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Summary

SUMMARY

Background

There is a scarcity of data on the current levels and secular trends in physical activity,
physical fitness, and their relationship with key risk factors for diseases such as type 2
diabetes and cardiovascular disease (CVD). Thus, the overall main objectives were: 1) to
describe physical activity, physical fitness and CVD risk factor levels and 2) to examine the
independent associations of muscle fitness and aerobic fitness with clustered CVD risk in 9-

and 15-year-old Norwegians.

Methods

In 2005-2006, a cohort of 9-and 15-year-olds was randomly selected from all regions of
Norway. Of the 2818 children and adolescents invited, 2299 accepted, giving an overall
participation rate of 89% and 74% for 9- and 15-year-olds, respectively. Physical activity was
assessed objectively by accelerometer and aerobic fitness was assessed directly as peak
oxygen uptake (VOjpeqai) during a maximal cycle ergometer test. Muscle fitness was assessed
by measuring explosive, isometric, and endurance strength and CVD risk factors were

measured from fasting blood samples.

Main results

The main results were: 1) Boys were significantly more active than girls, and 9-year-olds
were substantially more active than 15-year-olds. While four out of five 9-year-olds met the
current physical activity recommendations this was only the case for half of the adolescents.
2) Boys had significantly higher VOapcax values than gitls in both age groups. Nine-year-old
boys had significantly lower VOyyak values than 15-year-old boys, whereas 9-year-old girls
had higher VO values than 15-year-old girls. 3) A significant degree of clustering of CVD
risk factors was found in 11.4% of the population and was already apparent at 9-year of age.
4) Muscle fitness and aerobic fitness were independently associated with clustering of CVD
risk factors. 5) Low-grade systemic inflammation is already present in 9- and 15-year-olds
with high waist circumference, and c-reactive protein, hepatocyte growth factor, plasminogen
activator inhibitor-1 and leptin may be related to the adverse overall risk profile observed in

these children and adolescents.



Summary

Conclusion

The present study provides data about the activity level essential for public health
interventions promoting physical activity in children. The clustering of CVD risk factors
found in children emphasise the need for developing effective strategies in the primary
prevention of CVD. Based on these results it seems that aerobic fitness and muscle fitness
testing should be included in health-monitoring systems, and that the appropriate public health

approach is to promote regular participation in both strength and aerobic activities.

Keywords: Children, adolescents, physical activity, physical fitness, clustered cardiovascular

risk, cross-sectional, epidemiology.
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Introduction

INTRODUCTION

Cardiovascular disease (CVD) is one of the main causes of global mortality and disease
related disability (1). CVD includes many diseases but is principally a result of atherosclerosis
and includes coronary heart disease (CHD) and stroke. This introduction will give a short
description of the atherosclerotic process followed by a brief overview of the metabolic
syndrome and its considered core components. Also, CVD risk factors in children and
adolescents will be addressed with a focus on clustering of CVD risk. Furthermore, levels of
physical activity and physical fitness in children and adolescents will be described. Finally,
physical activity and physical fitness as modifiable determinants of the clustering of CVD risk

factors in children and adolescents will be addressed.

Atherosclerosis

Atherosclerosis is a vascular disease which causes degenerative changes in the arterial wall
giving decreased elasticity and narrows the lumen, and eventually may result in CVD, stroke
or peripheral artery disease depending on the site of the atherosclerosis. The atherosclerotic
process is complex and may be divided into three stages. First, probably due to endothelial
dysfunction low density lipoprotein cholesterol (LDL-c) intrudes the intima and attracks
microphages and thickens the artery wall and forms fatty streaks. Second, the content of
cholesterol in macrophages and smooth muscle cells gradually increases. This lesion results in
narrowing of the lumen and may give symptoms of CVD; e.g. angina pectoris. Third, if the
fatty streaks continue to aggregate in the atheroma, this might rupture and a thrombosis

develops resulting in a complete occlusion.

Clustering of CVD risk factors and the metabolic syndrome

In adults, risk factors associated with an increased risk of developing type 2 diabetes and
CVD, include a sedentary lifestyle, abdominal obesity, hypertension, insulin resistance,
elevated triglycerides (TG) and lowered high-density lipoprotein cholesterol (HDL-c) (2).
These factors tend to cluster in some individuals, resulting in a higher risk of atherosclerosis,
developing type 2 diabetes (3) and CVD outcomes (4). This constellation of metabolic

abnormalities has been termed the metabolic syndrome (5).
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Although the concept of metabolic syndrome has been accepted for decades (6), until recently
there was no operational definition of the syndrome. However, several experts groups have
attempted to produce diagnostic criteria. The three most often used definitions are from the
World health organization (WHO) (7), the National Cholesterol Education Program’s Adult
Treatment Panel III (NCEP: ATP III) (8) and the International Diabetes Federation (IDF) (5).
All three groups agree on the components of the syndrome, however, they provide different
clinical criteria. Nevertheless, regardless of what definition is used, data from the past two
decades have shown a dramatic increase in the prevalence of metabolic syndrome worldwide.
Furthermore, it is associated with the globally rising rates of obesity and type 2 diabetes (9).
Recent estimates indicate that 34% and 35% of US men and women, respectively, have
metabolic syndrome as defined by NCEP: ATP III (10). In Norway, corresponding estimates
from the Nord-Trgndelag Health Study (HUNT) indicate that 29% of men and 30% of women
have metabolic syndrome (11). The risk factors considered as core components of the

metabolic syndrome are briefly described below.

Insulin resistance

Individuals with type 2 diabetes are at increased risk of CVD compared with non-diabetic
individuals. Hyperinsulinemia or insulin resistance are important risk factors for CVD (12).
Insulin resistance is characterized as a state where insulin’s ability to maintain euglycemia is
reduced, and the ability to mediate glucose uptake in insulin sensitive tissue such as muscle
and fat is impaired (3). Insulin resistance may exert its deleterious effects on CVD risk as
follows; increased sympathetic nervous system activity and thereby increased blood pressure
(BP), increased synthesis of triglyceride-rich very low-density lipoproteins (VLDL) and
decreased concentrations of lipoprotein lipase which promotes lipid synthesis within the

arterial wall (13).

Dyslipidaemia

There is a strong graded relationship between LDL-c and CVD (14; 15) and HDL-c is
negatively associated with CVD (16). Dyslipedaemia indicates an unfavourable lipid and
lipoprotein profile with increased VLDL, TG and total cholesterol (TC), small dense LDL
particles and decreased HDL-c levels (17). The presence of hypertriglyceridaemia changes the

composition of HDL-c and LDL (3) resulting in increased density of TG in these particles.
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These changes result in increased clearance of HDL-c (18) and LDL particles become more

artherogenic (3) .

Hypertension

Hypertension is a major risk factor for CVD in general and especially stroke and heart failure
in adults (19). Over time hypertension requires your heart to work laboriously and that may
result in left ventricular hypertrophy. The presence of left ventricular hypertrophy is
associated with increased incidence of heart failure, ventricular arrhythmias and myocardial
infarction. Moreover, hypertension is a major risk factor for atherosclerosis. It reduces the
elasticity of vessels allowing lipids to deposit in the form of atheromas plaques resulting in
reduced lumen size, impaired blood flow and increased total peripheral resistance. These
plaques may eventually break and form thrombus formation and possible emboli formation

(20).

Abdominal obesity

Obesity is a powerful predictor of chronic diseases such as hypertension, hyperlipidaemia,
type 2 diabetes and CVD (17; 21). Obesity is the most visible component of the metabolic
syndrome, and the deposition of fat tissue has great influence on development of disease (13).
Abdominal obesity is a better predictor of chronic diseases such as type 2 diabetes,
hypertension and dyslipidaemias, than overall adiposity assessed using body mass index
(BMI) (22). Accumulation of abdominal fat independently increases CVD risk (17) and is a
central factor in the development of the features of metabolic syndrome (22). Generally, the
adipose tissue is very metabolically active, and associated with increased free fatty acids flux
to the liver which may impair liver metabolism, leading to increased gluconeogensis and
VLDL production (22). Moreover, adipose tissue serves as an endocrine organ that secretes
inflammatory cytokines and growth factors (23; 24) including tumour necrosis factor-o. (TNF-
o), interleukin-6 (IL-6), adiponectin, leptin, plasminogen activator inhibitor-1 (PAI-1) (25;
26) and hepatocyte growth factor (HGF) (27). These cytokines are important in the regulation
of biological functions such as appetite and energy balance, insulin sensitivity, lipid

metabolism and BP (26).
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Inflammation

Inflammatory cytokines may affect metabolism, and prospective studies in adults have shown
that chronic low-grade inflammation may contribute to the development of insulin resistance,
atherosclerosis, type 2 diabetes and cancer (28). It has been hypothesized that an elevated
level of TNF- causes insulin resistance, and one of the key mechanisms for the adverse
effects of abdominal fat on CVD risk factors could be the production of TNF-a in fat tissue
(29). C-reactive protein (CRP) is another inflammatory marker that has received considerable
attention. CRP is a non-specific marker of inflammation, and may be regulated by cytokines,
primarily IL-6 and TNF-a. Elevated levels of CRP are found in individuals with abdominal
obesity (30), and the CRP level is an important predictor of the development of type 2
diabetes and CVD (31). Studies have aimed to determine whether these inflammatory markers
differ between obese and non-obese children and adolescents (32-35), and the possible
relationship between these factors and components of the metabolic syndrome (36-38).
Although these studies have shown that obese youth have an adverse metabolic risk profile,
elevated levels of TNF-o and IL-6 and decreased adiponectin concentrations have not been

found consistently in obese youth.

CVD risk factors in youth

Even though risk factors cannot be directly related to CVD in children it has been shown that
the process of atherosclerosis starts in childhood and progresses throughout life (39-41). The
sites of fatty streaks in children are similar to where plaques are found in the coronary arteries
and aorta in adults (42), and morphological studies have found a progression of early fatty
streaks and plaques with increasing age depending on the level of CVD risk factors (43).
Furthermore, autopsy studies of coronary arteries in children have shown increasing number
of fatty streaks from the age of 3 until adulthood (40). The degree of atherosclerosis is related
to the level of CVD risk factors. One of the most direct sources of evidence derives from the
Pathological Determinants of Atherosclerosis in Youth study where coronary and aorta
arteries were studied in 3000 subjects and atherosclerotic changes were related to total

cholesterol, HDL-c, LDL-c, BP, fatness and insulin resistance (41; 43-45).

Risk factor levels in children and youth have been examined for many decades. The

Cardiovascular Risk of Young Finns Study (46), Amsterdam Growth and Health Study (47)



Introduction

and Leuven Longitudinal Study are among the early studies investigating risk factors. These
studies started simultaneously in the late 1970’s. In the early 1980°s data on CVD risk factors
were collected in several European countries. Among them was the “Know Your Body”
program, where several European countries participated (48), including Norway (49). Results
from these studies revealed large differences in both risk factor levels and in the prevalence of
risk factors. For example having a cholesterol level above 4.7 mmol/L varied from 10% in
Greece to over 50% in Norway and Finland (48). Other European studies that have included
CVD risk factors in youth are The Danish Youth and Sport Study (1983) (50), The Northern
Ireland Young Hearts Study (1989) (51), European Youth Heart Study (EYHS) (1997) (52).
Several of the early studies focused on the prevalence of single CVD risk factors. Individuals
who have higher levels of single risk factors do not necessarily have increased risk of future
disease. On the other hand, clustered risk increases the risk of developing of type 2 diabetes

and CVD but is only calculated in few studies.

Clustering of CVD risk factors

Risk factor levels are much lower in children than in adults, but conditions similar to
metabolic syndrome are observed in children and youth. Data from the Bogalusa Heart Study
(53) show that atherosclerosis independent of age, is more common and worse depending on
the number of risk factors. Subject with 0, 1, 2, and 4 risk factors had 1.3%, 2.5%, 7.9% and
11% of the arterial wall covered with fatty streaks, respectively. Others have also shown that
the metabolic risk factor score tracks from childhood to adulthood (54-58) and metabolic
syndrome or clustering of CVD risk factors in children also predicts early onset of type 2
diabetes (59). In addition, other studies have linked metabolic syndrome or clustered CVD
risk in childhood to type 2 diabetes and CVD in adulthood (56; 60). The above indicate that
some children have a risk factor profile where risk for future disease may be increased.
Hence, measuring risk factors at an early stage would provide important knowledge regarding

the need for implementation of effective CVD preventive strategies.

There are, however, no health endpoints in children and adolescents within this field and
therefore it is difficult in paediatric research to define cut-points based on outcomes such as
CVD and mortality. This would necessitate studies lasting decades. When assessing clustered
CVD risk in children and adolescents, most studies include variables that reflect the adult

metabolic syndrome criteria. The rationale for this is based on the fact that these risk factors
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have the most predictive power for disease outcomes in adults, and so that the variables
included in the definition are consistent across the lifespan for the purposes of tracking (61).
In addition, inclusion of these key components (e.g., glucose/ insulin resistance, lipids, BP
and adiposity) is supported by the results from factor analysis in children and adolescents

(62).

The lack of uniform definition has lead to a number of different approaches to define whether
a child has clustered risk or not. Although somewhat arbitrary, a statistical approach is often
taken in studies of children (62-66). One approach is to assign the subject to different risk
factor categories, depending on their number of risk factors (e.g., defined as the least
favourable quartile) (63). Then clustering is defined on the basis of the observed versus the
expected number of subjects in the different risk factor categories. The expected number can
be calculated with the binomial formula which assumes risk factors are independently
distributed. This approach has the advantage that there is a biological rationale behind the
definition, namely in individuals where risk factors are not independent of each other. Others
use cut-off points relative to a selected percentile of a reference population based on age, sex

and race-ethnicity, or modifications of adult definitions of the metabolic syndrome (67).

Others have derived a continuous score representing a composite CVD risk factor profile or
score. The statistical approaches to deriving scores vary between principal component
analysis, sum of z-scores and centile rankings (68). In the past few years an increasing
number of reports have used the z-score approach to calculate a continuous CVD risk factor
score (64; 69-73). A z-score is computed as the number of standard deviation (SD) units from
the sample mean after normalization of the variable [i.e., z= (value — mean)/SD]. This is done
for each risk factor and then summed up to denote a CVD risk score. The advantages of using
this approach in children are that all available information is used, and this type of outcome
could to some extent compensate for the day-to-day fluctuations in the single risk factors (63).
Limitations to the use of z-scores include that it is specific to the sample from which it was
derived, thus, comparison between studies is difficult. Furthermore the z-score approach is
based on the assumption that each component is weighted equally in predicting CVD risk

(74).

Although details in the definitions vary, recent studies have shown that the rising prevalence

of the metabolic syndrome in children and youth (67) parallels the paediatric obesity epidemic
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(75). The prevalence varies between 0-60%, and, not surprisingly, the highest prevalence rate
is observed in obese youth (67; 76). Few studies have assessed the prevalence of metabolic
syndrome in representative population based samples of youth (77-82), and these studies
estimate prevalence rates ranging from 3-12%. However, the use of different definitions
hampers the ability to compare these prevalence rates. As an attempt to develop a unified
definition, the IDF recently published a consensus statement for defining metabolic syndrome
in youth (83). Since then three large population-based studies have assessed the prevalence of
metabolic syndrome using the same definition (84-86). Prevalence estimates from the
National health and Examination Survey (NHANES) was 5.3 and 7.1% among US 14-year-
old and 16-17-year-olds, respectively (85). The prevalence among 16-year old Finnish
adolescents was 2.4% (86), compared to 1.4% among 15-year-olds in the EYHS (Portugal,
Estonia and Denmark) (84).

Despite the relatively low prevalence of metabolic syndrome in the normal population when
applying proposed thresholds there is a general consensus that the elements of the metabolic
syndrome occur together more often than by chance if they were independently distributed. In
addition several large population based cross-sectional studies have recently reported that risk

factors already cluster in childhood (62; 63; 80; 87).

Physical activity and physical fitness

In adults, both low physical activity levels and low physical fitness are associated with
adverse risk factor profiles and development of CVD, and increasing activity or fitness levels
results in an improved CVD risk profile (88; 89). By the year of 2020 non communicable
diseases will account for approximately 70% of all deaths (90), and recent estimates from the
WHO show that 1.9 million deaths each year are attributable to physical inactivity (91). There
are multiple underlying causes of risk factor elevation among children and youth, but it is
likely that both levels of physical activity and physical fitness are important determinants of

CVD.

Definition of physical activity and physical fitness

Physical activity is a multidimensional behaviour that occurs in a variety of forms and

contexts including free play, leisure time, work time and exercise and sports, and is defined as
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“any bodily movement produced by skeletal muscles that results in energy expenditure” (92).
This concept implies that the larger the muscle mass involved, the larger the energy
expenditure. Physical activity dimensions include intensity, frequency and duration, which
together makes up the total volume of activity. The other dimension of physical activity is
type or mode (e.g., walking and cycling) or the setting in which the activity takes place (e.g.,

inside or outside, playground, transport, playing with peers, supervised by parents) (93).

Physical fitness refers to a set of attributes rather than a behaviour (92), and is a result of
genetics and life stage as well as physical activity levels. The most common definition is
“physical fitness is a set of attributes that people have or achieve that relates to the ability to
perform physical activity” (92). Physical fitness is typically defined with a distinction
between performance-related fitness and health-related fitness. While performance-related
fitness refers to those components of fitness that are necessary for optimal work or sports
performance, health-related fitness consists of those components that have a relationship with
health (94). According to Bouchard and Shephard (94) health related fitness is defined as an
ability to perform daily activities consisting of morphological, muscular, motor,
cardiorespiratory and metabolic components. In the present thesis, the motor component (e.g.,

agility, balance, coordination and speed of movement) will not be discussed any further.

The cardiorespiratory component is a direct marker of physiological status and the functional
capacity of the cardiorespiratory system. Maximal oxygen consumption (VO;max) could be
defined as the overall capacity of the cardiovascular and respiratory system to supply oxygen
during sustained physical activity as well as the ability to carry out prolonged exercise (95). In
the literature, many terms refers to the same concept and are used interchangeable (i.e.
cardiorepiratory fitness, aerobic fitness, aerobic capacity, peak oxygen uptake (VOzpeak) and
VO;max). In this thesis the term aerobic fitness (Paper I, II and I'V) and cardiorespiratory

fitness (Paper III) refer to the same concept.

Muscle fitness is required for movement, and the level of muscle fitness may affect the ease
and performance of many daily and sports activities. The muscular component of the physical
fitness concept consists of three different dimensions; Firstly, it refers to the muscles ability to
generate force or torque (strength). Secondly, it refers to the ability to resist repeated
contractions over time or maintain maximal voluntary contraction for a prolonged period of

time (muscular endurance). Thirdly, it refers to the capacity of the muscles to carry out a
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maximal, dynamic contraction of single or muscle groups in a short period of time (explosive

strength or power) (96). In the present thesis muscle fitness refers to these three dimensions.

Physical activity in youth

Assessing physical activity is a complex task. There are various methods available for
assessing physical activity. The choice of method depends on the research question asked.
Due to low cost and ease of administration, self-report methods are most common. This is
problematic because the accuracy of information is influenced by the ability to recall relevant
details. In young children self-report methods are even more limited. Children tend to
overestimate high intensity physical activity behaviour, and underestimate moderate physical
activity when completing self-report instruments. Moreover, children lack the cognitive
ability to accurately recall details of their physical activity patterns, thus self-report methods

are considered inappropriate for use in children under the age of 12 years (97-99) .

To overcome these limitations, recent technological developments in activity monitors has
allowed for more sophisticated objective methods for assessing physical activity available.
Different activity monitors record different physiological or biomechanical parameters such
as heart rate (HR), acceleration, position changes etc, to estimate physical activity outcomes.
Accelerometers are now increasingly being used and are the most commonly used objective
methods of physical activity assessment in youth. An accelerometer is capable of capturing
duration, intensity and frequency as well as the total accumulated activity. Accelerometers are
easy to use and do not rely on the ability to recall activity behaviour. However, there are
methodological considerations that need to be addressed when using objective measurements.
In children limitations in measurement accuracy are often amplified due to physiological
changes during growth and development and by their characteristically intermittent activity
pattern (100). Choice of monitor, data processing, data sampling frequency, and epoch length
are all important issues to consider when interpreting physical activity data in children and
adolescents (93). Additional limitations include inaccurate assessment of large range of

activities (e.g., upper-body movement, incline walking, water based activities and cycling).

Despite the use of different methods in assessing physical activity level in children and

adolescents, research shows a consistent pattern. In general, boys are more active than girls
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(71; 101-103), children are the most active segment of the population (104) and physical

activity level decreases through the teenage years (105; 106).

The Norwegian National Council on Nutrition and Physical Activity stated in 2000 that all
children and adolescents needs to engage in moderate intensity physical activity for a
minimum of 60 minutes every day (107). Although the evidence for a particular dose-
response relationship is not established from which physical activity recommendations for
children and adolescents can be obtained (108), this is currently used as the recommendation

in most countries.

Compliance with physical activity recommendations has been evaluated in some studies
where physical activity has been assessed objectively in large samples of children and
adolescents (102; 109-112). Data from the EYHS (Denmark, Portugal, Estonia and Norway)
including 2185 9-and 15-year olds showed that a high proportion of 9-year olds (97% of boys
and 98% of girls) met the recommendations, while fewer met the recommendations at the age
of 15- years (82% of boys and 62% of girls) (102). In a US sample including 1578 11-12-year
old girls 88% fulfilled the recommendation (110). Moreover, recent data from Sport, Physical
activity and Eating behaviour: environmental Determinants in Young people (SPEEDY)
showed that 69% adhere to the physical activity recommendations (111), whereas all met the
recommendations in a study among Swedish children (113). In contrast, these fulfilment rates
are considerably higher compared with estimates from the Avon Longitudinal Study of
Parents and Children (ALSPAC) (109) where the results revealed that only 0.4% of girls and
5% of the boys met the recommendations. Inconsistency between studies could be due to the
use of different accelerometer cut-off points for defining moderate-to-vigorous physical
activity (MVPA). For instance, in the ALSPAC study (109), 3600 counts'min” was used as
the cut-off point to define MVPA, while the cut-off point used for defining MVPA in EYHS
(102) and SPEEDY (111) were considerably lower, ranging from 1000 to 2000 counts'min”".
This indicates that if using higher accelerometer cut-off points for MVPA the proportions of

children meeting the guidelines reduces dramatically.
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Physical fitness in youth

Aerobic fitness

VO,max measured during a graded maximal exercise test on a treadmill or an ergometer is
considered a valid measure and probably the best single physiological measure of aerobic
fitness (114). VOomax is usually expressed either as an absolute rate (i.e., l-min") or relative to

body weight (i.e., ml-min"kg™).

Originally the term VOj,x required the existence of a oxygen consumption (VO,) plateau.
Armstrong et al. (115) demonstrated that children and adolescents who reach a plateau do not
have higher VO, or HR, and in children and adolescents a classical VO, plateau seldom
occurs. Therefore, it has been more common in paediatric exercise science to use the term
VOpeax rather than VOyp,ax when describing maximal aerobic fitness in youth. Although a
plateau of VO, is rarely witnessed, it is important to decide if the performance of a child is
truly an exhaustive effort. Several factors, both objective (i.e. HR, respiratory exchange ratio

(RER)) and subjective criteria of intense effort have been suggested (116).

Treadmill and cycle ergometers are the most frequently used ergometers when assessing
VOypeak in youth. Although the correlation between these two ergometers is high (r = 0.90),
treadmill running engages larger muscle mass than cycling, thus, when cycling VOpeq is
more likely to be limited by peripheral factors and is typically 8—10% lower during cycling

than treadmill running (116).

Absolute VOopeqx values are consistently higher in boys than in girls even before puberty.
Krahenbuhl et al. (117) found that the average sex difference at age 6—11 years was 15-19%
and increased to 25% at the age of 12 years. Similar results was found by Armstrong and
Welsman (116). In their review they report mean VOxpe.x values of approximately 12%, 23%
and 37% higher in boys than in girls at the age of 10, 12 and 16 years, respectively. When
expressing VOopeqx related to body mass the sex difference is amplified. Whilst, there are no
substantial changes during childhood in boys, there is a progressive decline from the age of 8
years in females. Resaland et al. (118) found an 11% sex difference in a sample of 9-year-old
children using direct measurement of VOapeq. Similar, Eiberg et al. found an 8% sex

difference at the age of 6—7 years (119).
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Even though direct measurement of VOopax is the preferred method of assessing aerobic
fitness, it is rarely used in large epidemiologic studies because it requires expensive
equipment and is time consuming. Only a few studies report direct VOypeax measurements in
children (118; 120-124) and adolescents (123; 125; 126). In these studies, mean VOapeax
values of 36-50 and 41-58 ml'min"kg"' have been reported for girls and boys (8-12-year-
olds), respectively. Corresponding VOypeak values among adolescents (14—19-year-olds) are
40-49 and 52-61 ml'min""-kg™ for girls and boys, respectively. Discrepancies in VO2peak
values between studies might be a result of a limited number of participants, different test
protocols, instrumentation, highly selected populations and local differences. In addition low

mean maximal HR suggests that not all participants in the studies have reached VOypeax.

Muscle fitness

There are several test batteries available to assess muscle fitness and other components of the
physical fitness concept. Two examples are the Eurofit battery (127) and the FITNESSGRAM
(128). The Eurofit battery has been shown to be simple, reliable and valid and large groups
can perform the tests for minimal cost. This test battery comprises numerous performance
related fitness field tests including balance, aerobic fitness, muscle endurance (abdominal and
upper body), flexibility, power, speed, agility and strength. For instance, muscle strength can
be measured with a variety of devices including tensionmeters, handgrip dynamometers and
strength gauges (96). Recently, Castero-Pifiero et al. (129) showed that the handgrip strength
test is a valid measure of musculoskeletal strength. Sit-ups, curl-ups and bent arm hangs are
tests used to quantify muscular endurance. Explosive strength or power is usually measured in

a single effort such as a vertical jump or standing broad jump (SBJ) (96).

Muscle fitness declines with age in adults, although the pattern of decline varies depending on
the fitness component studied. On the other hand, dramatic increases in muscular strength
occur during normal growth and maturation in childhood and adolescents and reach a peak in
adults between 2029 years of age. Sex differences in muscle strength are small during the
prebubertal years. Strength in boys improves more or less linearly until it accelerates at the
age of 13 to 14 years of age. A similar prepubertal trend is observed for girls, however, at the
age of 16 or 17 years strength continuous to rise slowly or even plateaus. Strength normalized
for body mass is constant or increases very slightly in both sexes until the age of peak height

velocity. After the age of peak height velocity and during adolescence there is an increase in
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relative strength in boys, whereas in girls relative strength is consistent or even decreases
(130). Thus, the significant sex-related gap in muscle strength occurs in the adolescent years
(130). Throughout the life span, males are generally stronger than females. The same sex and
age related pattern are also observed in other muscle fitness test such as abdominal endurance

(sit-ups) and jumping performance (SBJ) (131).

The Eurofit test battery has been widely used throughout Europe in children and adolescents
(132). In a recent review, Tomkinson et al. (133) included 67 studies reporting Eurofit data
for children and adolescents from different regions of Europe. They found that overall the best
performing children came from Northern and central European countries. In a selection of
these studies (134-140), mean sit-ups of 14—18 and 15-28 have been reported for 10 to 16
year old girls and boys respectively. For handgrip and SBJ mean values of 14-31 and 16—49
kg and 123-169 and 123-206 cm have been reported for girls and boys (10—16-year-olds),
respectively. Studies assessing muscular endurance in the back extensors (Biering-Sgrensen

test) (134; 141; 142) report mean values of 148—171 sec for 15—17-year-olds.

Physical activity, physical fitness and health

Epidemiological studies on health benefits of physical activity began in the early 1950s with
Morris et al. observing that occupational physical activity was related to CHD (143). Since
then benefits of physical activity have been extensively investigated in adults. In adults, low
levels of physical activity are known to contribute to the early onset and progression of
metabolic syndrome, type 2 diabetes and CVD (89; 144; 145). Furthermore, low levels of
physical activity are associated with increased risk of hypertension, obesity, osteoporosis, and
various types of cancer (146). In addition, regular physical activity also improves mental
health and is vital for the musculoskeletal system. Besides protecting against disease, regular

physical activity is important for achieving a sufficient level of health-related physical fitness.

In adults, low aerobic fitness is known to contribute to the early onset and progression of
CVD, and is associated with a doubling of the risk of premature death (147-149). These
studies show that those individuals with the lowest aerobic fitness level have three to four
times higher risk for total mortality and seven to eight times greater risk of CVD mortality
compared to those individuals with the highest aerobic fitness level. Furthermore, several

studies have shown an association between aerobic fitness and development of clustered CVD
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risk or metabolic syndrome (144; 145; 150-153). In general, there seems to be a dose-
response relationship between aerobic fitness, total mortality and clustering of CVD risk
factors. Furthermore, the role of muscle fitness has been increasingly recognized in the
prevention of chronic disease in adults (154). Features of the metabolic syndrome have also
been negatively associated with muscle strength in men (155) and women (156).
Consequently, the inclusion of muscle strengthening activities has been incorporated into

physical activity recommendations (157).

Physical activity, physical fitness and CVD risk factors in youth

Regular physical activity in children is associated with potential benefits for various health
outcomes and is important for children’s healthy growth and development (158). Moreover,
physical activity in children and adolescents has been shown to be positively associated with
musculoskeletal health, self-concept, anxiety, depression and academic performance (158).
However, the evidence based health-related benefits of physical activity in relation to CVD
risk factors in children and adolescents are limited. Few controlled intervention studies have
been conducted in children, and therefore our main knowledge is based on cross-sectional and
longitudinal observational studies. The cross-sectional associations between physical activity
and single risk CVD factors reveals weak and inconsistent associations (50; 158-160). Results
from observational studies suggest a beneficial effect of physical activity on HDL-c and TG
levels but no consistent effect on TC or LDL-c levels (158). For BP some studies have found
a weak relationship with physical activity (158; 160). The main reason for the inconsistent
and weak relationship is a large variation in both CVD risk factors and physical activity
variables. The great variation in physical activity mainly stems from physical activity
assessment problems as the majority of studies are based on self reported physical activity.
More consistent findings have been found in studies using accelerometers to assess physical
activity. For instance, in the EYHS, significant associations was observed between physical

activity and most of the single CVD risk factors, albeit, the associations were weak (64; 161).

One the other hand, associations between physical fitness and single CVD risk factors are
stronger as the error variation in fitness is much smaller compared to physical activity.
Previous population studies have shown independent relationship between aerobic fitness and

single CVD risk factors (162-164).
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Clustering of CVD risk factors has been suggested to reflect cardiovascular health in children
better than single risk factors (63), and recent studies have therefore focused upon using a
clustered risk score for investigating associations between physical activity, aerobic fitness

and CVD risk.

Physical activity, physical fitness and clustering of CVD risk factors

A handful of studies have investigated the associations between objectively assessed physical
activity with clustering of CVD risk factors (64; 71; 165-167) (Table 1). Results from these
studies consistently show that physical activity is associated with clustered CVD risk in
children and adolescents. In the EYHS cohort, Andersen et al. (64) showed a graded inverse
association between physical activity and CVD risk, and the highest risk was found in the
three lowest quintiles of physical activity. In an earlier study including only the 9-year-olds
from the Danish part of the EYHS cohort, Brage et al. (167) also showed that physical activity
was inversely associated with metabolic risk. Likewise, in a sample of overweight and non-
overweight Hispanic children, Butte et al. (166) showed that the number of CVD risk factors

was inversely associated with physical activity.

Table 1. Selected studies that have examined the associations between physical activity (accelerometer) and
clustered CVD risk in children and adolescents.

Reference Participants Measure of Findings
CVD risk
Andersen et al. 9and 15y SBP, TG, TC:HDL-c, HOMA, sum  Highest OR for having
(2006) (64) n (G-B) 4 skinfolds, CRF clustered risk in the three
915 -817 Dichotomized z-score (> 1 SD) lowest quintiles of PA
Brage et al. 9and 15y BP, TG, HDL-c, HOMA, sum 4 Total PA inversely
(2004) (167) n (G-B) skinfolds, insulin, GLU associated to z-score and
310-279 Sum z-score independent of obesity
Butte et al. 4t019y BP, TG, HDL-c, GLU, WC Ordinal OR inversely
(2007) (166) n (G-B) Number of risk factors (0-5) associated to number of risk
456441 factors
Ekelund et al. 9and 15y BP, TG, HDL-c, WC, insulin, GLU Significant associations for
(2007) (165) n (G-B) Sum z-score z-score and PA and
908 —838 independent of obesity
Rizzo et al. 9and 15y BP, TG, TC, HDL-c, sum skinfolds, Significant associations for
(2007) (71) n (G-B) insulin z-score and PA only in 15-
265 264 Sum z-score year-ols girls

BP, blood pressure; CRF, cardiorespiratory fitness; GLU, glucose; HDL-c, high density lipoprotein; HOMA,
homeostasis model assessment; OR, odds ratio; PA, physical activity; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglycerides; WC, waist circumference.

G-B, Girls-Boys
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Several studies have investigated the association between aerobic fitness and clustering of
CVD risk factors or the metabolic syndrome in children and adolescents (69-73; 165; 168-
172). Variables chosen to represent the overall CVD score vary and measures of aerobic
fitness include both maximal and sub-maximal tests, bike and treadmill tests and various field
tests (Table 2). Nevertheless, studies report that higher levels of aerobic fitness significantly
reduce the risk of an unfavourable CVD risk profile. In the EYHS low aerobic fitness was
strongly associated with clustering of CVD risk factors independent of country, age and sex
(168). In Swedish 9- and 15-year-olds, a significant difference in clustered CVD risk was
observed between the lowest quintile compared to the highest quintile (71). Ruiz et al. (172)
showed a graded decline in clustered CVD risk across quartiles of aerobic fitness in 9 and 10-
year-old Swedish and Estonian children. Moreover, logistic regression analysis showed that
girls with aerobic fitness levels above 37.0 ml'min™"-kg™ and boys with aerobic fitness levels
above 42.1 ml~min1~kg'1 had an increased likelihood of having a low metabolic risk compared
to those with aerobic fitness levels below this value. Similarly, others have suggested VOjpeak
of >35-38 ml'min"" kg™ for girls and > 40-42 ml-min""-kg™' for boys as a criterion standard for

the “Healthy Fitness Zone” (173; 174).

Muscle fitness may be just as important as aerobic fitness in maintaining overall health-
related fitness in children and adolescents. However, few studies have examined the role of
muscle fitness with components of the metabolic syndrome in children and adolescents (170;
175; 176). These studies have been conducted with a limited number of participants. Benson
et al. (175) showed that low muscular strength (1 RM bench press and leg press) are strongly
associated with reduced insulin sensitivity in 10—15 year old children. Garcia-Artero et al.
(170) measured muscle endurance, explosive strength and maximal strength in Spanish
13-18-year-olds and found an inverse association between muscular strength score and lipid-

metabolic profile.
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Table 2. Selected studies that have examined the associations between physical fitness and clustered CVD risk
in children and adolescents.

Reference Participants Measure of Measure of Findings

AF CVD risk
Anderssen 9and 15y Maximal bike SBP, TG, TC:HDL-c, Lower OR in descending
et al. (2007) n (G-B) (W/kg) HOMA, sum 4 quartiles of fitness: (similar
(168) 1454 — 1391 skinfolds, results independent of

Dichotomized z- country)
score (> 1 SD)
DuBose 7-9y Submaximal bike BP, TG, HDL-c, Significant lower mean z-core
et al. (2007) n (G-B) (W/kg) HOMA,WC in low vs high CRF.
(72) 193 — 182 Sum z-score
Eisenmann 9-18y PWCi5 MAP, TG, TC:HDL- Better risk profile in high-
et al. 2005 n (G-B) (W at a HR at ¢, GLU fit/low BMI
(69) 345 - 416 150 beats/min) Sum z-score
Eisenmann 9-15y Maximal 1.6 ~MAP, TG, HDL-c,  Significant trend for risk score
et al. (2007) n (G-B) km run WwC across fitness/BMI categories
(169) 755 - 860 Sum z-score
Eisenmann 8 — 18y Maximal MAP, TG, HDL-c,  Significant trend for risk score
et al. n (G-B) treadmill (min) GLU WC across fitness/BMI categories
(2007) (70) 188 — 296 Sum z-score
Garcia- 13 - 18y 20 m TG, LDL-c, HDL-c, CRF inversely associated with
Artero n (G-B shuttelrun GLU lipid metabolic index only in
et al. (2007) Standarized males
(170) lipid-metabolic index
Janssen 12 - 19y Submaximal TG, HDL-c, GLU,  Significant higher OR for MS
et al. (2007) n (G-B) treadmill WC, BP in moderate and high CRF
171) 212-248  (ml'min’‘kg’) >3 components of compared with low CRF
MS
Rizzo 9and 15y Maximal bike BP, TG, TC, HDL-c, CRF inversely associated with
et al. n (G-B) (ml'min"kg™") sum skinfolds, z-score in all age groups
(2007) (71) 265 - 264 insulin
Sum z-score
Ruiz 9and 15y Maximal bike BP, TG, HDL-c, sum CREF inversely associated with
et al. (2007) n (G-B) (ml~min’l-kg’l) skinfolds and insulin z-score in quartiles of CRF
(172) 444 — 429 < 75" percentile at
risk

Resaland 9y Maximal SBP, TG, TC:HDL-c, CRF inversely associated with
et al. n (G-B) treadmill HOMA, WC z-score in quartiles of CRF
(2009) (73) 116 - 111  (ml'min’kg?) Sum z-score

BMI, body mass index; BP, blood pressure; CRF, cardiorespiratory fitness; GLU, glucose; HDL-c, high density
lipoprotein; HOMA, homeostasis model assessment; LDL-c, low density lipoprotein cholesterol; MAP, mean
arterial pressure; MS, metabolic syndrome; OR, odds ratio; SBP, systolic blood pressure; TC, total cholesterol; TG,
triglycerides; W, watt; WC, waist circumference.

G-B, Girls-Boys
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NEED OF NEW INFORMATION

We lack objective representative data describing physical activity patterns in youth. These
data are essential for identifying and planning possible arenas for public health interventions
to promote physical activity in children. Further, directly measured VOqpe.x measures have to
date not been carried out with a nationally representative sample. Previous studies
investigating CVD risk factors in Norwegian children and youth are limited by small non
representative data, hence no nationally representative data exist. Furthermore, we are not
aware of any study calculating the clustering of CVD risk factors or estimating prevalence
rates of the metabolic syndrome in Norwegian children and adolescents. There is need to
develop the metabolic syndrome concept in children. With that respect, data from normal
populations are of major importance. This allows us to calculate who has clustered risk and at
the same time provide normative data for computing the clustered risk score, which might

improve diagnostics.

Sedentary lifestyle and poor health related fitness are known to contribute to the early onset
and progression of metabolic syndrome, type 2 diabetes and CVD (144; 145; 150) in adults,
and may also be associated with metabolic risk factors in children and adolescents (69-73;
165; 168-172). However, only a few large scale studies have examined these associations in
children and adolescents. In addition we are not aware of any study that provides an
opportunity to evaluate the independent associations of muscle fitness measures with

clustering of CVD risk compared to direct measurement of VOypeax.

Finally, we need a better understanding of the interrelationship between inflammation and
components of the metabolic syndrome in children and youth. Hormones and cytokines which
may affect clustering of CVD risk could be important elements in the understanding of how

they are associated with body fat.
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Aims of the thesis

Aims of the thesis

1. To describe the level of physical activity in Norwegian children and adolescents using

accelerometry and to assess aerobic fitness (Paper I).

2. To describe the distribution of CVD risk factors and clustered CVD risk in children

and adolescents (Paper II).

3. To examine the independent associations of muscle fitness and aerobic fitness with

clustered CVD risk in children and adolescents (Paper III).

4. To examine markers of inflammation in children and adolescents with high waist

circumference (Paper IV).

19



Participants and methods

PARTICIPANTS AND METHODS

Study design and participant selection

All four papers in this thesis are based on data from The Physical Activity among Norwegian
Children Study (PANCS). This is a cross-sectional study of a randomly selected national
representative cohort of 9- and 15-year-old children and adolescents and includes measures of
physical activity, physical fitness, determinants of physical activity and CVD risk factors.
PANCS was intended as the initial survey in a national system for the regular collection of
data on the trends in physical activity, physical fitness, CVD risk factors and attitudes towards

physical activity in the population.

Statistics Norway selected the cohort with schools as the primary unit. In the selection of
schools, population density and geography were taken into account. Schools for children with
special needs and schools with less than 10 students in either fourth or tenth grade were
excluded, leaving 96% of Norwegian fourth and tenth graders in the sampling frame. When a
school agreed to participate, we invited all fourth graders (elementary school) or grade 10
(secondary school) into the study. We recruited girls and boys from 40 elementary schools
and 23 secondary schools, representing all regions of Norway. In Oslo we oversampled
elementary schools to be able to compare the results with previous research (101). Of the
2818 children and adolescents invited, 2299 accepted, giving an overall participation rate of
89% and 74% for 9- and 15-year-olds, respectively (Figure 1). Data were collected between
March 2005 and October 2006 and analysed in 2007-2008.
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41 elementary schools and 27 secondary
schools sampled to be approached

3 secondary schools did not take part
Reasons: construction work at the school (N=1); not
interested (N=2)

1 elementary school and 1 secondary school
agreed to participate but were excluded due to

logistical purposes
40 elementary schools and 23 secondary
schools visited for measurement
2818 available children invited
> 519 children did not participate

2299 children participated (82%)

Elementary schools: N=1306 (89%)
Secondary schools: N=993 (74%)

Figure 1. Outline of the selection of the study cohort

Ethics

Procedures and methods used in the present study conform to the ethical guidelines defined
by the World Medical Association’s Declaration of Helsinki and it subsequent revisions, and
approved by the Regional Committee for Medical Research Ethics and the Norwegian Social
Science Data Services. Each participant agreed to participate, and written informed consent
was provided by a parent or guardian. Participants could withdraw from part or all of the

study at any time.

Quality control

To reduce measurement error which can result in bias, we have performed quality control at

different levels:
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Manuals of procedures
Detailed manuals were written for each measurement. The manual included all practical
procedures related to the data collection and entering of data into spreadsheets. All test

personnel were trained and were given detailed instruction.

Data entry

Manual entering of data was done continuously and data was double checked by a second
person. Each subject was given a unique code and treated anonymously. Outliers were
checked. The results from the blood analysis were received by electronic mail and merged

with the main database.

Sample size

The sample size calculations are based on physical activity and physical fitness as the primary
outcome variables. The sample size calculations for differences between groups were based
on numbers required per cell to detect a difference of 4% in physical fitness (VO2peax) and 7%
in physical activity level (counts-minute™). Calculations were made using a two-tailed test
assuming Type I error rate = 0.05; and statistical power = 0.8. Calculations indicated that the
study would require 444 participants per gender and age group, which gave a total of 1776 9-
and 15 year-olds (444 x 4). Because cluster sampling was used, a design effect of 1.1 was

incorporated, giving a final target sample size of 488 participants per age and gender group.

Measures

Observations and tests were performed at the schools and 10 to 15 children were examined
per day. The same trained test crew performed all examinations, however for practical and

economic reasons we used several bioengineers.

Anthropometry

Research assistants carried out all anthropometric measures. Weight was measured to the
nearest 0.1 kg with a digital Seca 770 scale (SECA GmbH, Hamburg, Germany). Height was
measured to the nearest 0.1 cm, using wall mounted tapes, with the child standing upright
against the wall. The children and adolescents were in their underwear and without shoes.

BMI was calculated as weight (kg) divided by height squared (m?*). Waist circumference
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(WC) was measured with a metal anthropometric tape around the umbilicus at the end of
normal expiration. The digital scale weight was calibrated regularly throughout the data
collection. The intra-class (within-observer) and inter-class (between observers) correlation

coefficient for WC measurements were 0.93 and 0.94, respectively.

A visual evaluation of pubertal stage was assessed using Tanner’s classification (177) which,
for boys, is based on external genitalia and pubic hair development, and, for girls, on breast
and pubic hair development. The scales are divided into five stages based on superficial
appearance; stage 1 being pre-adolescent and stage 5 mature. Analyses in the present study

are based on breast development in girls and genitalia development in boys.

Physical activity

The uniaxial MTI Actigraph accelerometer (model 7164, Manufacturing Technology Inc.,
Fort Walton Beach, Florida, USA) was used for objective assessment of physical activity. The
monitor samples voltage signals in proportion to detect accelerations (range: 0.05-2.0 g with a
frequency rate of 0.25-2.5 Hz) with a sample rate of 10 measures per second. These settings
capture normal human movement but filter out high frequency vibrations. To minimize inter-
instrumental variation, all accelerometers were calibrated regularly against a standardized
vertical movement. The participants wore the accelerometer on their right hip for four
consecutive days, including two weekdays and two weekend days. They were instructed to
wear the accelerometer during all waking hours, except during swimming and bathing.
Accelerometers were initialized to start recording at 06:00 hours on the day after they were
distributed. The epoch length was set to 10 seconds. The physical activity assessments were

undertaken across all months except July and August.

In the analyses of accelerometer data, all night activity (24:00-6:00 hours), and all sequences
of 10 min or more of consecutive zero counts were excluded from each individual’s
recording. Physical activity data were included for further analyses if the child had
accumulated a minimum of 8-h activity data per day for at least two days. A total of 1824
(79%) children and adolescents provided valid physical activity recordings. The reasons for
exclusion (n=475) were failing to achieve at least two days of assessment (25%), not wearing

the accelerometer (36%) and instrument malfunction (39%).
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The primary physical activity variable was the mean number of counts per minute
(counts'min™"), and additional outcomes were time spent at different activity intensities. We
defined MVPA as all activity above 2000 countsmin”' (equivalent to three metabolic
equivalents and a walking pace at 4 km/h), and vigorous physical activity (VPA) as all

activity above 3000 counts'min™. These cut-off points have been used previously (64; 178).

Physical fitness

VOzpeak

Aerobic fitness was assessed through a maximum exercise test on an electronically braked
cycle ergometer (Ergomedic 839E; Monark, Varberg, Sweden). Initial and incremental work
rates were 20 Watt (W) for 9-year-olds weighing <30 kg, 25 W for 9-year-olds weighing >30
kg, 40 W for 15-year-old girls and 50 W for 15-year-old boys. We set pedal frequency at 60-
70 revolutions per minute and increased work rate every third minute until exhaustion. We
recorded HR throughout the test using a HR monitor (Polar Vantage, Finland) and VO,, RER
and ventilation every 10 seconds during the last minutes of the test using a portable MetaMax
III X oxygen analyzer (Cortex Biophysics, Leipzig, Germany). We defined VOopea as the
mean of the three highest consecutive measurements. Every morning we calibrated the
analyzer against known gas mixtures, and barometric pressure against values from the local
weather station. The cycle ergometer was electronically calibrated every morning and

mechanically calibrated after being moved.

If RER was >0.99 or max HR was >185 beats/minute and the test leader judged the subject to
show signs of intense effort (e.g. facial flushing or difficulties in keeping up the pedal
frequency) the test was accepted as maximal. Eight percent of the girls and boys failed to
meet these criteria, while 4% were absent on the test day. Hence, 2,027 (88%) children and

adolescents had valid tests and were thus included in the analyses.
To increase motivation we verbally urged children on, trying to ensure they gave maximum

effort. In addition, we made a visual course containing of four well known mountain peaks.

The course was designed so that every increment stage included climbing a new peak.
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VOypeak Was missing in 159 individuals due to failure of the VO, analyzer. Based on data from
the present study, values were imputed for the missing individuals using maximal power
output in the following equations:

9-year-olds: VO peax (I/min) = 0.452 + (0.0108 X W 5,) + (0.033 x sex)

15-year-olds: VO, peax (/min) = 0.465 + (0.0112 x Wp,,) + (0.172 x sex),

where sex=0 for girls and sex=1 for boys.

We calculated W ,.x according to the following formula:
W1 + (W2 x t/180), where W1 = workload (W) at each fully completed stage, W2 =
workload increment at the final incomplete stage and t = duration (s) of the final incomplete

stage (179).

An internal validation study of the MetaMax III X oxygen analyzer showed that the analyzer
was stable (< 2% variation) at repetitive measurements over a 30-min period. Repetitive
measurements over 12 days also showed <2% day-to-day variation at different work rates (4,
8 and 12 km/h). Additionally, the MetaMax III X oxygen analyzer was validated against the
Douglas bag method. At all work rates, the analyses showed a systematic 8% overestimation
of the oxygen consumption measured by MetaMax III X; consequently, all VO2peax

measurements were corrected downwards by a factor of 1.08.

Muscle fitness

Abdominal muscular endurance was measured by a sit-up test. The subject started in a lying
position with hands clasped behind the neck, knees bent at a 45° angle with the heels and feet
flat on the floor and held down by the tester. The subject had to rise to a position with the
elbows pointed forward until they touched the knees. The total number of correctly performed

and completed sit-ups within 30 seconds was counted (Figure 2A).

Upper limb strength was assessed by a handgrip strength test using a hand dynamometer
(Baseline® Hydraulic Hand Dynamometer, Elmsford, NY, USA). The subject used the
dominant hand, with the arm completely extended and squeezed the dynamometer with

maximum isometric effort, for about 2—-3 seconds (Figure 2B).

Explosive strength in the lower body was assessed with a SBJ. The participants stood behind

a line with feet slightly apart. They were instructed to perform a two-foot take-off and
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landing, and to jump as far as possible, landing on both feet without falling backwards. The
distance from the take-off line to the nearest point of contact on the landing (back of the

heels) was measured, and the better of two attempts was used for analyses (Figure 2C).

Endurance of the trunk extensor muscles was measured by how many seconds the subject was
able to keep the unsupported upper body (from the upper border of the iliac crest) horizontal,
while placed prone with the buttocks and legs fixed to a balance pad with the arms folded

across the chest (modified Biering-Sgrensen test) (Figure 2D).

Figure 2. Illustration of different muscle fitness test; sit-ups (A), handgrip (B), standing broad jump (C) and
modified Biering-Sgrensen test (D)

Muscle fitness score

In Paper III we computed a muscle fitness score by combining the standardized values of
handgrip strength, SBJ, sit-ups and the Biering-Sgrensen test. To account for differences in
body size, peak handgrip was adjusted for body weight (kg). Each of these variables was
standardized as follows: standardized value = (value — mean)/SD. The muscle fitness score

was calculated as the mean of the four standardized scores by age and sex.

Blood sample

A band-aid with an analgesic cream (EMLA) was sent to all 9-year-olds prior to the day of the
blood sample. Instructions of where and when the band-aid should be applied, and
information that the child should fast for at least 8 hours, were enclosed. Fasting blood
samples were taken between 8:00 and 10:00 hours. The blood sample was taken intravenously
from the antecubital vein. If a vein could not be found or was missed the bioengineers were

instructed not to puncture the vein more than once unless the child was willing to.
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The blood samples were spun for 10 min at 2500g and separated within 30 minutes. The
resulting serum was divided into two 1.5 ml/l eppendorf tubes and immediately kept at -20°C
until stored at -80°C. Routine enzymatic colorimetric assays from Roche Diagnostics
performed on a Cobas Integra analyser (F. Hoffmann-La Roche Ltd, Basel, Switzerland) were
employed at the Central Laboratory of Ullevaal University Hospital (Oslo, Norway) for TC,
HDL-c, TG and glucose analyse. Immunoturbidimetric assays for the quantitative
determination of apolipoprotein A-1 (Apo A-1) and apolipoprotein B (Apo B) were
performed on Roche, Hitachi. The total analytic coefficients of variation were 3%, 4%, 4%,
3%, 5% and 5% for TC, HDL-c, TG, glucose, Apo A-1 and Apo B-1, respectively. LDL-c
was estimated from TC, HDL-c and TG with the Friedewald formula (180). Insulin was
measured at the Aker University Hospital (Oslo, Norway) by fluoroimmunoassay using an
automatic immunoassay system (AutoDELFIA® Insulin, PerkinElmer, Turku, Finland). The
total analytic coefficients of variation for insulin were 6-8%. Insulin resistance was estimated
according to the homeostasis model assessment (HOMA) as the product of fasting glucose
(mmol/L) and insulin (mU/ml) divided by the constant 22.5 (181). CRP was measured on a
Hitachi 917 automatic analyzer (Hitachi, Tokyo, Japan) using a high-sensitive latex-enhanced
turbidimetric assay from Roche Diagnostics, Mannheim, Germany (range 0.1-20 mg/l, intra-

assay coefficient of variation < 2% at 0.5 mg/1).

In Paper IV the serum levels of various adipokines were quantified using the Human Serum
Adipokine, panel A (adiponectin, resistin and PAI-1(total)) and panel B (TNF-a, IL-6, HGF,
and leptin) kits (Linco Research, Inc. St. Charles, MI) and the Luminex-100 system (Luminex
Corporation, Austin, TX, USA). The samples were randomly analysed twice and the acquired
fluorescence data were analysed using STarStation software (Version 2.0; Applied Cytometry

Systems, Sheffield, UK).

A total of 1851 participants (81%) provided a valid blood sample. Reasons for exclusion (n=
448) were failing to provide a consent form for the blood sample (n=45), haemolysed samples
or not enough blood (n=85), and for not fasting or being absent on the day of blood sampling

(n=318).
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Blood pressure

Blood pressure was measured automatically using an OmegaTM non-invasive blood pressure
monitor (Invivo Research, Inc., Orlando, Fl., USA). The participant was seated for 5 min and
the appropriately sized cuff (either child or adult) was placed around the left upper arm. Five
measurements were taken at 2-min intervals, and the mean value of the last three

measurements was used in analyses.

Clustered CVD risk

In Paper II six CVD risk factors (HOMA-score, WC, TG, HDL-c, aerobic fitness and SBP)
were selected to assess the degree of clustering. The children were assigned to one of seven
risk factor categories, (0-6) depending on their number of risk factors. Having a risk factor
was defined as having values in the least favourable quartile. Clustering was defined on the
basis of the observed versus the expected number of children and adolescents with 0-6 risk
factors. The probability of children and adolescents having 0-6 risk factors was calculated
using the binomial formula (n!*p"*(1 —p) ""/(r!*(n-r)!), which assumes risk factors are
independent, where 7 is the possible number of risk factors [6], p is the probability of having a
risk factor (0.25), and r is the number of risk factors for which the probability is calculated
(0-6) (182). The proportions of expected participants were 0.178, 0.356, 0.297, 0.132, 0.0330,
0.004 and 0.0002 for the seven groups, respectively. The observed number of children in each
group was compared to the expected number by calculating the ratio and plotting them with a
95% confidence interval (CI). More participants than expected (11.4%) were observed with 4

or more risk factors, and they were defined as being at risk.

In Paper II, III and IV a continuous score representing a composite CVD risk factor profile
was derived by computing standardized residuals (z-score) by age and sex for HOMA score,
WC, TG, SBP, HDL-c and aerobic fitness. The z-scores were then summed for the individual
risk factors to create the CVD risk score. These variables were chosen as they represent the
same variables as used in the adult (5) and youth (183) clinical criteria for the metabolic
syndrome. A lower metabolic risk score is indicative of a better overall CVD risk factor
profile. Based on the prevalence of clustered risk (11.4%), calculated with the binomial
formula in Paper II, we defined values above 1 SD of the mean z-score to be “at risk” in
Paper III, which corresponded to 12.5% of the sample. Furthermore, in Paper III aerobic

fitness was omitted from the metabolic risk score because it was used as dependent variable,
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and for the same reasons both WC and aerobic fitness was omitted from the metabolic risk

score in Paper IV.

Definition of metabolic syndrome

The prevalence of the metabolic syndrome was quantified, using the new IDF paediatric
definition for metabolic syndrome (83). According to this definition a WC above the 90"
percentile (or adult cut-off if lower) is a prerequisite. In addition, the presence of >2 of the
following 4 risk factors is required: TG > 1.7 mmol/L, HDL-c < 1.03 mmol/L, SBP > 130
mmHg or DBP < 85 mmHg, and fasting glucose > 5.6 mmol/L or known type 2 diabetes. We
used three different cut-off points to define central obesity; 1) age and sex-specific 90™
percentile for WC based on values from our cohort, 2) age and sex-specific 90" percentile for
WC based on reference data from randomly selected British children (184), 3) the ratio of WC
to height > 0.5. In our cohort the g™ percentiles for WC were as follows: 73 cm, 83 cm, 71
cm, and 87 cm for 9- and 15- year-old girls and boys, respectively. The IDF adult cut-off for
females is 80 cm and thus the IDF adult cut-off was used for 15-year-old girls. The
corresponding cut-offs from reference data from British children were as follows: 63.6 cm,

72.6 cm, 65.6 cm and 81.8 cm for 9- and 15- year-old girls and boys, respectively.

Participants and data analysis for the different papers

All data were analysed using SPSS statistical software, v. 15.0 (SPSS Inc., Chicago, IL.,
USA). Results are expressed as mean values, and standard deviation (SD) or 95% Cl in all

papers. Unless otherwise stated, the level of significance was set to p<0.05.

Paper 1

The descriptive analyses includes all children with at least two days of valid physical activity
assessment (N=1824) and those with a valid aerobic fitness measure (N= 2027). There were
no differences in activity levels between individuals with 2, 3 or 4 days of valid physical
activity recordings. We assessed differences between groups using one-way analysis of
variance (ANOVA), and differences between proportions of individuals achieving activity

guidelines using chi-square analyses.
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Paper 11

This paper presents reference data on selected CVD risk factors, and the descriptive analysis
includes all valid measurements for each variable (range =1753-2266). There was no
difference in anthropometric data or aerobic fitness between participants with and without
blood samples. Moreover, for the clustered risk analyses only participants with a valid
measure of aerobic fitness, HDL-c, TG, HOMA, SBP and WC were included (N=1592). We
found no differences in anthropometric data, HDL-c, TC, TG, HOMA or aerobic fitness
between those with and without complete measurements. We assessed group differences
using ANOVA, and all analyses were adjusted for puberty. The approach for assessing the

degree of clustering has been described earlier (Methods section page, 28).

Paper II1
In this paper we examined the independent associations of muscle fitness and
cardiorespiratory fitness with clustered metabolic risk. Participants from the cluster analysis

in Paper II (N=1592) were included in this paper.

ANOVA was used to assess difference in metabolic risk across quartiles of muscle fitness,
and the linear trend analysis was performed via polynomial contrast. Post hoc analyses were

conducted with Tukey’s least significant difference.

Partial correlations adjusted for sex, age and puberty were used to examine bivariate
correlations of muscle fitness and aerobic fitness with single CVD risk factors and clustered
metabolic risk. Multiple regression models were used to examine the independent association
of muscle fitness and aerobic fitness with the clustered metabolic risk adjusted for age, sex
and pubertal stage. We used logistic regression to estimate odds ratios to examine the
association of muscle fitness and cardiorespiratory fitness with risk of having clustered

metabolic risk.

ANOVA was used to assess the difference in metabolic risk score across different BMI and
muscle fitness groups (tertiles). The linear trend analysis was performed via polynomial
contrast and post hoc analyses were conducted with Tukey’s least significant difference. On
the basis of BMI, we classified children and adolescents as overweight and obese according to

age-adjusted cut-offs described by Cole et al. (185).
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In additional analyses, the ability of aerobic fitness to discriminate between absence and
presence of clustering of risk factors was evaluated through receiver operating characteristics
(ROC) curves. An ROC curve is a plot of all the sensitivity/specificity pairs resulting from
varying the decision threshold. Sensitivity (or true positive) is the proportion of participants
correctly identified as having a high CVD risk. Specificity is the proportion of participants
correctly identified as having low CVD risk. Sensitivity is plotted on the y-axis, whereas the
x-axis shows 1- specificity (false positive). False positive rate is the proportion of participants
having a low CVD risk that have been incorrectly identified as having high CVD risk.
Optimal cut-off, which indicates the highest sum of sensitivity and specificity, was derived for

each sex and age group.

Paper IV

The analyses in Paper IV included 10 participants from each sex and age group (9- and 15-
year-olds) with the highest WC (HW) (n=40), and a random sample of 40 participants from
the rest of the cohort that were included as controls. Valid analyses of cytokines and measures

of pubertal stage were available in 70 of these participants (36 HW and 34 controls).

We used chi-square analysis to identify differences in the distribution of sexual maturity
status between the HW and control groups. The distribution of each variable was tested for
Gaussian distribution. TG, HOMA, CRP, leptin and HGF were transformed using the natural
logarithm for all analyses. A general linear model was used to compare groups after adjusting
for sex, age and pubertal stage. Partial correlations adjusted for sex, age and pubertal stage
were used to examine bivariate associations. With the sample size of 35 participants in each

group we had an effect size of 0.3 to detect differences between the HW group and controls.
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RESULTS

Characteristics of the participants

Table 3 displays all valid measures of anthropometrics, selected blood variables, aerobic

fitness, muscle fitness and physical activity obtained in PANCS.

Table 3. Characteristics of the study population (mean SD). Anthropometrics (n= 2266) blood variables (n=1753
to 1851), VO,pear (n=2027), physical activity (n=1824), and muscle fitness (n=2166).

9-year-olds 15-year-olds
Girls (n) Boys (n) Girls (n) Boys (n)
(472-598) (529-693) (348-469) (404-506)

Anthropometrics

Age (years) 9.6 (0.4) 9.6 (0.4) 15.5(0.4) 15.6 (0.4)

Height (cm) 138.3(6.8) 139.9 (6.3) 165.9 (6.2) 175.8 (7.2)

Body mass (kg) 33.8(7.1) 34.0 (6.5) 58.3(8.9) 64.6 (12.1)

Waist (cm) 63.1(7.7) 62.1(7.3) 73.4(7.3) 75.0 (8.9)
Blood variables

SBP (mmHg) 102.6 (7.7) 103.3 (7.7) 109.0 (8.8) 115.3 (9.0)

TC (mmol/L) 4.49 (0.73) 4.37 (0.68) 4.19 (0.76) 3.80 (0.69)

HDL-c (mmol/L) 1.70 (0.35) 1.79 (0.40) 1.61 (0.34) 1.42 (0.30)

TG (mmol/L) 0.72 (0.33) 0.63 (0.32) 0.79 (0.32) 0.82 (0.47)

HOMA 1.29 (0.83) 1.19 (0.78) 2.10(1.37) 2.14 (1.49)
Aerobic fitness

VOpeq (ml'minkg ') 42.9 (6.7) 482 (7.1) 41.1 (6.0) 51.9 (8.0

VOopear (I'min) 1.4 (0.2) 1.6 (0.2) 2404 3.3(0.5)
Muscle fitness

Hand grip (kg) 15.2 (3.3) 17.0 (3.7) 30.4 (4.5) 41.1(7.8)

SBJ (cm) 116.9 (18.7) 124.5 (20.4) 155.8 (21.6) 191.2 (25.8)

Sit-ups (n) 13 (5) 14 (5) 18 (4) 22 (4)

Biering-Sgrensen (s) 72.9 (41.6) 66.6 (39.0) 130.7 (57.0) 118.2 (42.4)
Overall PA

PA (counts'min™) 693 (251) 796 (281) 487 (167) 542 (199)

HDL-c, high density lipoprotein cholesterol; HOMA, homeostasis model assessment (insulin resistance); PA,
physical activity; SBJ, standing broad jump, SBP, systolic blood pressure; TC, total cholesterol; TG,
triglycerides.
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Physical activity and physical fitness (paper I and II)

Physical activity

We found that the difference in mean (95% CI) overall physical activity between 9-year-old
girls and boys was 14.9 % (12.8-16.9). Fifteen-year-old boys were 11.3% (8.9-13.6) more
physically active than the 15-year old gitls. In addition, 9-year-olds were 45.5% (43.2-47.8)
more physically active than 15-year-olds, and they spent more time in MVPA and VPA
(Paper I, table 2). In all age and sex groups, a higher physical activity level was seen during
weekdays than during weekends. Nine-year-old boys were 14.9% (12.8-17.0) and 11.9%
(9.9-13.8) more physically active than girls during weekdays and weekends, respectively.
Fifteen-year-old boys were 16.0% (13.1-18.9) more physically active than girls during
weekdays; however, we found no sex difference in the activity level during weekends. The
hour-by-hour activity level during weekdays and weekends is presented in Paper 1, figure 1.
Finally, 75.2% and 90.5% of 9-year old girls and boys met the current physical activity
recommendations, whereas only 49.9% and 54.1% of the 15-year old girls and boys did.

Aerobic fitness

Figure 3 shows distribution of the aerobic fitness data. Nine-year-old boys had 12.4% higher
ml'min”' kg™ than girls, while the corresponding difference among 15-year-olds was 26.3%
Furthermore, in boys VOpeq increased with 3.7 ml-min‘l-kg’1 from the age of 9 to 15-years

(P< 0.001), whereas in girls VOspeqx decreased by 1.8 ml-min™' kg (P< 0.001).

Muscle fitness

In both age groups, boys performed better on all muscle fitness measures than girls, except for
the Biering-Sgrensen test, where the 15-year-old girls performed better than the 15-year-old
boys. Nine-year-old boys scored 12.4%, 7.5% and 7.6% higher on handgrip, SBJ and sit-ups,
respectively, compared with the 9-year-old girls, while the corresponding difference among
15-year-olds were 35.4%, 22.6% and 15.8%. Fifteen-year-old girls had 12.6% better muscle
endurance in the back extensors compared to 15-year-old boys. In addition, 15-year-olds
performed better on average in all muscle fitness tests compared to 9-year-olds (Paper II1,

table 1).
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Figure 3. Box plot of the aerobic fitness data (ml'min™"-kg™") by sex and age group. The box plot covers range in
between the lower and upper quartiles; the whiskers cover the range in between the 5™ and 95t percentiles, and

the horizontal bar dividing the box indicates the mean.

Cardiovascular disease risk factors (Paper II)

Selected CVD risk factors, according to sex and age, are shown in table 3, page 34 and in
Paper II (Table 1). Blood pressure did not differ between sexes among 9-year-olds, whereas
the 15-year-old boys had 6 mmHg higher SBP compared to 15-year-old-girls. The mean SBP
in adolescents was 9 mmHg (95% CI, 8.6-10.0) higher than in children.

Nine-year-old girls had higher levels of TC (0.12 mmol/L), Apo B (0.04 g/L) and TG (0.08
mmol/L) and lower concentrations of HDL-c (0.09 mmol/L) and Apo A-1 (0.05 g/L)
compared to 9-year-old boys. The 15-year-old girls had higher levels of TC (0.39 mmol/L),
HDL-c (0.19 mmol/L), Apo B (0.05 g/L) and Apo A-1 (0.12 g/L) compared to the 15-year-old
boys.

Independent of sex, adolescents had lower levels of TC (0.45 mmol/L, 95% CI, 0.37-0.51),
LDL-c (0.26 mmo/L, 95% CI, 0.20-0.33) and Apo B (0.05 g/L, 95% CI, 0.04-0.07) but also
lower levels of HDL-c (0.24 mmol/L, 95% CI, 0.21-0.28), Apo A-1 (0.14 g/L, 95% CI, 0.12-
0.16) and higher TG (0.14 mmol/L, 95% CI, 0.10-0.17) than 9-year-olds.
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Nine-year-old girls had a 0.10 higher HOMA score than 9-year-old boys on average;
however, this sex difference was not observed in 15-year-olds. Fifteen-year-olds had higher

average HOMA scores than 9-year-olds.

Table 1 and 2 (Appendix I) displays a more detailed description for age and sex-specific
percentile distributions for the selected CVD risk factors. In each age and sex groups, the boys
and girls in decile 10 had approximately 30 mmHg higher SBP compared to the boys and girls
in decile 1. Moreover, approximately two times higher levels of TC, HDL-c, Apo A-1 and
Apo B, and four times higher levels of TG was observed among girls and boys in decile 10

compared to the girls and boys in decile 1.

Clustered CVD risk

The ratio between observed number of risk factors and expected number of risk factors is
displayed in Figure 4. Ratios significantly higher than 1 were found in risk category 4 (ratios
1.98, 95% CI, 1.5-2.5 and 1.80, 95% CI, 1.3-2.3 for the 9- and 15-year-olds, respectively)
and risk category >5 (ratios 11.73, 95% CI, 8.6—-14.9 and 10.25 95% CI, 6.8—13.7) for the 9-
and 15-year-olds, respectively). These two categories included 182 participants, thus
indicating that clustering was noted in 11.4% (95% CI, 9.8-13.0) of the population.
Comparisons of levels for the individual risk factors between individuals defined as being at

risk, or not at risk are shown in Paper II (Table 2).
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Figure 4. Risk factors were ranked within age groups and gender (n= 1592). The ratio between the observed
number of participants being in the upper quartile in a certain number of risk factors (0->5) and the number

expected from a random distribution plotted with 95% confidence interval. Clustering was found in 182

participants (11.4%).

Prevalence of metabolic syndrome

For comparison we calculated the prevalence of metabolic syndrome according to IDF
paediatric definition using three different cut-off points for central obesity. First, when using
age and sex specific 90" percentile for WC, based on values from our cohort, as prerequisite
for having metabolic syndrome 91 (9.9%) of 9-year-olds and 78 (11.6 %) of 15-year-olds
were categorized as centrally obese. Metabolic syndrome was diagnosed in 0.8 % of 9-year-
olds and in 1.8% of 15-year-olds. When using age-specific 90" percentile for WC based on
reference data from British children, the percentages defined as centrally obese increased to
30.9% and 28.5% for 9-year-olds and 15-year-olds, respectively, however, the prevalence
remained similar with metabolic syndrome diagnosed in 1% of 9-year-olds and in 1.8% of 15-
year-olds. Finally, when using the ratio of WC to height > 0.5 for defining central obesity,
12% and 8.5% for 9- and 15-year-olds respectively were categorized as centrally obese and
metabolic syndrome was diagnosed in 0.9% 9-year-olds children and in 1.6% of 15-year-olds.
The prevalence of high glucose concentrations was significantly higher in boys than in girls
(20.6% compared with 10.3%; P < 0.001), whereas no differences in overall prevalence of
metabolic syndrome or the other components of the metabolic syndrome were observed

between sexes (Figure 5).
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Figure 5. Prevalence of individual components of the metabolic syndrome and of the metabolic syndrome (IDF
paediatric definition) and prevalence of clustering of CVD risk factors in boys and girls from 1592 participants.

* According to the binomial formula.

Physical fitness and clustered CVD risk (Paper III)

We observed weak to moderate associations for individual muscle fitness tests with individual
CVD risk factors, all r values being below 0.3, except for the negative association between
handgrip and WC (r =-0.50, P < 0.001). Stronger associations were observed for aerobic

fitness with single CVD risk factors (r = 0.14-0.55, P for all < 0.001).

A main effect of muscle fitness was observed across quartiles (P < 0.001), with metabolic risk
declining from Q1 (low fitness) to Q4 (high fitness). The same pattern was found in all sex
and age subgroups (all groups P < 0.001), and there were no differences in sum of z-scores
between the groups within each of the four quartiles. In all groups, participants in the lowest
quartile of muscle fitness had significantly poorer metabolic risk scores compared to all other
quartiles (all groups P < 0.05), whereas there were no differences among the other quartiles
(Paper I1I, figure 1).

Regression analyses revealed that muscle fitness was negatively associated with clustered

metabolic risk, independently of aerobic fitness, and after adjustment for age, sex and pubertal
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stage (8 =-0.112, P < 0.001). Also, independently of muscle fitness, an inverse association

was found between aerobic fitness and clustered metabolic risk (8 =-0.337, P < 0.001).

Moreover, the odds ratios for having clustered risk in the least fit quartile compared with the
most fit quartile were 7.2 (95% CI, 4.3-12.0) and 17.3 (95% CI, 9.2-32.7) for muscle fitness
and aerobic fitness, respectively (Figure 6 a and b). Because of the low prevalence of
metabolic syndrome using the IDF definition we have made no attempt to estimate odds ratios
for having metabolic syndrome. However, the number of cases with metabolic syndrome
across quartiles of muscle fitness was 15, 1, 2 and 1 for Q1, Q2, Q3 and Q4, respectively.

Corresponding cases across quartiles of aerobic fitness were 16, 2, 0 and 1.
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Figure 6 a and b. Odd ratios (95% confidens intervals) for clustering of cardiovascular risk factors in different
quartiles of muscle fitness (a) and cardiorespiratory fitness (b) including all participants with all measurements
(n=1592). Individuals in quartile 4 are the most fit (used as referent). In the grey bars the analysis is adjusted for
age, sex and puberty and in the right bars we additionally adjusted for cardiorespiratory fitness (a) or muscle

fitness (b). CRF; cardiorespiratory fitness, MF; muscle fitness.
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Results

To further explore the association of muscle fitness with weight status and metabolic risk,
both overweight and normal weight participants were divided into tertiles based on muscle
fitness (low, moderate and high). Significant differences in metabolic risk across muscle
fitness groups existed among both normal weight (P = 0.013) and overweight participants (P

<0.001) (Paper I1I, Figure 3).

The ROC analysis showed significant discriminating accuracy of aerobic fitness for
identifying low versus high CVD risk score in all age and sex groups. The area under the
curve for 9-year-old and 15-year-old girls and boys were 0.84 (95% CI, 0.78-0.90), 0.84
(95% CI, 0.78—-0.90), 0.80 (95% CI, 0.72-0.97) and 0.75 (95% CI, 0.67-0.83), respectively.
In girls, the optimal cut-off for aerobic fitness were 38.9 in 9-year-olds and 38.4 ml'min" kg™
in 15-year-olds, while in boys the optimal cut-offs were 43.6 and 47.6 ml-min”"kg"' in 9-and

15-year-olds, respectively.

Inflammatory markers and clustered CVD risk (Paper IV)

CRP concentration was significantly higher in the high waist (HW) group than in the control
group (mean difference 1.50 mg/l; 95% CI, 0.33-2.66). In the HW group, 44%, 42% and 14%
had CRP values < 1, 1 to 3 and > 3 mg/l, respectively. In the control group, these percentages
were 85%, 6% and 9%. HW participants had elevated levels of leptin (mean difference 22.6
ng/l; 95% CI, 17.4-27.9), PAI-1 (mean difference 13.3 ng/ml; 95% CI, 4.1 — 22.5) and HGF
(mean difference 0.29 ng/ml; 95% CI, 0.07 — 0.51) compared with controls. TNF-a, IL-6,

adiponectin and resistin levels did not differ between the two groups.

Furthermore, the HW group had significantly higher HOMA score, systolic blood pressure
and TG than controls. HDL-c and aerobic fitness were significantly lower in the HW group

than in the controls.

Partial correlations controlling for sex age and pubertal stage revealed that CRP, HGF and
PAI-1 correlated positively with WC and metabolic risk score and negatively with aerobic
fitness. TNF-o and IL-6 did not correlate significantly with any other variables, except that
TNF-o and PAI-1 were significantly correlated. Finally, HGF correlated with all

inflammatory markers and CRP correlated with leptin.
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GENERAL DISCUSSION

This thesis presents cross-sectional data on physical activity, physical fitness and CVD risk

factor levels from the first national representative study in Norwegian 9- and 15-year-olds.

Physical activity

PANCS confirms previous research (71; 101-103) showing that boys are more active than
girls and that 9-year-olds are significantly more active than 15-year-olds. Also, PANCS
showed that sex differences were greater among 9-year-olds compared with 15-year-olds. It is
not clear what causes this difference. However, the observed sex difference may reflect
biological and social differences between boys and girls underlying their different attitudes

toward being physically active.

The decline in physical activity with increasing age is one of the most consistent findings in
the epidemiology of physical activity. In using the two age cohorts to simulate a longitudinal
change, the present study indicates a substantial decline in activity that equals a 4.5% annual
reduction, which must be considered substantial. Previous studies have shown that the
steepest decline in physical activity is between 12 and 18 years (105; 106; 186). However,
precise knowledge of the age at which decline occurs does not yet exist. The gradual decline
in mean physical activity level during childhood might be explained by a change in activity
pattern from spontaneous free play outside at a young age, to increased participation in
organized sport at older ages. In addition, increased time in sedentary behaviours (e.g., TV,

computer games) may also contribute to this decline.

In PANCS, four out of five children met the current recommendations for 60 minutes daily
physical activity, whereas, half of the adolescents fell short of meeting the recommendations.
Other population-based studies (102; 109-113), that also applied accelerometers to assess
physical activity, vary between 0-100% in regard of how many children or adolescents who
meet the recommendations. This obviously shows that is it not feasible to compare the
prevalence of children being sufficiently active according to the recommendations between
the mentioned studies. The main reason for this is related to the choice of accelerometer cut-

off points for defining MVPA.
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In PANCS, MVPA was defined as being at least equivalent to three metabolic equivalents
(METS). There is a general agreement in the literature that three METS is an appropriate cut-
off point for moderate intensity in adults. However, this is not clear-cut in children. Children
have higher resting metabolic rates expressed in per kilogram body weight than adults, and
therefore some have used 4 METS as the cut-off point for MVPA (109) . The lack of
consensus regarding the appropriate METS threshold for defining MVPA in children and
adolescents has led to the use of various accelerometer cut-off points for defining this
intensity. Riddoch et al. (109) used 3600 countsmin”' for defining MVPA, whereas, 2000
counts'min”’ was used in PANCS. Based on data from PANCS, Kolle (187) provided some
additional analyses using 2500 and 3000 counts'min™ to illustrate how accelerometer cut-off
points can influence the fulfilment rates. When applying the 2500 counts'min™ cut-off point, a
total of 44% and 66% of 9-year-old girls and boys, and respectively, 30% and 32% of 15-
year-old girls and boys, met the recommendations. Additional reductions were observed when
applying the 3000 counts'min” cut-off point: 15% and 37% of 9-year-old girls and boys, and
15% and 21% of 15-year-old girls and boys. The chosen counts-min” in PANCS may seem
arbitrary. However, validation studies have shown that a walking pace of 4 km/h on a
treadmill or on the ground corresponds to about 2000 counts-min”' (188; 189). On the other
hand, this walking speed might be at the low end of moderate intensity. Nevertheless, the
present cut-off point lies midway between the thresholds used by others, ranging from 1000

(102) to 3600 counts-min” (109).

The impact of a selected accelerometer cut-off point to define MVPA on compliance with
physical activity recommendations might be problematic from a public health perspective.
Applying one accelerometer cut-off point could provide a health authority with evidence
indicating that nearly all children are sufficiently physically active. On the other hand, using
other accelerometer cut-off points could provide contradictory conclusions. The public health
implications derived from these findings will therefore be influenced by the cut-off point of
MVPA. Nevertheless, it is of concern that approximately half of the adolescents in PANCS

fell short of meeting the recommendations despite using a fairly low cut-off point for MVPA.
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Physical fitness

Aerobic fitness

VOypeak values reported are in accordance with values that have been reported previously
using cycle ergometers (122; 126) and lower than values reported from studies using a
treadmill (121; 123). For instance, data is highly comparable with another study that has
recently measured VOppeq directly using a treadmill in Norwegian children. Resaland et al.
(118) reported that 9-year-old boys and girls had average values of 53 and 47 ml-min™ kg™,
respectively. Their results were 9.5% (boys) and 9.2% (girls) higher than in the present study.
These differences are in accordance with the average 8—10% higher VOopc.x achieved when

running on a treadmill compared with cycling.

Sex differences were confirmed in the present study, whereby boys had a higher VO, than
girls in both age groups with more pronounced difference in 15-year-olds. The differences
were apparent regardless of expressing VOapeqx in absolute values (I'min™") or relative to body
mass (ml-min‘1~kg'l). Sex differences during childhood and adolescence have been attributed
to a combination of several factors including habitual activity, lean body mass, and
haemoglobin concentration (95). Before puberty, sex differences in body composition,
haemoglobin or sex hormones are minimal. However, recent evidence suggests that boys have
higher maximal stroke indices compared with girls (95). Although VOope. is influenced by
several factors, its principal modifiable determinant is habitual physical activity (94). As
mentioned earlier, girls have lower levels of physical activity than boys and there are some
studies suggesting that individual physical activity level could partly explain differences in
aerobic fitness (190; 191). This conclusion is supported by Sundberg (192) who showed, in a
cross-sectional study, that blind children, whom we can expect generally to have lower
physical activity levels than sighted children, had significantly lower VOypea values than their
sighted counterparts. The difference was apparent by the age of 8 years. The author concludes
that differences are predominantly due to levels of physical activity during early childhood.
Sundbergs’ study also suggest that children’s play and ordinary moving around is important to
preserve a high fitness level. More marked sex differences in body composition become
apparent during adolescence. Boys’ relative muscle mass increases, whereas girls’ declines
due to an increase in fat mass. The greater muscle mass in boys facilitates the use of oxygen

during exercise. In addition, boys’ superior haemoglobin concentrations enhance O,-carrying
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potential, and thereby supports their increased muscle mass and maximal stroke volume in

attaining higher VOopcqx than girls.

Muscle fitness

Data on muscle fitness among Norwegian youth are sparse. Results from PANCS are
comparable with unpublished data from the Norwegian part of EYHS (101) were mean values
of sit-ups, handgrip strength and SBJ were 17 and 23 repetitions, 29.7 and 38.5 kg and 157.6
and 187.6 cm for 15-year-old girls and boys, respectively. Likewise Holm et al. (138)

reported hand grip strength values in 10-year-old girls and boys similar to ours.

When comparing muscle fitness results from PANCS with results from studies in other
European countries, only marginal differences among studies are apparent. Somewhat better
handgrip strength was reported among 16-year-old Swedish boys (48 kg) (134), and slightly
better performance in SBJ and sit-ups were observed among 16-year-old Lithuanian boys and
girls (140). However, endurance strength in the back extensors is considerably lower among
15-year-olds in PANCS compared with Danish (142), Swedish (134) and Finnish (141)
counterparts. One reason for the discrepancies could be the fact that a modified Biering-
Sgrensen test (Figure 2D) was used in PANCS whereas in the other studies the original

Biering-Sgrensen test was used.

Boys performed better in all muscle fitness tests than did girls, except for the Biering
Sgrensen test, where the 15-year-old girls performed better than the 15-year-old boys.
Moreover, 15-year-olds performed better in all muscle fitness tests compared to 9-year-olds.
Performance in muscle fitness tests is in part related to muscle strength. Sex differences in
muscle strength are more pronounced with age and are mainly determined by differences in
skeletal muscle mass relative to body mass. In boys, muscle mass increases from 42% to 54%
of body weight between the ages of 5 to 17 years, whereas in girls the increase is less: 40% at
the age of 5 years rising to 45% at age of 13 years (193). Differences are mainly mediated
through increased levels of circulating testosterone giving increased muscle mass and strength
(131). However, cultural factors (e.g., changing social interests and expectations, lack of
motivation or limited opportunities to participate in performance-related activities) could also
be related to the relative flatness of the performance curve of girls in adolescence. As

testosterone levels during childhood are very low, the difference in muscularity among the 9-
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year-olds is difficult to explain. However, the better performance among the 9-year-old boys

might just be a function of their higher physical activity level at all intensities.

Cardiovascular disease risk factors

The results in Paper II are the first to describe population values of CVD risk factors in a
large cohort of children and adolescents. In this section, selected risk factors known to be core

elements of the metabolic syndrome will be discussed.

BP values for children and adolescents in Oslo were reported 30 years ago by Tell and Vellar
(162). However, differences in methods and age of the participants meant that comparison
between studies was limited. Nevertheless, values reported by Tell & Vellar are similar to
ours, indicating that BP has been fairly stable over the past two decades. More recently, in the
Norwegian part of EYHS, Klasson-Heggebg (194) reported SBP values that were in line with
ours. In addition, data from other European countries (EYHS) (164) and from a meta-analysis
20 years ago (195) show SBP values comparable to PANCS. In contrast, Resaland et al. (73)
reported a 5-6 mmHg higher mean SBP in 9-year-old rural children compared with 9-year-
olds in the present study. It is difficult to explain these discrepancies. However, the difference

is most likely to stem from variations in measurement techniques and equipment used.

The few studies that have reported serum lipids in Norwegian children and adolescents (49;
73; 196-198) include a limited number of participants, participants of different age and non-
fasting samples, thus making comparison challenging. Nevertheless, previous studies report
considerably higher TC values than those in PANCS and may indicate a gradual decline in TC
levels over the past three decades. A report of a similar decline in TC in adults (199), suggests
the decline can be explained by reduced consumption of saturated fat. Furthermore, the
present study shows considerably higher values of HDL-c, but similar values of TG,

indicating a beneficial change in serum lipid levels during the past two to three decades.

Compared with data from Sweden (200), other European countries (EYHS) (64) and
NHANES (201), our results showed considerably higher levels of HDL-c and similar or lower
TC and TG values. The high HDL-c levels reported in PANCS are similar to levels reported
in rural Norwegian children (73). As HDL-c is assumed to be a protective factor for a CVD

event (16), this may indicate that Norwegian children and adolescents have a more beneficial
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lipoprotein profile than both their Nordic and American counterparts. There are no data that
convincingly explain the difference in lipids among the Nordic countries. Results from EYHS
(102) indicate that physical activity levels are almost identical in the Nordic countries.
Although we lack evidence, we do not believe that the discrepancies in lipid values could be
due to genetic differences. On the other hand, differences in food patterns could be a possible
explanation. Nevertheless, the exact levels that characterize the most beneficial lipoprotein
profile are unknown in children. Our glucose values are similar to the results from Denmark
and Portugal, but higher than those reported in Swedish and Estonian children (64; 200).
Comparison of HOMA scores among studies is difficult due to methodological issues such as

different kits and different analytical methods.

Clustered CVD risk and metabolic syndrome

Results from Paper II revealed that 11 times as many as expected from a binomial
distribution had five or more risk factors, and clustering was defined in 11.4% of the
population. These results correspond well with previous studies including large populations,
showing consistently that CVD risk factors cluster in children and adolescents no matter what

approach is used to define clustered CVD risk (64; 77-82).

Nevertheless, applying this and other non-unified approaches to define clustered risk hampers
the possibility of comparing prevalence estimates. Therefore, we quantified the prevalence of
the metabolic syndrome according to the IDF definition (83). Our results are directly
comparable to three recently published studies using the same definition and which collected
data in large population-based samples in the same age range. As was the case in the other
European studies (84; 86) the prevalence of metabolic syndrome in Norwegian youth was low
according to the newly released IDF definition (0.8-2.4%). However, somewhat higher
prevalence estimates were found in the NHANES population (5.3-7.1%) (85). Estimates using
the IDF definition reveal considerably lower prevalence rates compared with the binomial
approach used in Paper II and compared with previous studies (77-79; 81; 82). As the IDF
paediatric definition adheres to the same criteria as the adult definition, except for WC, lower
estimates were not surprising. It seems that this definition only defines those at extreme high
risk for developing type 2 diabetes, and thereby serves as a clinically accessible diagnostic
tool for treatment, but not as a tool for monitoring health with regard to implementing early

prevention.
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In the binomial approach, a risk factor was defined to be in the least favourable quartile of the
population. Defining a child to be at risk based on this measure might also be questionable
because the child might be genetically predisposed to a high level for a single risk factor or be
placed there because of biological variation. However, the rationale behind the approach is
biological, namely that the aggregation of more risk factors is no longer a coincidence. When
risk factors cluster, it is likely that they share a common ‘driving’ factor such as low physical
activity level or the biological consequences, e.g., insulin resistance or central obesity (see
Figure 7). The most accepted hypothesis is that obesity and insulin resistance are key features
of the metabolic syndrome (3), and the link among obesity, insulin resistance and metabolic

risk has been explored in children (202; 203).
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Figure 7. Conceptual model illustrating the hypothetical causes of clustering of CVD risk factors.
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PIA, physical inactivity; PF, physical fitness.

We doubt whether it makes sense to define cut-off points in each risk factor for children as
available evidence indicates that risk accelerates from below the suggested thresholds.
Accordingly, one question is whether we should look at the metabolic syndrome as a concept,
or as a diagnostic category. In adults, it may take decades for full-blown type 2 diabetes to
develop, whereas, in children and adolescents it has been hypothesized that this disease
develops over a more rapid time-frame (204). Thus, the central message is that presence of
multiple risk factors of any type should be of concern and that clustering of CVD risk factors
is not a desirable condition in children. Additionally, the risk of developing type 2 diabetes
and CVD increases progressively with higher levels of each risk factor. Hence, it might be
more relevant to view the metabolic syndrome as continuously scored.

PANCS provides mean and SD values of the risk factors, which could be used as standards

for calculation of z-scores in other studies for these age groups. This would make it possible
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to compare levels in composite z-scores among studies. Reference values and standard
deviations for the risk factors could be entered into a program on the internet, which would
enable general practitioners to enter the absolute values and the program could calculate the
mean z-score of the entered variables. The present study included only two distinct age
groups, but a program could include equations where age could be entered as a continuous
variable. This type of tool may be useful for the general practitioner, and could be used in

both children and adults for behavioural interventions.

Also an important consideration is the choice of variables to be included in the definition of
clustered CVD risk. In Paper II, HOMA score, WC, TG, HDL-c, SBP and aerobic fitness
were included in the composite risk factor score. In principle, several other well-documented
risk factors for CVD could have been included. For instance, if the aim was to investigate
general health we could have included socio-economic status, tobacco and nutrition status.
Fibrinogen and inflammatory markers such as CRP and adipocytokines are other potential
risk factors. However, we chose variables reflecting the adult metabolic syndrome criteria,
because there are studies reporting that metabolic syndrome persists from childhood to
adulthood (54-58) and additionally predicts future CVD (60). Nonetheless, these variables
may be missing in some data sets, but this may not be of major concern. For example, if WC
is not measured, BMI or sum of skinfold thickness can be used, and this would not

substantially change the z-score.

Inclusion of either glucose and/or insulin is, on the other hand, more challenging. In the IDF
paediatric definition fasting glucose is used, whereas, HOMA-score is used in the present
study. Since fasting blood glucose is typically normal even in overweight youth (77) variables
of insulin resistance should be used. Although the hyperinsulinaemic-euglycaemic clamp or
the frequently sampled IV glucose tolerance test are considered to be more accurate, HOMA
score is widely used in the literature as a surrogate measure for insulin resistance in both
youth and adult populations, and is definitely a more feasible method in large epidemiological
studies. Furthermore, the HOMA-score has been validated as a marker of insulin resistance in
non-diabetic children and adolescents in several studies and compares reasonably well with
clamp or frequently sampled IV glucose tolerance test (205; 206). Nevertheless, the mean z-
score uses all available information when defining risk profile, and the z-score is not sensitive
to the specific risk factors that are included. However, it is obvious that more accurately

measured variables will decrease error variation.
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Another important distinction to make is whether to include physical fitness in the definition
of the metabolic syndrome. While adiposity, or obesity, has been incorporated into the
definition of the metabolic syndrome, the other major modifier in the model proposed by
Reaven (6), physical fitness, has seldom been quantified. Based on the growing body of
evidence showing that fitness levels are inversely associated with metabolic risk present in
childhood, we included aerobic fitness in the composite CVD risk score in Paper II. The
importance of physical fitness measurement when assessing CVD risk in youth will be

addressed further in the next section.

Physical fitness and clustered CVD risk

The results in Paper III provide an opportunity to evaluate the independent associations of
muscle fitness measurement and direct measurement of aerobic fitness with clustered CVD

risk in a large cohort of children and adolescents.

As was the case in PANCS, previous reports have shown inverse associations between
aerobic fitness and clustered CVD risk (69-73; 165; 168-172). The additional independent
association of muscle fitness underscores the importance of both aerobic fitness and muscle
fitness as important determinants of CVD clustering in children and adolescents.
Nevertheless, it is important to underline that PANCS indicates that aerobic fitness appears to
be the most important factor in predicting CVD risk. We cannot dismiss the possibility that
more accurate measures of muscle fitness or even measures of muscle mass could have
resulted in stronger associations with muscle fitness. On the other hand, a strength of using

the muscle fitness test is that it is quick and inexpensive to use.

The results revealed that the OR for having clustered risk was raised in the least fit quartile for
both muscle fitness and aerobic fitness, indicating that the largest difference in clustered CVD
risk is apparent between the two lowest quartiles of fitness. This implies that a relatively small
increase in physical fitness may decrease clustered CVD risk. The choice of using 1 SD of z-
scores to define individuals at risk for the logistic regression might be questionable. However,
the prevalence of metabolic syndrome according to the IDF definition was low (17 cases).
Thus, no attempt was made to calculate an OR because of low statistical power. In addition,

the z-score approach also has the advantage that information is not reduced by
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dichotomization of each risk factor and the strength of an association between exposure and
outcome is stronger when z-scores are used (74). Nevertheless, nearly all individuals with

metabolic syndrome were found in the lowest quartile of both aerobic and muscle fitness.

Although the cause of the risk factor clustering is not fully understood (see Figure 7),
increased physical activity simultaneously improves all components of the metabolic
syndrome such as adiposity, lipids, hypertension and insulin resistance (207; 208). However,
the independent associations of physical activity, aerobic fitness and muscle fitness suggest
that they influence metabolic risk through different pathways. For example, studies from the
adult population show that resistance training improves insulin sensitivity to the same extent
as aerobic training (209). However, the mechanisms responsible may be different. Some of
the improvements are mediated through similar pathways (210) such as reduced visceral
adipose tissue and increased amounts of glucose transporter protein, whilst some
improvements stem from discrete pathways, such as increased muscle mass after strength
training, and increased metabolic capacity and skeletal muscle capillary density after
endurance training (211). It is possible that these biological pathways are transferable to the
young population. However, the exact mechanisms that elicits the protective effect are not

established in youth.

It is difficult to determine if adiposity confounds, mediates or modifies the association
between physical fitness and clustering of CVD risk factors (74). Previous studies have shown
that the association between aerobic fitness and CVD risk still appears to be independent after
adjustment for adiposity (70; 73; 165; 212). However, is not possible in a cross-sectional
study to conclude which is more important. Physical fitness and adiposity could be competing
risk factors, in which case it makes sense to adjust for the other variable. Alternatively, they
may be part of the same causal chain leading to an increased risk of clustered CVD risk (see
Figure 7). If the latter is the case, the associations between the real cause and risk factor might
disappear when adjusting for a link in the chain. Thus, in PANCS, we did not attempt to
assess the confounding effect of obesity, but focused on the association between physical
fitness and an overall CVD risk score, which necessarily includes some indicator of obesity.
Nevertheless, the protective effect of muscle fitness was observed across both normal and
overweight participants, and the association was stronger in overweight participants. In line
with previous reports (70; 72; 212) the lowest CVD risk scores are observed among youth

who are overweight and have low aerobic fitness. Our findings could be of particular interest
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as some overweight individuals may be adverse to aerobic exercise, and therefore suggest that

strength exercise may be a more attractive and better tolerated form of exercise.

Longitudinal studies have shown that aerobic fitness and muscle fitness track moderately
from youth to adulthood, (57; 66; 213; 214). A recent review (215) concluded that there is
strong evidence indicating that higher levels of aerobic fitness in childhood and adolescence
are associated with a healthier CVD risk factor profile later in life. However, due to a limited
number of studies, inconclusive evidence was found for the relationship between muscle
fitness and CVD risk factors. Nevertheless, our findings suggest that children and adolescents

with low levels of physical fitness are an important public health concern.

For public health strategies, it might therefore be valuable to have a health-related criterion
value for aerobic fitness, to be able to identify the target population for primary CVD
prevention. Defining such fitness thresholds based on a biological rationale is challenging.
The aerobic fitness cut-off points derived from the ROC analyses in this study are similar to
thresholds proposed by previous literature (172-174), with the exception of the cut-off point
for 15-year-old boys, which is considerably higher compared with previous studies. Our cut-
off point is derived from direct aerobic fitness measurement, which may explain the
discrepancies. Our results suggest a hypothetical aerobic fitness threshold value for having a
low risk of clustered CVD risk. Nevertheless, nearly 30—40% of the population in the present
study have values below the optimal cut-off point, and it is therefore possible that many false-
positive cases have been identified (e.g., incorrectly identifying children with low CVD risk
as having high CVD risk). However, considering the beneficial effects of regular physical
activity (146), it would be of greater concern where children who really are at high risk were
failed to be identified. There are other approaches that can be made to determine an optimal
aerobic fitness level. One alternative is to apply the VOqpeqx values derived from those 11.4%
defined as having clustered risk presented in Paper II. Doing so, the aerobic fitness cut-off
values would be 34.5, 38.4, 33.8 and 42.4 ml-min"-kg"' for 9- and 15-year-old girls and boys,
respectively. Another approach is to determine the clustered CVD risk score (z-score) across
deciles of aerobic fitness, and define the optimal aerobic fitness cut-off where the curve levels
off. With the latter approach, corresponding VOapeax cut-off point values would be 40.6
(decile 4), 43.7 (decile 3), 34.6 (decile 2) and 44.2 ml-min"-kg'l (decile 2). Nevertheless, it is

difficult to conclude which approach is more preferable and additional studies with other
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populations are necessary with regard to developing appropriate aerobic fitness thresholds in

children.

Inflammatory markers and clustered CVD risk

If we add to the model in Figure 7 the observation that fat tissue serves as an endocrine organ,
which secretes inflammatory cytokines, the understanding of the CVD clustering becomes
even more complicated. The results in Paper IV are interesting and relevant, particularly as
there are limited data on adipokines levels in children, and it adds to the body of knowledge
with regard to the relationship between inflammatory markers and components of the

metabolic syndrome.

The results reveal that participants with high WC had unfavourable levels of all CVD risk
factors, and in addition, presence of adverse adipokines. Also, other reports show that obesity
is associated with enhanced low-grade systemic inflammation as indicated by CRP levels
(216-218). Our results are also consistent with previous findings (38; 218-220) showing that
elevated CRP levels in children and adolescents are associated with several metabolic risk
factors. Applying cut-off values of CRP concentration (221) to distinguish among low (< 1
mg/l), moderate (1 to 3 mg/l) and high risk (> 3 mg/1) for future CVD, showed that
approximately half of the HW group had CRP levels in the moderate or high risk range. There
is, however, no consensus for a clinical cut-off point for CRP values in young people, but
there is evidence showing that CRP concentration could be useful in the early detection of

CVD (219; 222)

The results revealed elevated levels of HGF, leptin and PAI-1 in the HW group, and these
correlated with CVD risk factors. The significant association among PAI-1, Leptin and HGF
levels observed in the present study might be of interest as both PAI-1 and leptin have been
shown to affect vascular structure (26; 223) and thereby might be related to endothelial
dysfunction. In addition, elevated levels of these cytokines may contribute to low-grade
systemic inflammation, and, furthermore, play a role in the clustering of CVD risk factors

observed in the HW group.

We did not observe elevated levels of TNF-o or IL-6 in the HW group and there were no

association between WC, clustered CVD risk, TNF-o and IL-6. This does not necessary
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exclude TNF-a and IL-6 as possible contributors to future CVD risk, but in our children it
seem likely that these two play no major role. Nevertheless, one might speculate that the
increased levels of these cytokines require a more severe state of obesity or more time for the

associations to develop.

As expected a significantly lower aerobic fitness level was found in the HW group. However,
more interesting was the observation that levels of CRP, HGF, leptin and PAI-1 were all
negatively associated with fitness. Reduction in the levels of inflammatory markers have been
shown to be related to weight loss (25) and increased physical activity levels (224). If we
relate these findings to the earlier mentioned model (Figure 7), the following pathway might
be plausible. Increased amount of physical activity induces a decrease in visceral adipose
tissue, and reduces levels of inflammatory markers and this favourably changes a broad

number of CVD risk factors, and hence possibly protects against development of future CVD.

Representativeness and generalization

Papers I-IV are all based on the same cohort that were stratified by schools and randomly
selected for participation in the study. With respectively 89% and 74% of the invited 9-and
15-year-olds willing to participate, the response rate of the present study should be considered
higher than in most studies (64; 101). However, despite our high participation rate, in the end
only 79% of the participating boys and girls had valid physical activity data, while 88% had
valid aerobic fitness and 81% had valid blood samples. Nevertheless, approximately 40% of
the participants who were not included in the physical activity analyses were explained by
instrument breakage, which must be expected to be random across the range of physical
activity levels. In addition, drop-out analyses in Paper II showed that there were no
differences in anthropometric characteristics between participants with and without blood
samples. Those with complete data included in Paper III did not differ in age, sex
distribution, BMI, CVD risk factors or aerobic fitness from those without complete
measurements. Thus, along with the large sample including participants from all regions of
Norway, it is therefore likely to assume that the samples in Papers I-III can be generalized to

9- and 15-year-olds in Norway.
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Study strengths and limitations

Strengths

A major strength of Paper I was the use of both an objective assessment of physical activity
and direct assessment of aerobic fitness. Accelerometers are considered optimal for
quantification of the amount and intensity of physical activity and direct measurement of VO,
during a maximal exercise test is considered the gold standard in exercise testing. Moreover,
Papers II and III additionally include the availability of measures of insulin resistance, blood
lipids and other CVD risk factors in a large national representative sample. In Papers II-IV, a
continuous composite risk score for assessing CVD risk was used. It is widely used for
investigating associations among physical activity, aerobic fitness and CVD risk factors. As
stated earlier, this type of outcome may reflect health better than single risk factors and could

to some extent compensate for the day-to-day fluctuations in the single risk factors.

Despite the low number of participants, the measure of several markers of inflammation is the
main strength of Paper I'V. The inclusion of participants from a young and apparently healthy
population allows us to examine the differences and relationships among variables before

these children may develop manifest diseases.

Limitations

First, one noteworthy weakness is the cross-sectional nature of the study. The exposures and
outcomes in Papers II-IV were measured within the same time-frame, thus, the results suffer
from lack of validity for a causal relationship. Second, any observational study may be subject
to measurement bias and confounding. However, the variables measured here were
characterized by a high degree of measurement precision, because they are relatively stable
over time and were obtained under standardized and controlled conditions. Third, although
several confounding factors were adjusted for age, sex and sexual maturity, we cannot rule
out that unmeasured confounding factors such as genetic variation, energy intake and patterns,
family history of CVD and other socio-cultural factors could possibly explain our
observations. Fourth, the use of accelerometers in Paper I is limited by the inability to
capture cycling, swimming and load-bearing activities, and the accumulation of physical
activity over two to four days may not capture a fully representative snapshot of this complex
behaviour. However, there was no difference in mean physical activity level for the

individuals with different number of valid assessment days. Fifth, a weakness with the aerobic
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exercise test (Papers I-IV) is the use of arbitrary criteria to define maximum effort. The
primary consideration for an acceptable test was that the participants demonstrated signs of
intense effort and clear symptoms of fatigue. In addition, one objective criterion (HR>185
beats/min or RER>0.99) was needed to accept the test. These objective values might seem
low, however, mean maximal HR during the VOypc, test was 199 beats per minute and mean
RER was 1.07 and we are therefore confident that the participants in the present study were

exhausted and that ‘true’ VOapeqx values are reported.

Finally, in Paper III muscle fitness was measured by explosive strength, isometric strength,
and endurance strength only. Other tests could have been chosen, but the Eurofit test battery
has been widely used for children and adolescents throughout Europe and the tests are simple,

practical and reliable.

Implications

Data on physical activity patterns can inform the design and delivery of public health
interventions to promote physical activity in children and adolescents. Results from PANCS
reveal that extra efforts should be made to promote physical activity among girls and
adolescents in order to increase the proportion meeting the recommendations. There is no
reason to wait to take action as it may be anticipated that it becomes increasingly difficult to

change to a more physical active lifestyle with age.

PANCS provide representative reference values on selected CVD risk factors that can be used
for monitoring secular trends. From a public health perspective, the presence of clustering of
CVD risk factors found in PANCS provides important information with regard to the question

of the need of primary prevention of CVD at an early age.

The predictors found in Paper III are modifiable, highlighting the possible contribution
aerobic fitness and muscle fitness can make when developing effective strategies for the
prevention of CVD. Optimal health-related fitness might be a combination of these two, and
based on our findings the appropriate public health approach is to promote regular
participation in both strength and aerobic activities. In the light of the strong and constant
association between different physical fitness components and clustered CVD risk, aerobic

fitness and muscle fitness testing should be included in health-monitoring systems. In
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addition, if future studies continue to confirm this association, it might be warranted that

physical fitness should become part of the definition of the metabolic syndrome in children.

Finally, PANCS demonstrates that the use of accelerometry, direct assessment of VOjpeak,
assessment of muscle fitness and measures of blood variables are feasible in a large field-
based epidemiological study to evaluate CVD risk factors among children and adolescents.
There is need for surveillance studies like PANCS, because policy initiatives are limited by a
scarcity of data on the current levels and secular trends in physical activity, physical fitness,
and their relationship with key risk factors for diseases such as type 2 diabetes and CVD.

Hence, PANCS should be repeated regularly, perhaps every five to ten years.
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Boys were significantly more active than girls, and 9-year-olds were substantially
more active than 15-year-olds. While four out of five 9-year-olds met the current

physical activity recommendations this was only the case for half of the adolescents.

Boys had significantly higher VOopeax values than girls in both age groups. Nine-year-
old boys had significantly lower VOapeq values than 15-year-old boys, whereas, 9-

year-old girls had higher VOyjcak values than 15-year-old girls

A significant degree of clustering of CVD risk factors was found in 11.4% of the

population and was already apparent at 9-year of age.

Muscle fitness and aerobic fitness were independently associated with clustering of
CVD risk factors. However, aerobic fitness seems to be the strongest predictor for

CVD risk.

Low-grade systemic inflammation is already present in 9- and 15-year-olds with high
WC and CRP, HGF, PAI-1 and leptin may be related to the adverse overall risk profile

observed in these children and adolescents.



Future perspectives

FUTURE PERSPECTIVES

Several questions have arisen through this process and should lead to future studies. First,
there is an urgent need for more research addressing the use of accelerometry in children. This
research should lead to an international consensus on data processing, data sampling
frequency, epoch length and appropriate cut-off points for defining intensity thresholds in
children and adolescents. Second, more research should be conducted with regards to the
associations between physical activity and health outcomes: What are the dose-response
relationships between physical activity levels and a range of health outcomes (e.g. obesity,
CVD risk). Longitudinal and randomized controlled trials will be able to determine how
increase in physical activity and physical fitness levels may affect CVD risk during the life
span and impact on health later in life. Third, although the z-score approach is widely used
future research is needed to validate the current methodologies used on deriving this score in
children and adolescents. Although there is some evidence that metabolic syndrome or the
clustering of its components persist into adulthood, associations studies using established
cohorts that link the CVD z-score during childhood and adolescence with adult diagnosed
type 2 diabetes and CVD mortality are warranted. Fourth, as the existence of clustered CVD
risk in childhood has been thoroughly studied it might be suggested that future research
should shift from reporting prevalence toward design and implementation of effective
interventions aimed at early prevention of CVD. Finally, it is important for prevention to
understand how clustering of CVD risk factors develop in children. There is at the moment no
consensus of order of occurrence among potential contributors and which co-varies. Children
constitute a valuable study population in which to evaluate sequence of lifestyle related

pathophysiology and, therefore to identify causal relationships.
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The present study described current physical activity, de-
termined compliance with physical activity guidelines and
assessed aerobic fitness in a nationally representative sam-
ple of 9- and 15-year-olds in Norway. In 2005-2006, 2299
children and adolescents were randomly recruited. The
participation rate was 89% and 74% among the 9- and
15-year-olds, respectively. Physical activity was assessed
objectively by accelerometry, and aerobic fitness was mea-
sured directly as peak oxygen uptake during a cycle
ergometry test. Boys were more physically active than girls,
and 9-year-olds were substantially more active than 15-
year-olds. Physical activity was higher during weekdays

than weekends, and 9-year-olds were most active during
spring. While four out of five children met current physical
activity guidelines, only half of the adolescents did. The
mean (SD) values for peak VO, were: 9-year-old boys, 48.2
(7.1)mL/min/kg; 9-year-old girls, 42.9 (6.7) mL/min/kg;
and 15-year-old girls 41.1 (6.0) mL/min/kg and 15-year-old
boys 51.9 (8.0) mL/min/kg. Because of the high participa-
tion rate, this study provides a good description of the
physical activity and aerobic fitness in the young population.
Finally, girls and adolescents seem appropriate targets when
promoting physical activity in order to increase the propor-
tion meeting the recommendations.

Physical activity is a behavior that occurs in a variety
of forms and contexts (Caspersen et al., 1985).
Therefore, assessing physical activity is a complex
task, especially among children who rarely engage in
lengthy sustained bouts of activity, but whose parti-
cipation typically is intermittent and spontaneous
(Bailey et al., 1995). However, objective assessment
of physical activity is possible using accelerometers,
which are capable of capturing the duration, inten-
sity and frequency of the activity.

Aerobic fitness is a set of attributes rather than a
behavior (Caspersen et al., 1985), and it is a result of
the genetics and stage in the lifespan, as well as
physical activity levels. Even though direct measure-
ment of maximal oxygen uptake is the preferred
method to assess aerobic fitness, it is rarely used in
large epidemiologic studies because it requires ex-
pensive equipment and is time consuming.

We are aware of only three large population-based
studies where physical activity has been assessed
objectively in children and youth (Riddoch et al.,
2004, 2007; Pate et al., 2006); furthermore, popula-
tion-based studies where oxygen uptake has been
measured directly are scarce. Hence, representative
data for these variables are lacking in the literature.

Norway is a country that stretches over 2650 km
with parts of the country situated above the Arctic

Circle and weather conditions differ significantly
throughout the year. We assessed physical activity
levels and aerobic fitness in a cross-sectional popula-
tion-based sample, which included approximately
2300 children and adolescents. This was intended as
the initial survey in a regular national surveillance
system to monitor secular trends in physical activity
levels and aerobic fitness. The purpose of the study
was to describe current physical activity among Nor-
wegian children and adolescents using accelerometry,
and to determine compliance with current physical
activity guidelines. We also wanted to assess their
aerobic fitness using direct measurements of oxygen
uptake during an exhaustive cycle ergometry test.

Material and methods
Study sample

Children and adolescents selected for participation in the
study were girls and boys aged 9 and 15 years old. Statistics
Norway selected the cohort by cluster sampling with schools
as the primary unit. When a school agreed to participate, we
invited all children in grade 4 (elementary schools) and grade
10 (high schools) to participate. We recruited girls and boys
from 40 elementary schools and 23 high schools in Norway. In
Oslo, however, we oversampled elementary schools to be able
to compare the results with previous research (Klasson-Heg-
gebo & Anderssen, 2003). We invited a total of 2818 children
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and adolescents and 2299 accepted, yielding a participation
rate of 89% and 74% among the 9- and 15-year-olds,
respectively. Data were collected in 2005-2006 and analyzed
in 2007-2008. Before participation in the study, written
informed consent was obtained from each subject and his or
her primary guardian. The Regional Committee for Medical
Research Ethics and Norwegian Social Science Data Services
approved the study.

Measures

We measured weight to the nearest 0.1 kg with a digital scale
(Seca 770, SECA GmbH, Hamburg, Germany), and height to
the nearest 1 mm. The children and adolescents were in their
underwear and without shoes. Body mass index (BMI) was
calculated as weight (kg) divided by the height squared (m?).

We used Actigraph accelerometers (MTI model 7164,
Manufacturing Technology Inc., Fort Walton Beach, Florida,
USA) for objective assessment of physical activity. The girls
and boys wore the accelerometer on their right hip for four
consecutive days, including two weekdays and two weekend
days. We instructed them in wearing the accelerometer during
all waking hours, except during swimming and bathing.
Accelerometers were initialized to start recording at 6:00 hours
on the day after they were distributed. The epoch length was
set to 10s. The physical activity assessments were undertaken
during all months except July and August. In the analyses we
defined winter from December through February, spring from
March through June and fall from September through No-
vember. To minimize inter-instrumental variation, we cali-
brated all accelerometers regularly against a standardized
vertical movement.

In the analyses of accelerometer data, all night activity
(24:00-6:00 hours), and all sequences of 10min or more of
consecutive zero counts were excluded from each individual’s
recording. Physical activity data were included for further
analyses if the child had accumulated a minimum of 8-h activity
data per day for at least 2 days. A total of 1824 (79%) children
and adolescents provided valid physical activity recordings. The
reasons for exclusion (N = 475) were failing to achieve at least 2
days of assessment (25%), not wearing the accelerometer (36%)
and instrument malfunction (39%).

The primary physical activity variable was the mean num-
ber of counts per minute (counts/min), and additional out-
comes were time spent at different activity intensities. We
defined moderate-to-vigorous physical activity (MVPA) as all
activity above 2000 counts/min (equivalent to three metabolic
equivalents and a walking pace at 4km/h), and vigorous
physical activity (VPA) as all activity above 3000 counts/
min. These cutoff points have also been used previously
(Ekelund et al., 2004; Andersen et al., 2006).

We assessed aerobic fitness through a maximum exercise test
on an electronically braked cycle ergometer (Ergomedic 839E,
Monark, Varberg, Sweden). Initial and incremental work rates
were 20 W for 9-year-olds weighing <30kg, 25 W for 9-year-olds
weighing >30kg, 40 W for 15-year-old girls and 50 W for 15-
year-old boys. We set pedal frequency at 60-70rpm and in-
creased work rate every third minute until exhaustion. We
recorded heart rate (HR) throughout the test using a HR
monitor (Polar Vantage, Polar electro YO, Kempele, Finland)
and measured oxygen uptake (VO,), respiratory exchange ratio
(RER) and ventilation every 10s during the last minutes of the
test using a portable MetaMax III X oxygen analyzer (Cortex
Biophysics, Leipzig, Germany). We defined peak VO, as the
mean of the three highest consecutive measurements. Every
morning we calibrated the analyzer against known gas mixtures,
and barometric pressure against values from the local weather
station.
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If RER was >0.99 or max HR was > 185 beats/min and the
test leader judged the subject to show signs of intense effort
(e.g. facial flushing or difficulties in keeping up the pedal
frequency), the test was accepted as maximal. Eight percent of
the girls and boys failed to meet these criteria, while 4% were
absent on the test day. Hence, 2027 (88%) children and
adolescents had valid tests and were included in the analyses.

Peak VO, was missing in 159 individuals due to failure of
the VO, analyzer. Based on data from the present study,
values were imputed for the missing individuals using the
following equation:

9-year-olds : VO, peak (L/min) =0.452 + (0.0108 X Wpax)
+(0.033 x sex)

15-year-olds : VO, peak (L/min) =0.465 4 (0.0112 x Wpax)
+(0.172 x sex),

where sex = 0 for girls and sex = 1 for boys.
We calculated W,.x according to the following formula
(Hansen et al., 1989):

W1+ (W2 x 1/180),

where W1 = workload (W) at each fully completed stage,
W2 = workload increment at the final incomplete stage and
t = duration (s) of the final incomplete stage.

A validation study of the MetaMax III X oxygen analyzer
showed that the analyzer was stable (<2% variation) at
repetitive measurements over a 30-min period. Repetitive
measurements over 12 days also showed <2% day-to-day
variation at different work rates (4, 8 and 12 km/h). Addition-
ally, the MetaMax III X oxygen analyzer was validated
against the Douglas bag method. At all work rates, the
analyses showed a systematic 8% overestimation of the oxy-
gen consumption measured by MetaMax I1I X; consequently,
all peak VO, measurements were corrected downwards by a
factor of 1.08.

Sample size calculation

In the sample size calculation, we used physical activity and
aerobic fitness as the primary outcome variables. With respect
to this, 444 individuals in each age and sex group allowed us to
detect subgroup physical activity differences of 49 counts/min
and aerobic fitness differences of 1.6 mL/kg/min (1 — = 0.80;
two-tailed o = 0.05), using a two-tailed test. Because of cluster
sampling, we incorporated a design effect of 1.1, yielding a
final target sample size of 488 individuals per age and sex
group.

Statistical analyses

We tested 8.6% of the 9-year-olds in Oslo compared with
1.5% of the 9-year-olds in the rest of the country. The results
for weighted means were not notably different from the non-
weighted means, and we therefore present only non-weighted
means here. Even if the recruitment was carried out by school
clusters, the results presented here are mainly descriptive and
therefore we have not adjusted for the clustering by school
design. To assess potential differences in activity levels be-
tween individuals with different numbers of assessment days,
we calculated physical activity levels separately for individuals
with 2, 3 and 4 days of valid activity recordings. Because
no differences were found (data not shown), all children with
at least 2 days of valid assessments are included in the
analyses. We assessed differences between groups using one-
way analysis of variance (ANOVA), and differences between
proportions of individuals achieving activity guidelines using



chi-square analyses. When we examined the seasonal effects of
physical activity, the first step was to test the three-way
interaction between sex, age group and season. We then tested
the three two-way interactions, and found an interaction
between season and age group (P =0.01); consequently, the
regression analysis was run separately for the two age groups.
We analyzed all data using the Statistical Package for the
Social Sciences (SPSS) version 15.

Results

Group characteristics are presented in Table 1. The
difference in the overall physical activity between 9-
year-old girls and boys was 103 counts/min, which
translates into a 14.9% [95% confidence interval
(CI): 12.8, 16.9] difference. Fifteen-year-old boys
were 11.3% (95% CI: 8.9, 13.6) more physically
active than the 15-year-old girls; furthermore, 9-
year-olds were 45.5% (95% CI: 43.2, 47.8) more
physically active than 15-year-olds (Table 2).

In all age and sex groups, a higher physical activity
level was seen during weekdays than during week-
ends. Nine-year-old boys were 14.9% (95% CI: 12.8,
17.0) and 11.9% (95% CI: 9.9, 13.8) more physically
active than the girls during the weekdays and week-
ends, respectively. Fifteen-year-old boys were 16.0%
(95% CI: 13.1, 18.9) more physically active than the

Table 1. Anthropometric characteristics of the sample by sex and age group”
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girls during weekdays; however, we found no sex
difference in the activity level during weekends
(P=0.86). The hour-by-hour activity level during
weekdays and weekends is presented in Fig. 1.

Overall, on a daily basis, 9-year-olds spent
86.5min in MVPA and 50.5min in VPA, while 15-
year-olds spent 64.9 and 42.7min in MVPA and
VPA, respectively. Nine-year-old boys were involved
in more time MVPA (P<0.001) and VPA (P<0.001)
than girls. A similar pattern was also seen among
the 15-year-olds, but the sex difference was smaller
(P=0.007 for MVPA and P=0.002 for VPA)
(Table 1).

Among 9-year-olds, 75.2% (95% CI: 71.5, 78.9) of
the girls and 90.5% (95% CI: 88.2, 92.8) of the boys
met the Norwegian physical activity guidelines of
60 min of moderate-intensity physical activity every
day. The corresponding value among the 15-year-
olds was 49.9% (95% CI: 44.7, 55.1) among the girls
and 54.1% (95% CI: 48.8, 59.4) among the boys.

Figure 2 shows the influence of season on physical
activity level. We observed a significant association
between physical activity level and season among
9-year-olds but not among 15-year-olds. Nine-
year-olds were most physically active during spring.

Overall, the median maximal HR during the
peak VO, test was 199 beats/min (range 173-223).

9-year-olds 15-year-olds
Girls (n=598) Boys (n=693) Girls (n=469) Boys (n=506)
Height (cm) 138.3 (6.8) 139.9 (6.3)* 165.9 (6.2) 175.8 (7.2)*
Weight (kgg 33.8 (7.1) 34.0 (6.5) 58.3 (8.9) 64.6 (12.1)*
BMI (kg/m?) 17.5 (2.7) 17.3 (2.5)** 21.2 (2.9) 20.8 (3.4)**
Values are mean (standard deviation).
*P<0.001.
**P<0.05 for sex within age group.
BMI, body mass index.
Table 2. Physical activity and aerobic fitness data by age group and sex*
9-year-olds 15-year-olds
Girls Boys Mean 95% Cl Girls Boys Mean 95% Cl
difference difference

PA n=>525 n=602 n=359 n=338

Overall PA (counts/min) 693 (251) 796 (281) 103 72-134 487 (167) 542 (199) 55 27-82

PA weekdays (counts/min) 715 (253) 821 (276) 106 74-137 500 (177) 580 (211) 80 49-111

PA weekend (counts/min) 665 (383) 744 (363) 79 34-124 455 (215) 472 (257) 17 —20-55

MVPA (min/day) 76.4 (23.1)  95.4 (31.1) 19.0 15.8-22.2 62.2 (25.4) 67.7 (28.0) 55 1.5-9.5

VPA (min/day) 43.8 (17.0) 56.4 (23.0) 12.6 10.3-15.0 404 (19.3) 451 (22.1) 47 1.7-7.9
Aerobic fitness n=>538 n=634 n=391 n=464

Peak VO, (L/min) 1.4 (0.2) 1.6 (0.2) 0.2 0.16-0.21 2.4 (0.4) 3.3 (0.5) 0.9 0.89-1.01

Peak VO, (mL/min/kg) 42.9 (6.7) 48.2 (7.1) 5.3 4.5-6.1 41.1 (6.0) 51.9 (8.0) 10.8 9.9-11.8

*Values are mean (standard deviation).

PA, physical activity; Cl, confidence interval; MVPA, moderate-to-vigorous physical activity; VPA, vigorous physical activity; VO,, oxygen uptake.
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Fig. 1. Hour-by-hour physical activity levels for 9- and 15-
year-old boys and girls during weekdays and weekends. The
plotted values are the mean physical activity level (counts/
min).
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Fig. 2. Box plot of physical activity level (counts/min) dur-
ing the different seasons. Seasons: winter, December—Feb-
ruary; spring, March-June; and fall, September—November.
The box covers the range between the lower and the upper
quartiles; the whiskers cover the range between the 5th and
the 95th percentiles, and the horizontal bar dividing the box
indicates the mean.

Figure 3 shows the distribution of peak VO, data.
Nine-year-old boys had 5.3 mL/min/kg higher peak
VO, than girls, while the corresponding difference
among the 15 year olds was 10.8 mL/min/kg (Table
2). Furthermore, 15-year-old boys had 3.7 mL/min/
kg (95% CI: —4.6, —2.9) higher peak VO, than
9-year-old boys (P<0.001), whereas 9-year-old girls
had 1.8 mL/min/kg (95% CI: 1.0, 2.6) higher peak
VO, than 15-year-old girls (P<0.001).

Discussion

In this nationally representative cohort of children
and adolescents, we have demonstrated that: boys
are more physically active than girls, the sex differ-
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Fig. 3. Box plot of the aerobic fitness data (mL/min/kg) by
sex and age group. The box covers the range between the
lower and the upper quartiles; the whiskers cover the range
between the 5th and the 95th percentiles, and the horizontal
bar dividing the box indicates the mean.

ence in physical activity is particularly pronounced at
activities of moderate and vigorous intensities, the
physical activity level is higher during weekdays than
during weekends and 9-year-old children are most
active during spring. Four out of five children met
current physical activity guidelines, but only half of
the adolescents did. Furthermore, we have shown
that boys had a significantly higher peak VO, than
girls, already at the age of 9 years.

This study was unique because we determined
physical activity and aerobic fitness objectively. The
study had a number of strengths including the large
study sample with direct measurements of the oxygen
uptake, the high participation rate and the random
inclusion of children and adolescents from the whole
population.

The findings of the study should be interpreted in
light of the following limitations. First, the accumu-
lation of physical activity over 2-4 days may not
represent the true physical activity level of the sub-
ject, but only a rough estimate of the subject’s
activity level. Second, we chose to include individuals
who had minimum two valid days of physical activity
recordings. Because no difference in the mean physi-
cal activity was found for the individuals with a
different number of valid assessment days we do
not think that any major errors are introduced by
including these individuals. Third, despite our high
participation rate, in the end only 79% of the
participating boys and girls had valid physical activ-
ity data, while 88% had valid aerobic fitness data.
However, approximately 40% of the children and
adolescents not meeting the physical activity inclu-
sion criteria can be explained by instrument break-
age, which must be expected to be random across the
range of physical activity levels.



Every fifth year from 1920 to 1975, children living
in Oslo have had their body weight and height
measured (Brundtland et al., 1980). Nine-year-old
girls in the present study were 4.6kg heavier and
3.3cm taller than girls in 1975 (age 8.5-9.5 years),
resulting in 1.5kg/m> higher BMI. Higher body
weight (+4.5kg), height (+4.4cm) and BMI
(+1.3kg/m?) were also observed among 9-year-old
boys. Fifteen-year-old girls in the present study were
4.5kg heavier and 0.6cm taller than girls in 1975,
resulting in 1.6 kg/m? higher BMI, whereas the cor-
responding increases among 15-year-old boys were
6.6kg, 4.9cm and 0.9kg/m’>. More recent national
data among fourth graders (mean age 8.9 years)
(Andersen et al., 2005) show that 9-year-old girls in
the present study were 1.3cm taller and 1.8kg
heavier, and thus had a 0.4 higher BMI than 9-
year-olds in 2000. Similar increases were also seen
among boys. When interpreting these data, the
individuals’ age must be taken into consideration as
9-year-old children gain several kilos and grow
numerous centimeters annually. Despite the age
difference, there seems to have been a secular increase
in body weight, height and BMI from 1975 to 2000;
however, this increase seemed to have impeded from
2000 to 2006. With regard to body weight, height and
BMI, our sample seems to be representative for 9-
and 15-year-olds in Norway.

This study confirms previous research showing
that boys are more active than girls (Klasson-Heg-
gebo & Anderssen, 2003; Riddoch et al., 2004, 2007).
The sex difference was higher among the 9-year-olds
compared with the 15-year-olds, and most pro-
nounced at activities of moderate and vigorous
intensities. The consistent observation that boys
participate in substantially more physical activity at
all intensity levels underscores the need for interven-
tion programs targeting girls of all ages. The decline
in physical activity with age may be the most con-
sistent finding in physical activity epidemiology
(Caspersen et al., 1994). When using the two age
cohorts to simulate a longitudinal change, the results
indicate a decline in activity that was similar among
girls and boys (29.7% and 31.9%, respectively). The
decline equals a 4.5% annual reduction, which must
be considered to be substantial. Furthermore, studies
have shown that the period with the greatest physical
activity decline is between 12 and 18 years of age
(Caspersen et al., 2000; Telama & Yang, 2000; van
Mechelen et al., 2000). This emphasizes the impor-
tance of measures aimed at increasing the physical
activity among adolescents.

The higher physical activity level during weekdays
may be linked to school activities and organized
activities in the afternoon. The activity patterns
throughout the days appear to confirm this inter-
pretation. During weekdays the activity was charac-

Physical activity and aerobic fitness in children

terized by several peaks during school hours and in
the afternoon, while the activity during weekends
was generally low throughout the day, thus, indicat-
ing that attempts should be made to increase the
activity during weekends.

The Norwegian physical activity guidelines state
that all children and adolescents need moderate-
intensity physical activity for a minimum of 60 min
every day. Despite the well-known benefits of physi-
cal activity, half of the nation’s adolescents fall
short of meeting the guidelines. The current physical
activity recommendations are not built on a strong
body of evidence; however, it is of concern that
one out of two 15-year-olds in Norway is not
sufficiently active. Regular physical activity has ben-
eficial effects on musculo-skeletal health, adiposity in
overweight youth and blood pressure in mildly
hypertensive adolescents (Strong et al., 2005). More-
over, recent data suggest that physical activity is
independently associated with metabolic health in
children (Ekelund et al., 2007). Physical activity
might be necessary to prevent insulin resistance,
which seems to be the central feature for clustering
of cardiovascular disease risk factors (Andersen
et al., 2006).

Knowledge of seasonal participation in physical
activity is important, as it will be useful to interven-
tions and health promotion planning. Among the 9-
year-olds in our study, we found a higher physical
activity level during spring than during winter and
fall, which is similar to what has been reported
previously (Fisher et al., 2005; Riddoch et al., 2007
Kristensen et al., 2008). On the other hand, adoles-
cents’ participation in physical activity was not
influenced by seasonality. Similar findings have also
been reported in Denmark (Kristensen et al., 2008),
but the finding is not consistent (Santos et al., 2005).
The finding that adolescents’ physical activity is not
influenced by seasonality is plausible. While young
children’s physical activity often consists of active
play and non-organized sports, adolescents’ physical
activity tend to be organized and to be of more
regular nature. Hence, the 15-year-olds, who are
physically active are active throughout the whole
year independent of season.

Among children (8—12-year-olds), mean peak VO,
values of 35.8-49.9 and 41.1-57.6mL/min/kg
have been reported for girls and boys, respectively
(Andersen et al., 1980; Armstrong et al., 1995;
Fredriksen et al., 1999; Rowland et al.,, 2000;
Dencker et al., 2007). The corresponding peak VO,
values among adolescents (14—19-year-olds) are
40.0-48.9 and 51.7-60.8 mL/min/kg for girls and
boys, respectively (Andersen et al., 1987; Fredriksen
et al., 1999). This indicates that the girls and boys in
our sample did not differ markedly with respect to
the peak VO, values that have been reported pre-
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viously. However, the studies reporting direct mea-
sured oxygen uptake in children and adolescents
include a limited number of individuals and different
test protocols and instruments, resulting in limita-
tions to the comparisons. There have been few
published studies that have addressed the issue of
secular trends in directly measured peak VO,. A
review of peak VO, data from children and adoles-
cents over the last 50 years does not indicate a secular
trend in aerobic fitness (Armstrong & Welsman,
2007), whereas aerobic test performance in children
and adolescence has shown a rapid secular decline
over the past 20 years (Tomkinson et al., 2003).
Data on secular trends in peak VO, expressed in
ratio with body mass need to be interpreted with
caution. However, peak VO, data from the present
study are similar to those reported previously, and
hence indicate a lack of secular decline in aerobic
fitness.

A peak VO, of >35-38 mL/min/kg for girls and
>40-42 mL/min/kg for boys have been suggested as
a criterion standard for the “Healthy Fitness Zone”
(Bell et al., 1986; Ruiz et al., 2007; Welk & Meredith,
2008). When applying these limits to our data, we
found that approximately 11.7% and 11.8% of the
girls and boys, respectively, were below the criterion
standard and therefore have a hypothetical risk of
having a clustering of metabolic risk factors. How-
ever, longitudinal studies are needed to investigate
the impact of low aerobic fitness in childhood on the
probability of having cardiovascular disease later in
life.
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Cardiovascular disease risk factors in a population-based sample of Norwegian children

and adolescents

Jostein Steene-Johannessen, Elin Kolle, Sigmund Alfred Anderssen and Lars Bo Andersen

Department of Sports Medicine, Norwegian School of Sport Sciences, Oslo, Norway

Objective. The objective of the study was to describe the distribution of cardiovascular disease (CVD) risk factors,
and to evaluate the extent of clustering of CVD risk factors in Norwegian children and adolescents. Material and
methods. A randomly selected cohort of 9-year-olds and 15-year-olds from all regions of the country was
sampled. Of 2,818 subjects invited to participate, 2,299 accepted, giving an overall participation rate of 82 %.
Results. Mean (SD) values for the main risk factors for 9-year-old and 15-year-old girls and boys were: total
cholesterol (TC) (mmol/L) 4.49 (0.73), 4.37 (0.68), 4.19 (0.76) and 3.80 (0.69), respectively; triglycerides (TG)
(mmol/L) 0.72 (0.33), 0.63 (0.32), 0.79 (0.32) and 0.82 (0.47), respectively; high density lipoprotein cholesterol
(HDL-c) (mmol/L) 1.70 (0.35), 1.79 (0.40), 1.61 (0.34) and 1.42 (0.30), respectively; systolic blood pressure
(mmHg) 102.6 (7.7), 103.3 (7.7), 109.0 (8.8) and 115.3 (9.0), respectively; and homeostasis model assessment score
(HOMA) 1.29 (0.83), 1.19 (0.78), 2.10 (1.37) and 2.14 (1.49), respectively. At least five risk factors were found in
11.1 (95 % confidence interval (CI) 8.76 to 13.44) times as many participants as expected. A significant degree of
clustering of CVD risk factors was found in 11.4 % (95 % CI, 9.8 to 13.0) of the study population, and these had
mean Z scores of 1.24 (0.06) and 1.04 (0.08) for the 9-year-olds and 15-year-olds, respectively. Conclusion. This

study presents national reference data on selected CVD risk factors in children and adolescents.

Keywords: Blood pressure; cardiovascular risk; insulin; lipoproteins; youth

Introduction

Cardiovascular disease (CVD) is one of the main
causes of global mortality [1], with the process of
atherosclerosis starting in early childhood and
progressing throughout life [2]. Insulin resistance,
obesity, low fitness and unfavourable lipoprotein
profile are all independent risk factors for CVD in
adults [3]. Clustering of risk factors is common,
resulting in a higher risk of atherosclerosis, diabetes
and CVD outcomes. High levels of some of the CVD
risk factors have also been found in children and
youth [4-6], and these seem to persist from childhood
into adulthood [7-9].

Previous studies investigating CVD risk factors in
children and youth have been limited by small non-
representative samples, and no Norwegian national
representative data exist [10—12]. Representative data
are needed to describe CVD risk factor levels in the
population and to monitor secular trends. They could
be used to calculate the number of children with
clustered cardiovascular risk, and, from a public
health perspective, would provide important infor-
mation about the need for implementation of
effective strategies to prevent future CVD.

In an initial survey in a regular national surveil-
lance system, we collected CVD risk factors in a large
cross-sectional population-based sample. The study
comprised approximately 2,300 children and adoles-
cents, and the response rate was high. The aim was to
describe the distribution of CVD risk factors in order
to evaluate the extent of clustering among Norwegian
children and adolescents.

Material and methods

This is a cross-sectional study of a randomly selected
cohort of 9-year-old (4th grade) and 15-year-old
(10th grade) children. A national representative
sample was selected from Statistics Norway, with
schools as the primary unit. In the selection of
schools, population density, geography and socio-
economic background of the region were taken into
account. A total of 63 schools were included in the
study, representing all regions of the country. Of the
2,818 subjects invited to participate, 2,299 accepted,
giving an overall participation rate of 82 % (89 % and
74 % for 9-year-olds and 15-year-olds, respectively).
The data were collected between March 2005 and
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October 2006. Tests were performed at the schools
and 10-15 children were examined per day. The same
crew did all examinations; however, for practical and
economic reasons we used several bioengineers. The
study was carried out in accordance with the Helsinki
Declaration and approved by the Regional
Committee for Medical Research Ethics and the
Norwegian Social Science Data Services. Each
participant agreed to participate, and written
informed consent was provided by a parent or
guardian. Participants could withdraw from part or
all of the study at any time.

Measurements

Blood pressure was measured automatically using an
Omega™ non-invasive blood pressure monitor
(Invivo Research, Inc., Orlando, Fl., USA). The
participant was seated for 5 min and the appropri-
ately sized cuff (either child or adult) was placed
around the left upper arm. Five measurements were
taken at 2-min intervals, and the mean value of the
last three measurements was used in the statistical
analyses.

After an overnight fast, intravenous blood sam-
ples were taken from the antecubital vein. The
participants were then served breakfast. The samples
were spun for 10 min at 2500g and separated within
30 min. Samples were immediately kept at —20°C
until stored in two aliquots at —80°C. Routine
enzymatic  colorimetric  assays from Roche
Diagnostics performed on a Cobas Integra analyser
(F. Hoffmann-La Roche Ltd, Basel, Switzerland)
were employed at the Central Laboratory of Ullevaal
University Hospital (Oslo, Norway) for analyses of
total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-c), triglycerides (TG) and glucose.
Low-density lipoprotein cholesterol (LDL-c) was
estimated from TC, HDL-c and TG with the
Friedewald formula [13]. Immunoturbidimetric
assays for the quantitative determination of apolipo-
protein A-1 (Apo A-1) and apolipoprotein B (Apo B)
were performed on Roche, Hitachi. Insulin was
measured at the Aker University Hospital (Oslo,
Norway) by fluoroimmunoassay using an automatic
immunoassay system (AutoDELFIA®Insulin;
PerkinElmer, Turku, Finland). Insulin resistance
was estimated according to the homeostasis model
assessment (HOMA) as the product of fasting glucose
(mmol/L) and insulin (pU/mL) divided by the
constant 22.5 [14].

Height was measured to the nearest | mm in bare
stockinged feet with the child standing upright
against the wall. Body weight was measured to the
nearest 0.1 kg using a beam balance scale (Seca 770).
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The participants were lightly dressed. Waist circum-
ference was measured with anthropometric tape
around the umbilicus at the end of a normal
expiration. A visual evaluation of pubertal stage
was assessed by trained personnel using Tanner’s
classification (7), which, for boys, is based on external
genitalia and pubic hair development, and, for girls,
on breast and pubic hair development. The scales are
divided into five stages based on superficial appear-
ance; stage 1 being pre-adolescent and stage 5
mature. Analyses in the current study are based on
breast development in girls and genitalia develop-
ment in boys.

Aerobic fitness was assessed through a progres-
sive cycle test to exhaustion using an electronically
braked cycle ergometer (Monark 839E Ergomedic).
The ergometer was electronically calibrated every
morning and mechanically calibrated after being
moved. Initial and incremental work rates were
20 W for children weighing <30 kg; 25 W for
children weighing =30 kg; 40 W for 15-year-old girls;
and 50 W for 15-year-old boys. The work rate was
increased every third minute until exhaustion. Heart
rate (HR) was recorded throughout the test using a
HR monitor (Polar Vantage, Kempele, Finland).
Expired air was measured with a portable oxygen and
CO, analyser (MetaMax III X; Cortex Biophysics,
Leipzig, Germany). Peak VO, was defined as the
mean of the three highest consecutive measurements.
Calibration against known gas mixtures was per-
formed every morning prior to testing. The MetaMax
III X oxygen analyser was validated against the
Douglas bag method. At all work rates, the analyses
showed a systematic 8 % overestimation of oxygen
consumption measured by the MetaMax III X;
consequently, all VO, peak measurements were
corrected downwards by a factor of 1.08. The criteria
for maximal exhaustion were met if there was a
subjective judgement by the tester that the participant
showed signs of intense effort (e.g. sweating and
facial flushing) and if HR was =185 beats per minute
or the respiratory exchange ratio was =0.99.

Statistical methods

All analyses were done with SPSS statistical software,
v. 15.0 (SPSS Inc., Chicago, Ill., USA). Data are
presented as means (SD). We tested 8.6 % of all 9-
year-olds in Oslo compared with 1.5 % in the rest of
the country. Results for weighted means were not
different from the non-weighted means, and conse-
quently only non-weighted means are presented.
Even though recruitment was done by school clusters,
the results presented here are mainly descriptive; we
therefore made no effort to adjust for clustering by
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school design. One-way ANOVA was used to assess
differences between sex and age group. All analyses
were adjusted for puberty. Six biological CVD risk
factors (HOMA score, waist circumference, TG,
HDL-c, aerobic fitness and systolic blood pressure)
were selected to assess the degree of clustering. The
children were assigned to one of seven risk factor
categories, 0-6, depending on their number of risk
factors. Having a risk factor was defined as having
values in the upper quartile of the population. The
number of risk factors was treated as a binominal
distributed variable. The probability of children and
adolescents having 0 to 6 risk factors was calculated
using the binomial probability formula [15]
m*p"™*(1=p)" " "I(r'*(n—r)!), where n is the possible
number of risk factors (6), p is the probability of
having a risk factor (0.25) and r is the number of risk
factors for which the probability is calculated (0-6).
The proportions of expected subjects were 0.178,
0.356, 0.297, 0.132, 0.0330, 0.004 and 0.0002 for the
seven groups, respectively. Risk categories 5 and 6
were merged in order to maintain a sufficient number
of subjects in the group. The observed number of
children in each group was compared to the expected
number by calculating the ratio and plotting with a
95 % confidence interval (95 % CI). More subjects
than expected were observed with four or more risk
factors, and were defined as being at risk.
Furthermore, to compute a continuous score repre-
senting a composite CVD risk factor profile, we
computed standardized residuals (Z score) by age and
sex for the selected risk factors. The Z scores were
then summed for each individual regarding the
individual risk factors to create the clustered risk
score.

Results

The majority of the 9-year-olds (76 % of the girls and
94 % of the boys) were classified as pre-pubertal, with
the remainder in early puberty. Of the adolescents,
72 % of the girls and 78 % of the boys were post-
pubertal, with only 2.4 % in pre-puberty or early
puberty.

A total of 448 participants (19 %) were excluded
from the blood sample analyses for failing to provide
a consent form for the blood sample (rn=45),
haemolysed samples or not enough blood (n=385),
and for not fasting or being absent on the day of
blood sampling (n=318). There was no difference in
mean age, sex distribution, BMI, body weight or
aerobic fitness between participants with and without
blood samples (data not shown). Concerning the
clustered risk analyses, only participants with

complete measurements of aerobic fitness, HDL-c,
TG, HOMA, systolic blood pressure and waist
circumference were included. There were no differ-
ences in mean age, sex distribution, BMI, HDL-c,
TC, TG, HOMA or aerobic fitness between the 1,592
included in the clustered risk analyses and those
without complete measurements.

The characteristics of the study population and
CVD risk factors, according to sex and age, are given
in Table I.

There was no difference between the sexes in
systolic blood pressure among 9-year-olds, whereas
the 15-year-old boys had 6 mmHg higher systolic
blood pressure compared to the 15-year-old girls
(Table I). The mean systolic blood pressure in
adolescents was 9 mmHg (95 % CI 8.6 to 10.0)
higher than in children.

Nine-year-old girls had higher levels of TC
(0.12 mmol/L), Apo B (0.04g/L) and TG
(0.08 mmol/L) and lower concentrations of HDL-c
(0.09 mmol/L) and Apo A-1 (0.05 g/L) compared to
9-year-old boys. The 15-year-old girls had higher
levels of TC (0.39 mmol/L), HDL-c (0.19 mmol/L),
Apo B (0.05 g/L) and Apo A-1 (0.12 g/L) compared
to the 15-year-old boys (Table I). No sex difference
was observed for TG levels in the 15-year-olds.
Independently of sex, adolescents had lower levels of
TC (0.45 mmol/L, 95 % CI 0.37 to 0.51), LDL-c
(0.26 mmol/l, 95 % CI 0.20 to 0.33) and Apo B
(0.05 g/L, 95 % CI 0.04 to 0.07), but also lower levels
of HDL-c (0.24 mmol/L, 95 % CI 0.21 to 0.28), Apo
A-1 (0.14 g/L, 95 % CI 0.12 to 0.16) and higher TG
(0.14 mmol/L, 95 % CI 0.10 to 0.17) than the 9-year-
olds. Nine-year-old girls had a 0.10 higher HOMA
score than 9-year-old boys on average; however, this
sex difference was not observed in 15-year-olds.
Fifteen-year-olds in general had a 0.89 (95 % CI
0.78 to 0.99) higher HOMA score on average than 9-
year-olds.

The ratio between observed number of risk
factors and expected number of risk factors is
displayed in Figure 1. Ratios significantly higher
than 1 were found in risk category 4 (ratios 1.98,
95 % CI, 1.5 to 2.5 and 1.80, 95 % CI, 1.3 to 2.3 for
the 9- and 15-year-olds, respectively) and risk
category =5 (ratios 11.73, 95 % CI, 8.6 to 14.9 and
10.25, 95 % CI, 6.8 to 13.7 for the 9- and 15-year-
olds, respectively). These two categories included 182
subjects, thus indicating that clustering was noted in
11.4 % (95 % CI, 9.8 to 13.0) of the population. In
Figure 1, both sexes and age groups are merged in
order to maintain sufficient statistical power.
However, the same pattern was observed in all
groups when they were analysed separately.
Comparison of levels for the individual risk factors



11:39 17 August 2009

[Swets Content Distribution] At:

Downl oaded By:

Table I. Characteristics of the study population (mean SD).
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9-year—olds 15—year—olds

Girls Boys Difference (CI) p-—value Girls Boys Difference (CI)  p-value
Number (range) 472-598 529-693 348-469 404-506
Age (years) 9.6 (0.4) 9.6 (0.4)  (—0.07,0.02) 0.238 155 (0.4) 15.6 (0.4) (—0.11, —0.02) 0.005
Height (cm) 138.26 (6.8) 139.87 (6.3) (—2.3, —0.9) <0.001 165.93 (6.2) 175.79 (7.2) (—10.7, —=9.0) <0.001
Body mass (kg) 33.8 (7.1) 34.0 (6.5) (—0.96,0.54) 0.573 58.3 (8.9) 64.6 (12.1) (=7.6, —5.0) <0.001
Waist (cm) 63.1 (7.7) 62.1 (7.3) (0.15, 1480)1' 0.021 73.4 (7.3) 75.0 (8.9) (—2,7, —0.6) <0.001
SBP (mmHg) 102.6 (7.7) 103.3 (7.7) (—1,53,0.17)* 0.116 109.0 (8.8) 115.3 (9.0) (-7.4, —=5.2) <0.001
DBP (mmHg) 70.1 (6.9) 70.3 (6.8) (—0.94,0,57) 0.632  72.8 (7.3) 743 (6.9) (—2.4, —0.6) 0.001
TC (mmol/L) 4.49 (0.73) 4.37 (0.68) (0.03, 0.20) 0.009 4.19 (0.76) 3.80 (0.69) (0.28, 0.49) <0.001
HDL-c (mmol/L) 1.70 (0.35) 1.79 (0.40) (—0.14, —0.05) <0.001 1.61 (0.34) 1.42 (0.30) (0.15, 0.24) <0.001
TG (mmol/L) 0.72 (0.33) 0.63 (0.32) (0.04, 0.12)  <0.001 0.79 (0.32) 0.82(0.47) (—0.09, 0.02) 0.276
LDL-c (mmol/L) 2.46 (0.68) 2.29 (0.62) (0.09, 0.25)  <0.001 2.22 (0.68) 2.01 (0.60) (0.11, 0.29) <0.001
ApoA-1 (g/L) 1.41 (0.20) 1.46 (0.23) (—0.07, —0.02) 0.001 1.35(0.22) 1.23 (0.17) (0.09, 0.15) <0.001
ApoB (g/L) 0.69 (0.16) 0.65 (0.14) (0.02,0.06) <0.001 0.64 (0.17) 0.59 (0.15) (0.03, 0.07) <0.001
Glucose (mmol/L) 5.10 (0.34) 5.23 (0.37) (—0.17, —0.09) <0.001 5.21 (0.37) 5.42(0.61) (—0.28, —0.14) <0.001
Insulin (pmol/L) 33.7 (20.5) 30.0 (19.2) (1.14, 6.05))  0.004 53.3 (30.7) 52.7 (33.6)  (—4.0,5.2) 0.794
HOMA 1.29 (0.83) 1.19 (0.78) (0.01, 0.2)§ 0.036 2.10 (1.37) 2.14 (1.49) (—0.25,0.17) 0.700

VOspeax (mL min kg™?) 42.9 (6.6)  48.1 (7.1)  (—6.1, —4.5)

<0.001 41.1(6.0) 52.0(7.9) (—11.8,-9.9) <0.001

Apo A-1, apolipoprotein A-1; Apo B, apolipoprotein B; DBP, diastolic blood pressure; HDIL-c, high density lipoprotein cholesterol;
HOMA, homeostasis model assessment (insulin resistance); LDL-c, low density lipoprotein cholesterol; SBP, systolic blood pressure; TC,
total cholesterol; TG, triglycerides; CI, confidence interval. *After adjustment for puberty the difference was significant (p=0.003),
55 After adjustment for puberty the differences were not significant (p=0.829, p=0.709 and p=0.935 for 1, } and §, respectively).

and the mean of Z scores between individuals defined
as being at risk or not at risk are given in Table II.

Discussion

This study presents national reference data on
selected CVD risk factors in children and adolescents.
A significant degree of clustering of CVD risk factors
was found in 11.4 % of the study population.

Blood pressure values for children and adoles-
cents aged 11-14 years in Norway have been reported

n=469 470 330 141 100 82
16 -
T
2
@ 121
(-5
s10
-
g ]
26
o
s
ey
e C ] = =/
o I [ B = =3 ||
0 1 2 3 4 25
Mumber of risk factors

Figure 1. Risk factors were ranked within age groups and
gender (n=1592). The ratio between the observed number
of subjects being in the upper quartile in a certain number
of risk factors (0 to =5) and the number expected from a
random distribution plotted with 95 % confidence interval.

previously by Tell & Vellar [16]. Differences in
methods and age of the subjects meant that
comparison of studies was limited; however, the
values reported by Tell & Vellar are similar to ours,
indicating that blood pressure has been fairly stable
during the past two decades. Data from the European
Youth Heart Study (EYHS) [17,18] and from a meta-
analysis [19] indicate systolic blood pressure values
similar to ours; however, the diastolic blood pressure
in the current study was systematically higher. Based
on the literature, one might expect considerable
variations in blood pressure between countries, but
still the relatively high levels of diastolic blood
pressure reported in this study are difficult to explain.

The few studies that have reported serum lipids in
Norwegian children and adolescents [10-12,20]
included a limited number of subjects, subjects of
different age, non-fasting samples [11,12,20] and
different types of analysis, thus making comparison
limited. Thirty years ago, Tell et al. [10] reported
mean TC values of 5.30 mmol/L and 5.32 mmol/L
for 11-year-old boys and girls. Corresponding values
for 14-year-olds were 4.88 mmol/L and 5.08 mmol/L.
These values are considerably higher than those in the
current study and may indicate a gradual decline in
TC over the past three decades [11,12,20]. A similar
decline in TC has also been reported in adults [21].
Furthermore, the current study shows considerably
higher values of HDL-c, but similar values of TG.
Altogether, the results indicate that in children and
adolescents there has been a beneficial change in
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Table II. Description of mean (SD) values for the six selected biological risk factors and mean of standardized Z score
between individuals defined as not clustering and those with clustering.

9-year-olds 15-year-olds

No clustering Clustering No clustering Clustering
Number (range) 809 110 601 72
Waist (cm) 61.0 (5.5) 74.3 (9.2) 72.7 (6.1) 86.6 (10.5)
SBP (mmHg) 102.2 (7.3) 109.0 (7.7) 112.3 (9.0) 118.5 (10.5)
HDL-c (mmol/L) 1.80 (0.37) 1.38 (0.28) 1.54 (0.32) 1.26 (0.31)
TG (mmol/L) 0.61 (0.24) 1.13 (0.49) 0.75 (0.31) 1.29 (0.47)
HOMA 1.08 (0.57) 2.40 (1.19) 1.89 (1.20) 3.89 (2.14)
VOspear (mL min kg™ ') 46.9 (6.6) 36.3 (5.9) 48.3 (8.6) 38.5 (7.2)
Mean of Z scores —0.17 (0.43) 1.24 (0.65) —0.12 (0.38) 1.04 (0.67)

HDL-c, high density lipoprotein cholesterol; HOMA, homeostasis model assessment (insulin resistance); SBP, systolic blood pressure; TG,

triglycerides.

serum lipid levels during the past two to three
decades.

The literature reports considerable variation in
lipid levels across countries owing to both ethnic and
cultural differences [18,22-24]. Compared to data
from Sweden [25], Denmark and Estonia [18,25], the
current study showed considerably higher levels of
HDL-c and similar or lower TC and TG values.
Norwegian adolescents show similar TC levels to
those found in National Health and Nutrition
Examination Surveys [26]. However, they had lower
TG levels and higher HDL-c levels than their 12 to
19-year-old American counterparts. As HDL-c is
assumed to be a protective factor for a CVD event
[27], this may indicate that Norwegian children and
adolescents have a more beneficial lipoprotein profile
than both their Nordic and American counterparts.
There are no data convincingly explaining the
difference in blood parameters between the Nordic
countries. Results from the European Youth Heart
Study [28] indicate that physical activity levels are
almost identical in the Nordic countries. Although we
lack evidence, we do not believe that the discrepan-
cies in lipid values could be due to genetic differences.
On the other hand, differences in the food pattern
could be a possible explanation. However, the exact
values that characterize the most beneficial lipopro-
tein profile are unknown in children.

It has recently become evident that Apo B and, in
particular, the ratio of Apo B to Apo A-1 are
predictors of future CVD superior to LDL-c, and
that these variables are therefore of increasing
interest [29,30]. To our knowledge, only one previous
study has reported Apo B among Norwegian 8§ to 12-
year-old children, and the values were similar to our
findings [20].

A review by Brotons et al. [22] described an age-
dependent rise in mean TC values, followed by a
fall and a subsequent rise during childhood and

adolescence. Reduced levels of HDL-c are believed to
be the main contributor to the decrease in TC, and
this probably derives from hormonal changes experi-
enced during maturation [31]. However, the literature
is inconsistent with respect to the sex-specific change
in total cholesterol with age. Some studies support
our finding that girls have a lower puberty related
decline in total cholesterol than boys [32], while
others report the opposite pattern [33]. It is important
to emphasize that the decline in total cholesterol
seems to occur later in boys than in girls, and
therefore that age and maturation at the time of
measurement are important when interpreting the
results.

Our glucose values are similar to the results from
Denmark and Portugal, but higher than those
reported in Swedish and Estonian subjects [18,25].
Comparison of HOMA scores between studies is
difficult due to methodological issues. However, age
and sex group patterns are similar in the studies
mentioned above. A high HOMA score in adoles-
cents is associated with the well-documented transi-
ent pubertal insulin resistance. The fall in insulin
sensitivity during puberty is associated with a
compensatory increase in insulin secretion [34].

Clustering of CVD risk factors is the coexistence
of elevated levels in several risk factors in the same
subject. It has recently been suggested that clustering
of risk factors is a good way to measure cardiovas-
cular health in children [35]. A composite risk score
may compensate for the error variation in single risk
factors [36]. We defined clustering on the basis of the
observed versus the expected number of children with
0-6 risk factors. We believe that there is a rationale
for defining these children as having increased risk,
because risk factors are not independently distribu-
ted. Five or more risk factors were found in 11 times
as many individuals as expected, and a significant
degree of clustering was noted in 11.4 % of the
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population. This is consistent with what has been
reported elsewhere [18,35,37]. When analysing age
and sex groups separately, the results indicate that
clustering is already apparent in 9-year-olds.

We present mean values for the selected risk
factors for individuals defined as being at risk in
Table I1. These values are not cut-off points for being
at risk, because half of the children at risk had values
below the mean. We doubt whether it makes sense to
define cut-off points in each risk factor for children.
It may make more sense to create standardized Z
scores, and screen children in the upper 11 % of the
summed Z score for intervention. We have provided
mean and SD values for 9- and 15-year-olds which
could be used as standards for these age groups. With
inclusion of the six risk factors that we have used, the
cut-off point for the mean Z score would be 1.24 (SE
0.06) and 1.04 (SE 0.08) for the 9- and 15-year-olds,
respectively. In principle, we could have included
many other well-documented risk factors for CVD. If
the aim was to investigate general health, we could
have included socio-economic status, tobacco and
nutrition. Fibrinogen and inflammatory markers
such as CRP and adipocytokines are other potential
factors. However, we chose factors from the meta-
bolic syndrome concept, because there are studies
reporting that metabolic syndrome persists from
childhood to adulthood and that, additionally, it
predicts future CVD. The advantages of using a mean
Z score to define the risk profile in children are that
all the available information is used and that the
mean Z score is not very sensitive to the specific risk
factors that are included. It would not change the
mean Z score substantially if the body mass index
were used instead of waist circumference. It is also
possible to include or exclude fitness in the score. It is
obvious that more accurately measured variables will
decrease error variation, but a mean Z score will be
more resistant to minor misclassification in some of
the included variables.

The main strengths of this study were the
availability of measures of insulin resistance, choles-
terol subfractions and other cardiovascular risk
factors in a large sample with participants from all
regions of the country. Along with a high participa-
tion rate, this study provides nationally representa-
tive data on 9- and 15-year-old Norwegians.
Moreover, establishing the extent of clustering of
risk factors provides important information with
regard to the necessity of implementation of effective
preventive strategies.

The current study has some limitations. The lack
of blood samples from 448 participants (19 %) could
be considered high. However, there was no difference
in the anthropometric characteristics or aerobic
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fitness between participants with and without blood
samples. Furthermore, we are aware of the fact that
the cross-sectional design does not allow explanations
of causality.

Conclusions

In the current study, we provide reference values on
selected CVD risk factors in a representative cohort
of Norwegian children and adolescents. The study
has a high response rate. Furthermore, the results
show that clustering of CVD risk factors is present
among Norwegian children and adolescents. This
information may be important for developing effec-
tive strategies in the prevention of CVD.
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Low Muscle Fitnhess Is Associated with
Metabolic Risk in Youth

JOSTEIN STEENE-JOHANNESSEN, SIGMUND A. ANDERSSEN, ELIN KOLLE, and LARS B. ANDERSEN
Department of Sports Medicine, Norwegian School of Sport Sciences, Oslo, NORWAY

ABSTRACT

STEENE-JOHANNESSEN, J., S. A. ANDERSSEN, E. KOLLE, and L. B. ANDERSEN. Low Muscle Fitness Is Associated with
Metabolic Risk in Youth. Med. Sci. Sports Exerc., Vol. 41, No. 7, pp. 1361-1367, 2009. Purpose: To examine the independent
associations of muscle fitness and cardiorespiratory fitness with clustered metabolic risk in youth. Methods: In 2005-2006, a cohort of
9- and 15-yr-olds (N = 2818) was randomly selected from all regions of Norway. The participation rate was 89% and 74% among
the 9- and 15-yr-olds, respectively. We assessed muscular strength by measuring explosive, isometric, and endurance strength.
Cardiorespiratory fitness was measured directly as peak oxygen uptake during a cycle ergometry test. Risk factors included in the
composite risk factor score (sum of z-scores) were systolic blood pressure, triglyceride, high-density lipoprotein cholesterol, insulin
resistance, and waist circumference. Results: Muscle fitness was negatively associated with clustered metabolic risk, independent of
cardiorespiratory fitness, and after adjustment for age, sex, and pubertal stage (8 = —0.112, P < 0.001). Independent of muscle fitness,
an inverse association was found between cardiorespiratory fitness and clustered metabolic risk (8 = —0.337, P < 0.001). Moreover, the
odds ratios for having clustered risk in the least fit quartile compared with the most fit quartile were 7.2 (95% confidence interval
(CI) = 4.3-12.0) and 17.3 (95% CI = 9.2-32.7) for muscle fitness and cardiorespiratory fitness, respectively. Conclusions: Our
results show that muscle fitness and cardiorespiratory fitness are independently associated with metabolic risk in youth.

Key Words: CLUSTERED METABOLIC RISK, PHYSICAL FITNESS, CHILD, ADOLESCENT

HD is the leading cause of death in western society

(33). Factors associated with an increased risk of

developing CHD include abdominal obesity, high
blood pressure, insulin resistance and elevated triglycerides
(TG), and lowered high-density lipoprotein cholesterol
(HDL-c). These factors tend to cluster in some individuals.
The constellation of these cardiovascular disease (CVD)
and metabolic risk factors has been termed the metabolic
syndrome (1). Although the clinical symptoms of CVD do
not become apparent until later in life, it is now recognized
that CVD is partly a pediatric problem because the onset of
atherosclerosis occurs in early childhood (25). In addition,
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clustering of elevated levels of these risk factors has been
observed in both children and adolescents (31) and tends to
persist from childhood into adulthood (27).

In exercise science, the term fitness is often referred to as
health-related fitness (12) and is defined as an ability to
perform daily activities consisting of morphological, mus-
cular, motor, cardiorespiratory, and metabolic components
(9). In adults, low cardiorespiratory fitness is known to
contribute to the early onset and progression of CVD and is
associated with a doubling of the risk of premature death
(7,26). Moreover, recent research findings have shown that
cardiorespiratory fitness is a strong predictor for clustering
of CVD risk factors in children and youth (5,14,29,32).
However, in these studies, the term fitness mainly refers to
cardiorespiratory fitness.

Recently, the role of muscular strength has been
increasingly recognized in the prevention of chronic disease
in adults (30), and features of the metabolic syndrome have
also been negatively associated with muscle strength in men
(20) and women (36). Consequently, inclusion of resistance
training as part of an exercise program for promoting health
in adults has been endorsed by several organizations. To
date, however, few studies (6,15,19) have examined the
association of the muscular component with CVD risk
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factors among children and adolescents, and they have been
conducted with a limited number of subjects. Furthermore,
two studies (6,19) included measurement of maximal strength
only, and the associations are only analyzed with individual
CVD risk factors and not clustered metabolic risk. By
contrast, Garcia-Artero et al. (15) measured muscle endur-
ance, explosive strength, and maximal strength and included
a lipid-metabolic risk score in their analyses. However, they
did not directly measure cardiorespiratory fitness. Hence,
there is sparse knowledge about the independent association
of muscle strength with both individual CVD risk factors
and clustered metabolic risk in youth. To the best of our
knowledge, ours is the first study that provides an opportu-
nity to evaluate the independent association of both single
and combined muscle strength measurements with clustered
metabolic risk, compared with direct measurement of
cardiorespiratory fitness in a national representative sample
of children and adolescents. The aim of this study was to
examine the independent associations of muscle fitness and
cardiorespiratory fitness with clustered metabolic risk in
youth. We hypothesized that muscle fitness is an equally
important predictor for clustered metabolic risk as cardio-
respiratory fitness.

METHODS

Design. This is a cross-sectional study of a randomly
selected cohort of 9-yr-olds (4th grade) and 15-yr-olds (10th
grade). A total of 63 schools were included in the study that
included all regions of Norway. Of 2818 subjects invited to
participate in the study, 2299 accepted, giving an overall
participation rate of 82% (89% and 74% for the 9- and
15-yr-olds, respectively). Data were collected between
March 2005 and October 2006. Tests were performed at
the schools, and 10-15 children were examined per day.
The study was carried out according to the Helsinki
Declaration and was approved by the Regional Committee
for Medical Research Ethics and the Norwegian Social
Science Data Services. Each participant’s parent or guardian
provided written informed consent, and all subjects assented
to participation.

Measures. After an overnight fast, venous serum blood
samples were collected between 8:00 and 10:00 a.m. The
samples were spun for 10 min at 2500g and separated
within 30 min. Body height (nearest mm) and body weight
(nearest 100 g) were measured in light clothing. Waist
circumference was measured with anthropometric tape
around the umbilicus at the end of a normal expiration.
After being seated for at least 5 min, blood pressure was
measured automatically five times at 2-min intervals
(Omega™ Noninvasive blood pressure monitor; Invivo
Research, Inc., Orlando, FL). The mean value of the last
three measurements was used in the analyses. Identification
of pubertal status was assessed by trained personnel
according to Tanner’s (34) classification. Analyses in the

current study are based on breast development in girls and
genitalia development in boys.

Muscle fitness. Upper limb strength was assessed by
a handgrip strength test using a hand dynamometer
(Baseline® Hydraulic Hand Dynamometer, Elmsford, NY).
The subject used the dominant hand, stood with the arm
completely extended, and squeezed the dynamometer with
maximum isometric effort for about 2-3 s. Explosive
strength in the lower body was assessed with a standing
broad jump. The participants stood behind a line, with feet
slightly apart. They were instructed to perform a two-foot
takeoff and landing and to jump as far as possible, landing
on both feet without falling backward. The distance from
the takeoff line to the nearest point of contact on the landing
(back of the heels) was measured, and the better of two
attempts was used for analyses. Abdominal muscular
endurance was measured by a sit-up test. The subject
started in a lying position with hands clasped behind the
neck, knees bent at a 45° angle, and heels and feet flat on
the mat. The subject had to rise to a position with the
elbows pointed forward until they touched the knees. The
total number of correctly performed and completed sit-ups
within 30 s was counted. Endurance of the trunk extensor
muscles was measured by how many seconds the subject
was able to keep the unsupported upper body (from the
upper border of the iliac crest) horizontal while placed
prone, with the buttocks and legs fixed to a balance pad
with the arms folded across the chest (modified Biering—
Sorensen test).

To account for differences in body size, peak handgrip
was adjusted for body weight (kg). Each of these variables
was standardized as follows: standardized value = (value —
mean)/SD. A muscle fitness score was computed by
combining the standardized values of handgrip strength,
standing broad jump, sit-ups, and the Biering—Sorensen test.
The muscle fitness score was calculated as the mean of the
four standardized scores by age and sex.

Cardiorespiratory fitness. Cardiorespiratory fitness
was assessed through a progressive cycle test to exhaustion
using an electronically braked cycle ergometer (Ergomedic
839E; Monark, Varberg, Sweden). Initial and incremental
work rates were 20 W for children weighing less than 30 kg
and 25 W for children weighing 30 kg or more. For 15-yr-
old girls and boys, the initial and incremental work rates
were 40 and 50 W, respectively. The work rate increased
every third minute until exhaustion. HR was recorded
throughout the test using an HR monitor (Polar Vantage,
Kempele, Finland). Expired air was measured with a
portable oxygen and CO, analyzer (MetaMax III X; Cortex
Biophysics, Leipzig, Germany). The criteria for maximal
exhaustion were met if there was a subjective judgment by
the tester in that the subject showed signs of intense effort
(e.g., facial flushing or difficulties in keeping up the pedal
frequency) and if the HR was >185 bpm or if the respiratory
exchange ratio was >0.99. Eight percent of the girls and
boys failed to meet the inclusion criteria, whereas 4% were

1362  Official Journal of the American College of Sports Medicine

http://www.acsm-msse.org



absent on the test day. Hence, 2027 (88%) children and
adolescents had valid test.

Blood analysis. HDL-c, TG, and glucose were ana-
lyzed by colorimetry on a Cobas Integra analyzer
(F. Hoffmann-La Roche Ltd., Basel, Switzerland). The total
analytic coefficients of variation were 4.0%, 4.0%, and
3.0% for HDL-c, TG, and glucose, respectively. Insulin was
measured by fluoroimmunoassay using an automatic im-
munoassay system (AutoDELFIA® Insulin; PerkinElmer,
Turku, Finland). The total analytic coefficients of variation
for insulin were 6%-8%. Homeostasis model assessment
(HOMA) was calculated as the product of fasting glucose
(mmol'L ") and insulin (wU'mL ") divided by the constant
22.5 (24).

CVD risk score. A continuous score representing a
composite CVD risk factor profile was derived by com-
puting standardized residuals (z-score) by age and sex for
HOMA score, waist circumferences, TG, HDL-c, and
systolic blood pressure. The z-scores of the individual risk
factors were summed to create the metabolic risk score.
These variables were chosen because they represent the
same variables as used in the adult (1) and youth (37)
clinical criteria for the metabolic syndrome. A lower
metabolic risk score is indicative of a better overall CVD
risk factor profile. To calculate the odds ratio, metabolic
risk was dichotomized at the cutoff value plus 1 SD,
identifying children with clustered risk. The cutpoint of
1 SD above the mean was chosen to match the prevalence
of clustering of risk factors in similar studies (2). When
calculating the odds ratio, the cutoff value for the mean
metabolic risk score was 0.63 (+1 SD); in addition, the
mean metabolic risk score ranged from 3.33 to —1.50.

Analysis. Analyses were executed with the Statistical
Package for the Social Sciences (version 15; SPSS Inc.,
Chicago, IL). Means and SD for muscle fitness and
components of the metabolic syndrome are presented by
sex and age groups for the children with complete
measurements. Of 2229 participants, a total of 1851 (81%)
had valid blood samples. The reasons for exclusion were
failing to provide a consent form for the blood sample
(n = 45), hemolyzed samples or not enough blood (n = 85),
and not fasting or being absent on the day of blood
sampling (n = 318). Moreover, in the present study, only
participants (n = 1592) with valid measurement of muscle
fitness, cardiorespiratory fitness, HDL-c, TG, HOMA
(insulin and glucose), systolic blood pressure, and waist
circumferences were included. Because only analyses on
complete data are presented, we analyzed whether those
with complete data differed from those without. There were
no differences in mean age, sex distribution, body mass
index (BMI), metabolic risk factors, or cardiorespiratory
fitness between those with and those without complete
measurements.

ANOVA was used to assess difference in metabolic risk
across quartiles of muscle fitness, and the linear trend
analysis was performed via polynomial contrast. Post hoc

analyses were conducted with Tukey’s least significant
difference. Partial correlations adjusted for sex, age, and
puberty were used to examine bivariate correlations of
muscle fitness and cardiorespiratory fitness with single
CVD risk factors and clustered metabolic risk. Furthermore,
two separate multiple regression models were used to
examine the association of muscle fitness and cardiorespi-
ratory fitness with the clustered metabolic risk score. Model
1 contained muscle fitness or cardiorespiratory fitness and
was adjusted for age, sex, and pubertal stage. In model 2,
we additionally adjusted for the other predictor variable to
test the independent associations of both muscle fitness and
cardiorespiratory fitness with clustered metabolic risk.
Moreover, the same two models were used in logistic
regression to estimate odds ratios to examine the association
of muscle fitness and cardiorespiratory fitness with risk of
having clustered metabolic risk. The interval scaled variable
(quartiles 1 to 4) was treated as if it was a continuous
variable when we tested the slope for significance (test for
trend). ANOVA was used to assess the difference in
metabolic risk score across different body mass index
(BMI) and muscle fitness groups (tertiles). The linear trend
analysis was performed via polynomial contrast, and post
hoc analyses were conducted with Tukey’s least significant
difference. On the basis of BMI, we classified children and
adolescents as overweight and obese according to the age-
adjusted cutoffs described by Cole et al. (10).

RESULTS

Descriptive statistics for girls and boys in the two age
groups are shown in Table 1. In both age groups, there was
a pattern of higher muscle fitness in boys than girls
(P < 0.001), except for the Biering—Serensen test where
the 15-yr-old girls performed better than the 15-yr-old boys
(P <0.001).

Table 2 shows partial correlations for muscle fitness and
cardiorespiratory fitness with individual CVD risk factors
and clustered metabolic risk. Weak to moderate associations
were observed for individual muscle fitness tests with
individual CVD risk factors; all » values being below
r = 0.3, except for the negative association between
handgrip and waist circumference (» = —0.50, P < 0.001).
Stronger associations (r = 0.14-0.55, all P values <0.001)
were observed for cardiorespiratory fitness with single CVD
risk factors.

Results showing the graded association of muscle fitness
with the metabolic risk score are displayed in Figure 1. A
main effect of muscle fitness was observed across quartiles
(P < 0.001), with metabolic risk declining from QI (low
fitness) to Q4 (high fitness). The same pattern was found in
all sex and age subgroups (all groups P < 0.001), and there
were no differences in sum of z-scores between the groups
within each of the four quartiles. In all groups, participants
in the lowest quartile of muscle fitness had significantly
poorer metabolic risk scores compared with all other
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TABLE 1. Characteristics of the study population (mean + SD).

9-yr-olds 15-yr-olds

Girls (n = 432) Boys (n = 487) P Value Girls (n = 306) Boys (n = 367) P Value
Height (cm) 138.8 (6.7) 140.1 (6.0) 0.004 166.1 (6.4) 176.2 (7.4) <0.001
Weight (kg) 342 (7.2) 34.0 (6.3) 0.7 58.2 (8.9) 65.0 (11.9) <0.001
BMI (kg'm?) 17.6 (2.8) 17.2 (2.4) 0.03 211 (2.8) 209 (3.3) 0.4
Waist (cm) 63.3 (7.8) 62.0 (7.0) 0.01 73.1 (6.9) 75.1 (8.6) 0.001
Handgrip (kg) 15.3 (3.3) 17.2 3.7) <0.001 305 (4.5) 41.3 (8.0) <0.001
Standing broad jump (cm) 117.6 (18.7) 126.4 (19.5) <0.001 157.3 (20.9) 192.8 (25.0) <0.001
Sit-ups (n) 13 (5) 14 (5) <0.001 19 (4) 22 (4) <0.001
Biering-Serensen (s) 74.2 (40.8) 70.3 (39.3) 0.2 134.5 (60.1) 119.5 (40.1) <0.001
VOspeak (ML-min~"kg ™) 428 (6.7) 48.2 (7.0) <0.001 415 (6.0) 52.1 (8.2) <0.001
Winaxkg ™ 2.7 (0.5 3.1(0.5) <0.001 3.0 (0.5) 3.77 (0.6) <0.001
Cycle time (min) 11.39 (1.8) 13.04 (2.0) <0.001 13.08 (2.2) 14.30 (2.3) <0.001
SBP (mm Hg) 1026 (7.7) 103.4 (7.8) 0.1 109.4 (9.0) 116.0 (8.4) <0.001
HDL-c (mmol-L™") 1.69 (0.4) 1.80 (0.4) <0.001 1.62 (0.3) 1.42 (0.3) <0.001
TG (mmol-L™") 0.72 (0.4) 0.62 (0.3) <0.001 0.78 (0.3) 0.84 (0.5) 0.09
HOMA 1.30 (0.8) 1.18 (0.8) 0.03 2.1 (1.4) 21 (1.5) 0.9

HDL-c, high-density lipoprotein cholesterol; HOMA, homeostasis model assessment (insulin resistance); SBP, systolic blood pressure; TG, triglyceride.

quartiles (all groups P < 0.05), whereas there were no
differences among the other quartiles. The relationship was
better described as an exponential function compared with
the linear assumption, indicating that the largest difference
was seen between the lowest quartiles (Q1 and Q2).

The regression analysis revealed that muscle fitness
was negatively associated with clustered metabolic risk
(P <0.001) after adjustment for age, sex, and pubertal stage
(model 1) (Table 3). In addition, although adjustment for
cardiorespiratory fitness (model 2) weakened the associa-
tion, it remained significant (P < 0.001). An inverse
association was found for cardiorespiratory fitness after
adjustment for model 1 (P < 0.001), and these associations
remained similar after additional adjustment for muscle
fitness (P < 0.001).

Figure 2 shows the risk of having clustered risk in
quartiles of muscle fitness and cardiorespiratory fitness. For
muscle fitness, the odds ratio for having clustered risk was
7.2 (95% confidence interval (CI) = 4.3—12.0) in the least fit
quartile (quartile 1) compared with the reference quartile
(quartile 4). The test for trend was highly significant
(P < 0.001). Additional adjustment for cardiorespiratory
fitness attenuated the odds ratio for having clustered risk to
1.73 (95% CI = 1.0-3.1) in the least fit quartile compared
with the referent quartile. However, the test for trend was
still significant (P = 0.003). For cardiorespiratory fitness,
the odds ratio was 17.3 (95% CI = 9.2-32.7; P for trend
<0.001) for the least fit group, and after additional
adjustment for muscle fitness, the odds ratio declined to
9.4 (95% CI = 4.8-18.4; P for trend <0.001).

To further explore the association of muscle fitness with
weight status and metabolic risk, both overweight and
normal weight participants were divided into tertiles based
on muscle fitness (low, moderate, and high). Significant
differences in metabolic risk across muscle fitness groups
existed among both normal weight (P = 0.013) and
overweight participants (P < 0.001) (Fig. 3). In the normal
weight group, post hoc analyses showed significant differ-
ences between tertiles 1 and 3 (P = 0.009), whereas in the
overweight group, tertile 1 was significant different from

tertile 2 (P = 0.001) and tertile 3 (P < 0.001). The
overweight low muscle fitness group had the highest
metabolic risk score (4.71 95% CI = 4.1-5.3), which
presents a poorer CVD risk factor profile. Furthermore,
the metabolic risk score in the overweight high fitness
group was 1.10 (95% CI = —0.4 to 2.6), which was
markedly lower than for the overweight low fitness group.

DISCUSSION

This study demonstrates that muscle fitness and cardio-
respiratory fitness are independently and inversely associ-
ated with clustered metabolic risk after adjustment for
confounding factors. Moreover, risk for having clustered
risk was raised in the least fit quartile for both muscle
fitness and cardiorespiratory fitness compared with the most
fit quartile. We observed the poorest metabolic risk profile
among the overweight children and adolescents with low
muscle fitness.

In line with the present study, several previous reports
have shown inverse associations between cardiorespiratory
fitness and individual CVD risk factors (8), clustered CVD
risk (5,15), and metabolic syndrome (18) in children and
youth. So far, only one other study has reported the
independent effect of muscle fitness on clustered CVD risk
in youth. Garcia-Artero et al. (15) found an inverse

TABLE 2. Partial correlation (r) for individual muscle fitness tests, MF (calculated as
mean z-score of four tests), and CRF with single CVD risk factors and clustered metabolic
risk (z-score).

Handgrip ~ Sit-ups SBJ Back MF CRF

HOMA -019t -0.16t+ -0.16t+ -0.13+ -0.23+ -0.31t
Waist —050t -0.24t -0.30t -0.17t -044t -0.55t
HDL-c 0.05* 013t 006t 013t 017t  0.18t
TG -0.07*  -0.09t -0.09t+ -0.11+ -0.11+ -0.20t
SBP -0.06* 0.02 0.02 -0.03 0.03  -0.14t
Sum zscore -0.29t -0.20t -0.20f -0.18t —0.32t+ —0.44t

Analyses are adjusted for age, sex, and puberty.

* P<0.05; tP < 0.001.

CRF, cardiorespiratory fitness; CVD, cardiovascular disease risk factors; HDL-c, high-
density lipoprotein cholesterol; HOMA, homeostasis model assessment (insulin
resistance); MF, muscle fitness; SBJ, standing broad jump; SBP, systolic blood
pressure; TG, triglycerides.

1364  Official Journal of the American College of Sports Medicine

http://www.acsm-msse.org



3. —O— Girls 9- year
—0O— Boys 9-year
—@— Girls 15— year

O\ —&— Boys 15-year

Metabolic risk (sum of z-score)

-2+ T T T

1 2 3 4
Quartiles of muscle fitness
FIGURE 1—Metabolic risk (sum of z-scores) in quartiles of muscle
fitness for 9- and 15-yr-old girls and boys. A main effect of muscle
fitness was observed across quartiles (P < 0.001), with metabolic risk
declining from Q1 (low fitness) to Q4 (high fitness). There were no

differences in sum of z-scores between the groups within each of the
four quartiles.

association between muscular strength and lipid-metabolic
profile, but the observation was only apparent in girls. In
the present study, the association between both muscle
fitness and cardiorespiratory fitness with clustered metabol-
ic risk was significant after adjustment for the other fitness
variable. There are some methodological differences that
could partly explain discrepancies in sex difference between
the two studies. First, Garcia-Artero et al. (15) have a smaller
study sample, and second, they have included participants
from a broader age range (13-18 yr). Cardiorespiratory fitness
was more strongly associated with the clustered metabolic
risk in comparison with muscle fitness, and additional
adjustment for cardiorespiratory fitness weakened the associ-
ations between muscle fitness and clustered metabolic risk.
Nonetheless, the associations remained significant after
adjusting for cardiorespiratory fitness, suggesting that muscle
fitness may already be an independent protective factor in
the development of CVD risk in childhood. However, it is
important to underline that the present study shows that
cardiorespiratory fitness still appears to be the most important
factor in predicting metabolic risk.

In adults, the central mechanisms through which high
muscle fitness reduces CVD risk include improved TG (23),
HDL-c levels (16), blood pressure (21), abdominal fat (35),
and insulin sensitivity (17). It is possible that these
biological pathways are transferable to the young popula-
tion; however, the exact mechanisms that elicit the

TABLE 3. Associations between muscle fitness and cardiorespiratory fitness with
metabolic risk (sum of z-score).

Muscle Fitness Cardiorespiratory Fitness
r B P Value r B P Value

Model 1 0.319 —0.315 <0.001 0.445 —0.443 <0.001
Model 2 0.450 —0.112 <0.001 0.450 —0.337 <0.001

Data are standardized coefficients. Model 1 is adjusted for age, sex, and puberty. Model
2 is adjusted for all covariates plus cardiorespiratory fitness/muscle fitness.

A14 @ MF o MF adjusted for CRF

Odds ratio

1 2 3 4
Quartiles of muscle fitness

B m CRF 0 CRF adjusted for MF

Odds ratio

1 2 3 4
Quartiles of cardiorespiratory fitness

FIGURE 2—Odds ratios (95% CI) for clustering of cardiovascular
risk factors in different quartiles of muscle fitness (A) and cardiore-
spiratory fitness (B), including all participants with all measurements
(n = 1592). Individuals in quartile 4 are the most fit (used as referent).
The analysis is adjusted for age, sex, and puberty (gray bars), and we
additionally adjusted for cardiorespiratory fitness (A) or muscle fitness
(B) (white bars). CRF, cardiorespiratory fitness; MF, muscle fitness.

protective effect are not yet established in the young
population. As sex hormone levels change and affect
muscle mass during childhood, the apparent protective
effect of muscle fitness in children and youth could be a
function of puberty. Nevertheless, the associations were
apparent already in prepubertal 9-yr-old children and in
both sexes. Therefore, it is likely that the possible protective
effect of muscle fitness is a function of participation in
regular physical activity.

The protective association of muscle fitness was observed
across both normal and overweight participants. The asso-
ciation was stronger in overweight subjects (P < 0.001).

6

§ o Low MF
\‘ Moderate MF
 High MF

Metabolic risk (sum of Z scores)
N

Normalweight

Overweight

Muscle fitness

FIGURE 3—Differences in clustered metabolic risk score across low,
moderate, and high muscle fitness in normal weight and overweight
participants. Values represent mean and 95% CI. MF, muscle fitness.
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Several studies have shown that the poorest metabolic risk
scores are observed among youth who are overweight and
have low cardiorespiratory fitness (3,11,13). Findings in the
present investigation suggest that additional benefits may be
conferred with increased muscle fitness. Some overweight
individuals may be averse to aerobic training, and therefore
strength exercise may be a more attractive and better
tolerated form of exercise.

Implications. The predictors found in this study are
modifiable, highlighting the importance of identifying
individuals at risk at an early age and the possible
contribution cardiorespiratory fitness and muscle fitness
can make when developing effective strategies for the
prevention of CVD. Optimal health-related fitness might be
a combination of cardiorespiratory fitness and muscle
fitness. The American College of Sports Medicine (ACSM)
recommends that the appropriate public health approach, in
adults, is to promote regular participation in both strength
and aerobic activities. On the basis of our findings, we
additionally suggest applying these recommendations spe-
cific to children and adolescents.

In addition, the strong association of the two physical
fitness components with metabolic risk observed in this
study suggests the importance of including physical fitness
testing in health-monitoring systems. We showed that a
simple muscle fitness test battery may predict clustered
metabolic risk comparable with direct measurement of
cardiorespiratory fitness. Although measuring cardiorespira-
tory fitness directly is time consuming and expensive,
determining muscle fitness is cheap and feasible. In the
present study, muscle fitness was assessed by four tests that
were easy to perform and required minimal equipment,
taking only 15 min per child.

Strengths and limitations. We used a continuous
composite risk score for metabolic risk that is widely used
for investigating associations between physical activity,
cardiorespiratory fitness, and metabolic risk (2,5,12,14,28).
This type of outcome may reflect health better than single
risk factors and could to some extent compensate for the
day-to-day fluctuation in the single risk factors (4).
Although the children in this study did not suffer from
clinical diseases, multiple risk factors of any type could be
of concern. Additional strengths of this study include the
availability of measures of insulin resistance, blood lipids,
and objective measurement of both muscle fitness and
cardiorespiratory fitness. Furthermore, along with a high

REFERENCES

1. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome—a new
worldwide definition. Lancet. 2005;366(9491):1059-62.

2. Andersen LB, Harro M, Sardinha LB, et al. Physical activity and
clustered cardiovascular risk in children: a cross-sectional study (The
European Youth Heart Study). Lancet. 2006;368(9532):299-304.

3. 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

participation rate, the inclusion of participants from all
regions of the country made our sample a national
representative of 9- and 15-yr-old Norwegians.

Our results must be interpreted with some limitations. First,
we are aware of the fact that cross-sectional design does not
permit explanations of causality. Second, the clustered risk
score is sample specific and is based on the assumption that
each component is weighted equally in predicting metabolic
risk. Further, available evidence indicates that the risk
accelerates from far below the so-called cut points. In our
logistic regression to predict poor health, we defined individ-
uals with a clustered risk score over 1 SD as being at risk. Thus,
although we could have classified individuals who are not at
risk as being at risk, we consider this a conservative choice.
Finally, muscle fitness was measured by explosive strength,
isometric strength, and endurance strength only. We could
have selected other tests. The Eurofit test battery has been
widely used with children and adolescents throughout Europe,
and the tests are simple, practical, and reliable (22). Future
prospective studies are needed to examine the independent
and the combined effects of cardiorespiratory fitness and
muscle fitness on the likelihood of having CVD later in life.

CONCLUSIONS

In summary, we found inverse and independent associ-
ations for muscle fitness and cardiorespiratory fitness with
clustered metabolic risk in Norwegian children and youth.
Cardiorespiratory fitness appears to be the strongest pre-
dictor for clustered metabolic risk and may be conferred
with increased muscle fitness. From a public health
perspective, this highlights the need to promote regular
participation in both strength and aerobic activities. Finally,
in the light of the strong and consistent associations
between different physical fitness components and clustered
metabolic risk, cardiorespiratory and muscle fitness testing
should be included in health-monitoring systems.

The authors thank all the test personnel for their work during data
collection and Professor Ingar Holme for statistical guidance. They
also thank the Central Laboratory Ullevaal University Hospital and
the Hormon Laboratory Aker University Hospital for using blood
analysis. Financial support for this study was received from the
Directorate for Health and the Norwegian School of Sport Sciences.
The results of the current study do not constitute endorsement by
the ACSM.

There is no conflict of interest.

European Youth Heart Study. Int J Pediatr Obes. 2008;3(1 suppl):
58-66.

4. Andersen LB, Wedderkopp N, Hansen HS, Cooper AR, Froberg
K. Biological cardiovascular risk factors cluster in Danish children
and adolescents: the European Youth Heart Study. Prev Med. 2003;
37(4):363-7.

5. Anderssen SA, Cooper AR, Riddoch C, et al. Low cardiorespi-
ratory fitness is a strong predictor for clustering of cardiovascular

1366  Official Journal of the American College of Sports Medicine

http://www.acsm-msse.org



disease risk factors in children independent of country, age and
sex. Eur J Cardiovasc Prev Rehabil. 2007;14(4):526-31.

. Benson AC, Torode ME, Singh MAF. Muscular strength and

cardiorespiratory fitness is associated with higher insulin sensi-
tivity in children and adolescents. Int J Pediatr Obes. 2006;1(4):
222-31.

. Blair SN, Kohl HW III, 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;273(14):1093-8.

. Boreham C, Twisk J, Neville C, Savage M, Murray L, Gallagher

A. Associations between physical fitness and activity patterns
during adolescence and cardiovascular risk factors in young
adulthood: the Northern Ireland Young Hearts Project. Int J
Sports Med. 2002;23(1 suppl):S22-6.

. Bouchard C, Shephard RJ. Physical activity, fitness and health:

the model and key concepts. In: Bouchard C, Shephard RJ,
Stephens T, editors. Physical Activity, Fitness and Health,
International Proceedings and Consensus Statement. Champaign
(IL): Human Kinetics; 1994. p. 77-88.

. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a

standard definition for child overweight and obesity worldwide:
international survey. BMJ. 2000;320(7244):1240-3.

. DuBose KD, Eisenmann JC, Donnelly JE. Aecrobic fitness

attenuates the metabolic syndrome score in normal-weight, at-
risk-for-overweight, and overweight children. Pediatrics. 2007,
120(5):¢1262-8.

. Eisenmann JC. Aerobic fitness, fatness and the metabolic syn-

drome in children and adolescents. Acta Paediatr. 2007;96(12):
1723-9.

. Eisenmann JC, Welk GJ, Wickel EE, Blair SN. Combined

influence of cardiorespiratory fitness and body mass index on
cardiovascular disease risk factors among 8—18 year old youth: the
Aerobics Center Longitudinal Study. Int J Pediatr Obes. 2007,
2(2):66-72.

. 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,
50(9):1832-40.

. Garcia-Artero E, Ortega FB, Ruiz JR, et al. Lipid and metabolic

profiles in adolescents are affected more by physical fitness than
physical activity (AVENA study). (Spanish) Rev Esp Cardiol.
2007;60(6):581-8.

. Hurley BF, Hagberg JM, Goldberg AP, et al. Resistive training

can reduce coronary risk factors without altering VOaspa oOF
percent body fat. Med Sci Sports Exerc. 1988;20(2):150—4.

. Ishii T, Yamakita T, Sato T, Tanaka S, Fujii S. Resistance

training improves insulin sensitivity in NIDDM subjects without
altering maximal oxygen uptake. Diabetes Care. 1998;21(8):
1353-5.

. Janssen I, Cramp W. Cardiorespiratory fitness is strongly related

to the metabolic syndrome in adolescents. Diabetes Care.
2007;30(8):2143—4.

. Janz KF, Dawson JD, Mahoney LT. Increases in physical fit-

ness during childhood improve cardiovascular health during
adolescence: the Muscatine Study. Int J Sports Med. 2002;
23(1 suppl):S15-21.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Jurca R, LaMonte MJ, Barlow CE, Kampert JB, Church TS, Blair
SN. Association of muscular strength with incidence of metabolic
syndrome in men. Med Sci Sports Exerc. 2005;37(11):1849-55.
Kelley GA, Kelley KS. Progressive resistance exercise and resting
blood pressure: a meta-analysis of randomized controlled trials.
Hypertension. 2000;35(3):838—43.

Kemper HC, Van Mechelen W. Physical fitness testing of
children: a European perspective. Pediatr Exerc Sci. 1996;8(3):
201-14.

Kohl HW, III, Gordon NF, Scott CB, Vaandrager H, Blair SN.
Musculoskeletal strength and serum lipid levels in men and
women. Med Sci Sports Exerc. 1992;24(10):1080-7.

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;28(7):412-9.

McGill HC Jr, McMahan CA, Zieske AW, et al. Association
of coronary heart disease risk factors with microscopic qualities
of coronary atherosclerosis in youth. Circulation. 2000;102(4):
374-9.

Paffenbarger RS Jr, Hyde RT, Wing AL, Lee IM, Jung DL,
Kampert JB. The association of changes in physical-activity level
and other lifestyle characteristics with mortality among men.
N Engl J Med. 1993;328(8):538-45.

Raitakari OT, Juonala M, Kahonen M, et al. Cardiovascular risk
factors in childhood and carotid artery intima-media thickness in
adulthood: the Cardiovascular Risk in Young Finns Study. JAMA.
2003;290(17):2277-83.

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;150(4):388-94.

Ruiz JR, Ortega FB, Rizzo NS, et al. High cardiovascular
fitness is associated with low metabolic risk score in child-
ren: the European Youth Heart Study. Pediatr Res. 2007;61(3):
350-5.

Ruiz JR, Sui X, Lobelo F, et al. Association between muscular
strength and mortality in men: prospective cohort study. BM.J.
2008;337(7661):92-95.

Saland JM. Update on the metabolic syndrome in children. Curr
Opin Pediatr. 2007;19(2):183-91.

Shaibi GQ, Cruz ML, Ball GD, et al. Cardiovascular fitness and
the metabolic syndrome in overweight Latino youths. Med Sci
Sports Exerc. 2005;37(6):922-8.

Smith SC Jr, Jackson R, Pearson TA, et al. Principles for national
and regional guidelines on cardiovascular disease prevention: a
scientific statement from the World Heart and Stroke Forum.
Circulation. 2004;109(25):3112-21.

Tanner JM. Growth at Adolescence. Oxford: Blackwell; 1962.
p. 325.

Treuth MS, Ryan AS, Pratley RE, et al. Effects of strength
training on total and regional body composition in older men.
J Appl Physiol. 1994;77(2):614-20.

Wijndaele K, Duvigneaud N, Matton L, et al. Muscular strength,
aerobic fitness, and metabolic syndrome risk in Flemish adults.
Med Sci Sports Exerc. 2007;39(2):233—40.

Zimmet P, Alberti G, Kaufman F, et al. The metabolic syndrome
in children and adolescents. Lancet. 2007;369(9579):2059-61.

FITNESS AND METABOLIC RISK IN YOUTH

Medicine & Science in Sports & Exercise, 1367

S3IDN3IDS DISve






PAPER IV

Steene-Johannessen J, Kolle E, Resaland JE, Anderssen SA, Andersen LB.
Waist circumference is related to low-grade inflammation in youth.

On request, revised, and resubmitted to International Journal of Pediatric Obesity.

Denne artikkelen ble tatt ut av den elektroniske versjonen av
doktoravhandlingen i Brage pa grunn av copyright-restriksjoner.

This paper was removed from the electronic version of this PhD
Thesis in Brage due to copyright restrictions.


elin.hecker
Tekst i maskinskrift
Steene-Johannessen J, Kolle E, Resaland JE, Anderssen SA, Andersen LB. 
Waist circumference is related to low-grade inflammation in youth. 
   
On request, revised, and resubmitted to International Journal of Pediatric Obesity.


elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift
Denne artikkelen ble tatt ut av den elektroniske versjonen av 
doktoravhandlingen i Brage på grunn av copyright-restriksjoner. 
      
This paper was removed from the electronic version of this PhD 
Thesis in Brage due to copyright restrictions.

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift

elin.hecker
Tekst i maskinskrift





APPENDIX 1

Selected risk factors in deciles


elin.hecker
Tekst i maskinskrift





Table 1. Selected risk factors in deciles for 9-year-olds.

Deciles
1 2 3 4 5 6 7 8 9 10

Boys

Waist (cm) 527 558 575 588 60.1 614 630 650 689 788
SBP (mmHg) 90.3 954 983 1005 1022 1036 1056 1082 111.3 117.7
DBP (mmHg) 580 633 659 67.8 696 712 727 744 765 826
TC (mmol/L) 331 3.69 391 411 425 440 457 475 503 567
HDL-c (mmol/L) 118 140 152 163 171 178 189 203 219 259
TG (mmol/L) 032 039 043 049 053 058 064 072 085 1.36
LDL-c (mmol/L) 140 173 190 202 216 231 244 258 284 353
ApoA-1 (g/L) 107 124 131 137 141 147 152 160 168 187
ApoB (g/L) 045 052 057 060 063 065 068 073 078 0.92
Glucose (mmol/L) 457 487 500 510 519 527 536 547 560 5.90
Insulin (pmol/L) 140 140 161 196 230 266 30.7 366 455 728
HOMA 047 054 063 076 090 1.05 122 149 185 293
VO (Ml'min-kg™®) 348 409 437 457 474 493 513 534 556 595
Girls

Waist (cm) 529 559 57.7 591 608 627 647 669 705 80.1
SBP (mmHg) 90.3 945 973 993 1009 1028 1052 107.4 1109 1175
DBP (mmHg) 580 633 657 675 692 705 721 744 772 829
TC (mmol/L) 333 3.76 398 417 438 456 471 491 516 588
HDL-c (mmol/L) 111 136 147 156 1.64 172 182 191 204 238
TG (mmol/L) 036 045 050 054 059 0.67 075 083 097 1.49
LDL-c (mmol/L) 136 1.78 199 218 236 253 270 288 3.09 3.74
ApoA-1 (g/L) 106 120 128 134 139 142 147 153 161 179
ApoB (g/L) 044 053 058 063 067 070 075 078 083 0.98
Glucose (mmol/L) 450 476 489 499 508 515 522 531 544 568
Insulin (pmol/L) 14 165 19.6 206 240 301 352 407 502 789
HOMA 049 060 076 089 101 114 134 157 195 317
VO (M-min-kg™) 306 362 388 40.6 423 438 454 472 495 546

Apo A-1, apolipoprotein A-1; Apo B, apolipoprotein B; DBP, diastolic blood pressure; HDL-c, high density

lipoprotein cholesterol; HOMA, homeostasis model assessment (insulin resistance); LDL-c, low density

lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.



Table 2. Selected risk factors in deciles for 15-year-olds.

Deciles

1 2 3 4 5 6 7 8 9 10

Boys

Waist (cm) 643 677 692 705 722 740 756 780 822 957
SBP (mmHg) 100.8 106.4 109.3 111.6 114.0 1158 118.0 120.7 1241 132.6
DBP (mmHg) 627 671 695 713 730 748 767 789 817 872
TC (mmol/L) 277 313 333 349 363 377 399 421 451 519
HDL-c (mmol/L) 09% 111 119 126 135 143 152 162 175 199
TG (mmol/L) 038 048 055 060 066 075 083 097 118 185
LDL-c (mmol/L) 1.08 146 161 171 187 201 217 238 262 322
ApoA-1 (g/L) 095 1.06 112 116 120 124 129 135 142 155
ApoB (g/L) 037 046 050 052 055 059 063 067 075 0.90
Glucose (mmol/L) 469 502 514 522 531 54 551 564 582 6.38
Insulin (pmol/L) 203 276 331 376 419 471 527 626 779 1285
HOMA 078 108 128 145 163 185 214 255 314 553

VOppeu (Ml-min-kg?) 363 442 476 497 515 530 550 569 59.8 65.2

Girls

Waist (cm) 634 665 685 701 712 727 748 771 8lL1 885
SBP (mmHg) 947 1006 1032 1051 107.1 109.4 111.8 1147 1182 1257
DBP (mmHg) 600 656 684 705 720 734 751 774 806 86.1
TC (mmol/L) 303 349 370 387 401 417 436 458 491 572
HDL-c (mmollL) ~ 1.07 127 135 146 155 165 175 185 194 225
TG (mmol/L) 042 052 058 063 069 075 083 093 106 1.50
LDL-c (mmol/L) 127 161 177 191 205 220 237 253 286 3.60
ApoA-1 (g/L) 1.00 114 121 126 131 137 143 149 157 176
ApoB (g/L) 042 050 054 057 060 064 068 073 079 098
Glucose (mmol/L) 459 485 494 502 513 524 537 547 559 587
Insulin (pmol/L) 19.8 292 351 404 468 524 565 634 761 1137
HOMA 074 109 132 152 180 201 226 253 306 471

VO (Mlminkg?) 312 346 369 388 405 417 431 450 473 521

Apo A-1, apolipoprotein A-1; Apo B, apolipoprotein B; DBP, diastolic blood pressure; HDL-c, high density
lipoprotein cholesterol; HOMA, homeostasis model assessment (insulin resistance); LDL-c, low density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
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}NURGES IDRETTSH@GSKOLE

KJAERE ELEV 0G FORELDRE/FORESATTE

Fysisk aktivitet blant norske barn.

Pa oppdrag fra Sosial- og helsedirektoratet skal Norges idrettshggskole i perioden 2005-
2006 gjennomfg@re en kartlegging av kost og fysisk aktivitetsvaner, fysisk form og ulike
helsevariabler pa barn og unge. Lignende undersgkelser har blitt giennomfgrt i flere
europeiske land. Et landsrepresentativt utvalg pd 2000 barn og unge i aldersgruppen 9-10
ar og 15-16 ar skal delta i undersgkelsen. Vi har til na testet 443 elever i Oslo omradet og
ytterligere ca. 450 i de nordlige og vestlige deler av Norge. Testingen fortsetter inntil
oktober 2006.

Det finnes i dag ikke nok informasjon om fysisk aktivitet og fysisk form i befolkningen for a
kunne beskrive utviklingstrender og forskjeller mellom befolkningsgrupper. Slike data er
sentrale for & kunne malrette og evaluere arbeidet med a gke graden av fysisk aktivitet i
befolkningen. Barn og unge er en prioritert malgruppe i det helsefremmende arbeidet.
Denne undersgkelsen vil gi oss verdifull informasjon og kunnskap om barn og unges
aktivitetsvaner. Deres barns skole har sagt ja til deltakelse i denne undersgkelsen, og alle
tester skjer i full forstdelse med skolens ledelse. Vi spgr om dere vil delta i undersgkelsen.

Registreringer i undersgkelsen
Alle testene vil skje i skolens lokaler i Igpet av skoledagen. Det er planlagt at elevene skal
giennomfgre flere tester, men de kan selvsagt velge om de vil avsta fra enkelte av disse.

Fysisk undersgkelse

Det vil veere maling av hgyde og vekt. Det vil gjgres hudfoldsmalinger pa overarm, rygg,
legg og hofte. Vi vil giennomfgre maling av hvileblodtrykk og analyse av fastende
blodprgve for fett i blodet, samt insulin og blodsukker. Bedgvende krem vil bli benyttet i
forbindelse med blodprgvetaking, og prgven tas av en erfaren bioingenigr. Blodprgven skal
vaere fastende, og vi ber derfor om at barnet ikke spiser etter midnatt natten fgr testdagen.

Barna vil fa frokost umiddelbart etter at blodprgven er tatt.

Kondisjonstest og aktivitetsregistrering

Vi vil giennomfgre en arbeidstest pd ergometersykkel. Testen blir utfgrt med en gradvis
gkende belastning, og med en varighet pd 6-10 minutter. Testen stoppes nar barnet ikke
gnsker 3 fortsette. Aktivitetsregistrering gjgres ved hjelp av en liten aktivitetsmaler som

barnet skal baere pa hoften i fire dager. Aktivitetsmaleren blir levert ut pa skolen.



Muskelutholdenhet og motorisk kompetanse

Elevene gjennomfgrer enkle tester av styrke, bevegelighet og koordinasjon.

Sporreskjema

Elevene besvarer et spgrreskjema vedrgrende kost- og mosjonsvaner. Foresatte har rett til
a se spgrreskjemaet som skal besvares av elevene. Et kort spgrreskjema vil ogsa bli gitt
foreldre/foresatte vedrgrende deres fritids- og mosjonsvaner.

Generell informasjon

Deltagelsen i undersgkelsen er frivillig og deltagerne har rett til 3 trekke seg fra hele eller
deler av forsgket uten @ oppgi grunn, og uten at det far negative konsekvenser. Det er
imidlertid vesentlig for utbyttet av undersgkelsen at sa mange som mulig deltar. Dersom
foreldre/foresatte gnsker & trekke biologiske prgver eller andre opplysninger fra studien
kan dette gjgres ved d kontakte biobankansvarlig professor Lars Bo Andersen, pa telefon
23 26 20 00. Foreldre/foresatte er velkomne til 3 veere tilstede i Igpet av testdagen dersom
dere gnsker det. Testene vil bli utfgrt av personer med relevant utdannelse og erfaring.
Deltagerne er forsikret gjennom Gjensidige NOR; forsikringsnr 0398160

Hvis testresultatet eller blodprgvene til noen av elevene viser avvikende medisinske verdier
vil skolehelsetjenesten informeres. Informasjonen til barn/foreldre vil ved disse tilfellene
komme fra skolehelsetjenesten. Testresultatene registreres i et dataregister men
personopplysningene blir avidentifisert. Etter prosjektslutt, forventet omkring utgangen av
ar 2006, blir datamaterialet anonymisert. Prosjektet er tilrddd av Regional komité for
medisinsk forskningsetikk og er meldt til Personvernombudet for forskning, Norsk

samfunnsvitenskapelig datatjeneste AS.

Ansvarlig for giennomfgringen av studien er Seksjon for Idrettsmedisin ved Norges
idrettshggskole, Oslo. Prosjektleder er professor Lars Bo Andersen. Dersom dere gnsker
ytterligere informasjon er dere velkomne til @ kontakte forsker Jostein Steene-Johannessen
eller forsker Elin Kolle pa telefon 41 08 28 98.

Vennligst returner samtykkeformularet (side 3) i svarkonvolutten til klasseforstander.

Med vennlig hilsen
e By i
Lars Bo Andersen
prosjektleder / professor



SAMTYKKESKJEMA

Pa deres skole vil testene foregd i midten av januar

Naermere informasjon om dag for testene vil leveres senere.

O Ja, jeg bekrefter herved & ha mottatt informasjon om testene. leg/vi gnsker a

delta og lar min/var datter/sgnn delta i studien.

Vennligst utfyll opplysningene nedenfor:
(Skriv tydelig helst med blokkbokstaver)

FOTMAVN: e ieeeeeiieiet et ettt e eese s seeeeeeeeaeesensrnsensassnsasssssessasesesnesensnnsnssasnnsnns
(T 1 0 I 1V s U PP PPPPPPPPPROP
PersonnNUMMET (11 SIFFRI): ciiieiiiiiieiie et eer e eee e ee e e eeereeeeee e et e ee seeeeeseeaeennes
Jeg er informert om at deltagelsen er frivillig og at mitt barn kan avsta fra enkelte
deler av testene, eller trekke seg fra videre deltagelse uten @ oppgi grunn. Jeg er

ogsa bekjent med at foresatte har rett til 4 trekke seg/trekke opplysninger om seg
selv fra prosjektet.

Foreldre/verges underskrift

Elevens underskrift

Leveres klasseforstander i vedlagte konvolutt sa snart som mulig.
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UNIVERSITETET I OSLO

DET MEDISINSKE FAKULTET

Professor Dr.med Lars Bo Andersen Regional komité for medisinsk forskningsetiklk
Norges idrettshagskole Ser- Norge (REK Ser)
Postboks 1130 Blindern

NO-0318 Oslo

Telefon: 228 44 666
Telefaks: 228 44 661

Dato: 30.11.04 E-post: rek-2(@medisin.uio.no
Deres ref.: Nettadresse: www,etikkom.no

Var ref.: S-04305

Kost, aktivitetsvaner og helse blant barn og unge i Norge

Komiteen behandlet prosjektet i sitt mete torsdag 18. november 2004.

Komiteen har folgende merknader til prosjektet:

L. Hvordan felges eventuelle patologiske verdier pa blodprevene opp.
2. Komiteen forutsetter at undersekelsen gjennomfares slik at den enkeltes integritet og privatliv
ivaretas.

Komiteen har falgende merknader til seknad om opprettelse av forskningsbiobank:

1. Pkt 2: Stemmer det at prosjektleder er databehandlingsansvarlig, dette er vanligvis institusjonens
pverste leder.

2: Data i studien er avidentifisert, ikke anonymisert, da det eksisterer en nekkel som prosjektleder
har tilgang til.

Komiteen har falgende merknader til informasjonsskriv og samtykkeerklzring:

=15 Det ma utarbeides egen informasjon til barna, evt. ma overskriften pa informasjonsskrivet endres
dersom det er ment & vaere til bdde barn og foresatte (bama blir bedt om & signere samtykkeerkleringen).

2; Informasjonsskrivet ber starte med forespersel om a delta, ikke "Kan dere hjelpe oss til skt
kunnskap...
3. "Formuleringer som "vi hiper dere returnerer...sd snart som mulig” og "pa forhind takk for

hjelpen” bes straket da de er ledende.
4. Det ma sta eksplisitt at forsekspersonene kan trekke seg uten & oppgi grunn.

3. Personer som ikke ensker & delta i studien skal ikke aktivt matte takke nei (da samtykke skal
innhentes i en klasseromssituasjon vil dette likevel bli kjent).

6. Data i studien er avidentifiserte, ikke anonyme, da prosjektleder har tilgang til nekkelen.

7. Setningen: Vi spar om dere og deres barn vil hjelpe oss gjennom & delta ber endres til vi sper om
dere vil delta i undersekelsen...



UNIVERSITETET I OSLO Side 2 av 2
Det medisinske fakultet

8. Det mangler informasjon om at cytokiner skal méales.
9. Det mangler informasjon om at biologiske prever kan trekkes fra studien dersom man ensker
dette.

10. Navn pd biobankansvarlig ber oppgis slik at man vet hvem som skal kontaktes for 4 trekke
prover.

11. Det mangler informasjon om hvor lenge bama ma faste (6 timer?).

12. Gi informasjon til foreldrene om hvordan eventuelle patologiske blodpraveverdier vil bli fulgt
opp.

Vedtak:

“Under forutsetning av tilfredsstillende tilbakemelding og revidert pasientinformasjon og seknad om
forskningsbiobank, tilras prosjektet gjennomfart og forskningsbiobank opprettet. Komiteens leder og
sekretzr tar stilling til dette.”

e 'R'?Cfill?}\wx

Siguxy Nitter-Hauge (sign)

Professor dr.med. — i
Leder

Tone Haug
Radgiver
Sekretaer



UNIVERSITETET I

DET MEDISINSKE FAKULTET

Professor Dr.med Lars Bo Andersen
Norges idrettshegskole

Dato: 11.01.05
Deres ref.:
Var ref.: S-04305

OSLO

Regional komité for medisinsk forskningsetikk
Sor- Norge (REK Seor)

Postboks 1130 Blindern

NO-0318 Oslo

Telefon: 228 44 666
Telefaks: 228 44 661
E-post: rek-2@medisin.uio.no

Nettadresse: www.etikkom.no

Kost, aktivitetsvaner og helse blant barn og unge i Norge

Vi viser til brev datert 20.12.04 med vedlegg: revidert informasjonsskriv og samtykkeerklering.

Komiteen takker for grundig og oversiktlig svar pa merknader, og tar disse til etterretning.

Komiteen har ingen merknader til revidert informasjonsskriv og samtykkeerklering.

Komiteen tilrar at prosjektet gjennomferes og forskningsbiobank opprettes.

Vi ensker lykke til med prosjektet!

Med vennlig hilsen

Sigurd Nitter-Hauge (sign)
Professor dr.med.
Leder

—

Tone Haug
Radgiver
Sekretaer
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Norsk samfunnsvitenskapelig datatjeneste AS
NORWEGIAN SOCIAL SCIENCE DATA SERVICES

Hans Holmboes gate 22
N-5007 Bergen

Norway
Lass Bo docatien Tel: +47/ 55 58 21 17
Seksjon for fysisk aktivitet og helse Fax. +47/ 55 58 96 50

nsd@nsd.uib.no

Norges idrettshogskole e e
Postboks 4014 Ullevil Stadion Org.nr. 985 321 884
0806 OSLO

Vér dato: 04.02.2005 Var ref: 200500162 PB /RH Deres dato: Deres ref:

KVITTERING FRA PERSONVERNOMBUDET

- Vi viser til melding om behandling av personopplysninger, mottatt 24.01.2005. All nedvendig informasjon
om prosjektet foreld i sin helhet 03.02.2005. Meldingen gjelder prosjektet:

12166 Aktivitetsvaner og fysisk form blant barn og unge i Norge
Behandlingsansvarlig Norges idrettshogskole, ved institugjonens overste leder
Daglig ansvarlig Lars Bo Andersen

Norsk samfunnsvitenskapelig datatjeneste AS er utpekt som personvernombud av Notges idrettshogskole,
jf. personopplysningsforskriften § 7-12. Ordningen innebzrer at meldeplikten til Datatilsynet er erstattet av
meldeplikt til personvernombudet.

Personvernombudets vurdering

Etter gjennomgang av meldeskjema og dokumentasjon finner personvernombudet at behandlingen av

personopplysningene vil vzre regulert av § 7-27 i personopplysningsforskriften. Dette betyr at behandlingen

av personopplysningene vil vre unntatt fra konsesjonsplikt etter personopplysningsloven § 33 forste ledd,

men underlagt meldeplikt etter personopplysningsloven § 31 forste ledd, jf. personopplysningsforskriften §
S 7-20.

Unntak fra konsesjonsplikten etter § 7-27 gjelder bare dersom vilkrene i punktene a) — e) alle er oppfylt:

a) forstegangskontakt opprettes pi grunnlag av offentlig tilgjengelige registre eller gjennom en faglig
ansvarlig person ved virksomheten der respondenten er registrert,

b) respondenten, eller dennes verge dersom vedkommende er umyndig, har samtykket i alle deler av
undersokelsen,

©) prosjektet skal avsluttes pa et tidspunkt som er fastsatt for prosjektet settes i gang,

d) detinnsamlede materialet anonymiseres eller slettes ved prosjektavslutning,

) prosjektet ikke gjor bruk av elektronisk sammenstilling av personregistre.

Personvernombudets vurdering forutsetter at prosjektet gjennomfores slik det er beskrevet i vedlegget.

Avdelingskontorer / District Offices:
OSLO: NSD. Universitetet i Oslo, Postboks 1055 Blindern, 0316 Oslo. Tel: +47/ 22 85 52 11. nsd@uio.no
TRONDHEIM: NSD. Norges teknisk-naturvitenskapelige universitet, 7491 Trondheim. Tel: +47/ 73 59 19 07. kyrre.svarva@svt.ntnu.no
TROMS@: NSD. SVF, Universitetet i Tromsg, 9037 Tromsg. Tel: +47/ 77 64 43 36. nsdmaa@sv.uit.no
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Behandlingen av personopplysninger kan settes i gang.
Ny melding

Det skal gis ny melding dersom behandlingen endres i forhold til de punktene som ligger til grunn for
personvernombudets vurdering.

Selv om det ikke skjer endringer i behandlingsopplegget, skal det gis ny melding tre ar etter at forrige melding
ble gitt dersom prosjektet fortsatt pagar.

Ny melding skal skje skriftlig til personvernombudet.
Offentlig register
Personvernombudet har lagt ut meldingen i et offentlig register, www.nsd.uib.no/petsonvern/register/

Ny kontakt

Personvernombudet vil ved prosjektets avslutning, 31.12.20006, rette en henvendelse angéende arkivering av
data benyttet i prosjektet.

Vennlig hilsen

e
qijm Henrichsen ?MWO/W W’

Pernilla Bollman

Kontaktperson: Pernilla Bollman tlf: 55583348
Vedlegg: Prosjektbeskrivelse
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