-wide definition. A Consensus Statement from
the International Diabetes Federation. Diabet Med 2006 May;23(5):469-80.

Ford ES. Prevalence of the metabolic syndrome defined by the International Diabetes Federation among adults
in the U.S. Diabetes Care 2005 November;28(11):2745-9.

72



(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)

Berenson GS, Srinivasan SR, Bao W, Newman WP, Ill, Tracy RE, Wattigney WA. Association between
multiple cardiovascular risk factors and atherosclerosis in children and young adults. The Bogalusa Heart Study.
N Engl J Med 1998 June 4;338(23):1650-6.

McGill HC, Jr., McMahan CA, Zieske AW, Tracy RE, Malcom GT, Herderick EE, Strong JP. Association of
Coronary Heart Disease Risk Factors with microscopic qualities of coronary atherosclerosis in youth. Circulation
2000 July 25;102(4):374-9.

McGill HC, Jr., Herderick EE, McMahan CA, Zieske AW, Malcolm GT, Tracy RE, Strong JP. Atherosclerosis
in youth. Minerva Pediatr 2002 October;54(5):437-47.

Kemper HC, van 't Hof MA. Design of a multiple longitudinal study of growth and health in teenagers. Eur J
Pediatr 1978 October 12;129(3):147-55.

Akerblom HK, Uhari M, Pesonen E, Dahl M, Kaprio EA, Nuutinen EM, Pietikainen M, Salo MK, Aromaa A,
Kannas L, . Cardiovascular risk in young Finns. Ann Med 1991 February;23(1):35-9.

Wynder EL, Williams CL, Laakso K, Levenstein M. Screening for risk factors for chronic disease in children
from fifteen countries. Prev Med 1981 March;10(2):121-32.

Andersen LB, Henckel P, Saltin B. Risk factors for cardiovascular disease in 16-19-year-old teenagers. J Intern
Med 1989 March;225(3):157-63.

Boreham C, Twisk J, Murray L, Savage M, Strain JJ, Cran G. Fitness, fatness, and coronary heart disease risk in
adolescents: the Northern Ireland Young Hearts Project. Med Sci Sports Exerc 2001 February;33(2):270-4.

Riddoch C, Edwards D, Page A, Froberg K, Anderssen SA, Wedderkopp N, Brage S, Cooper AR, Sardinha LB,
Harro M, Heggebg LK, Mechelen WV, Boreham C, Ekelund U, Andersen LB. The European Youth Heart Study
- cardiovascular disease risk factors in children: rationale, aims, design and validation of methods. J Physical
Activity Health 2005;2:115-29.

Andersen LB, Harro M, Sardinha LB, Froberg K, Ekelund U, Brage S, Anderssen SA. Physical activity and
clustered cardiovascular risk in children: a cross-sectional study (The European Youth Heart Study). Lancet
2006 July 22;368(9532):299-304.

Andersen LB, Sardinha LB, Froberg K, Riddoch CJ, Page AS, Anderssen SA. Fitness, fatness and clustering of
cardiovascular risk factors in children from Denmark, Estonia and Portugal: the European Youth Heart Study. Int
J Pediatr Obes 2008;3 Suppl 1:58-66.

Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, Allen K, Lopes M, Savoye M,
Morrison J, Sherwin RS, Caprio S. Obesity and the metabolic syndrome in children and adolescents. N Engl J
Med 2004 June 3;350(23):2362-74.

Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a metabolic syndrome phenotype in
adolescents: findings from the third National Health and Nutrition Examination Survey, 1988-1994. Arch Pediatr
Adolesc Med 2003 August;157(8):821-7.

Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G, Bennett P, Shaw J, Caprio S. The
metabolic syndrome in children and adolescents - an IDF consensus report. Pediatr Diabetes 2007
October;8(5):299-306.

Jolliffe CJ, Janssen . Development of age-specific adolescent metabolic syndrome criteria that are linked to the
Adult Treatment Panel 111 and International Diabetes Federation criteria. J Am Coll Cardiol 2007 February
27;49(8):891-8.

73



(122)

(123)

(124)

(125)

(126)

(127)

(128)

(129)

(130)

(131)

(132)

(133)

(134)

(135)

(136)

de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N. Prevalence of the metabolic
syndrome in American adolescents: findings from the Third National Health and Nutrition Examination Survey.
Circulation 2004 October 19;110(16):2494-7.

de Ferranti SD, Osganian SK. Epidemiology of paediatric metabolic syndrome and type 2 diabetes mellitus.
Diab Vasc Dis Res 2007 December;4(4):285-96.

Ekelund U, Anderssen S, Andersen LB, Riddoch CJ, Sardinha LB, Luan J, Froberg K, Brage S. Prevalence and
correlates of the metabolic syndrome in a population-based sample of European youth. Am J Clin Nutr 2009
January;89(1):90-6.

Andersen LB, Bugge A, Dencker M, Eiberg S, EI-Naaman B. The association between physical activity,
physical fitness and development of metabolic disorders. Int J Pediatr Obes 2011 September;6 Suppl 1:29-34.

Silventoinen K, Sans S, Tolonen H, Monterde D, Kuulasmaa K, Kesteloot H, Tuomilehto J. Trends in obesity
and energy supply in the WHO MONICA Project. Int J Obes Relat Metab Disord 2004 May;28(5):710-8.

Moller NC, Wedderkopp N, Kristensen PL, Andersen LB, Froberg K. Secular trends in cardiorespiratory fitness
and body mass index in Danish children: The European Youth Heart Study. Scand J Med Sci Sports 2006
August 10.

Tomkinson GR, Olds TS. Secular changes in pediatric aerobic fitness test performance: the global picture. Med
Sport Sci 2007;50:46-66.

Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, Hergenroeder AC, Must A, Nixon PA,
Pivarnik JM, Rowland T, Trost S, Trudeau F. Evidence based physical activity for school-age youth. J Pediatr
2005 June;146(6):732-7.

Froberg K, Andersen LB. Mini review: physical activity and fitness and its relations to cardiovascular disease
risk factors in children. Int J Obes (Lond) 2005 September;29(Lond2005 Sep29 Suppl 2):S34-S39.

Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations, and future directions.
Res Q Exerc Sport 2000 June;71(2 Suppl):S1-14.

Brage S, Wedderkopp N, Ekelund U, Franks PW, Wareham NJ, Andersen LB, Froberg K. Objectively measured
physical activity correlates with indices of insulin resistance in Danish children. The European Youth Heart
Study (EYHS). Int J Obes Relat Metab Disord 2004 November;28(11):1503-8.

Snitker S, Le KY, Hager E, Caballero B, Black MM. Association of physical activity and body composition with
insulin sensitivity in a community sample of adolescents. Arch Pediatr Adolesc Med 2007 July;161(7):677-83.

Murphy MJ, Metcalf BS, Voss LD, Jeffery AN, Kirkby J, Mallam KM, Wilkin TJ. Girls at five are intrinsically
more insulin resistant than boys: The Programming Hypotheses Revisited--The EarlyBird Study (EarlyBird 6).
Pediatrics 2004 January;113(1 Pt 1):82-6.

Brage S, Wedderkopp N, Ekelund U, Franks PW, Wareham NJ, Andersen LB, Froberg K. Features of the
metabolic syndrome are associated with objectively measured physical activity and fitness in Danish children:
the European Youth Heart Study (EYHS). Diabetes Care 2004 September;27(9):2141-8.

Ekelund U, Anderssen SA, Froberg K, Sardinha LB, Andersen LB, Brage S. Independent associations of

physical activity and cardiorespiratory fitness with metabolic risk factors in children: the European youth heart
study. Diabetologia 2007 September;50(9):1832-40.

74



(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

(145)

(146)

(147)

(148)

(149)

(150)

(151)

Rizzo NS, Ruiz JR, Hurtig Wennlof A, Ortega FB, Sjostrom M. Relationship of physical activity, fitness, and
fatness with clustered metabolic risk in children and adolescents: the European youth heart study. J Pediatr 2007
April;150(4):388-94.

Butte NF, Puyau MR, Adolph AL, Vohra FA, Zakeri I. Physical activity in nonoverweight and overweight
Hispanic children and adolescents. Med Sci Sports Exerc 2007 August;39(8):1257-66.

Resaland GK, Anderssen SA, Holme IM, Mamen A, Andersen LB. Effects of a 2-year school-based daily
physical activity intervention on cardiovascular disease risk factors: the Sogndal school-intervention study.
Scand J Med Sci Sports 2011 December;21(6):e122-e131.

Klasson-Heggebo L, Andersen LB, Wennlof AH, Sardinha LB, Harro M, Froberg K, Anderssen SA. Graded
associations between cardiorespiratory fitness, fatness, and blood pressure in children and adolescents. Br J
Sports Med 2006 January;40(1):25-9.

Eisenmann JC, DuBose KD, Donnelly JE. Fatness, fitness, and insulin sensitivity among 7- to 9-year-old
children. Obesity (Silver Spring) 2007 August;15(8):2135-44.

Eisenmann JC, Katzmarzyk PT, Perusse L, Tremblay A, Despres JP, Bouchard C. Aerobic fitness, body mass
index, and CVD risk factors among adolescents: the Quebec family study. Int J Obes (Lond) 2005
September;29(9):1077-83.

Wang PG, Gong J, Wang SQ, Talbott EO, Zhang B, He QQ. Relationship of body fat and cardiorespiratory
fitness with cardiovascular risk in Chinese children. PLoS One 2011;6(11):e27896.

Resaland GK, Mamen A, Boreham C, Anderssen SA, Andersen LB. Cardiovascular risk factor clustering and its
association with fitness in nine-year-old rural Norwegian children. Scand J Med Sci Sports 2009 June 9.

Ruiz JR, Ortega FB, Rizzo NS, Villa I, Hurtig-Wennlof A, Oja L, Sjostrom M. High cardiovascular fitness is
associated with low metabolic risk score in children: the European Youth Heart Study. Pediatr Res 2007
March;61(3):350-5.

Artero EG, Ruiz JR, Ortega FB, Espana-Romero V, Vicente-Rodriguez G, Molnar D, Gottrand F, Gonzalez-
Gross M, Breidenassel C, Moreno LA, Gutierrez A. Muscular and cardiorespiratory fitness are independently
associated with metabolic risk in adolescents: the HELENA study. Pediatr Diabetes 2011 December;12(8):704-
12.

Weiss R, Caprio S. The metabolic consequences of childhood obesity. Best Pract Res Clin Endocrinol Metab
2005 September;19(3):405-19.

Steene-Johannessen J, Kolle E, Reseland JE, Anderssen SA, Andersen LB. Waist circumference is related to
low-grade inflammation in youth. Int J Pediatr Obes 2010 August;5(4):313-9.

Galcheva SV, lotova VM, Yotov YT, Bernasconi S, Street ME. Circulating proinflammatory peptides related to
abdominal adiposity and cardiometabolic risk factors in healthy prepubertal children. Eur J Endocrinol 2011
April;164(4):553-8.

Falaschetti E, Hingorani AD, Jones A, Charakida M, Finer N, Whincup P, Lawlor DA, Davey SG, Sattar N,
Deanfield JE. Adiposity and cardiovascular risk factors in a large contemporary population of pre-pubertal
children. Eur Heart J 2010 December;31(24):3063-72.

Lambert M, Delvin EE, Paradis G, O'Loughlin J, Hanley JA, Levy E. C-reactive protein and features of the
metabolic syndrome in a population-based sample of children and adolescents. Clin Chem 2004
October;50(10):1762-8.

75



(152)

(153)

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)

(164)

(165)

(166)

Rubin DA, McMurray RG, Harrell JS, Hackney AC, Thorpe DE, Haqq AM. The association between insulin
resistance and cytokines in adolescents: the role of weight status and exercise. Metabolism 2008 May;57(5):683-
90.

Retnakaran R, Zinman B, Connelly PW, Harris SB, Hanley AJ. Nontraditional cardiovascular risk factors in
pediatric metabolic syndrome. J Pediatr 2006 February;148(2):176-82.

Papoutsakis C, Yannakoulia M, Ntalla I, Dedoussis GV. Metabolic syndrome in a Mediterranean pediatric
cohort: prevalence using International Diabetes Federation-derived criteria and associations with adiponectin and
leptin. Metabolism 2012 February;61(2):140-5.

Kynde I, Heitmann BL, Bygbjerg IC, Andersen LB, Helge JW. Hypoadiponectinemia in overweight children
contributes to a negative metabolic risk profile 6 years later. Metabolism 2009 December;58(12):1817-24.

Andersen LB, Muller K, Eiberg S, Froberg K, Andersen JF, Bugge A, Hermansen B, McMurray RG. Cytokines
and clustered cardiovascular risk factors in children. Metabolism 2010 April;59(4):561-6.

Ruiz JR, Ortega FB, Warnberg J, Sjostrom M. Associations of low-grade inflammation with physical activity,
fitness and fatness in prepubertal children; the European Youth Heart Study. Int J Obes (Lond) 2007
October;31(10):1545-51.

Nemet D, Wang P, Funahashi T, Matsuzawa Y, Tanaka S, Engelman L, Cooper DM. Adipocytokines, body
composition, and fitness in children. Pediatr Res 2003 January;53(1):148-52.

Morrison JA, Friedman LA, Gray-McGuire C. Metabolic syndrome in childhood predicts adult cardiovascular
disease 25 years later: the Princeton Lipid Research Clinics Follow-up Study. Pediatrics 2007
August;120(2):340-5.

Katzmarzyk PT, Perusse L, Malina RM, Bergeron J, Despres JP, Bouchard C. Stability of indicators of the
metabolic syndrome from childhood and adolescence to young adulthood: the Quebec Family Study. J Clin
Epidemiol 2001 February;54(2):190-5.

Eisenmann JC, Welk GJ, Wickel EE, Blair SN. Stability of variables associated with the metabolic syndrome
from adolescence to adulthood: the Aerobics Center Longitudinal Study. Am J Hum Biol 2004
November;16(6):690-6.

Andersen LB, Hasselstrom H, Gronfeldt V, Hansen SE, Karsten F. The relationship between physical fitness and
clustered risk, and tracking of clustered risk from adolescence to young adulthood: eight years follow-up in the
Danish Youth and Sport Study. Int J Behav Nutr Phys Act 2004 March 8;1(1):6.

Bao W, Srinivasan SR, Wattigney WA, Berenson GS. Persistence of multiple cardiovascular risk clustering
related to syndrome X from childhood to young adulthood. The Bogalusa Heart Study. Arch Intern Med 1994
August 22;154(16):1842-7.

Burke V, Beilin LJ, Dunbar D. Tracking of blood pressure in Australian children. J Hypertens 2001
July;19(7):1185-92.

Juhola J, Magnussen CG, Viikari JS, Kahonen M, Hutri-Kahonen N, Jula A, Lehtimaki T, Akerblom HK,
Pietikainen M, Laitinen T, Jokinen E, Taittonen L, Raitakari OT, Juonala M. Tracking of serum lipid levels,
blood pressure, and body mass index from childhood to adulthood: the Cardiovascular Risk in Young Finns
Study. J Pediatr 2011 October;159(4):584-90.

Singh AS, Mulder C, Twisk JW, van MW, Chinapaw MJ. Tracking of childhood overweight into adulthood: a
systematic review of the literature. Obes Rev 2008 September;9(5):474-88.

76



(167)

(168)

(169)

(170)

(171)

(172)

(173)

(174)

(175)

(176)

177)

(178)

(179)

(180)

Deshmukh-Taskar P, Nicklas TA, Morales M, Yang SJ, Zakeri I, Berenson GS. Tracking of overweight status
from childhood to young adulthood: the Bogalusa Heart Study. Eur J Clin Nutr 2006 January;60(1):48-57.

Fuentes RM, Notkola IL, Shemeikka S, Tuomilehto J, Nissinen A. Tracking of body mass index during
childhood: a 15-year prospective population-based family study in eastern Finland. Int J Obes Relat Metab
Disord 2003 June;27(6):716-21.

Guo SS, Huang C, Maynard LM, Demerath E, Towne B, Chumlea WC, Siervogel RM. Body mass index during
childhood, adolescence and young adulthood in relation to adult overweight and adiposity: the Fels Longitudinal
Study. Int J Obes Relat Metab Disord 2000 December;24(12):1628-35.

Kristensen PL, Wedderkopp N, Moller NC, Andersen LB, Bai CN, Froberg K. Tracking and prevalence of
cardiovascular disease risk factors across socio-economic classes: a longitudinal substudy of the European Youth
Heart Study. BMC Public Health 2006;6:20.

Fuentes RM, Notkola IL, Shemeikka S, Tuomilehto J, Nissinen A. Tracking of serum total cholesterol during
childhood: an 8-year follow-up population-based family study in eastern Finland. Acta Paediatr 2003
April;92(4):420-4.

Nicklas TA, von Duvillard SP, Berenson GS. Tracking of serum lipids and lipoproteins from childhood to
dyslipidemia in adults: the Bogalusa Heart Study. Int J Sports Med 2002 May;23(Suppl 1):S39-5S43.

Porkka KV, Viikari JS, Taimela S, Dahl M, Akerblom HK. Tracking and predictiveness of serum lipid and
lipoprotein measurements in childhood: a 12-year follow-up. The Cardiovascular Risk in Young Finns study.
Am J Epidemiol 1994 December 15;140(12):1096-110.

Hill JO, Wyatt HR. Role of physical activity in preventing and treating obesity. J Appl Physiol 2005
August;99(2):765-70.

Dobbins M, De CK, Robeson P, Husson H, Tirilis D. School-based physical activity programs for promoting
physical activity and fitness in children and adolescents aged 6-18. Cochrane Database Syst Rev
2009;(1):CD007651.

Foster GD, Sherman S, Borradaile KE, Grundy KM, Vander Veur SS, Nachmani J, Karpyn A, Kumanyika S,
Shults J. A policy-based school intervention to prevent overweight and obesity. Pediatrics 2008
April;121(4):e794-e802.

International Obesity Task Force EAftSo0. Obesity in Europe. The Case for Action. London, International
Obesity Task Force,European Association for the Study of Obesity [2002, Available at
http://www.iotf.org/media/euobesity.pdf]. 2002.

Brown T, Summerbell C. Systematic review of school-based interventions that focus on changing dietary intake
and physical activity levels to prevent childhood obesity: an update to the obesity guidance produced by the
National Institute for Health and Clinical Excellence. Obes Rev 2009 January;10(1):110-41.

van Sluijs EM, McMinn AM, Griffin SJ. Effectiveness of interventions to promote physical activity in children
and adolescents: systematic review of controlled trials. Br J Sports Med 2008 August;42(8):653-7.

Kriemler S, Meyer U, Martin E, van Sluijs EM, Andersen LB, Martin BW. Effect of school-based interventions

on physical activity and fitness in children and adolescents: a review of reviews and systematic update. Br J
Sports Med 2011 September;45(11):923-30.

7


http://www.iotf.org/media/euobesity.pdf%5d

(181)

(182)

(183)
(184)

(185)

(186)

(187)

(188)

(189)

(190)

(191)

(192)

(193)

(194)

(195)

(196)

(197)

Flynn MA, McNeil DA, Maloff B, Mutasingwa D, Wu M, Ford C, Tough SC. Reducing obesity and related
chronic disease risk in children and youth: a synthesis of evidence with 'best practice' recommendations. Obes
Rev 2006 February;7 Suppl 1:7-66.

Eiberg S, Hasselstrom H, Gronfeldt V, Froberg K, Svensson J, Andersen LB. Maximum oxygen uptake and
objectively measured physical activity in Danish children 6-7 years of age: the Copenhagen school child
intervention study. Br J Sports Med 2005 October;39(10):725-30.

WHO. http://www.who.int/childgrowth/en/. Web page downloaded January 2012.
Durnin JV, Rahaman MM. The assessment of the amount of fat in the human body from measurements of
skinfold thickness. 1967. Br J Nutr 2003 January;89(1):147-55.

Tanner JM. Growth at adolescence. 1962. Oxford: Blackwell.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model assessment:
insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man.
Diabetologia 1985 July;28(7):412-9.

Brage S, Brage N, Wedderkopp N, Froberg K. Reliability and Validity of the Computer Science and
Applications Accelerometer in a Mechanical Setting. Measurement in Physical Education & Exercise Science
2003;7(2):101-19.

Ekelund U, Sjostrom M, Yngve A, Poortvliet E, Nilsson A, Froberg K, Wedderkopp N, Westerterp K. Physical
activity assessed by activity monitor and doubly labeled water in children. Med Sci Sports Exerc 2001
February;33(2):275-81.

Riddoch CJ, Bo Andersen L, Wedderkopp N, Harro M, Klasson Heggebo L, Sardinha LB, Cooper AR, Ekelund
U. Physical activity levels and patterns of 9- and 15-yr-old European children. Med Sci Sports Exerc 2004
January;36(1):86-92.

Puyau MR, Adolph AL, Vohra FA, Zakeri I, Butte NF. Prediction of activity energy expenditure using
accelerometers in children. Med Sci Sports Exerc 2004 September;36(9):1625-31.

McLaughlin JE, King GA, Howley ET, Bassett DR, Jr., Ainsworth BE. Validation of the COSMED K4 b2
portable metabolic system. Int J Sports Med 2001 May;22(4):280-4.

Jensen K, Jorgensen S, Johansen L. A metabolic cart for measurement of oxygen uptake during human exercise
using inspiratory flow rate. Eur J Appl Physiol 2002 July;87(3):202-6.

Rowland TW. Developmental Exercise Physiology. Champaign, IL :Human Kinetics; 1996.
Fernandez JR, Redden DT, Pietrobelli A, Allison DB. Waist circumference percentiles in nationally
representative samples of African-American, European-American, and Mexican-American children and

adolescents. J Pediatr 2004 October;145(4):439-44.

McCarthy HD, Jarrett KV, Crawley HF. The development of waist circumference percentiles in British children
aged 5.0-16.9 y. Eur J Clin Nutr 2001 October;55(10):902-7.

Summerbell CD, Waters E, Edmunds LD, Kelly S, Brown T, Campbell KJ. Interventions for preventing obesity
in children. Cochrane Database Syst Rev 2005;(3):CD001871.

Flodmark CE, Marcus C, Britton M. Interventions to prevent obesity in children and adolescents: a systematic
literature review. Int J Obes (Lond) 2006 April;30(4):579-89.

78


http://www.who.int/childgrowth/en/

(198)

(199)

(200)

(201)

(202)

(203)

(204)

(205)

(206)

(207)

(208)

(209)

(210)

(211)

Kain J, Uauy R, Leyton B, Cerda R, Olivares S, Vio F. [Effectiveness of a dietary and physical activity
intervention to prevent obesity in school age children]. Rev Med Chil 2008 January;136(1):22-30.

Taylor RW, McAuley KA, Barbezat W, Strong A, Williams SM, Mann JI. APPLE Project: 2-y findings of a
community-based obesity prevention program in primary school age children. Am J Clin Nutr 2007
September;86(3):735-42.

Rosenbaum M, Nonas C, Weil R, Horlick M, Fennoy I, Vargas I, Kringas P. School-based intervention acutely
improves insulin sensitivity and decreases inflammatory markers and body fatness in junior high school students.
J Clin Endocrinol Metab 2007 February;92(2):504-8.

Foster GD, Linder B, Baranowski T, Cooper DM, Goldberg L, Harrell JS, Kaufman F, Marcus MD, Trevino RP,
Hirst K. A school-based intervention for diabetes risk reduction. N Engl J Med 2010 July 29;363(5):443-53.

Donnelly JE, Lambourne K. Classroom-based physical activity, cognition, and academic achievement. Prev Med
2011 June 1;52 Suppl 1:S36-S42.

Pangrazi RP, Beighle A, Vehige T, Vack C. Impact of Promoting Lifestyle Activity for Youth (PLAY) on
children’s physical activity. J Sch Health 2003 October;73(8):317-21.

Luepker RV, Perry CL, McKinlay SM, Nader PR, Parcel GS, Stone EJ, Webber LS, Elder JP, Feldman HA,
Johnson CC, . Outcomes of a field trial to improve children's dietary patterns and physical activity. The Child
and Adolescent Trial for Cardiovascular Health. CATCH collaborative group. JAMA 1996 March
13;275(10):768-76.

Donnelly JE. Nutrition and Physical Activity Program to Attenuate Obesity and Promote Physical and Metabolic
Fitness in Elementary School Children. Jacobsen DJ, Whatley JE, Hill JO, Swift LL, Cherrington A, Polk B et
al., editors. 4 no. 3. 3-5-1996. Obesity Research.

Marcus C, Nyberg G, Nordenfelt A, Karpmyr M, Kowalski J, Ekelund U. A 4-year, cluster-randomized,
controlled childhood obesity prevention study: STOPP. Int J Obes (Lond) 2009 April;33(4):408-17.

Blimkie CJ. Resistance training during pre- and early puberty: efficacy, trainability, mechanisms, and
persistence. Can J Sport Sci 1992 December;17(4):264-79.

Faigenbaum AD, Kraemer WJ, Blimkie CJ, Jeffreys I, Micheli LJ, Nitka M, Rowland TW. Youth resistance
training: updated position statement paper from the national strength and conditioning association. J Strength
Cond Res 2009 August;23(5 Suppl):S60-S79.

Demerath EW, Schubert CM, Maynard LM, Sun SS, Chumlea WC, Pickoff A, Czerwinski SA, Towne B,
Siervogel RM. Do changes in body mass index percentile reflect changes in body composition in children? Data
from the Fels Longitudinal Study. Pediatrics 2006 March;117(3):e487-e495.

Gortmaker SL, Peterson K, Wiecha J, Sobol AM, Dixit S, Fox MK, Laird N. Reducing obesity via a school-
based interdisciplinary intervention among youth: Planet Health. Arch Pediatr Adolesc Med 1999
April;153(4):409-18.

Kriemler S, Zahner L, Schindler C, Meyer U, Hartmann T, Hebestreit H, Brunner-La Rocca HP, van MW, Puder

JJ. Effect of school based physical activity programme (KISS) on fitness and adiposity in primary
schoolchildren: cluster randomised controlled trial. BMJ 2010;340:c785.

79



(212)

(213)

(214)

(215)

(216)

(217)

(218)

(219)

(220)

(221)

(222)

(223)

(224)

(225)

(226)

Caballero B, Clay T, Davis SM, Ethelbah B, Rock BH, Lohman T, Norman J, Story M, Stone EJ, Stephenson L,
Stevens J. Pathways: a school-based, randomized controlled trial for the prevention of obesity in American
Indian schoolchildren. Am J Clin Nutr 2003 November;78(5):1030-8.

Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Hovell MF, Nader PR. Project SPARK. Effects of physical
education on adiposity in children. Ann N'Y Acad Sci 1993 October 29;699:127-36.

Verstraete SJ, Cardon GM, De Clercq DL, De B, I. A comprehensive physical activity promotion programme at
elementary school: the effects on physical activity, physical fitness and psychosocial correlates of physical
activity. Public Health Nutr 2007 May;10(5):477-84.

Gorely T, Nevill ME, Morris JG, Stensel DJ, Nevill A. Effect of a school-based intervention to promote healthy
lifestyles in 7-11 year old children. Int J Behav Nutr Phys Act 2009;6:5.

Graf C, Koch B, Falkowski G, Jouck S, Christ H, Staudenmaier K, Tokarski W, Gerber A, Predel HG, Dordel S.
School-based prevention: effects on obesity and physical performance after 4 years. J Sports Sci 2008
August;26(10):987-94.

Trevino RP, Yin Z, Hernandez A, Hale DE, Garcia OA, Mobley C. Impact of the Bienestar school-based
diabetes mellitus prevention program on fasting capillary glucose levels: a randomized controlled trial. Arch
Pediatr Adolesc Med 2004 September;158(9):911-7.

Resaland GK, Andersen LB, Mamen A, Anderssen SA. Effects of a 2-year school-based daily physical activity
intervention on cardiorespiratory fitness: the Sogndal school-intervention study. Scand J Med Sci Sports 2009
November 5.

Hansen HS, Froberg K, Hyldebrandt N, Nielsen JR. A controlled study of eight months of physical training and
reduction of blood pressure in children: the Odense schoolchild study. BMJ 1991 September 21;303(6804):682-
5.

Kelley GA, Kelley KS, Tran ZV. The effects of exercise on resting blood pressure in children and adolescents: a
meta-analysis of randomized controlled trials. Prev Cardiol 2003;6(1):8-16.

McMurray RG, Harrell JS, Bangdiwala Sl, Bradley CB, Deng S, Levine A. A school-based intervention can
reduce body fat and blood pressure in young adolescents. J Adolesc Health 2002 August;31(2):125-32.

Leary SD, Ness AR, Smith GD, Mattocks C, Deere K, Blair SN, Riddoch C. Physical activity and blood pressure
in childhood: findings from a population-based study. Hypertension 2008 January;51(1):92-8.

Nassis GP, Papantakou K, Skenderi K, Triandafillopoulou M, Kavouras SA, Yannakoulia M, Chrousos GP,
Sidossis LS. Aerobic exercise training improves insulin sensitivity without changes in body weight, body fat,
adiponectin, and inflammatory markers in overweight and obese girls. Metabolism 2005 November;54(11):1472-
9.

Bell LM, Watts K, Siafarikas A, Thompson A, Ratnam N, Bulsara M, Finn J, O'Driscoll G, Green DJ, Jones
TW, Davis EA. Exercise alone reduces insulin resistance in obese children independently of changes in body
composition. J Clin Endocrinol Metab 2007 November;92(11):4230-5.

McMurray RG, Bauman MJ, Harrell JS, Brown S, Bangdiwala Sl. Effects of improvement in aerobic power on
resting insulin and glucose concentrations in children. Eur J Appl Physiol 2000 January;81(1-2):132-9.

Webber LS, Osganian SK, Feldman HA, Wu M, McKenzie TL, Nichaman M, Lytle LA, Edmundson E, Cutler J,
Nader PR, Luepker RV. Cardiovascular risk factors among children after a 2 1/2-year intervention-The CATCH
Study. Prev Med 1996 July;25(4):432-41.

80



(227)

(228)

(229)

(230)

(231)

(232)

(233)

(234)

(235)

(236)

(237)

(238)

(239)

(240)

(241)

Manios Y, Moschandreas J, Hatzis C, Kafatos A. Evaluation of a health and nutrition education program in
primary school children of Crete over a three-year period. Prev Med 1999 February;28(2):149-59.

Hansen SE, Hasselstrom H, Gronfeldt V, Froberg K, Cooper A, Andersen L.B. Physical Fitness as a Predictor of
Cardiovascular Disease Risk Factors in 6- to 7-Year-Old Danish Children: The Copenhagen School Child
Intervention Study. Pediatr Exer Sci 2005;17:55-64.

Nielsen G, Bugge A, Hermansen B, Svensson J, Andersen LB. School Playground Facilities as a Determinant of
Children's Daily Activity: A Cross-Sectional Study of Danish Primary School Children. J Phys Act Health 2012
January;9(1):104-14.

Martinez-Vizcaino V, Ortega FB, Solera-Martinez M, Ruiz JR, Labayen I, Eensoo D, Harro J, Loit HM,
Veidebaum T, Sjostrom M. Stability of the factorial structure of metabolic syndrome from childhood to
adolescence: a 6-year follow-up study. Cardiovasc Diabetol 2011;10:81.

Chen W, Srinivasan SR, Elkasabany A, Berenson GS. Cardiovascular risk factors clustering features of insulin
resistance syndrome (Syndrome X) in a biracial (Black-White) population of children, adolescents, and young
adults: the Bogalusa Heart Study. Am J Epidemiol 1999 October 1;150(7):667-74.

Twisk JW, Kemper HC, van Mechelen W, Post GB. Tracking of risk factors for coronary heart disease over a
14-year period: a comparison between lifestyle and biologic risk factors with data from the Amsterdam Growth
and Health Study. Am J Epidemiol 1997 May 15;145(10):888-98.

Garnett SP, Baur LA, Srinivasan S, Lee JW, Cowell CT. Body mass index and waist circumference in
midchildhood and adverse cardiovascular disease risk clustering in adolescence. Am J Clin Nutr 2007
September;86(3):549-55.

Srinivasan SR, Myers L, Berenson GS. Predictability of childhood adiposity and insulin for developing insulin
resistance syndrome (syndrome X) in young adulthood: the Bogalusa Heart Study. Diabetes 2002
January;51(1):204-9.

Muller K, Zak M, Nielsen S, Pedersen FK, de NP, Bendtzen K. Interleukin-1 receptor antagonist in neonates,
children and adults, and in patients with pauci- and polyarticular onset juvenile chronic arthritis. Clin Exp
Rheumatol 1997 July;15(4):439-44.

Bjornhart B, Svenningsen P, Gudbrandsdottir S, Zak M, Nielsen S, Bendtzen K, Muller K. Plasma TNF binding
capacity in patients with juvenile idiopathic arthritis. Int Immunopharmacol 2005 January;5(1):73-7.

Roth CL, Kratz M, Ralston MM, Reinehr T. Changes in adipose-derived inflammatory cytokines and
chemokines after successful lifestyle intervention in obese children. Metabolism 2011 April;60(4):445-52.

Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. J Appl Physiol 2005 April;98(4):1154-62.

Gobel RJ, Jensen SM, Frokiaer H, Molgaard C, Michaelsen KF. Obesity, inflammation and metabolic syndrome
in Danish adolescents. Acta Paediatr 2011 October 13.

Wolsk E, Mygind H, Grondahl TS, Pedersen BK, van HG. IL-6 selectively stimulates fat metabolism in human
skeletal muscle. Am J Physiol Endocrinol Metab 2010 November;299(5):E832-E840.

Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M, Nakano S, Nakano N, Ikeda Y, Sasaki T,
Nishioka K, Hara M, Taguchi H, Kimura Y, Kato Y, Asaoku H, Kumagai S, Kodama F, Nakahara H, Hagihara
K, Yoshizaki K, Kishimoto T. Humanized anti-interleukin-6 receptor antibody treatment of multicentric
Castleman disease. Blood 2005 October 15;106(8):2627-32.

81



(242)

(243)

(244)

(245)

(246)

(247)

(248)

(249)

(250)

(251)

(252)

Nishimoto N, Yoshizaki K, Miyasaka N, Yamamoto K, Kawai S, Takeuchi T, Hashimoto J, Azuma J, Kishimoto
T. Treatment of rheumatoid arthritis with humanized anti-interleukin-6 receptor antibody: a multicenter, double-
blind, placebo-controlled trial. Arthritis Rheum 2004 June;50(6):1761-9.

Maini RN, Taylor PC, Szechinski J, Pavelka K, Broll J, Balint G, Emery P, Raemen F, Petersen J, Smolen J,
Thomson D, Kishimoto T. Double-blind randomized controlled clinical trial of the interleukin-6 receptor
antagonist, tocilizumab, in European patients with rheumatoid arthritis who had an incomplete response to
methotrexate. Arthritis Rheum 2006 September;54(9):2817-29.

Febbraio MA, Rose-John S, Pedersen BK. Is interleukin-6 receptor blockade the Holy Grail for inflammatory
diseases? Clin Pharmacol Ther 2010 April;87(4):396-8.

Puder JJ, Schindler C, Zahner L, Kriemler S. Adiposity, fitness and metabolic risk in children: a cross-sectional
and longitudinal study. Int J Pediatr Obes 2011 June;6(2-2):297-e306.

Parrett AL, Valentine RJ, Arngrimsson SA, Castelli DM, Evans EM. Adiposity, activity, fitness, and C-reactive
protein in children. Med Sci Sports Exerc 2010 November;42(11):1981-6.

McMurray RG, Hosick PA, Bugge A. Importance of proper scaling of aerobic power when relating to
cardiometabolic risk factors in children. Ann Hum Biol 2011 September;38(5):647-54.

Ruiz JR, Sui X, Lobelo F, Morrow JR, Jr., Jackson AW, Sjostrom M, Blair SN. Association between muscular
strength and mortality in men: prospective cohort study. BMJ 2008;337:a439.

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera CA, Heath GW, Thompson PD,
Bauman A. Physical activity and public health: updated recommendation for adults from the American College
of Sports Medicine and the American Heart Association. Circulation 2007 August 28;116(9):1081-93.

DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for quantifying insulin secretion and
resistance. Am J Physiol 1979 September;237(3):E214-E223.

Gungor N, Saad R, Janosky J, Arslanian S. Validation of surrogate estimates of insulin sensitivity and insulin
secretion in children and adolescents. J Pediatr 2004 January;144(1):47-55.

Andersen LB, Boreham CA, Young IS, Davey SG, Gallagher AM, Murray L, McCarron P. Insulin sensitivity

and clustering of coronary heart disease risk factors in young adults. The Northern Ireland Young Hearts Study.
Prev Med 2006 January;42(1):73-7.

82



Paper |

83



EPIDEMIOLOGY

Effects of a Three-Year Intervention:
The Copenhagen School Child

Intervention Study

ANNA BUGGE!, BIANCA EL-NAAMAN!, MAGNUS DENCKER?, KARSTEN FROBERG!,
INGAR MORTEN K. HOLME?, ROBERT G. MCMURRAY*, and LARS BO ANDERSEN'*?

!Centre of Research in Childhood Health, Institute of Sport Science and Clinical Biomechanics, University of Southern
Denmark, Odense M, DENMARK; > Unit of Clinical Physiology and Nuclear Medicine, Department of Clinical Sciences,
Skéine University Hospital, Lund University, Lund, SWEDEN:; *Department of Sports Medicine, Norwegian School of Sport
Sciences, Oslo, NORWAY; and *Department of Exercise and Sport Science, University of North Carolina, Fetzer Gym,

Chapel Hill, NC, USA

ABSTRACT

BUGGE, A., B. EL-NAAMAN, M. DENCKER, K. FROBERG, I. M. HOLME, R. G. MCMURRAY, and L. B. ANDERSEN. Effects of
a Three-Year Intervention: The Copenhagen School Child Intervention Study. Med. Sci. Sports Exerc., Vol. 44, No. 7, pp. 1310-1317,
2012. Introduction: This study assessed short-term and long-term effects of a 3-yr controlled school-based physical activity (PA)
intervention on fatness, cardiorespiratory fitness (VOzpcak) and CVD risk factors in children. Methods: The study involved 18 schools (10
intervention and 8 controls) and included a follow-up 4 yr after the end of intervention. The analyses included 696, 6- to 7-yr-old children at
baseline, 612 postintervention (age 9.5 yr) and 441 at follow-up (age 13.4 yr). The intervention consisted of a doubling of the amount of physical
education (PE; from 90 to 180 min-wk ), training of PE teachers, and upgrading of PE and playing facilities. Anthropometrics and systolic
blood pressure (SBP) were measured. \'/Ozpmk was directly measured, and PA was assessed using accelerometry. Fasting blood samples were
analyzed for CVD risk factors. A composite risk score was computed from z-scores of SBP, triglycerides, total cholesterol-to-HDL cholesterol
ratio, homeostatic model assessment (HOMA score), skinfolds, and inverse VOzpeak‘ Results: The HOMA score of the intervention group boys
had a smaller increase from baseline to postintervention compared with control boys (P = 0.004). From baseline to follow-up intervention
group boys had a smaller increase in SBP compared with control boys (P = 0.010). There were no other significant differences between groups.
Conclusions: This 3-yr school-based PA intervention caused positive changes in SBP and HOMA score in boys but not in girls, and no effects
were seen in PA, VOzpeak, fatness, and the other measured CVD risk factors. Our results indicate that a doubling of PE and providing training
and equipment may not be sufficient to induce major improvements in CVD risk factors in a normal population. Key Words: SCHOOL

BASED, PHYSICAL ACTIVITY, FITNESS, CVD RISK FACTORS, CHILDREN, ADOLESCENTS

he prevalence of obesity and overweight is increas-

ing in child populations throughout the world, af-

fecting short- and long-term health (33). At the same
time, it has been shown that physical activity (PA) and car-
diorespiratory fitness (VOzpeak) have decreased particularly
in the low-fit pediatric population (25,36). Results from the
European Youth Heart Study shows that CVD risk factors
tend to cluster in overweight and inactive children and in
children with low VOzpeak as young as the age of 9 yr (2).
Although clinical manifestations of CVD do not normally
appear before middle age, studies have shown that athero-
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sclerosis in some individuals originates during childhood
and adolescence (4). Taken together, the health consequences
of these trends will be an upcoming adult population with a
high prevalence of obesity and metabolic diseases, which
will cause an enormous burden both at the individual and at
the societal level.

PA has been suggested as an important area in preven-
tion of both obesity and lifestyle diseases (10,15). Schools
provide an advantageous setting for encouraging a healthy
lifestyle among children and enhancing PA (13,16). The
compulsory physical education (PE) in schools is the only
setting that ensures PA for all children, including overweight,
inactive, and unfit children, who are difficult to target by
other means (16). Several school-based intervention studies
addressing different health-related outcomes have been con-
ducted with a large diversity of results on fatness, fitness,
glucose metabolism, and lipids (5,7,12-14,18-21,28,30,32,
37-39). The challenge is to find an intervention that will
provide effective means to improve the health of children and
that will be possible to implement on large-scale populations.

The overall objective of the Copenhagen School Child
Intervention Study (CoSCIS) was to evaluate the effect of
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a school-based PA intervention providing a doubling of
time for PE, new didactic tools to the PE teachers, and an
upgrading of sports and playing facilities in intervention
schools on CVD risk factors. CoSCIS was the first large
school-based PA intervention in Denmark and assessed
health using both single risk factors and a composite risk
score, which have been suggested as a good method to
assess CVD risk level in apparently healthy children (2).

METHODS

CoSCIS is a controlled longitudinal intervention study that
took place in 18 public schools (10 interventions and 8 con-
trols) in two suburbs of Copenhagen. The local Authority of
Ballerup had decided to upgrade the PA opportunities for
their youngest schoolchildren and contacted the research
group to quantify and measure the effect of such an interven-
tion. The intervention was hereafter planned in cooperation
between the intervention local authority and the researchers.
Baseline measurements were carried out in 2001/2002, post-
intervention measurements were carried out in 2004/2005,
and follow-up measurements were carried out in 2008. All
tests were performed at the participating schools in a gym or
a classroom except for the fitness test, which was performed
using permanently installed equipment in a camper trailer
outside the schools.

Participants. All children from 46 preschool classes
(age 6-7 yr) in the schools in the two local authorities were
invited to participate in the study. A total of 706 children
(69%) volunteered to participate and 696 children actually
participated at baseline. Written informed consent was ob-
tained from the child’s parent or legal guardian after being
given a detailed written explanation of the aims of the study,
any possible hazards, discomfort, and inconvenience, and the
option to withdraw at any time. The study was approved by
the ethics committee of the University of Copenhagen. There
were no differences between participants and nonpartici-
pants with respect to age, height, weight, and body mass
index (BMI) for either sex measured 1 yr after the baseline
measurements (9).

Intervention. The intervention and control schools were
not randomly selected. In 2000, the intervention group (IG)
was started in the local authority of Ballerup and involved
all first- to third-grade classes. The program consisted of
four constituent parts. First, an increase in the amount of
PE lessons from 90 to 180 min-wk !, given as two double
sessions each week. The extra PE session was administered
by the normal PE teachers, and the content was not con-
trolled or supervised by the researchers. Approximately one-
third of the extra PE lessons were swim lessons. The goal of
the PE sessions was to make fun activities with a high level of
intensity and incorporating both strength and cardiovascular
training. The final planning and execution of the lessons were
done by the PE teachers; thus, the situation resembles “a
real-world scenario.” The teachers were asked to keep a
monthly record of the content of the lessons, but the dropout

was too big for the data to be used. Second, the children
were given lessons in health education, focusing on the im-
portance of PA and healthy eating. Third, the PE teachers
received three to four full days a year of supplementary
training focused on didactic tools to enhance the children’s
motivation for and enjoyment of PA and, at the same time,
keeping the intensity in PE lessons moderate to vigorous.
All PE teachers were obliged to participate in the teacher
training program, and a record was kept to ensure partici-
pation. Fourth, indoor and outdoor PE and playing facilities
were upgraded in all intervention schools.

Schools within Tarnby local authority were chosen as con-
trol group (CG) because this local area resembles the socio-
demographic characteristics of the intervention authority.
Control schools followed the normal curriculum of one
double PE session per week (90 min'wk ') and had no
teacher training or facility upgrading.

Measurements. All measurements were performed be-
tween 8:00 a.m. and 2:00 p.m. Blood draws were completed
before 9:30 a.m. followed by breakfast. Accelerometer data
were collected the week after the other measurements. Be-
cause the data collection took several months, testing was
done in alternating weeks in intervention schools and control
schools to account for growth, maturation, and seasonality in
PA. Age was computed from date of birth, which was ob-
tained from the national registry and verified by the parents.
Height was measured without shoes to the nearest 1 mm
using Harpenden stadiometer (West Sussex, UK). Body mass
was measured in light clothing to the nearest 0.1 kg using an
electronic scale (Seca 882, Brooklyn, NY). BMI was calcu-
lated (kg'm~?), and BMI z-scores were computed based on
World Health Organization recommendations (40). Biceps,
triceps, subscapular, and suprailiac skinfolds were measured
to the nearest millimeter, in triplicate, with Harpenden cal-
ipers (Baty International, West Sussex, UK). The mean of
three measurements was used for the analysis. All skinfold
measurements were taken on the self-reported nondominant
side of the body by the same two skilled researchers. The
sum of four skinfolds (S4SF) was calculated according to
the method presented by Durnin and Rahaman (8) and used
as an estimate of body fatness. Waist circumference was
measured to the nearest millimeter with an anthropometric
tape, midway between the lower rib margin and the iliac of
the trunk. Sexual maturation was assessed postintervention
and at follow-up by self-report using a scale of pictures of
breast and genital development for girls and boys, respec-
tively (35). Blood pressure was measured after 15 min of rest
with a Dinamap XL vital signs blood pressure monitor
(Critikron, Inc., Tampa, FL) using appropriately sized cuffs.
Five measurements were taken during 10 min, and the mean
of the last three measurements was recorded.

Cardiorespiratory fitness (VOZpeak) was assessed using
a protocol of continuous running on a treadmill. VOypeax
was measured directly on an AMIS 2001 Cardiopulmonary
Function Test System (DK 5260; Innovision, Odense,
Denmark) at baseline and postintervention and using the

3-YR PHYSICAL ACTIVITY INTERVENTION
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COSMED K4b? portable metabolic system (COSMED,
Rome, Italy) at follow-up. Both systems were calibrated
immediately before each trial. We were unable to cross-
validate the two systems, but both have been validated
against the Douglas bag method and were found to obtain
valid measures of VO, (17,23). The children were instructed
to run until exhaustion. To determine whether a test was
performed satisfactorily, at least one of three objective
physiological criteria should be fulfilled; HR > 200 bpm,
RER > 0.99, or a defined plateau of VO, (an increase of
<2.1 mL'min~"kg ™) together with a subjective criteria for
exercise intolerance (31). For children who ran to exhaustion
but did not attain a valid measurement because of equipment
failure, VOZpeak was estimated from a regression equation
calculated from all the valid tests using running time to ex-
haustion and sex (~10% of participants). This method has
been reported earlier (9).

PA was assessed using a combination of a questionnaire
and the ActiGraph 7164 activity monitor at baseline and
postintervention and the GTIM activity monitor at follow-up
(ActiGraph, Inc., Pensacola, FL). The accelerometer was
secured directly to the skin at the lower back using an elastic
belt. The children were instructed to use the accelerometer
for four consecutive days, two weekdays, and two weekend
days. They wore the accelerometer during the entire day and
only removed it, e.g., during water activities. A recording
epoch of 10 s was selected for this study. All continuous
sequences of 60 consecutive epochs (i.e., 10 min) or more
with zero counts were considered as nonwearing and were
subsequently deleted (29). Only children providing a mini-
mum of 3 d with 8 h of valid recording, after removal of
missing data, were included in this analysis. The PA ques-
tionnaire was distributed and returned with the accel-
erometers. Children and parents were, among other things,
asked to note time and reason for any period of “nonwear.”
Accelerometer data were subsequently adjusted for water
activities information obtained by the questionnaires. This
was done by inserting blocks of activity corresponding to the
mean counts per minute in normal PE lessons in all nonwear
periods that could be identified as water activity. This was
done because part of the intervention was delivered as swim
lessons and would not be captured by accelerometers alone.
For this article, we report the overall amount of PA (mean
counts per minute) and minutes per day spent on moderate-to-
vigorous PA (MVPA) (min'd 1>1500 counts per minute) (27).

Blood samples were collected from the antecubital vein
after a verified overnight fast. The children were asked what
they had been eating and drinking from the night before, and
only water and sugar-free chewing gum were allowed for a
child to be accepted as fasting. Glucose was analyzed im-
mediately after sampling (Hemocue). The remainder of the
samples was centrifuged; plasma aliquoted within 30 min, kept
at —20°C, and later stored at —80°C. Insulin was analyzed
spectrophotometrically using an enzyme-linked immunosor-
bent assay (code no. K6219; DAKO Insulin). Total cholesterol
(TC), HDL cholesterol, and triglyceride (TG) were analyzed

on a COBAS FARA (Roche, Switzerland) using a spectro-
photometer (ABX Diagnostics, Montpellier, France). Insulin
resistance was estimated according to homeostasis model as-
sessment (HOMA-IR) as glucose (mmol-L~") multiplied by
insulin (mU-L™") divided by 22.5 (22).

Statistical analysis. SPSS version 15 was used for all
analyses. Dropout analyses and analyses of missing data
were done using independent-samples #-tests adjusting for sex
comparing baseline BMI z-scores, waist circumference and
VOzpeak between participants, and dropouts between chil-
dren who gave blood versus those who did not.

Means and SD for physical characteristics and CVD risk
factors at baseline, postintervention and at follow-up were
calculated by sex and group. BMI, waist circumference, S4SF,
HOMA-IR, TG, TC-to-HDL ratio, and sum of z-scores were
positively skewed and therefore transformed (natural log)
for the analyses. Because single risk factors tend to fluctuate
on a day-to-day basis, we included a composite CVD risk
score, which may provide a more valid overall risk assess-
ment (1,2). We constructed the composite score from the sex-
specific sum of z-scores for systolic blood pressure (SBP),
TG, TC-to-HDL ratio, HOMA-IR, S4SF, and the negative
value of VOzpeak Z-Score.

Differences between groups at baseline were analyzed
using a general linear model adjusted for sex. Change scores
were calculated by subtracting baseline values from post-
intervention and follow-up values, respectively. Differences
between IG and CG in change scores from baseline to
postintervention and from baseline to follow-up were ana-
lyzed using a general linear model adjusted for sex, matu-
ration, and baseline level, if this differed between groups.
The child’s school at baseline was included in the analyses
as a cluster option to account for any between-school vari-
ation. Group-by-sex interaction was tested, but where no
interaction was found, the interaction term was removed
from the final model. In case of significance on sex x group
interaction, only the interaction P value was presented in the
table. Then, follow-up analyses were done with split for sex
and presented in the figures. A significance level of P <0.05
was chosen. Because of multiple testing, P values were sub-
sequently Bonferroni adjusted.

RESULTS

Characteristics of participants in IG and CG are pre-
sented by sex in Table 1. At baseline, children in IG were
significantly older and had a significantly higher SBP
compared with children in CG (P = 0.022 and 0.016, re-
spectively). There were no other significant group differ-
ences at baseline.

Table 2 presents the immediate and long-term effect of
the intervention. The immediate effect is the difference
between IG and CG change scores from baseline to post-
intervention. IG had a borderline smaller increase in SBP
compared with CG (P = 0.092). There was a significant
sex X group interaction for change scores of HOMA-IR
(Table 2). IG boys had a significantly smaller increase in
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TABLE 1. Physical characteristics of participants by sex and group (IG and CG): at baseline, Postintervention at follow-up.

Baseline Postintervention Follow-Up
Variables Group Sex n Mean + SD ] Mean + SD n Mean + SD
Age (yn)* 1G Boys 222 6.8 04 198 9604 143 134+ 04
Girls 186 6.7+04 164 95+ 04 117 133+ 0.3
CG Boys 142 6.8+0.3 121 9.6+03 84 133+ 0.3
Girls 144 6.6 + 0.4 130 94+04 97 133+ 0.3
BMI (kg'm?) 1G Boys 222 16.0 + 1.7 197 172 +23 143 19.1+ 2.6
Girls 184 16.1+1.9 164 175+ 27 117 194+ 29
CG Boys 141 16.1+1.6 121 17.3+24 83 189+ 27
Girls 144 16.0 + 1.9 130 17.0+ 24 96 18.9+ 25
zBMI for age 1G Boys 222 0.24 + 0.98 197 0.31 £1.03 143 0.04 +0.99
Girls 184 0.30 + 0.96 164 0.31 +£1.11 117 —0.03 +1.07
CG Boys 141 0.34 +0.96 121 0.38 +1.09 83 0.00 + 1.03
Girls 144 0.26 + 1.02 130 0.18 +1.02 96 -0.19 + 1.05
Sum of four skinfolds (mm) 1G Boys 220 243 +96 197 299 + 147 143 30.3 + 145
Girls 186 284 +96 163 37.9+17.3 116 36.5+17.9
CG Boys 140 245 + 8.1 121 30.3 £ 145 82 31.9+19.0
Girls 139 300+ 114 130 36.5+17.9 96 36.6 + 14.6
Waist (cm) 1G Boys 222 55.8+ 5.3 197 62.6 + 6.6 143 68.5+6.5
Girls 185 56.0 £ 5.5 164 622+75 116 66.3 + 6.0
CG Boys 142 555+ 4.5 120 627 +7.3 83 68.2 +7.1
Girls 142 552 +55 130 614 +6.7 96 65.2 + 5.2
Mean PA (counts per minute) 1G Boys 186 777.6 + 210.5 157 733.6 + 193.4 92 519.5 + 1431
Girls 148 692.4 + 169.7 132 655.3 + 171.9 83 443.4 +125.0
CG Boys 106 775.3 +237.9 87 706.1 £ 172.2 57 533.8 + 168.7
Girls 119 721.4 + 155.0 99 650.5 + 162.7 68 460.3 + 178.3
MVPA (min-d~" >1500 counts per min) 1G Boys 186 123.1 + 34.8 157 1239 + 324 92 90.5 + 26.7
Girls 148 108.8 + 28.0 161 108.8 + 32.2 83 72.2 +23.1
CG Boys 119 125.0 = 37.9 87 112.3 £ 26.7 57 91.0 + 33.0
) Girls 106 111.0 £ 27.9 99 101.3 + 26.2 68 73.3 +28.7
Cardiorespiratory fitness (VOzpeax) 1G Boys 208 486 + 6.0 192 523+ 6.6 135 53.2 + 8.1
(mLkg~"-min~") Girls 176 446 +53 161 459 +55 1M 446 + 6.3
CG Boys 129 482 +58 117 517 + 6.6 73 525+ 8.4
Girls 133 452 + 5.4 124 462 + 6.5 91 455+ 7.3
SBP (mm Hg)* 1G Boys 220 99.2 + 0.4 197 105.2 + 8.7 143 1113+ 94
Girls 186 979+ 04 162 103.0 £ 9.3 116 109.8 = 8.7
CG Boys 142 973+7.0 121 104.4 + 8.4 83 112.3 +83
Girls 143 969+ 75 130 102.6 + 8.3 97 107.8 + 7.0
Insulin resistance (HOMA-IR) 1G Boys 163 0.77 £ 0.82 146 115+ 0.78 134 2.74 +1.49
Girls 134 0.77 + 0.46 118 1.44 +0.93 98 3.05 +1.86
CG Boys 95 0.78 + 0.53 86 1.40 + 0.83 70 2.43 +1.59
Girls 87 0.83 + 0.56 88 1.33 + 0.67 85 2.86 +1.17 m
TC/HDL ratio 1G Boys 164 3.07 + 0.60 149 2.51 +0.59 135 2.94 + 0.65 )
Girls 136 3.12 £ 0.64 122 2.69 + 0.66 98 2.92 +0.68 fd
CG Boys 94 3.02 £ 0.54 87 2.51 +0.44 70 2.91 +0.62 O
Girls 88 3.19 + 0.56 90 2.76 +1.74 85 3.09 + 1.58 m
TG (mmol-L™") 1G Boys 162 0.57 +0.20 149 0.53 + 0.26 135 0.81 + 0.40 ;
Girls 134 0.62 + 0.31 122 0.56 + 0.23 98 0.78 + 0.26 (@)
CG Boys 93 0.57 £ 0.24 87 0.56 + 0.29 70 0.71 +0.27 —
Girls 88 0.60 + 0.26 90 0.57 +0.24 85 0.78 + 0.36 (@)
Composite z-scores 1G Boys 149 —0.13 + 2.81 142 0.12 + 476 127 514 + 5.51 (0
Girls 124 —0.18 + 3.26 115 1.36 + 5.23 92 7.31 £+ 5.61 <
CG Boys 84 -0.22 +2.79 82 0.72 + 4.83 60 4.83 + 6.87
Girls 78 —0.43 + 2.83 86 1.02 + 5.70 79 6.31 £ 5.76

* Difference between groups at baseline (P < 0.05).

HOMA-IR compared to CG boys (P = 0.004), whereas no
difference between groups was found for girls (Fig. 1).
There were no other significant group differences in change
scores from baseline to postintervention. Long-term effects
of the intervention were measured comparing IG and CG
change scores from baseline to follow-up. There was a sig-
nificant sex x group interaction for SBP (Table 2). The
change scores of SBP were significantly lower for IG boys
compared to CG boys (P = 0.010), but this was not found for
girls (Fig. 2). There were no other significant differences in
change scores from baseline to follow-up. After Bonferroni
correction, no differences were found between groups.
Dropout and missing data. At baseline, 696 children
participated, 613 participated postintervention (=88%) and

441 participated at follow-up (=63%). Most dropouts were
caused by families moving away from the school districts.
There were no significant differences at baseline between
children who participated postintervention and children
who dropped out. Children who participated at follow-up
had significantly lower baseline BMI z-scores (—0.2) and
waist circumference (—2.9 cm) and a higher baseline VOzpeak
(1.7 mLkg™") compared to children who dropped out (P >
0.006) in both groups.

Blood was obtained from ~69% of the children partici-
pating at baseline, 74.4% of the children participating post-
intervention and 87.8% of the children participating at
follow-up. At baseline, children without blood samples had
higher waist circumference (~1 cm) compared to children

3-YR PHYSICAL ACTIVITY INTERVENTION

Medicine & Science in Sports & Exercises, 1313

Copyright © 2012 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.




EPIDEMIOLOGY

TABLE 2. Change scores (mean + SD) and adjusted differences between IG and CG.

Change Baseline to Postintervention

Change Baseline to Follow-up

Change Adjusted Difference Change Adjusted Difference
Variables Group n Scores + SD (95% CI) P n Scores + SD (95% CI) P
BMI (kg'm 2 [¢] 355 1.31+1.23 257 3.40 +1.94
CG 247 1.15+1.20 0.12 (—0.38 to 0.13) 0.322 176 3.07 +1.78 0.34 (—0.70 to 0.01) 0.057
Zgw for age 1G 355 0.044 + 0.50 257 —0.21 + 0.53
CG 247 —0.006 + 0.54 0.032 (—0.14 to 0.08) 0.551 176 —0.24 = 0.56 0.027 (—0.16 to 0.11) 0.678
Sum of four skinfolds (mm) [¢] 354 7.52 £9.71 255 10.20 = 13.34
CG 243 6.00 + 9.30 1.48 (—3.64 to 0.68) 0.167 173 8.38 +13.13 1.90 (—6.92 - 3.12) 0.436
Waist (cm) 1G 356 6.65 + 4.63 257 12.19 + 5.40
CG 245 6.64 + 5.00 0.10 (—1.27 to 1.47) 0.881 177 11.81 + 4.81 0.21 (—1.39 - 0.98) 0.719
Mean PA (counts 1G 245 —61+230 157 —257 + 209
per minute) CG 152 =77 + 229 19 (—105 to 67) 0.508 108 —257 + 242 12 (—-82-78) 0.975
MVPA (min-d~" >1500 counts G 245 —0.4 +38.7 157 —352 +34.8
per minute) CG 152 -11.2 +36.7 11.8 (—30.1 to 6.5) 0.192 108 —37.6 419 16 (—16.3 -13.1) 0.816
Cardiorespiratory fitness 1G 328 2.64 + 593 231 1.95+ 8.74
(VOgpear) (MLkg™min~") CG 224 2.04 + 6.88 0.46 (—3.29 to 2.37) 0.738 149 1.02 + 8.24 0.56 (—3.56 to 2.44) 0.697
SBP (mm Hg) G 355 5.34 + 8.20 257 11.97 £ 9.20
CG 247 6.75 + 8.14 —1.60 (—0.29 to 3.48) 0.092 177 13.53 + 8.86 -1.8 (-35- —0.1) *0.038
Insulin resistance [¢] 226 0.47 £ 0.78 193 212 +1.64
(HOMA-IR) CG 138 0.60 +0.85  —0.142 (—0.31 to 0.03) *0.010 105 1.91 +1.45 0.24 (—0.74 to 0.26) 0.329
TC/HDL ratio [¢] 233 —0.54 + 0.70 196  —0.14+0.76
CG 137 —0.58 + 0.58 0.026 (—0.25 to 0.20) 0.809 107 —0.21 £ 0.65 0.060 (—0.31 to 0.20) 0.633
TG (mmolL™") 1G 229  —0.062 +0.33 193 0.20 + 0.40
CG 137 —0.025+030  —0.043 (—0.057 to 0.14) 0.377 107 0.14 + 0.41 0.06 (—0.20 to 0.07) 0.348
Sum of z-scores 1G 203 0.67 + 3.91 165 6.24 + 5.45
CG 121 0.80 +3.70 —0.29 (—1.11 to 1.69) 0.667 88 5.98 £ 5.89 0.48 (—3.15 t0 2.19) 0.708

Change scores from baseline to postintervention and from baseline to follow-up presented by group (mean and SD). The adjusted difference between groups in change scores is the net
effect of the intervention: 1G change scores minus CG change scores adjusted for sex and maturation (mean and 95% confidence intervals (CI)). Borderline significant differences

between |G and CG change scores are marked with bold and italic.

* Significant group x sex interaction P value presented. Analyses done with split by sex are presented in Figures 1 and 2.

who gave blood (P = 0.025). postintervention and at follow-
up, children without blood samples had lower VOzpcak
compared to children who gave blood (—2.6 and —2.7
mLkg ™', respectively; both P > 0.04). There were no other
significant differences between children who gave versus
those who did not.

DISCUSSION

CoSCIS was proposed as a way to enhance and improve
PA and thereby health in Danish children in public schools.
The plan was to test the largest possible change in PA in
schools, which we considered politically realistic to imple-
ment nationwide. Also, the magnitude and costs of the in-
tervention elements in CoSCIS were realistic and did not
exceed what could be implemented on large-scale popula-

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0

IG Con IG Con
Boys Girls

FIGURE 1—HOMA-IR change scores (A) from baseline to post-
intervention for IG and CG presented by sex. *P = 0.004 IG boys
versus CG boys. No significant difference was found for girls. Only change
scores from baseline to postintervention is presented because an inter-
action between group and sex was found in this analysis (Table 2).

tions. Positive results could therefore provide politicians
with an idea of a relatively simple way to improve health in
school-age children. Thus, results from the CoSCIS are po-
tentially important in planning and implementing public
health strategies.

Surprisingly, doubling the amount of PE had no signifi-
cant effect on overall PA levels in IG. One possible expla-
nation is that IG children compensated for the increased
school-time PA during the remainder of the day. It is also
notable that the amount of MVPA at baseline was quite high
in this population (both in the IG and CG). The increase in PA
in an already-active population may not induce sufficiently
large, measurable metabolic changes. Conjecture suggests
that, if the children were less active, there may have been
a greater effect of the intervention.

1G Con IG Con
Boys Girls

FIGURE 2—Systolic blood pressure change scores (A) from baseline to
follow-up for IG and CG presented by sex. *P = 0.010 IG boys versus
CG boys. No significant difference was found for girls. Only change
scores from baseline to follow-up is presented because an interaction
between group and sex was found in this analysis (Table 2).
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However, although not statistically significant, the IG did-
decrease their MVPA less compared to CG from baseline to
postintervention the difference amounted to ~12 min-d ™.
Because MVPA is related to CVD risk factors (1,10), this
modest, 12-min difference could explain some of the small
positive metabolic changes we found in this study. The lack
of statistically significant difference could have at least two
contributory causes. First, although the use of accelerometers
and questionnaires to assess PA is the best available method
at this time, these kinds of data have a large variation be-
cause of measurement error, noncompliance with wearing,
and the device’s inability to measure some activities, such as
swimming, which was part of the PE intervention. Second,
dropout rate on this variable was also considerably larger
than many of the other variables because of the strict inclu-
sion criteria.

We did not find any positive intervention effect on VOzpeak.
Researchers have suggested that, to improve the VOzpeak of
children, the focus has to be on high-intensity exercise with
three to five training sessions per week (31,34). Most popu-
lation-based long-term intervention studies with PE inter-
vention comparable to CoSCIS fail to achieve improvements
in VOzpeak (7,20), which emphasizes the difficulty in imple-
menting sufficiently intense large-scale interventions to meet
these criteria. Others do, however, find an effect on fitness
(19,28,37). The intervention in the study by Kriemler et al.
(19) consisted of two extra PE lessons of 45 min, giving a
total number of five weekly PE lessons (225 min-wk '),
several short PA breaks during the day, plus 10 min of ex-
ercise homework for 9 months. They found a significantly
greater improvement in fitness in the IG compared to the
CG. In addition, Resaland et al. (28) found a significant in-
tervention effect on VOapey after a 2-yr school-based PA
intervention. Their intervention consisted of 60-min daily
PA lessons (300 min‘wk '), with focus on keeping the in-
tensity moderate to vigorous. This was compared to a CG
receiving normal curriculum of 45 min of PE twice a
week (90 min'wk ™ "). These studies suggest that it is possi-
ble to improve fitness in normal pediatric populations but
that intensity, frequency, and duration must be considered.
The intervention in the present study was focused on in-
creasing the overall PA levels in PE classes and on en-
hancing the motivation for and enjoyment of PA. Obvious
differences between the interventions in CoSCIS and the
studies of Kriemler et al. and Resaland et al. are the number
of minutes of PE/PA lessons (180 vs 225 and 300 min) and
the distribution throughout the week (two times per week
vs five times per week). In addition, if the 90 min of extra
PA we provided is divided by seven weekdays, the number
of extra minutes expected is ~12 min-d !, whereas the other
studies mentioned above would have proven >25 min-d ™"
of activity. These results suggest that, in an already-fit group,
12 min-d~! may not be sufficient to cause a change.

There were no positive intervention effects on any measure
of body composition. CoSCIS was not specifically focused
on overweight and obesity prevention. Some school-based

interventions have had an effect on overweight and obesity
outcomes (12—14), whereas most large-scale studies do not
find any effects (5,18,20,32). An extensive review on studies
addressing obesity prevention programs in children con-
cluded that most studies show limited success in preventing
childhood obesity (11). This emphasizes the difficulty in pre-
venting overweight and obesity even in interventions with
this specific aim.

Although we did not find any significant group differ-
ences in measurements of fatness, PA, or VOzpeak, we did
find indicators for positive intervention effects on some
CVD risk factors, especially for boys. We found a borderline
smaller increase in SBP from baseline to postintervention
compared to controls. This difference was significant at the
4-yr follow-up but only for boys. Strong et al. (34) reviewed
more than 850 studies on exercise in youth and found four
studies showing an effect on blood pressure in children with
elevated blood pressure but no effect on children with normal
blood pressure. However, some studies have found short-term
improvements in blood pressure after exercise interventions
in children (24). These results, together with our results, sug-
gest that it is possible to generate positive alterations on blood
pressure in both normotensive and hypertensive children.

A smaller increase in HOMA-IR from baseline to post-
intervention was observed for the boys in the IG compared
to CG, but this difference did not persist to follow-up. Pre-
vious studies have reported positive intervention effects on
glucose and/or insulin levels (12,30,37), whereas others have
not found an effect on these variables (7). The newer large-
scale intervention study, The HEALTHY Study, found that
the improvement in insulin levels in intervention schools
compared to control schools was accompanied by improve-
ments in measures of fatness (12). However, other studies on
overweight and obese children have found improvements in
indices of insulin sensitivity, independent of changes in body
composition (3,26). These results, together with our results,
suggest that it is possible to make favorable changes in in-
sulin sensitivity by targeting PA, even without changes in
fatness or fitness. It is possible that the better maintenance of
mean PA and MVPA in IG compared to CG, although not
statistically significant, could have mediated these changes.
We can only speculate about why we are finding better results
forthe boys compared to the girls. One possible explanation
for the sex differences in the intervention effect could be the
slightly greater increase in all body fatness measures in girls
in IG compared to CG girls, which was not found for the
boys. A larger fat mass is associated with insulin resistance
and maybe any effect of the PA intervention on this variable
is superseded by the gain in fat mass seen in the girls.

We did not find any intervention effects on blood lipids,
similar to the results from most (20,39) but not all other
intervention studies in children (21). The review by Strong
et al. (34) found evidence for a weak relationship between
PA and blood lipids, especially for HDL-C and TG. They
concluded that there seems to be a minimum threshold of
40 mind”! of activity 5 d'wk ™! (total 200 min'wk ') to
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achieve an improvement in blood lipid profile. The PE in-
tervention of CoSCIS (180 min-wk ' given in two sessions)
did not meet this threshold, and this may be one reason why
we did not find any effect on blood lipids.

To the best of our knowledge, only one other school-
based intervention study has analyzed the effect on a clus-
tered risk score consisting of z-scores of waist circumfer-
ence, mean blood pressure, glucose, TG, and inverted HDL
cholesterol (19). They found a significantly larger decrease
in the cardiovascular risk score in the IG compared to the
CG, which is in contrast to our findings. Results from the
European Youth Heart Study shows that both low cardio-
respiratory fitness and high levels of body fat are strong
predictors for clustering of CVD risk factors in children (2).
The fact that we did not find an effect of the intervention on
the sum of z-scores may be caused by the lack of interven-
tion results on these variables. In support of this, the study
by Kriemler et al. (19) also found positive intervention
results in measures of fatness and VOzpeak.

The main strengths of our study were the length of the
intervention, the inclusion of a 4-yr follow-up post-
intervention and the use of accurate methods of measuring
PA, VOzpeak, and CVD risk factors. One of the limitations of
the study was the quasi-experimental study design. A ran-
domized controlled design would have been stronger but
was not practically a possibility at the time the study was
started. However, we did attempt to match IG and CG on
sociodemographic characteristics, which could be consid-
ered a strength. In addition, we did not have a stringent
control with the content of the extra PE sessions. For ex-
ample, we did not examine the amount of time actually spent
on PA in the sessions or the individual student participation
rate. We do, however, know that the students received the
extra PE sessions because PE is mandatory in Denmark.
Furthermore, in the youngest classes, the children are not
allowed to leave the school during the day, and all children
present at a given day are attending PE. The observed (but
nonsignificant) difference in MVPA (~12 min-d ") between
IG and CG could also indirectly shows that the intervention
was delivered as intended. Although the lack of stringent
control over intervention components is a limitation of our
study, it could be stated that our results reflect the real-life
school system. The results are therefore more generalizable
and easy to apply on a population basis.

Another factor influencing our results was the dropout
rate. We found that the children who dropped out were
heavier and had poorer VOzpeak than those who remained.
This observation was found in both IG and CG. Because the
fattest and most unfit children are the ones most expected to
gain from an intervention like CoSCIS, this could theoreti-
cally cause an underestimation of the true intervention ef-
fect. Also, a dropout rate similar to this study is very
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Abstract

Clustering of cardiovascular disease (CVD) risk factors has been found in children as young as 9 years
of age. However, the stability of this clustering over the course of childhood has yet to be determined.
The purpose of this study was to determine tracking of clustered CVD risk from young school-age
through adolescence and examine differences in tracking between levels of overweight/obesity and
cardiorespiratory fitness. Six year-old children (n = 434) were measured three times in 7 years.
Anthropometrics, blood pressure and VOzpeax Were measured. Fasting blood samples were analyzed for
traditional CVD risk factors. A clustered risk-score (z-score) was constructed by adding sex-specific z-
scores for systolic blood pressure, homeostatic model assessment (HOMA-IR), triglyceride, skinfolds
and inverse values of HDL-cholesterol and VOapeax. Significant tracking coefficients were found
between clustered z-score at all time intervals (r = 0.514, 0.559 and 0.381 between ages 6 to 9, 9 to 13
and 6 to 13 yrs, respectively, all P< 0.0001). Tracking was higher for low-fit children, whereas no clear
pattern was found for different levels of body-fat. In conclusion, we found that clustered z-score is a
fairly stable characteristic through childhood and implementation of preventive strategies could
therefore start at early school-age.
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Abbreviations

Body mass index (BMI)

Cardiorespiratory fitness (CRF and VOapeax)
Cardiovascular disease (CVD)

Clustered risk-score (z-score)

Confidence intervals (ClI)

Homeostatic model assessment (HOMA-IR)
High-density lipoprotein cholesterol (HDL)
Standard deviation (SD)

Sum of the four skinfolds (S4SF)
Triglyceride (TG)
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Introduction

“High risk” for future cardiovascular disease (CVD) is difficult to define in children, as no hard
endpoints such as manifest disease or death has yet occurred. Clustering of individual risk factors in the
same individual has been suggested as a good method to assess CVD risk level in apparently healthy
children (1). Earlier studies from our group found no clustering of CVD risk factors in 6 year old
children, whereas at age 9 yrs three or more CVD risk factors was found in 3.33 times as many
participants than expected (2). However, clustering of CVD risk factors in children is only of interest if
it is a stable characteristic. A recent review of the literature regarding tracking of CVD risk factors
from childhood to adulthood conclude that despite the differences in methodology, studies have
consistently found tracking of cardiometabolic risk factor clustering from childhood or adolescence to
adulthood (3). However, the researchers concluded that the shorter-term stability of clustered risk
factors over the course of childhood and adolescence has yet to be elucidated. Furthermore, clustering
of CVD risk factors in children have been found associated with lifestyle factors such as obesity (1;4-7)
and cardiorespiratory fitness (CRF) (1;6-8). To our knowledge only one study in youth has examined
the effect of obesity on tracking of clustered risk (9) and no studies have looked at the effect of CRF.
Therefore, the aim of this study was to evaluate tracking of clustered CVD risk in youth using three
time-points from age 6 to age 13 yrs. Secondly, to examine the how different levels of

overweight/obesity and CRF effects the precision of tracking.

Methods

Subject for this study were participants in The Copenhagen School Child Intervention Study, which
was started in 2001 and included all children attending kindergarten class in two communities in the
area of Copenhagen (46 kindergarten classes in 18 public schools). Written informed consent was
obtained from the parents/guardian of 706 children (69% of the population) and 696 actually
participated in the study at baseline. Following the intervention, the children were re-tested in
2004/2005 at age 9 yrs and followed-up again in 2008 at age 13 yrs. The study has been described in
details elsewhere (10-12). In the present analysis we included all children with complete measures of
CVD risk factors at least at two of the three time-points (n = 434). The study was approved by the

ethical committee, University of Copenhagen.
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Since the complete methodology has been previously published, the methodology presented here
includes only those variables of interest. Height, body weight and waist circumference were measured.
Body mass index (BMI) was calculated (kgem 2) and BMI z-scores were computed based on WHO
recommendations (13). Bicipital, tricipital, subscapular and suprailiac skinfolds were measured using
standard procedures with a Harpenden skinfold caliper (Harpenden, West Sussex, UK). The sum of the
four skinfolds (S4SF) was used as a measure of body fatness (14).

Cardiorespiratory fitness (VOzpeak) Was assessed using a continuous running protocol on a treadmill
until exhaustion. VOapea Was measured directly on an AMIS 2001 Cardiopulmonary Function Test
System (Innovision, DK 5260 Odense) at age 6 and 9 yrs and using the COSMED K4b? portable
metabolic system (COSMED, Rome, IT) at age 13 yrs. Both systems provide valid measures of VO,
when validated against the Douglas bag method (15;16). Detailed criteria for an accepted test has been
reported earlier (11). Blood pressure was measured in the sitting position after 15 minutes of rest with a
Dinamap XL vital signs blood pressure monitor (Critikron, Inc., Tampa, FL) using appropriate sized
cuffs. The mean of the last three of 5 measurements taken over 10 minutes was used for analysis.
Fasting blood samples were taken between 08:00 — 09:30 h and glucose was analyzed immediately
(Hemocue, Sweden). The remainders of the samples were centrifuged; plasma aliquoted within 30 min,
kept at -20°C, and later stored at -80°C until analyzed. Insulin was analyzed spectrophotometrically
using an enzyme linked immunosorbent assay (DAKO Insulin, Code no. K6219). Insulin resistance
was estimated according to homeostasis model assessment (HOMA-IR) as glucose (mmol-1%)
multiplied by insulin (mU-1") divided by 22.5 (17). Blood lipids were analyzed on a COBAS FARA
(Roche, Switzerland) using spectrophotometry (ABX diagnostics, Montpellier, France).

Statistical analysis

A composite CVD risk score (clustered z-score) was constructed by adding the sex-specific z-scores for
systolic blood pressure, HOMA-IR, triglyceride (TG), S4SF and the negative z-scores for high-density
lipoprotein cholesterol (HDL) and CRF. Rationale for choosing these variables for the clustered z-score
has been described elsewhere (18). In analysis with stratification for S4SF, S4SF was removed from
the clustered z-score and in analysis with stratification for CRF, this variable was removed from the
clustered z-score.

No differences in the clustered z-score between intervention and control group of the CoSCIS was

evident (10), so the groups were pooled for all analyses. For descriptive purposes means and standard
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deviations for all variables at age 6, age 9 and age 13 yrs were computed. BMI, waist circumference,
S4SF, HOMA-IR and TG were positively skewed and therefore transformed (natural log) for the
analyses. Tracking coefficients were calculated between the clustered z-score at age 6 to 9 yrs, age 6 to
13 yrs and age 9 to 13 yrs using Pearson correlations (19). This was also done for each of the CVD risk
factors, to determine which factors were the most important in the tracking of the clustered z-score.
High risk cases were defined as having a clustered z-score above 1 standard deviation (SD)
corresponding to ~ 16, 14 and 12 % of the population at ages 6, 9 and 13 yrs, respectively. This choice
of assigning high-risk is conservative, and was based on an earlier finding indicating that CVD risk
factors cluster in around 11% of a normal European pediatric population (18). Logistic regression
analysis was performed and odds ratios between children in three different risk categories; low risk (<
median z-score), moderate risk (median to 1 SD) and high risk (> 1 SD) at one time-point for being at
high risk at the second time-point. Finally, to evaluate the influence of CRF and fatness (S4SF),
children were grouped in tertiles based on these variables and clustered z-score (without CRF or S4SF,
respectively) tracking coefficients were calculated within each tertile using Pearson correlations. All
analyses were performed using the Statistical Package for the Social Sciences version 19 (SPSS,
Chicago, IL).

Results

The general characteristics of the sample at the age of 6, 9 and 13 yrs are presented in Table 1. BMI,
S4SF, systolic blood pressure and HOMA-IR increased with age. CRF increased from age 6 to age 9
yrs, triglycerides increased from age 9 to age 13 yrs and HDL cholesterol increased from age 6 to age 9
yrs and then decreased from age 9 to age 13 yrs. Tracking coefficients between clustered z-score at age
6109, 9to 13 and 6 to 13 yrs are presented in Table 2. Moderate correlations were found between
clustered z-score at age 6 to 9 and 9 to 13 yrs, whereas the coefficient between age 6 and 13 yrs was
somewhat weaker. These coefficients did not change substantially when analyses were done for each
sex separately (data not shown). For the single risk factors highest tracking coefficients were seen for
S4SF, followed by systolic blood pressure and HDL cholesterol. Tracking coefficients for HOMA-IR
and TG were low to moderate. The tracking coefficients for CRF were high from 6 to 9 yrs and 9 to 13

yrs, but low from 6 to 13 yrs.
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Logistic regression showed that children with moderate and high risk, respectively, in clustered z-score
at first time-point had a 6.1 and 21.2 times greater risk, respectively, of having a clustered z-score
above 1 SD at the second time-point between the ages 6 to 9 yrs, 4.51 and 30.8 times greater risk
between the ages 9 to 13 yrs, and 2.3 and 4.9 times greater risk between the ages 6 to 13 yrs, compared
to children with low risk in clustered z-score (Table 3).

When children were grouped based on their level of CRF, tracking coefficients were higher in the 1%
tertile (least fit) at all three time intervals (r-values 0.501-0.670). The coefficients were strong in the 1
and 2" tertiles and low in the 3 tertiles (r-values 0.253-0.396). When children were grouped based on
their S4SF, we found lowest tracking coefficients in the 1 tertile (least fat) at all three time intervals.
However, the picture was not as clear as for CRF. Between age 6 and 9 yrs there was no significant
coefficient in the 1% tertile (r-value 0.068), a strong coefficient in the 2™ tertile (r-value 0.499) and
moderate coefficient in the 3" (r-value 0.340). Between age 6 and 13 yrs the coefficients were weak in
all tertiles (non-significant in the first) (r-values 0.201, 0.314 and 0.233 in 1%, 2" and 3" tertile,
respectively). Between age 9 and 13 the coefficients were weak in the 1% and 2" tertile (r-values 0.317
and 0.297) and stronger in the 3" (r-value 0.492).

Discussion

Tracking is a term used to describe the development of a characteristic over time and involves both the
longitudinal stability of this variable and the ability of one measurement to predict the value of
following measurement(s) (19). This present study examined the short-term tracking of a clustering of
CVD risk in a normal youth population from early school-age to start adolescence. We found moderate
to high level of tracking between all the measured time points and the risk of having a high sum of z-
score at a second time point was between 2.3 and 30.8 times increased for children having a high sum
of z-score at the first time point. Similarly, the only other study examining the stability of clustered
CVD risk factors from childhood (age 9 y) to adolescence (age 15 y) in a sample of Swedish and
Estonian children found moderate overall tracking coefficient for boys and girls, respectively (20).
Also studies looking at clustered CVD risk factor tracking from childhood or adolescence to adulthood
displayed similar results (21-24). We have earlier shown that CVD risk factors did not cluster at age 6
yrs in this cohort (25), but at the age of 9 yrs clustering was evident in the same cohort (2). Therefore, it

was unexpected to find a high degree of tracking between the ages 6 to 9 yrs and 6 to 13 yrs and the
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results indicate that a relative high level of several CVD risk factors at this low age is predictive for
high future metabolic risk. Juhola and colleagues (26) using data from the Cardiovascular Risk in
Young Finns Study, investigated sensitivity and specificity rates for predicting abnormal CVD risk
factors as an adult from values obtained at ages 3, 6, 9, 12, 15 and 18 years. They found that for obesity
and blood pressure values at all childhood ages were predictive for the adult value. For HDL-
cholesterol there was no difference between age groups for females, but for males HDL levels at ages
6, 9 and 12 years were most predictive for adult values, compared to ages 3, 15 and 18. All together
these results suggest that clustering of CVD risk factors is a fairly stable characteristic from early
school-age to adulthood. We did not find any sex differences in tracking of clustered CVD risk (data
not shown), which is similar to results from some (20;21), but not all studies (27).

In the present study all of the single risk factors included in the summed z-score had a positive tracking
coefficient (Table 2), which means that they all contributed to the tracking coefficient for the sum of z-
score. However, tracking coefficients of single risk factors varied from low to high, whereas the
tracking coefficients for the clustered z-score varied from moderate to high. In agreement with our
findings, Bao and colleagues (24) found that tracking expressed as an inter-age correlation was higher
for a clustered risk score (r = 0.64) compared to the single risk factors (r = 0.34-0.57); conversely,
others did not find this difference between individual and clustered risk factors (21;22). Based on these
results, there is no indication of a much higher tracking of a clustered risk score, compared to the single
risk factors. However, the clustered score has been suggested as a good way to assess overall health in
healthy pediatric populations, as it uses all available information (no cut-points, but a continuous score)
and is not as influenced by measurement error and day-to-day variations as the single risk factors.
Clustering of CVD risk factors have been found related to CRF in cross-sectional studies in youth
(1;6;8;23;28). We analyzed the stability of the summed CVD risk factors within each tertile of CRF
and found that a lower baseline CRF level was associated with a higher tracking coefficient of clustered
z-score and this was consistent for all time intervals. This implies that within the least fit group, the
stability of metabolic health is greater compared to within the most fit group. Conjecture suggests that
it takes more effort to positively change health affecting behavior (e.g. lose weight or increase physical
activity and fitness) compared to change behavior in a way that negatively influence your health (e.g.

by gaining fat and decreasing physical activity). To our knowledge, no other studies have examined the
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effect of CRF level on the degree of tracking of clustered CVD risk factors in this age group and our
results should therefore be verified in other cohorts.

In the present study, children were grouped based on their S4SF and no clear picture was found
between groups in tracking of clustered CVD risk factors, which could suggest that the level of fatness
may not be pivotal for the stability of CVD risk factor clustering over time in a normal youth
population. This is not to say, that overweight does not play an important role in the development of
clustering of risk factors, a fact that has been demonstrated in several studies. In cross-sectional studies
overweight and obesity have consistently been found related to clustering of CVD risk factors in
children and adolescents (1;4-6) and convincing evidence suggests that overweight and obesity tracks
from childhood into adulthood (29). Furthermore, some studies have found that overweight or obesity
in childhood is associated with increased risk of later development of CVD risk factor clustering
(30;31). However, in one of these studies, the association disappeared when fatness was removed from
the clustered risk score. Thus, the authors concluded that the effect of fatness in childhood on the
cluster of CVD risk factors in adolescence is a result of adiposity tracking (30). In support of this, a
recent review concludes that there is not much evidence for childhood obesity to be an independent risk
factor for adult CVD risk, because the relationship is attenuated or no longer present when adjusting for
adult obesity (32). Likewise, Chen and co-workers demonstrated that longitudinal changes in
clustering of CVD risk factors assessed by incremental area (area under the curve) were decreased by
approximately 50%, when adjusted for BMI (9). These results suggest that fatness is an important part
of a causal chain leading to clustered CVD risk. It is however, not possible to conclude anything about
causation; it could be that fatness is an intermediate and adjusting for an intermediate may remove the
associations between the investigated exposure and the outcome.

The strength of this study is the relatively large cohort followed for a 7 years period with three
measurements from early school-age to start adolescence. A limitation is the relatively lean and healthy
population studied which could limit the generalizability of the results. However, as mentioned, we
have previously found that in this cohort CVD risk factors cluster in some children already from the
age of 9 yrs, and that this cluster is related to CRF and fatness (2). In addition, the size of the tracking
coefficient is highly dependent upon the reproducibility of the measurement and its error variation. In

that regard S4SF is easier to reproduce compared to some of the other variables measured e.g. VOzpeak.
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In conclusion, moderate to strong tracking was found for clustered z-score in a normal population
measured three times from age 6 to age 13 yrs. Furthermore, children with a higher clustered z-score at
first measurement had an increased risk of having a clustered z-score above 1 SD at the second
measurement. This means that a high level in several CVD risk factors in early school-age is already
predictive for the development of the clustering of CVD risk factors seen in the older age-groups.
Tracking of clustered z-score differed between tertiles of fitness with children in the lowest fitness
group displaying the highest tracking coefficients. The picture was not as clear for tertiles of fatness.
We believe that the results of the present study have important clinical implications, as the results show
stability of clustering of CVD risk factors across school-age and points to implementation of preventive

strategies starting in early childhood.
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Table 1. Physical characteristics of participants by age.

Age 6 years Age 9 years Age 13 years
Variables mean (SD) mean (SD) mean (SD)
Age (years) 6.76 (0.35) 9.56 (0.36) 13.37 (0.34)
BMI (kgm?) 15.90 (1.58) 17.06 (2.20) 19.11 (2.74)
zBMI for age 0.21 (0.94) 0.22 (1.02) -0.05 (1.05)
Sum of 4 skinfolds (mm) 25.70 (8.23) 31.66 (14.30) 34.73 (17.29)
VOgzpeak (MIkg ™ min™) 46.97 (5.94) 49.80 (6.99) 49.17 (8.36)
Systolic Blood Pressure (mmHG) 97.31 (7.35) 103.45 (8.47) 110.35 (8.63)
Insulin resistance (HOMA-IR) 0.79 (0.67) 1.27 (0.68) 2.78 (1.55)
HDL cholesterol (mmol'L™) 1.49 (0.26) 1.60 (0.33) 1.46 (0.32)
Triglyceride (mmol'L™) 0.59 (0.24) 0.55 (0.24) 0.79 (0.35)
Clustered Z-score -0.19 (2.92) -0.25 (3.34) -0.09 (3.48)

105



Table 2. Tracking coefficients or Pearson correlations (r) between clustered z-scores and the single

risk factors at different ages.

6 to 9 years 9 to 13 years 6 to 13 years
r r r
Clustered Z-score 0.514 0.559 0.381
Sum 4 skinfolds 0.858 0.774 0.668
VO2peak 0.524 0.561 0.294
Systolic BP 0.538 0.499 0.441
HOMA 0.317 0.213 0.248
HDL 0.347 0.686 0.414
TG 0.230 0.327 0.195*

All P-value < 0.0001, unless marked. *: P-value = 0.001
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Table 3. Risk of high clustered z-score (above 1 SD) based on former risk level of clustered z-score.

Odds ratio 95% ClI p-value

Age 6to 9 yrs

Low risk at age 6 yrs 1

Moderate risk at age 6 yrs 6.10 2.37-7.93 <0.0001

High Risk at age 6 yrs 21.22 7.93-56.80 <0.0001
Age 9to 13 yrs

Low risk at age 9 yrs 1

Moderate risk at age 9 yrs 451 1.71-11.89 0.002

High Risk at age 9 yrs 30.80 9.73-97.50 <0.0001
Age 6 to 13 yrs

Low risk at age 6 yrs 1

Moderate risk at age 6 yrs 2.32 1.04-5.19 0.040

High Risk at age 6 yrs 4.86 1.92-12.34 0.001

Low risk (< median), moderate risk (> median < 1SD) and high risk (> 1SD). Low is set as reference.
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Abstract

Aims: To evaluate the associations between inflammatory markers and clustering of cardiovascular
disease (CVD) risk factors, and to examine how CVD risk and inflammatory markers are related to

fatness and cardiorespiratory fitness in adolescents.

Methods: Body mass and height, skinfolds and blood pressure of 413 adolescents (mean age: 13.4+0.3
years) were measured. Circulating fasting levels of glucose, insulin, lipids, adiponectin, C-reactive
protein (CRP), tumor necrosis factor (TNF)a, soluble TNF receptor-1 (STNFR1), interleukin (IL)-6 and
interleukin-1 receptor antagonist (IL-1Ra) were measured.. Fitness was measured in progressive tests to
exhaustion. CVD risk was expressed as a clustered z-score, summing standardized values of individual

risk factors.

Results: The clustered z-score was negatively associated with adiponectin and positively associated
with CRP, IL-6 and TNFa levels (P-values all < 0.05). The associations with adiponectin, CRP, I1L-6
were stronger for the fattest adolescents. No associations were found for sSTNFR1 or IL-1Ra. The high-
fitness group had lower clustered z-score, adiponectin and IL-6 levels compared to low-fitness group,
and the high-fatness group had higher clustered z-score and CRP, but lower fitness and adiponectin,
compared to low-fatness group.

Conclusions: In adolescents, CVD risk was associated with adiponectin, TNFo, CRP and IL-6, and

related to both fitness and fatness.
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Background

Cardiovascular disease (CVD) is one of the main causes of global mortality and disease-related
morbidity [1;2]. CVD is related to several well-known risk factors, including central obesity, insulin
resistance, hypertension and dyslipidaemia; all components in the metabolic syndrome (MetS) [3;4].
The underlying mechanisms linking these risk factors to each other and to CVVD have been subject for
extensive investigation in the last decades [5]. One of the proposed hypotheses is that the excess
visceral adipose tissue acts as a secretory gland releasing an excessive amount of adipokines, including
cytokines and hormones. This creates a state of low-grade inflammation promoting oxidative stress,
damage to the endothelium of blood vessels and to the islet cells in the pancreas [3;5-7].

Inflammation is an appropriate response to tissue injury or pathogen exposure. However, when
becoming chronic, as in obesity-related chronic low-grade inflammation, it can have detrimental effects
[6;7]. The inflammatory processes are controlled by cytokines produced by many cell types, including
adipocytes and cells of the immune system. Some cytokines are considered to have mainly pro-
inflammatory properties such as tumor necrosis factor (TNF) —a and interleukin (IL) -1p. Other
cytokines, such as IL-10, and cytokine-binding proteins, including soluble TNFa. receptors (sSTNFR)
and IL-1 receptor antagonist (IL-1Ra), are considered anti-inflammatory. In particular, STNFR1 are
secreted in response to cytokine-induced inflammation, and are thought to function as a natural
inhibitor blocking the biological effects of TNFa [8]. IL-1Ra is a peptide that binds to the IL-1
receptors, acting as a competitive antagonist for the pro-inflammatory cytokines IL-1a and - [9].
Moreover, some cytokines, such as IL-6, have both pro-inflammatory and anti-inflammatory actions.
IL-6 has pronounced pro-inflammatory effects being one of the principal mediators of clinical
manifestations of tissue injury and inducers of fever, leukocytosis, thrombocytosis and increased
plasma levels of acute phase proteins. Furthermore, 11-6 stimulates plasma cytosis and
hypergammaglobulinemia [10] The anti-inflammatory effects of IL-6 include inhibition of TNFa and
stimulation of the production of IL-1Ra and IL-10 [11]. An optimal outcome of immune activation is
thought to depend upon the balance between immune-activating cytokines and anti-inflammatory
mediators.

Apart from the cytokines, other markers are associated with low-grade inflammation. Among them is
CRP, a protein released from hepatocytes [12], and adiponectin, a protein exclusively secreted from

adipocytes, but negatively related to the amount of body fat and with anti-inflammatory properties [13].
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In youth, markers of low-grade inflammation have been linked to all of the individual CVD risk factors
[14-19]; as well as to the MetS [20-22]. The presence of MetS in youth is typically determined using
specific age and sex cut-points. This dichotomization of the risk factors used in MetS definitions,
however, may not be the best way to assess cardiovascular health in children, as it reduces the available
information, and no consensus exists regarding cut-off levels [23]. Clustering of CVD risk factors in
the same individual, assessed by summing standardized values of the individual risk factors, is a
continuous variable, and has been suggested as a good method to assess CVD risk level in apparently
healthy children [23;24]. Four studies in youth have previously examined the relation between low-
grade inflammation and a clustering of CVD risk factors and found associations for some, but not all,
investigated markers of low grade inflammation [15;18;25;26]. No study has, to our knowledge,
included the anti-inflammatory natural blockers of pro-inflammatory cytokines, STNFR1 and IL-1Ra,

in this type of analysis.

Therefore, the primary aim of the present investigation was to evaluate the relationships between
clustered CVD risk and a wide range of inflammatory markers, including both immune activating
cytokines and anti-inflammatory mediators, in a normal Danish adolescence population, and to
examine whether these correlations were evident in only the overweight adolescents. Furthermore,
since convincing evidence suggests a relationship between the level of inflammatory markers and
lifestyle related factors such as level of body fatness [15-18] and cardiorespiratory fitness (VOzpeak)
[27;28], our secondary aim was to investigate whether CVD risk and inflammatory marker levels

differed between groups of fatness and cardiorespiratory fitness.

Methods

Participants

All children starting school (6-7 years of age) in 2001 from 2 suburbs of Copenhagen, Denmark, were
invited to participate in a 3-year, controlled intervention study of physical activity and health; the
Copenhagen School Child Intervention Study. The study has been described in details elsewhere [29]
and only measures pertinent to this study are described here. Data for this cross-sectional study is from

the follow-up measurement in 2008 (mean age 13.4 yrs + 0.3). Complete data for the clustered z-score
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and the inflammatory markers were available for 413 subjects. Since no difference in clustered z-score
was found between intervention and control group [29], data from the two groups were pooled for all
analyses.

Ethics

The Ethics Committee of Copenhagen approved the study. All subjects gave assent, and their parents or

guardians signed an informed consent.

Measurements

Tests were performed between 8:00 AM and 02:00 PM at the adolescent’s schools in the two
communities. Fitness tests were performed in a mobile unit, and all other tests were performed in a
gym or a classroom. Body mass was measured to the nearest 0.1 kg (Seca 882, Brooklyn, NY). Body
height was measured to the nearest 1 mm without shoes (Harpenden stadiometer, West Sussex, UK).
BMI was computed using body mass in kilograms divided by height in meters squared (BMI = kg/m?).
Skinfolds (biceps, triceps, subscapular and suprailiac) were measured in triplicate to the nearest mm
with caliper (Harpenden, West Sussex, UK) and the mean of 3 measurements was used for subsequent
analysis. The sum of four skinfolds (S4SF) was calculated and used as an estimate of body fatness [30].
Sexual maturation was assessed by self-report using a scale of pictures of breast and genital
development for girls and boys, respectively [31]. Blood pressure was measured with a Dinamap XL
vital signs BP monitor (Critikron, Tampa, FL) after the child had been at rest for 15 min. Five
measurements were made over 10 minutes, with the mean of the last 3 measurements being recorded.
Cardiorespiratory fitness (VO2peax) Was measured during a continuous, progressive, graded treadmill
run using the COSMED K4b? portable metabolic system (COSMED, Rome, IT). The adolescents were
instructed to run until exhaustion. Standard objective criteria were used to determine if the test was
performed satisfactory. The same experienced researcher performed all tests. For further details of the
VOypeak-test see [29].

Blood Sampling and Analyses
Blood samples were obtained between 7 and 10 AM after an overnight fast. Fasting compliance was
verbally verified by on-site researchers. Glucose was measured immediately after sampling (Hemocue,

Angelholm, Sweden). The rest of the samples were centrifuged; the plasma was aliquoted within 30
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minutes, kept at —20°C, and later stored at —80°C. The stored samples were analyzed at the Institute for
Inflammation Research, University Hospital of Copenhagen, Denmark. Insulin was analyzed
spectrophotometrically using an enzyme-linked immunosorbent assay (ELISA) (DAKO Insulin, code
no. K6219, Glostrup, Denmark). Blood lipids were analyzed on a Cobas Fara (Roche, Basel,
Switzerland) using spectrophotometry (ABX Diagnostics, Montpellier, France).

Inflammatory markers were analyzed with high-sensitivity immunoassays or multi-plex kits. For IL-6,
Quantikine High-Sensitivity ELISA with a detection limit of 0.5 pg'rmL—1 (R&D, Minneapolis, MN)
was used. For TNFa, Quantikine High-Sensitivity ELISA with a detection limit of 0.1 pg-mL™" (R&D,
Minneapolis, MN) was used. STNFR1 (the total amount of free receptor plus the total amount of
receptor bound to TNFa), IL-1Ra and adiponectin was measured on a Luminex 100 (Luminex
Corporation, Austin, TX, USA) using Invitrogen kits (Invitrogen Corporation, California, USA), with
detection limits of 15 pg-mL™, 30 pg:-mL™ and 0.058 ng-mL™ for sSTNFR1, IL-1Ra and adiponectin,
respectively. C-reactive protein was determined using particle-enhanced turbidimetric immunoassay:
Tina-quant CRP (latex) high-sensitivity assay (Cobas, Roche Diagnostics, Mannheim, Germany) with a

detection limit of 0.1 mg:L™". All essays were used according to the manufacturer’s instructions.

Data Management

Homeostasis model assessment (HOMA-IR) was computed as follows: HOMA = insulin (micro units
per milliliter) x glucose (millimoles per liter)/22.5 and was used as an estimate of insulin resistance
[32]. We constructed a continuous score representing a composite CVD risk factor profile (clustered z-
score) by summing standardized residuals (z-score) “by sex” of following six (non-transformed)
variables; the ratio of total cholesterol to high-density lipoprotein cholesterol (HDLc), triglyceride
(TG), HOMA-IR, systolic blood pressure, S4SF, and inverse of VOapeax (in milliliters per kilogram per
minute). The entire sample was divided using a median split by sex on fatness (S4SF) and
cardiorespiratory fitness (VOzpeak). The adolescents were subsequently divided into four groups, based
on these splits; high fitness/low fatness, high fitness/ high fatness, low fitness/low fatness, low

fitness/high fatness.

Statistical Analysis
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For descriptive purposes, mean and standard deviations were computed for all variables by
fitness/fatness groups. Since waist, sum of four skinfolds, the HOMA-IR, CRP, sTNFRL1, IL-1Ra,
TNFa and IL-6 had a skewed distribution, their values were transformed using the natural log.
Differences between fitness/fatness groups were analyzed in a general linear model adjusted for sex
and pubertal stage. Fitness-by-fatness interaction was tested, but where no interaction was found, the
interaction term was removed from the final model. If there was an interaction the adolescents were
stratified by either fatness or fitness groups. As the level of fatness and fitness differed between e.g. the
two low fat groups, post hoc analysis with linear regression models were made to analyze the
association between cardiorespiratory fitness (as a continuous variable) and key variables adjusting for
fatness (S4SF), sex and pubertal stage. Similarly, linear regression models were made to analyze the
association between S4SF (as a continuous variable) and key variables adjusted for cardiorespiratory
fitness, sex and pubertal stage.

Associations between the inflammatory markers and the clustered z-score were assessed using partial
correlations adjusting for sex and puberty for the entire cohort and stratified by median split for S4SF
by sex. Significant correlations were further explored by dividing the adolescents into quartiles of the
inflammatory marker (1 quartile lowest level and 4™ quartile highest level) for logistic regression
analyses. Odds ratios were calculated for having a clustered z-score above 1 SD based on level of the
inflammatory marker. Finally, the inter-correlations between all inflammatory markers were assessed
using simple correlations. Statistical significance was held at P <0.05. Analyses were conducted using
SPSS for Windows version 18.0.

Results

The general characteristics of the sample are presented by fitness/fatness groups in Table 1. After
adjusting for sex and pubertal status, the high-fitness group had lower BMI (only in the high fat group)
and S4SF, higher VOgpeak and systolic blood pressure, higher HDLc concentration and lower clustered
z-score, adiponectin and IL-6 levels than the low fitness group. Adolescents in the high fat group were
younger, had higher BMI, S4SF, systolic blood pressure, HOMA-IR, clustered z-score and CRP level,
but lower fitness, HDLc concentration and adiponectin level compared to the low fat group.

Post hoc analyses using linear regression were made to evaluate associations between variables and

VOypeak as a continuous variable, adjusted for S4SF, sex and pubertal status. VOypeac Was negatively
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correlated to clustered z-score (f = -0.387, P < 0.0001), adiponectin (8 = -0.251, P <0.0001) and IL-6
(8 =-0.151, P =0.029) and positively correlated to systolic blood pressure (f = 0.155, P = 0.024),
whereas no correlations were found between VOgpeac and BMI or HDLc levels.

Linear regression analysis between variables and S4SF (as a continuous variable), adjusted for VOzpeak,
sex and pubertal status, displayed significant negative correlations for age (5-coefficient = -0.129, P-
value = 0.043), HDLc (8 =-0.247, P < 0.0001) and adiponectin (5 = -0.348, P < 0.0001) and positive
correlations for BMI (5 = 0.786, P < 0.0001), systolic blood pressure (5 = 0.139, P = 0.028), HOMA-
IR (# =0.343, P <0.0001), clustered z-score (= 0.430, P > 0.0001) and CRP (5 = 0.400, P < 0.0001).
Partial correlations, adjusted for sex and pubertal status, between clustered z-score and the
inflammatory markers are presented in Table 2. Significant, but weak, correlations were found between
clustered z-score and circulating levels of adiponectin, CRP, IL-6 and TNFa. When analyzed in groups
based on median split of S4SF by sex, correlations between the clustered z-score and adiponectin and
CRP were only significant for adolescents with S4SF values in the upper half. This group also
exhibited a greater correlation coefficient for IL-6 and lower correlation coefficient for TNFa.
compared to adolescents with S4SF values in the lower half, but these differences were non-significant.
As shown in table 3, adolescents in the 1% quartile (the lowest levels) of adiponectin had greater risk of
having a clustered z-score above 1 SD compared to adolescents in the 4™ quartile (the highest levels of
adiponectin). Odds ratios for high clustered z-score were significantly higher for the 3 and 4™
quartiles of CRP and 1L-6 compared to the 1* quartile, whereas risk of having a clustered z-score above
1 SD was increased in all three upper quartiles of TNFa, when compared to the 1% quartile.

Table 4 shows the correlations between the inflammatory markers. The anti-inflammatory markers
adiponectin, STNFR1 and IL-1Ra were correlated, as were the pro-inflammatory markers CRP, I1L-6

and TNFa. Furthermore, adiponectin was inversely correlated to CRP.

Discussion

Even though manifest CVD does not occur before adulthood, the process of atherosclerosis for some
individuals starts in childhood and progresses throughout life [33]. In adults convincing evidence
suggest that low-grade inflammation has a fundamental role in all stages of the atherosclerotic process
[34]. How markers of low-grade inflammation relate to CVD risk in children and adolescents is,

however, not yet fully elucidated.
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We evaluated the associations between a clustered z-score and 6 different markers of low-grade
inflammation. The score correlated with circulating CRP, TNFa and IL-6 levels and correlated
inversely with adiponectin. No correlations were found for IL-1Ra and STNFR1. The risk of having a
clustered z-score above 1 SD was increased in adolescents within the highest quartiles of CRP, IL-6
and TNFa and within the lowest quartile of adiponectin.

In agreement with our finding, others have found a significant inverse correlation between clustered z-
score and adiponectin in 9-year old children [25], and others have reported that adiponectin predicted
the number of MetS features [20;22]. Adiponectin is also inversely correlated to the individual risk
factors in youth such as insulin resistance [19;21;35], lipid profile and blood pressure [36]. In adults,
adiponectin has been found negatively related to the development of both metabolic syndrome [37] and
CVD [38]. The protective mechanisms of adiponectin are not completely revealed;, however, in vitro
experiments have shown that adiponectin reduces the expression of adhesion molecules in endothelial
cells and suppresses proliferation and migration of smooth muscle cells into the intima-media.
Furthermore, animal models have shown that adiponectin ameliorates insulin resistance and increases
fatty acids oxidation (for review see [13]). Our results and the results of others suggest that these
insulin-sensitizing and anti-inflammatory properties of adiponectin might impact the overall risk profile
already at young ages. We found that adiponectin was negatively related to S4SF, replicating the
results of others [17;21;28]. Furthermore, we only found a significant correlation between adiponectin
and clustered z-score in the group with S4SF values above the median, which emphasizes that fatness
is important for the association. However, our results do not explain whether adiposity is the cause, a
mediator or a confounder in the mechanistic chain. Paradoxically, we also found that fitness was
negatively correlated to adiponectin after adjusting for fatness. The same was found in a study by
Nemet and colleagues [28], whereas Rubin and colleagues found a positive correlation [19].
Theoretically, a positive relationship between adiponektin and fitness makes most sense if one of the
ways exercise is being cardioprotective, is by improving the adipokine profile and adjusting for fatness

might be misleading (see below).

We found a correlation between level of CRP and the clustered z-score, which is in agreement with
previous studies in youth [15;18;26]. A new study found that carotid intima-media thickness was
related to the level of CRP in 7-year old children [39]. These results indicate that CRP is related to the
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early development of systemic complications and could be used as a marker for CVD risk detection in
youth. In adults, the level of CRP has been found to predict development of CVD [12;40]. In vitro and
in vivo studies have found that CRP induces endothelial cell activation and dysfunction [41;42],
impairs endothelial vasoreactivity [42] and is directly involved in insulin resistance [43]. However, a
recent study doing mendelian randomization analyses of four important CRP genes in almost 200.000
participants, found no indications of CRP per se as a causal factor in coronary heart disease [44].
Therefore, the precise role of CRP in the development of CVD risk factors in humans remains
unknown. In our study, CRP was positively correlated to fatness, which resembles findings from
several studies in youth [15-18;21;26;45]. Moreover, a significant correlation between CRP and the
clustered z-score was only found in the group with S4SF values above the median, and fatness seems to
be an important factor in the association. CRP was not significantly correlated to VOgpeax after
adjusting for S4SF. Other studies have found negative correlations between VOzpeac and CRP in youth
[26;27;45;46]. Two of these studies find, like we do, that the correlation was not significant after
adjusting for fatness [27;46]. However, this does not necessarily eliminate fitness as an important
factor, because fatness could be an intermediate between fitness and low-grade inflammation and

adjusting for fatness could therefore be misleading.

We found a significant correlation between circulating IL-6 levels and the clustered z-score, as opposed
to other studies [15;26]. However, in support of our results, one study did find an increasing level of
IL-6 with increasing number of MetS components present [20]. The discrepancy between these studies
illustrates the existing controversy regarding the effect of IL-6. On the one hand, IL-6 has consistently
been observed in patients with type 2 diabetes mellitus, and as a consequence has been related to
insulin resistance and/or impaired glucose disposal [11], but on the other hand administration of IL-6 to
healthy humans did not impair muscle glucose uptake or whole-body glucose disposal [47].
Furthermore, reports have suggested both pro- and anti-inflammatory effects of 1L-6 [11]. Therefore,
the cross-sectional relationship between IL-6 and clustered z-score in the present study should be
interpreted with caution and may not indicate causality.

In the present study IL-6 was negatively related to fitness, whereas previously studies in youth did not
find any relation [26;28]. The circulating level of IL-6 can be affected both chronically by release from

the adipose tissue in overweight, but also acutely by release from muscle cells during and after bouts of
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exercise [11]. As blood samples were taken first thing in the morning in our study, they were probably
not affected by any acute exercise bouts, but are more likely reflecting body fat, which is also strongly
correlated to cardiorespiratory fitness expressed in milliliters VO, per kilogram [48]. We did not find
any correlation between fatness and IL-6 in the present study.

We found a significant correlation between the clustered z-score and TNFa, which contradicts the
results of previous studies on youth which did not find any correlation [15;26]. TNFa was not
correlated to fatness. Furthermore, the correlation between the clustered z-score and TNFa was
strongest in the group with S4SF values below the median, but did not reach statistical significance in
either group. This indicates that the relationship between CVD risk and TNFa might be independent of
adiposity in youth. In adults, high systemic levels of TNFa is consistently found related to obesity,
insulin resistance and type 2 diabetes [49], but the specific role of TNFa in the development of CVD is
not completely revealed [5].

The binding of TNF to membrane-bound TNFRL1 triggers a series of intracellular events including
inflammatory responses [50]. STNFR1 is secreted in response to stimulation with TNFa as well as with
IL-1B, IL-6, and IL-8, and STNFR1 is therefore considered a marker of cytokine-induced inflammation.
STNFR1 binds TNFa, thereby preventing TNFa binding to cellular TNFR’s, thus reducing the
biological effects of TNF. TNFa is difficult to measure, partly because of the very low levels in
normal youth and partly because of its unstable nature. TNFa exerts greatest impact locally and is
metabolized quite fast. As the concentration of TNFa was measured in the blood, it might not reflect
the actual tissue level and this could cause discrepancies in results. In contrast, STNFR1 is considered a
more robust marker of cytokine induced inflammation, as TNFRI has a much longer half-life and is
present at higher concentrations in the blood compared to TNFa [8]. We did not find any correlation
between clustered z-score and STNFR1 in this cohort, however, which might imply that any
inflammation in these adolescents is still insufficient to induce an accompanying release of anti-
inflammatory mediators from leukocytes and other tissues. This is supported by the fact that we did not
find any correlation between clustered z-score and the anti-inflammatory protein IL-1Ra. Furthermore,
the anti-inflammatory mediators were inter-correlated, as were the pro-inflammatory mediators,
whereas the only correlation between pro- and anti-inflammatory mediators was an inverse correlation
between adiponectin and CRP. Our finding is of potential interest, since release of STNFR1 and IL-1Ra

is usually accompanying elevation in pro- inflammatory cytokines both in children and adults with
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inflammatory diseases (e.g. [51;52]). It may therefore be speculated that cytokine release from fat-
tissue, as opposed to cytokine release during leukocyte activation, is insufficiently counter-balanced by
anti-inflammatory molecules with a risk of continuous low-grade inflammation, which could ultimately
result in CVD.

The strength of the present study is the simultaneous measurement of a number of inflammatory
markers, the traditional CVD risk factors, fatness and the direct measurement of VOgpeax in @ normal
adolescent population. The study has some weaknesses, however; first, the cross-sectional nature of the
study does not allow any explanations of causality. Longitudinal studies on the development of
clustered CVD risk and inflammatory markers in youth are warranted, in order to determine the
timeline in development of fatness, low-grade inflammation and CVD risk factors. Secondly, the study
population contained a low number of overweight and obese individuals and the general level of CVD
risk factors is low (Table 1). It is possible that stronger associations between clustered z-scores and
inflammatory markers would have been found in a population containing a larger number of
overweight individuals and individuals with a higher level in CVD risk factors. However, we have
earlier reported that in this cohort ~14% of the children had an impaired risk profile at age 9 years [24],

which suggest that the processes leading to an impaired risk profile begin at an early age.

Conclusion

The complex mechanisms leading to impaired metabolism and the possible roles of the inflammatory
markers are still under investigation. Our results showed a significant correlation between the clustered
z-score and circulating levels of CRP, TNFa and IL-6, and an inverse correlation with adiponectin,
whereas no correlations were found for IL-1Ra and STNFR1. The results for CRP and adiponectin
resemble results from previous studies, whereas the correlations between IL-6, TNFa and the clustered
z-score contrast with the findings of others. For CRP, adiponectin and IL-6 the correlations to clustered
z-score were strongest in the fattest half of the adolescents, whereas the opposite was found for TNFa.
However, it should be emphasized, that this may not reflect causality, as fatness theoretically could be
the cause, a mediator or a confounder in the association between CVD risk and low grade
inflammation.

This is the first study to examine the relation between clustered z-score and the anti-inflammatory
markers IL-1Ra and STNFR1 in youth, and interestingly, in contrast to a number of inflammatory
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diseases, up-regulation of pro-inflammatory signals were not accompanied by an increase in these anti-
inflammatory molecules.

VOzpeax Was negatively correlated to clustered z-score, adiponectin and IL-6 levels. S4SF was
positively correlated to clustered z-score and CRP levels and negatively to adiponectin levels, which
implies that life style modifications that alters fitness level and body composition can positively
influence the level of markers of low grade inflammation and maybe, thereby, the metabolic risk

profile in adolescents.
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Table 1. Mean and SD for key variables in groups based on median split for fatness and fitness. P values for differences between fitness group (adjusted for fatness) and fatness groups

(adjusted for fitness).

Variables HiFi/LoFa (n=150) HiFi/HiFa (n=55) LoFi/LoFa (n=56) LoFi/HiFa (n=152) P value fitness P value S4SF
Age (years) 13.38(0.34) 13.28 (0.32) 13.41 (0.30) 13.34 (0.35) ns 0.022
BMI (kgm-?) 17.65 (1.54) 19.58 (1.77) 17.78 (1.82) 21.16 (2.66) 0.001* <0.0001
Sum of 4 skinfolds (mm) 23.10 (4.63) 40.62 (11.05) 25.12 (5.34) 48.53 (17.80) <0.0001 <0.0001
VOpeak (Ml'kg™min™) 55.93 (6.43) 53.34 (5.72) 44.58 (4.98) 42.56 (5.40) <0.0001 <0.0001
Sysolic blood pressure (MMHG) 110.70 (8.23) 111.76 (9.24) 106.54 (7.23) 111.00 (8.86) 0.005 0.006
Insulin resistance (HOMA-IR) 2.36 (1.16) 2.84 (1.53) 2.68 (1.69) 3.12 (1.47) ns <0.0001
Total cholesterol (mmol-L™) 4.13 (0.66) 4.14 (0.80 4.16 (0.73) 4.11 (0.65) ns ns
HDL cholesterol (mmol-L™) 1.54 (0.32) 1.42 (0.32) 1.45 (0.29) 1.37 (0.30) 0.035 0.019
Triglycerides (mmol-L™) 0.76 (0.42) 0.78 (0.38) 0.77 (0.27) 0.82 (0.39) ns ns
Clustered Z-scores -2.17 (2.30) 0.032 (2.89) -0.57 (2.18) 2.33(3.51) <0.0001 <0.0001
Adiponectin (ugmL™) 12.88 (7.69) 9.81 (7.16) 14.54 (8.16) 12.08 (7.70) 0.066 0.002
CRP (mgL™?) 0.45 (0.67) 0.60 (0.67) 0.47 (0.76) 0.87 (1.39) ns < 0.0001
IL-6 (pgmL %) 0.52 (0.47) 0.60 (0.54) 0.92 (2.05) 0.68 (0.49) 0.005 ns
IL-1Ra (ngmL ™) 2.92 (10.13) 2.62 (7.09) 2.05 (3.32) 2.65 (7.69) ns ns
TNFa (pgmL %) 0.59 (0.41) 0.55 (0.32) 0.62 (0.70) 0.66 (0.63) ns ns
STNFR1 (pgmL %) 1.20 (2.60) 0.94 (0.37) 1.03 (0.64) 1.02 (0.45) ns ns

All analyses adjusted for sex and pubertal stage.

HiFI: High fitness group, LoFat: Low fatness group, HiFa: High fatness groups, LoFi: Low fitness group (all based on median split for cardiorespiratory fitness and sum of 4 skin folds,
respectively)

BMI: body mass index, HDL: high density lipoprotein, CRP: C-reactive protein, IL-6: interleukin-6, IL-1Ra: interleukin-1 receptor antagonist, TNFa: tumor necrosis factor alpha,
STNFRL1: soluble TNF receptor-1

ns: non significant

*Interaction between fit*fat groups (P = 0.003). Significant difference between low and high fit groups only in high fat group (P = 0.001).



Table 2. Pearson correlations between clustered z-score and the inflammatory markers.

All Below median for S4SF Above median for S4SF
r p r p r p

Adiponectin -0.145 0.003 -0.052 0.464 -0.139 0.048
CRP 0.247 <0.0001 -0.030 0.671 0.296 <0.0001
IL-6 0.151 0.002 0.091 0.197 0.124 0.079
IL-1Ra 0.008 0.870 0.015 0.838 0.020 0.774
TNFa 0.101 0.042 0.116 0.101 0.053 0.457
STNFR1 0.038 0.450 0.061 0.386 0.005 0.943

All analysis adjusted for sex and pubertal status. r- and P-values for the whole group and for groups based on median split

for SASF.

S4SF: sum of 4 skinfolds, CRP: C-reactive protein, IL-6: interleukin-6, IL-1Ra: interleukin-1 receptor antagonist, TNFa:

tumor necrosis factor alpha, STNFR1: soluble TNF receptor-1
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Table 3. Risk of high clustered z-score (above 1SD) based on level of the inflammatory marker. Only markers showing a

significant association to clustered z-score are included.

Odds ratio 95% Confidence Interval p-value
Adiponectin
1* quartile 2.612 1.388-4.915 0.003
2" quartile 1.178 0.603-2.303 0.632
3" quartile 1.825 0.962-3.463 0.066
4" quartile 1
CRP
1* quartile 1
2" quartile 1.065 0.536-2.118 0.857
3" quartile 2.199 1.148-4.215 0.018
4" quartile 3.233 1.755-5.958 <0.0001
IL-6
1* quartile 1
2" quartile 1.938 0.987-3.805 0.055
3" quartile 2.082 1.075-4032 0.030
4" quartile 2.809 1.462-5.399 0.002
TNFa
1* quartile 1
2" quartile 1.987 1.027-3.841 0.041
3" quartile 2.376 1.236-4.567 0.009
4" quartile 2.478 1.279-4.804 0.007

Odds ratios for having a clustered z-score above 1 standard deviation (SD) according level of the inflammatory marker

(quartiles) adjusted for sex and pubertal status. The lowest quartile was set as reference, except for adiponectin where

highest quartile was used as reference.

CRP: C-reactive protein, IL-6: interleukin-6, TNFa: tumor necrosis factor alpha,
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Table 4. Pearson correlations between the inflammatory markers.

r-values (P-values)

Adiponectin CRP IL-6 TNFo IL-1Ra STNFR1
Adiponecti
n 1
CRP -0.139 (P = 0.005) 1
IL-6 0.069 (P = 0.160) 0.409 (P < 0.0001) 1
TNFa -0.017 (P =0.734) 0.138 (P = 0.005) 0.132 (P =0.007) 1
IL-1Ra 0.191 (P < 0.0001) 0.022 (P = 0.656) -0.014 (P = 0.782) 0.076 (P = 0.124) 1
STNFR1 0.167 (P = 0.001) 0.052 (P = 0.295) -0.020 (P = 0.683) 0.075 (P = 0.128) 0.524 (P < 0.0001) 1

CRP: C-reactive protein, IL-6: interleukin-6, IL-1Ra: interleukin-1 receptor antagonist, TNFa: tumor necrosis factor alpha, STNFR1: soluble TNF receptor-1
Significant findings are marked with bold
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The purpose of this study was to determine whether levels of interleukin-6 (IL-6) in childhood are related to insulin resistance in
adolescence. Further, to explore how fatness and cardiorespiratory fitness (VO,pe.x) moderate this relationship. Methods. 292 nine-
year-old children (n = 292) were followed for 4 years. Anthropometrics and VO, Were measured. Fasting blood samples were
analyzed for IL-6, insulin, and glucose. Homeostasis model assessment (HOMA-IR) was used as a measure of insulin resistance.
Results. For girls but not boys, levels of IL-6 at age 9yrs correlated with HOMA-IR at age 13yrs: r = 0.223, P = 0.008. Girls
with IL-6 levels within the highest quartile at age 9 yrs had an odds ratio of 3.68 (CI = 1.58-8.57) being in the highest quartile of
HOMA-IR four years later. Conclusion. In this cohort, IL-6 levels in childhood were related to insulin resistance in adolescence,

but only for girls.

1. Background

It is well established that increased levels of fatness are asso-
ciated with low-grade inflammation in adults [1, 2], as well
as in children [3]. Low-grade inflammation has been pro-
posed as a mechanism linking obesity with systemic compli-
cations such as insulin resistance and type 2 diabetes [4, 5].
Among the inflammatory markers, IL-6 has emerged as
one of the potential mediators between obesity and insulin
resistance/diabetes [6-8]. However, reports have suggested
both pro- and anti-inflammatory effects of IL-6 [9, 10]. IL-6
is a cytokine produced in various tissues including adipose
tissue, muscle tissue, and immune cells. Resting, circulating
levels of IL-6 have been found positively related to fatness
[7, 11] and negatively related to the level of fitness and
physical activity [12].

The cross-sectional relationship between IL-6 and insulin
resistance in youth has been investigated, but no relationship
has been found [13-16]. One longitudinal study, investigated
the effect of a weight loss program on inflammatory markers
in obese children [17]. They found a weak but significant
correlation between change scores of IL-6 and HOMA-IR
over one year. To our knowledge, no studies have investigated
the longitudinal relation between IL-6 and HOMA over
thecourse of childhood and early adolescence in a normal
pediatric population. Therefore, the aim of the present study
was to evaluate associations between IL-6 and HOMA-IR in a
longitudinal design, following children through early adoles-
cence. Furthermore, we aimed at exploring whether fatness
or VOspek moderate these relationships. We hypothesized
that in a normal pediatric population (1) a high level of IL-6
in childhood is, not was related to an elevated HOMA-IR in



adolescence and (2) a high level of IL-6 in childhood tracks
into adolescence.

2. Methods

2.1. Participants. All children in kindergarten classes (6-7
years of age) from 2 suburbs of Copenhagen, Denmark, were
invited to participate in a 3-year, controlled intervention
study of physical activity and health: the Copenhagen School
Child Intervention Study. Data were collected at baseline,
following the intervention, and 4 years after the intervention.
The study has been described in details elsewhere [18, 19].
Data used in this paper is from the postintervention
measurement in 2003/2004 (age 9yrs) and the follow-up
measurement in 2008 (age 13 yrs). Complete data on IL-6
from both assessments were available for 292 subjects. Since
no differences between IL-6 levels in the intervention and
control group were found, data from the two groups were
pooled for all analyses.

2.2. Ethics. The ethical committee of Copenhagen approved
the study. Written informed consent was obtained from the
parents/guardians.

2.3. Measurements. Tests were performed at all 18 schools
in the two communities. Fitness test was performed in a
mobile unit, and all other tests were performed in a gym
or a classroom between 8:00 AM and 02:00 PM. Fasting
blood samples were collected before 10 AM. Body mass was
measured to the nearest 0.1kg (Seca 882, Brooklyn, NY).
Body height was measured to the nearest 1 mm in bare feet
(Harpenden stadiometer, West Sussex, UK). Body mass index
(BMI) was calculated as weight multiplied by height squared.
Skinfolds (biceps, triceps, subscapular and suprailiac) were
measured to the nearest mm with caliper (Harpenden, West
Sussex, UK) according to criteria presented by De Lorenzo
and coworkers [20]. The mean of 3 measurements was used
for subsequent analysis. The sum of four skinfolds (S4SF)
was calculated and used as an estimate of body fatness [21].
Waist circumference was measured at the end of a nor-
mal expiration, midway between the lower rib margin and
the anterior iliac crest. Sexual maturation was assessed by
self-report using a scale of pictures of breast and genital
development for girls and boys, respectively [22]. 5 boys
and one girl were unwilling to have their sexual maturation
assessed.

Blood samples were collected in the morning after a
minimum of 8 hours verified fasting. Children did not
have their blood drawn if they suffered from any infectious
disease or had fever. Samples were immediately analyzed for
glucose (Hemocue, Sweden). The rest of the samples were
centrifuged, and the plasma was initially frozen at —20°C
and then stored at —80°C the same day. Insulin was analyzed
using an enzyme-linked immunosorbent assay (DAKO
Insulin, Code no. K6219; DAKO, Glostrup, Denmark).
Homeostasis model assessment (HOMA-IR) was used as an
estimate of insulin resistance [23]: ([glucose (mmol-L™!) x
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insulin (mU-L71)]/22.5). IL-6 was analyzed with high-
sensitivity immunoassays (Quantikine High-Sensitivity EL-
ISA) with a detection limit of 0.5 pg-mL~! (R&D, Minneapo-
lis, MN). Cardiorespiratory fitness (VO3peak) Was measured
during a progressive treadmill running test until exhaustion.
VOjpeak was measured using an AMIS 2001 Cardiopul-
monary Function Test System (Innovision, DK 5260 Odense)
at age 9 yrs and using the COSMED K4b? portable metabolic
system (COSMED, Rome, IT) at age 13yrs. Both systems
have been found to give reliable measures of VO, uptake,
when validated against the Douglas bag method [24, 25]. For
a test to be valid, at least one of three objective physiological
criteria should be fulfilled; heart rate higher than 200
beats/min, respiratory exchange ratio equal to or higher than
1.00, or a plateau of VO, defined as an increase of less than
2.1mL-min~!-kg™! [26]. Moreover, the test leader should
subjectively consider the child exhausted. If a child ran to
exhaustion, but did not attain a valid measurement only
because of equipment failure, we estimated VOjpeqc from
running time to exhaustion and sex in a regression equation
using all the valid measurements, as earlier reported [19].
Approximately 10% of children had their VO,pc,i calculated.

2.4. Data Analysis. Means and standard deviations for all
variables were computed by sex for descriptive purposes.
BMI, waist circumference, S4SF, HOMA-IR, and IL-6 were
positively skewed and therefore transformed (natural log) for
the analyses. Independent samples t-tests were used to test
for differences between sexes.

Pearson correlations were used for longitudinal bivariate
associations between IL-6 at age 9 yrs and HOMA-IR at
age 13 yrs, adjusting for HOMA-IR at age 9yrs. Then, in a
stepwise fashion the correlation were adjusted for (1) S4SF
(2) fitness, and (3) both S4SF and fitness at age 13 yrs.
Subsequently, children were divided into groups based on
their maturation (Tanner stages 1-3 and 4-5), and the
correlations were performed stratified for this variable. To
further explore the data, logistic regression was performed.
The children were divided into sex-specific quartiles of
HOMA-IR and IL-6 for the logistic regression. Odds ratios
were calculated for being in the upper quartiles of IL-6
and HOMA-IR at age 13yrs, based on being in the upper
quartile of IL-6 at age 9yrs, compared to the three lower
quartiles. The analyses of HOMA were adjusted for HOMA
at age 9 yrs to account for any differences already present
at baseline. Finally, cross-sectional correlations between IL-
6 and HOMA-IR both at age 9yrs and at age 13 yrs were
assessed and adjusted for (1) S4SE, (2) fitness, and (3) S4SF
and fitness. All analyses were performed using the statistical
package for the social sciences version 15 (SPSS, Chicago, IL).

3. Results

The general characteristics of the samples at the age of 9 and
13 yrs are presented by sex in Table 1. Generally, boys were
slightly older and taller than girls and had a greater waist
circumference (P < 0.05). Boys had a greater aerobic fitness
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TasLE 1: Characteristics of participants by sex and age: mean and standard deviation.

Variables Boys Girls

9 years 13 years 9 years 13 years
Age (years) 9.6 (0.4) 13.4 (0.3) 9.5(0.3) 13.3(0.3)
Height (cm)* 140.6 (5.7) 164.9 (8.0) 138.8 (6.8) 162.2 (6.8)
Weight (kg) 33.7 (6.0) 51.7 (10.0) 32.7 (6.1) 50.5 (8.5)
BMI (kg-m~2) 17.0 (2.2) 18.9 (2.7) 16.9 (2.2) 19.2 (2.6)
Normal weight/overweight/obese (%) 88.1/9.9/2.0 88.7/9.3/2.0 87.2/12.1/0.7 90.7/9.3/0.0
Waist circumference (cm)* 62.1 (6.3) 68.3 (7.0) 60.6 (6.2) 65.7 (5.4)
Sum of four skinfolds (mm)* 27.5(12.5) 31.2(17.8) 33.8 (15.8) 37.4 (15.6)
Tanner stages (1-5) 1.1 (0.2) 3.4(0.8) 1.4 (0.6) 3.8 (0.8)
Aerobic fitness (mL-kg™!-min~1)* 53.4 (6.8) 53.0 (7.9) 47.6 (5.9) 45.7 (7.2)
IL-6 (pg-mL~1) 0.8 (1.0) 0.6 (0.5) 1.1(1.3) 0.8(1.4)
HOMA score* 1.2 (0.6) 2.5 (1.4) 1.3 (0.7) 2.9 (1.5)

P < 0.05, girls versus boys.

TABLE 2: Pearson correlations between IL-6 at age 9 yrs and IL-6 and HOMA-IR at age 13 yrs, (1) unadjusted, (2) adjusted for sum of 4
skinfolds (S4SF), (3) VOypeak (mL/kg), and (4) both S4SF and VO, at age 13 yrs.

Risk factors age 13 yrs

IL-6 age 9 yrs

Unadjusted Adjusted for S4SF Adjusted for VOspeak Adjusted for S4SF & VO,peak
1L-6
Boys 0.130 0.138 0.136 0.133
Girls 0.360* 0.349* 0.402* 0.388*
HOMA-IR?
Boys 0.053 0.065 0.044 0.055
Girls 0.223* 0.199* 0.223* 0.211*

* P value < 0.04. Significant correlations in bold face.
2 adjusted for HOMA age 9 yrs.

TaBLE 3: Pearson correlations between IL-6 at age 9 yrs and IL-6 and
HOMA-IR at age 13 yrs in groups based on sexual maturation and
adjusted for HOMA age 9 yrs.

TaBLE 4: Risk of high IL-6 and HOMA-IR level in adolescence based
on IL-6 level in childhood.

95% confidence

n r Odds ratio Interval P value
Boys Tanner stages 1-3 83 0.006 IL-6 at age 13
Tanner stages 4-5 63 0.107 Boys 0.90 0.38-2.12 0.81
Girls Tanner stages 1-3 41 0.2861 Girls 2.55 1.12-5.80 0.03
Tanner stages 4-5 99 0.218* HOMA-IR at age 13°
Significant correlations in bold face. *P value = 0.031. TP value = 0.077, Boys 0.93 0.39-2.22 0.87
borderline significant. Girls 3.68 1.58-8.57 0.003

and lower S4SF (both P < 0.001), as well as lower HOMA-
IR (P < 0.02), compared to girls. At ages 9 and 13 yrs, the
girls were on average ~0.4 Tanner stages ahead of the boys
(P < 0.001).

Relationships between circulating IL-6 levels at age 9 yrs
and IL-6 and HOMA-IR at age 13yrs are presented in
Table 2. A significant correlation was found between levels
of IL-6 at age 9 yrs and at age 13 yrs for the girls, but not for
the boys. Furthermore, the girls also displayed correlations
between IL-6 levels at age 9yrs and HOMA-IR four years
later. These correlations were weakened after adjusting for
fatness, and fitness and fatness combined at age 13yrs.

Odds ratios for being in the highest quartile of CVD risk factors age 13 yrs
according to being in the upper quartile of IL-6 at age 9 yrs. Significant odds
ratios are presented in bold.

2: adjusted for HOMA at age 9 yrs.

Table 3 shows these correlations stratified by Tanner stages.
Only the most mature girls (Tanner stages 4-5) displayed a
significant correlation between IL-6 levels at age 9yrs and
HOMA-IR at age 13 yrs.

Logistic regression was performed to assess the risk
of ending up in the highest quartile of HOMA-IR at age
13 yrs after having had systemic IL-6 levels within the upper
quartile at age 9 yrs. The results are presented in Table 4. Girls



with IL-6 levels within the upper quartile at age 9 yrs had an
odds ratio of 2.55 for having IL-6 levels within the upper
quartile at age 13yrs and an odds ratio of 3.86 for being
in the upper quartile of HOMA-IR, compared with the rest
of the girls. There were no other significant increased risks
(P > 0.05).

There were no significant cross-sectional correlations
between IL-6 levels and HOMA-IR at age 9 yrs or at age
13yrs, irrespective of adjustment for fatness and fitness.
HOMA age 9yrs was correlated with HOMA age 13 yrs for
girls (r = 0.242, P = 0.004), but not for boys (r = 0.143,
P =0.083).

4. Discussion

To our knowledge this is the first study to examine the
longitudinal relation between IL-6 and HOMA-IR in a
normal pediatric population. A correlation was observed
between circulating IL-6 levels at age 9 yrs and HOMA-IR
at age 13yrs for girls, but not for boys. In support of a
longitudinal relationship between IL-6 and HOMA-IR, Roth
and colleagues found a weak but significant correlation
between change scores of IL-6 and HOMA-IR over one year
in an intervention study on obese children [17]. This result,
together with our finding in girls, could suggest a role of
IL-6 in the longitudinal development of insulin resistance.
However, we did not find any correlations between IL-6 and
HOMA-IR in the cross-sectional analyses, in accordance
with findings of other cross-sectional studies on IL-6 and
insulin level or HOMA-IR in youth [13-15, 27].

The specific role of IL-6 in the pathogenesis of insulin
resistance is still controversial. It has been shown that IL-6
suppresses the production of TNF-«, a cytokine involved
in the pathogenesis of insulin resistance and CVD [10].
Concomitantly, TNF-« causes IL-6 production and release
of IL-6 to the circulation [9]. Therefore, hypothetically it
is possible that TNF-« actually induces impaired glucose
metabolism, while high systemic levels of IL-6 reflect a high
local production of TNF-« and are not directly involved in
the pathogenesis of insulin resistance [9]. Unfortunately, we
were not able to include other measures of low-grade inflam-
mation, for example, TNF-a, TNF-modifying mediators, or
CRP in this study, which makes it impossible for us to make
any interpretations regarding the mechanisms by which low-
grade inflammation influence the development of insulin
resistance. Our findings should therefore just be interpreted
as descriptive.

Body fat is related to HOMA-score [28], as well as to
systemic IL-6 levels in some studies of pediatric populations
[16,29-31], but not all [14, 17, 27, 32]. Fatness could
therefore potentially influence the relation between IL-6 and
HOMA-IR. Adjusting for S4SF at age 13 yrs weakened the
correlation found in girls between IL-6 at age 9yrs and
HOMA-IR at age 13yrs in this study, but systemic IL-6
levels remained as an independent predictor of high HOMA-
IR at age 13yrs. A study by Tam and colleagues found no
significant differences in IL-6 level between normal weight
and overweight/obese groups at age 8 yrs, but when followed
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up at age 15 yrs, overweight/obese girls had significantly
higher levels of IL-6, compared to normal-weight girls. No
differences were seen for boys [33]. This study supports our
finding of a sex difference in relation to IL-6, which has also
been found in studies on adult populations [34, 35]. Fur-
thermore, their results, together with our results, suggest that
in girls elevated IL-6 production develops over a prolonged
period of time and is, possibly, influenced by sexual matu-
ration or estrogens. The girls in our study were on average
0.4 tanner stages ahead of the boys at the same age (Table 1),
which may account for some of the sex differences we found
in the relations between IL-6 and HOMA-IR. When the girls
in our study were split into groups of maturation stages
(Tanner stages 1-3 and Tanner stages 4-5), only the mature
girls displayed a significant correlation between IL-6 and
HOMA-IR (Table 3). However, this difference in significant
findings between sexual maturation groups was probably
caused by a lack of power due to the small sample size in the
less mature group. Actually, the correlation coefficient in the
less mature group was higher compared to the more mature.

In the present study, adjustment for VOjpea did not
alter the correlations between IL-6 and HOMA-IR. Likewise,
Rubin et al. did not find any effect of adjusting for maximal
aerobic power in the association between HOMA-IR and
IL-6 [13]. Other studies have investigated the relationship
between IL-6 and fitness in youth and did not find any
correlation [15, 16].

The main strength of the present study is the longitudinal
design with a four-year period between the two measure-
ments. To our knowledge, no other researchers have followed
children for this length of time. One limitation of this study
is the low number of overweight and obese individuals
in the study population and low mean values for both
HOMA-IR and IL-6 levels (Table 1). However, we have earlier
reported that in this cohort ~14% of the children had an
adverse CVD risk profile at age 9 yrs [36]. Also, we did
not include other inflammatory markers, for example, TNF-
a and TNF-modifying mediators in this study, thus we
cannot exclude that some confounders related to both IL-
6 and insulin resistance are affecting the associations we
investigated. Therefore, no conclusions regarding the mech-
anisms by which low-grade inflammation affect insulin
resistance can be drawn. Future studies could therefore focus
on other inflammatory markers more closely related to the
pathogenic processes in youth, for example, CRP and TNF-a.
Furthermore, a more diverse population including a higher
number of overweight and obese children and more children
with adverse health outcomes could strengthen the scientific
impact of the results. Also the genetic aspects in the relation
between low-grade inflammation and the pathogenesis of
insulin resistance should be investigated in future studies.
Finally, we did not control for exercise immediately prior
to blood sampling. However, blood sampling was done
early in the morning, and it was not likely that any of
the children had performed prolonged exercise prior to
sampling. Furthermore, although we excluded children with
any signs of infections or fever, undetected subclinical
infection could have caused an increase in IL-6 levels in
some children. We did, however, try to run all analyses



Experimental Diabetes Research

omitting outliers and that did not change our results sub-
stantially.

In conclusion, the results of this study show that IL-6
levels in childhood track into adolescence, especially for girls.
Further, IL-6 levels in childhood are related to HOMA-IR
four years later for girls, but not for boys. These relationships
remained significant after adjusting for fatness and fitness.
We did not find any cross-sectional association between IL-6
and HOMA-IR at either age 9 or age 13 yrs, suggesting that
in these age groups the level of IL-6 is not directly related to
HOMA-IR.
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Appendix: Intervention effects on subgroups
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Table 1. Subgroup based on sum of four skinfolds (at or above 1 SD) at baseline. Change-scores

(mean & SD) and adjusted differences between IG and CG.

At or above 90" percentile for waist at baseline

Change baseline to post-intervention

Change baseline to follow-up

Gro Adjusted difference Adjusted difference

Variables up n Change-scores (SD) (95% ClI) P-value | n Change-scores (SD) (95% ClI) P-value
IG |29 2.45 (0.29) 15 4.94 (0.63)

BMI (kg/m?) * CG | 29 1.70 (0.29) 0.75(-0.08 - 1.57)  0.075 | 17 4.13 (0.60) 0.81(-0.92 - 2.55)  0.347
IG 29 0.18 (0.15) 15 -0.51 (0.18)

zBMI for age CG | 29 -0.31 (0.15) 0.50 (0.07-0.93) 0.025 | 17 -0.22 (0.17) -0.29 (-0.80-0.22)  0.247
IG 29 6.18 (0.44) 15 18.63 (5.04)

Sum of 4 skinfolds (mm) CG | 29 4.86 (0.53) 1.32(-0.03-2.68) 0.055 | 17 15.14 (4.78) 3.50(-10.49-17.48) 0.613
IG 29 9.9 (1.32) 15 12.84 (2.32)

Waist (cm) CG | 29 8.5 (1.33) 145(-2.29-520) 0441 | 17 13.22 (2.21) -0.38 (-6.84—6-07)  0.904
IG 16 -19 (62) 7 -230 (75)

Mean PA (counts/min) CG | 19 -63 (57) 44 (-131- 219) 0.611 | 12 -298 (59) 68 (-133 — 269) 0.482

MVPA (min/day above  IG | 16 14.9 (10.1) 7 -36.4 (17.6)

1500 counts/min) * CG | 19 -13.3 (9.23) 28.2(-0.32-56.7) 0.052 | 12 -48.7 (13.9) 12.3(-34.7-59.2)  0.586

Cardiorespiratory fitness  1G 27 -0.29 (5.93) 13 0.51(2.13)

(VOspea) (M kg min?)  CG | 26 -1.06 (6.88) 0.0.77 (-2.35-3.89) 0.623 | 14 -0.16 (2.05) 0.67 (-5.37-6.71)  0.821

Systolic Blood Pressure  IG 28 8.71 (1.45) 14 7.78 (2.63)

(mmHG) CG | 29 8.02 (1.92) 0.70 (-4.80- 6.20) 0.801 | 18 10.27 (2.38) -2.49 (-9.66-4.68)  0.483

Insulin resistance IG 15 0.61 (0.29) 10 3.84 (0.96)

(HOMA-IR) CG | 14 0.90 (0.30) -0.29 (-1.16-0.57) 0493 | 10 2.82(0.97) 1.01(-1.92-3.94) 0474
IG 15 -0.27 (0.18) 10 0.080 (0.24)

Cholesterol/HDL-ratio CG | 14 -0.38 (0.18) 0.11(-0.42-0.63) 0.678 | 10 0.32 (0.24) -0.24 (-0.98-0.49)  0.495
IG 15 -0.10 (0.33) 10 0.22 (0.07)

Triglyceride mmol/Il CG | 14 0.029 (0.30) -0.13(-0.38-0.11)  0.274 | 10 0.21 (0.07) 0.011 (-0.20-0.22) 0.913
IG 14 2.70 (1.47) 8 9.62 (2.19)

Sum of Z-scores CG | 13 3.32(1.52) -0.66 (-5.03-3.71)  0.758 8 7.25(2.19) 2.37(-450-9.23) 0.467

Change-scores from baseline to post-intervention and from baseline to follow-up presented by group (mean and standard deviations (SD)). The

adjusted difference between groups in change-scores is the net effect of the intervention; intervention group change-scores minus control group

change-scores adjusted for sex and maturation (mean and 95% confidence intervals (Cl)). Significant and borderline significant differences between

intervention and control group change-scores are marked with bold and italic.

*: Becomes significant when using M;cCarthy cutpoints
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Table 2. Subgroup based on fitness (at or below -1 SD) at baseline. Change-scores (mean & SD) and

adjusted differences between IG and CG.

Change baseline to follow-up

Below 90™ percentile for waist at baseline

At or above 90™ percentile for waist at baseline

Gr
ou Adjusted difference Adjusted difference

Variables p n Change-scores (SD) (95% ClI) P-value | n Change-scores (SD) (95% ClI) P-value
IG | 47 1.80 (0.19) 32 4.47 (0.33)

BMI (kg/m?) CG| 35 1.48 (0.22) 0.32(-0.26 —-0.90) 0.278 | 19 2.91(0.43) 1.56 (0.50 -2.65) 0.006
IG | 47 0.23 (0.09) 32 -0.21 (0.10)

zBMI for age CG| 35 -0.20 (0.11) 0.43(0.14-0.71) 0.004 | 19 -0.37 (0.14) 0.16 (-0.18-0.50)  0.352
IG |47 11.79 (1.76) 32 14.49 (2.63)

Sum of 4 skinfolds (mm)  CG| 35 10.23 (2.03) 157 (-3.78-6.91) 0561 | 19 6.16 (3.48) 8.33(-0.41-17.08) 0.061
IG | 48 8.71(0.85) 32 13.95 (1.22)

Waist (cm) CG| 33 7.50 (1.02) 1.21 (-1.43) 0.364 | 19 10.62 (1.62) 3.33(-0.74-7.39) 0.106
IG | 27 -127 (44) 14 -213 (52)

Mean PA (counts/min) CG| 18 -44 (55) -82 (-228 -63) 0.260 9 -153 (65) -59 (-235 - 118) 0.494

MVPA (min/day above 1500 IG | 27 -5.91 (6.12) 14 -25.49 (7.00)

counts/min)Y CG| 18 -3.94 (754)  -1.97(-22.12-18.19) 0845 | 9 -28.93 (8.89) 3.44 (-20.53-27.41) 0.767

Cardiorespiratory fitness IG | 47 5.64 (0.87) 29 7.40 (1.52)

(VOzpea) (M1 kg™ min™) CG| 33 7.00 (1.04) -1.37(-405-132) 0314 | 18 6.14 (2.00) 1.26 (-3.84-6.36) 0.620

Systolic Blood Pressure IG | 48 6.53 (1.39) 31 10.85 (1.57)

(MMHG) CG| 35 7.44 (1.63) -0.914 (-5.18-3.35) 0.671 | 19 13.07 (1.98) -2.22(-7.29-2.85) 0.383

Insulin resistance (HOMA- IG | 33 0.49 (0.16) 25 2.35(0.32)

IR) CG| 15 0.45 (0.24) 0.045 (-0.54-0.63) 0.878 | 10 0.62 (0.53) 1.73(0.53-2.94)  0.006
IG | 35 -0.39 (0.11) 25 -0.045 (0.16)

Cholesterol/HDL-ratio CG| 15 0.44 (0.17) 0.057 (-0.35-0.47) 0.783 | 10 -0.20 (0.26) 0.157 (-0.44-0.76)  0.597
IG | 35 -0.032 25 0.167 (0.063)

Triglyceride mmol/l CG| 15 0.077 -0.032 (-0.22-0.15) 0.722 10 0.149 (0.104) 0.018 (-0.22-0.26) 0.877
IG | 32 1.21(0.81) 22 5.88 (1.25)

Sum of Z-scores CG| 15 0.71 (1.23) 0.50 (-2.48-3.48)  0.737 9 2.73 (2.05) 3.15(-1.65-7.95) 0.189

Change-scores from baseline to post-intervention and from baseline to follow-up presented by group (mean and standard deviations (SD)). The

adjusted difference between groups in change-scores is the net effect of the intervention; intervention group change-scores minus control group

change-scores adjusted for sex and maturation (mean and 95% confidence intervals (Cl)). Significant differences between intervention and control

group change-scores are marked with bold and italic.
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