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1. Foreword:

During the nineties a group of exercise scien-
tigsfrom dl over Europe met and decided to
investigate multiple cardiovascular disease
(CVD) risk factors including culturd and ge-
netic influencesin children. This ph.d.-thessis

dren. Theam of the study was. To study the
nature, strength and interactions between per-
sond, environmenta and lifestyle influences on
CVD risk factors in children of differing age,
seX, culture and ethnicity. The risk factors and
its associated influences are schematicdly

basad on results from the Danish part of this illusrated in fig. 1.
study, the European Y outh Heart Study
(EYHS).
The EYHS s an internationa multicenter sudy
of cardiovascular disease risk factorsin chil
Fig 1 Schematic representation of candidate CVD risk factors and
T associated influences
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PHYSIOLOGICAL RISK FACTORS
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Glucose Other biochemical markers Lung function
Theams of the dudy are: 2. To assess how relationships between per-

Within each study location:

1. To assess the age and sex specific magni-
tude and prevaence of arange of CVD risk
factors

2. To assessthe age and sex specific reation-
ships between persond, environmentd, life-
style and physiologica risk factors, and their
associated influences

Between study locations:

1. To assessthe age and sex specific differ-
ences in the magnitude and prevaence of
persond, environmentd, lifestyle and
physiologicd risk factors

sond, environmentd, lifestyle and physio-
logicd risk factors, and their associated in-
fluences, vary between study populations

From the combined database;

1.

To assess whether patterns of children's
CVD risk factorsreflect the adult patterns of
the disease

To determine the age and sex specific dose-
response rel ationships between exposure to
parameters which influence risk and the ob-
served physiologicd levels of risk.



The study is desgned as a mixed longitudina
sudy, with planned follow up and inclusion of
anew childhood cohort every 6 year.

2. Introduction and background :
Atherosclerotic cardiovascular disease (ACVD)
isincreasingly recognised as a paediatric prob-
lem[1]. Even though the dinical manifesta-
tions of ACVD typicaly gppear in adulthood
rather than childhood, pathologica studies have
reported that advanced atherosclerotic lesions
areidentifiablein young children [2]. Ana-
tomica changesin the aorta, coronary arteries
and kidneys of youth and young adults are re-
lated to risk factor levelsin childhood [2], and
evidence exigs that children maintain their lev-
els of blood pressure (BP), obesity, serum lip-
ids and lipoproteinsin reation to their peer
from childhood to young adulthood [3-5]. This
persstency of an individud's risk factor level

in rdaion to his or hers peersis defined as
"tracking’".

Risk factorsfor ACVD are manifest in child-
hood, with sudiesin the USA [6] England [7]
and Northern Ireland [8] indicating thet gp-
proximately 70% of twelve-year-old children
have at least one modifiable ACVD risk factor.
Behaviourd risk factors for adults are asso-
ciated with childhood experiences; in particuar
the early establishment of physicd activity
patterns, taste preferences, and cigarette smok-
ing[9].

Primary prevention strategiesfor ACVD have
therefore become anationd priority in many
countries and, logicaly, this should beginin
childhood [10].

2.1 Clustering of atherosclerotic cardiovascu-

lar diseaserisk factors:

Clugtering of ACVD risk factorsis defined as
the coexistence of severd ACVD risk factorsin
the same person. Clugtering of risk factors was
origindly described in adults by Reaven [11]
and has been varioudy termed ether the
‘Metabolic Syndrome’, ‘Insulin Resistance
Syndromé', or *Syndrome X'. Typicdly, the
syndromeis characterised by the co-existence
of mog of the following conditions: Abdomind

obesity, hypertriglyceridaemia, dydipidaemia,
hypertenson, and hyperinsulinaemia. Such an
adverse profile is recognised as predisposng
non-insulin dependent diabetes mellitus
(NIDDM), atherosclerosis, and increased
ACVD morbidity and mortaity. The mortdity
dueto ACVD is nearly the double of the nor-
ma population in the patients suffering from
the metabolic syndrome, and these patients
have a 3-4 timesincreased risk of getting
ACVD [12]. This makes subjects with the
metabolic syndrome amain target group for
treatment and prevention of ACVD. It has been
suggested, that sedentary living and low car-
diovascular fithess may further exacerbate the
condition [13].

It iswell known that ACVD risk factors perdst
from childhood into adulthood [14], and it is
therefore prudent to consider whether cluster-
ing of ACVD risk factors can be observed in
children. Although the emergence of anorma
risk factor levels, asjudged by adult criteria,
begins in young adulthood, it is not normaly
seenin children [14]. However it ispossible
that adult ‘patterns’ of risk factor profiles- e.g.
clugtering tendencies - may be observablein
children. Chu et d. [15] have suggested that
ACVD risk factors do appear during adoles-
cencein the obese. If 50, childhood may be
consdered asavitd period for primary ACVD
prevention programmes.

Thereis some supporting evidence for this hy-
pothesis. For example, childhood risk factor
profiles have been shown to reflect the adult
patterns of the disease [16]. A measure of
clustering has been shown to be observablein
adolescents [17], and some authors have sug-
gested, that obesity may be one of the key
causative factors [14;18]. In particular, obesity
correlates with multiple risk factorsin the In-
aulin Resistance syndrome and ACVD [19].
Childhood obesity has been observed to in-
crease the risk of adult metabolic syndrome
[20], and it has also been reported that 50% of
obese children will become obese adults with
especidly ahigh risk of metabolic syndrome
and ACVD [20].



The close relaionship between hyperinsu-
linaemia, hypertenson and development of
ACVD isnow amogt universaly accepted [21-
23], and it has been suggested that high insulin
levels precedes the development of an athero-
genic risk factor profile and predict future BP
among children and adol escents independently
of age and body mass[24]. Thusindividuds
with higher serum (S) insulin values have been
reported to possess higher levels of other
ACVD risk factors [22], and high S-inaulin
during childhood predicts high S-triglyceride
levels 6 years later [24]. Hypertriglyceridemia
isstrongly correlated to obesty and aso widdy
accepted as an important independent ACVD
risk factor [25;26]. Elevated total S-cholesterol
and low high dengty lipoprotein (HDL) levels
are both widely recognised as independent
ACVD risk factors and the ratio between them
as onetoo [27]. In additionthe ratio HDL:S-
cholesteral has the advantage of summarising
complex associations of the serum lipid pattern
into asngle numerica gpproximeation.

Epidemiological sudies have shown that ele-
vated cholesteral levels, particularly elevated
low dersity lipoprotein (LDL) cholesteral, are a
magor established risk factor for the develop-
ment of ACVD [28;29]. Evidence aso suggests
that the atherogenic potentid of ahigh leve of
LDL isincreased by insulin resstance, the
metabolic syndrome and manifest NIDDM
[12;30]. Thereisalarge anount of clinica data
avalable to indicate that lowering tota or
LDL-cholesterol levels reduces the risk of car-
diovascular events and mortality [29;31].
Studies have adso demongtrated a decrease in
both atherosclerotic associated morbidity and
mortdity in the NIDDM patient &fter lowering
of LDL [30].

Clugtering of ACVD risk factors has been sug-
gested to persist from childhood to adulthood
[32]. This phenomenon has been described by
severd authors [33-36]. Adult multifactorid
ACVD risk gatus can be predicted from child-
hood risk factor levels [35]. Berenson et a.
[34;37] have aso noted that the risk factor pro-

file during childhood is predictive of adult
ACVD, and arecent Danish study (follow-up
of the Odense Schoolchild study) has con
firmed the tracking tendencies of ACVD risk
factors and the clustering of the risk factors
[38]. It istherefore prudent, to consider
whether clustering of ACVD risk factors can be
observed in children. Some studies have been
performed to determineif clustering of ACVD
risk factorsis apparent in childhood
[15;32;39;40].

2.2 Physical fitness:

Cardiorespiratory fitnessis an important inde-
pendent predictor of atherosclerogisin middle-
aged men [41]. In addition, high levels of
physica activity and physica fitness (PF) have
been associated with alower prevalence of
ACVD risk factors and alower ACVD mor-
bidity in epidemiologica sudies[42;43]. Fit-
ness shows, as most other risk factors, tracking
over time [33], and the evidence suggests that
an inverse reationship exist between PF and
cardiovascular risk in adults. The evidencein
children is more indeterminate, though some
sudies have shown a bivariate relationship to
risk factorsin children [44;45], and some stud-
ies have shown amultivariate relaionship to
BP [46;47].

2.3 Secular Trends:

2.3.1 Trends in fitness:

In children, secular trends of fitness has only
been described by Dollman et d [48]. They
found alower fitnessin 10-11 year old children
in the middle of the nineties than in 1985.

No up to date study regarding secular trendsin
fitness of adolescents was found, by a search
strategy with the terms fitness and adolescents
together with secular, trends, tendency, tenden-
cies and evolution performed in the databases
Medline and Sports Discus.

It isvery important to study and describe trends
of PF in children, because tracking from child-
hood to adolescence and from adolescence to
young adulthood is evident [33;49]. PF tracks
moderately, and unfit children and adolescents
are prone to be unfit adults [4;50]. Therefore



the results from secular trend studies would
provide the firg warning sgnads of low PFin
groups of the subsequent adult generation.

2.3.2 Trends in obesity:

Obesity has been shown to increase in many
countries[51;52], and obesity is clearly related
to ACVD risk and ACVD risk factors
[20;53;54].In a Danish study obesity in child-
hood has been found to be associated with low
insulin-sengtivity index vauesin young adult-
hood [55]. It isan increasing problem in chil-
dren and adolescents aswell asin adults[56],
and it has a high degree of tracking [20;57].

A lot of these studies have used the body mass
index (BMI) (kg/nf) to measure obesity.
Though thisis problematic, because body mass
changes with height raised to the third power as
described by Asmussen et d [58]. In addition it
has been found by some authors, that skinfold
measurements and the ponderal index (M)
(kg/n) are better suited for estimating body fat
than the BMI [3;59]. This gpplies especidly to
children and adolescents, where BMI should be
used with caution when assessing the body
composition of children aged 8-16 years [60].
The most precise gpproximetion of body com-
position assessed in field studies has been
shown to be by skinfold thickness, which rep-
resent a comparatively smple and reasonably
accurate assessment [61]. This should espe-
cidly be taken into account in alongitudina
study. However the PI of children and adoles-
cents has aso been shown to be a good predic-
tor of future overweight in adulthood, and bet-
ter than the BMI [3]. Asin PF the resultsfrom
secular trend studies of obesity would provide
the first warning sgnds of an increasing num-
ber of obese subjects and increasing degree of
obesity in groups of the subsequent adult gen-
eration.

2.4 Parental educational level:

Educationd level has been shown to be in-
versdy associated with ACVD and ACVD risk
factors in adults [62;63]. The same unfavour-
able pattern of ACVD risk factors has been

found in children and adolescents in relation to
parental educationd level [17;64;65].

Parental educationd level could also be used to
asessif the sampleis generdly representative.
This can easily be done, by comparing the edu-
caiond leves of the parents of the sampled
children with that of the Danish population,
which is avallable from the home page of the
Danish datidtica bureau on the internet [66] .

2.5 Smoking:

Smoking is recognised as one of the most in+
portant life sylerisk factors of ACVD [67].
Cigarette smoking has been shown to be
strongly correlated to atherosclerotic lesonsin
aorta and the coronary arteriesin young men
[68]. In addition smoking has aso been shown
to be associated with unfavourable levels of S
cholesterol, LDL, HDL, and S-triglyceridein
adults and adolescents [17;69].

The socid difference in smoking has been re-
garded as one of the mgjor causes of the socid
differencein ACVD [70]. A tendency towards
women smoking more and sarting earlier has
been reported, thereby increasing the risk of
ACVD inwomen as agroup consderably [71].

2.6 Inherited risk:

Genetic sudies and sudies of familia aggre-
gation of risk factors, provide evidence that
children born to families with a high prevaence
of hypertenson are themsdlves & risk for de-
velopment of hypertension [72]. Children born
to families with at least one member who has
ether hyperlipidemia; low HDL ; essentid hy-
pertenson; or afamily higtory of premature
CVD areknown to have high levels of CVD
risk factors [10;72;73].

2.7 Aims of this study:

In Danish children and adolescents to

1. Investigate whether the phenomenon of
clustering of risk factors of ACVD isob-
sarvable.

2. Invedigate the influence of physicdl fitness
on ACVD-risk factors and clustering of risk
factors.



3. Destribe and discuss the implications of the
secular trends of PF and obesity.

3 Subjects:

The study was school based. All observations
and tests were performed at the schools that
children attended. Eight to 12 children were
examined per day, and the study was performed
during one whole school year, from august 10"
1997 to June 12" 1998.

3.1 Sampling:

3.1.1 Sampling considerations:

Our primary need was to establish a sudy
population which was localy representative
and could be clearly defined. In addition it
should be a population for which sampling
frames exigted, and it should be socidly di-
verse. Asthe study was to be conducted within
schools, the final choice of populations was
governed in part by the nature and distribution
of schools and access to a suitable sampling
frame.

3.1.2 Sampling procedures:

Schools was dratified according to school type
(age range, selection procedures), location (ur-
ban, suburban, rura) and the socio-economic
character of its uptake area. From each stratum,
a proportiond, two-stage cluster sample of
children was sdlected. The primary units (clus-
ters) were the schools. The sampling frame for
schools was a complete list of public schoalsin
Odense, from which schools were selected us-
ing probability proportiona to school sze.

Each school on the list was dlocated aweight-
ing equivaent to the number of children en-
rolled who were digible for sdection into the
study. Three replacement schools were sampled
from thelig, to dlow for schools refusng to
participate and to act as reserves, in the event
of low response rates.

The secondary units were the children within
the schools, and equa numbers of children
were selected from each school. Children
within the appropriate age bands (8-10 yr. and

14-16 yr.) were dlocated code numbers and
randomly selected using random number tables.
Previous experience of studying children of
amilar age and usng smilar methodology (in-
cluding blood sampling), suggests that a 90%
response rate would be likely from schools and
a 75-80% response rate from children and/or
parents [8;74].

3.2 Ethics:

The study was approved by the loca ethics
committee and performed by the rules stipu-
lated by the Helsinki declaration. All children
gave verba consent and their parents gave
written consent.

3.3 Subjects:

Twenty-eight out of 35 schools were randomly
sampled, and 25 agreed to participate. Of the
three non participating schools, one wasrurd,
one was urban from middleclass area and one
was urban from alow income area. All three
schools gave interference with the educationd
process as reason for not participating.

A total of 1356 children and adolescents were
invited to participate in the study, and 1325
(97.7%) responded. Of these 1020 (75.2%) and
their parents participated in the sudy. Five
hundred eighty nine children (37.0% of the
third grade population), 279 boys and 310 girls,
and 225 female and 206 ma e adolescents
(36.1% of the ninth grade population) partici-
pated. Mean age of the children were 9.6 years
and mean age of the adolescents were 15.5
years.

In each case of achild and parents not partici-
pating, the form master was asked, whether the
child differed from the rest of the classin any
way. Thirty-five children and adolescents, who
had given consent to participate, wereill and 4
chose on the day of the examination not to par-
ticipate. Of dl the children and adolescents not
participating, 1 adolescent was described as
being obese and physicdly inactive and 1 child
was autigic. The remaining children and
adolescents were al described as being normal
with anormd levd of physcd activity in com-
parison with their class peers.



4. Methods:

4.1 Physiological measurements:

Body height to the nearest mm and body mass
to the nearest 100g were determined by stan
dard anthropometric methods [75], usng a
stadiometer and a beam scale type weight.
Body fatness was estimated by three methods.
The M [3], whichis bodymass divided by
height in meters raised to the third power
(kg/nT), was used in the comparison between
the three studies to assess secular trends, be-
cause this was the only common measurement
between the three studies. The waist-hip ratio
was used in the assessment of the metabolic
syndrome in children as described by The
World Hedlth Organisation [76]. Waist and hip
circumferences were measured at the largest cir-
cumference of the abdomen below the ribs and
over the throcanter mgjor to the nearest mm.
The sum of four skinfolds was used in the
Danish part of EYHS (biceps, triceps, sub-
scapular and suprailiac skinfold) [77]. Skin-
folds were measured with Harpenden cdlipers
over the m.triceps brachii, m.biceps brachi,
subscapularly, and superior to the spinailiaca
anterior superior. The jaws of the callipers were
placed around the skinfolds 1cm below where it
was held by the thumb and firgt finger. The
observer waited for 2-3 seconds before taking
the reading and kept hold of the skinfold whilst
meaking the measurement. Care was taken not to
get muscle insde the skinfold. Measurements
were performed on the left Sde of the body
with the child standing. Two measurements
were taken on each postion. If therewasa
difference of more than 2 mm, athird meas-
urement was taken, and the mean of the 2 clos-
est measurements was then used. Measurements
were made in rotation (1 measurement on each
site, then repeated). The measurements on the
arm were done with the arm hanging and the
subject in the anatomica position. M easurement
was performed over the centre of the muscle on
aline drawn between olecranon and acromion.
On the anterior Sde of the humerus the mess-
urement was taken over m.biceps brachii. The
skinfold was measured a the midpoint between

olecranon and acromion. Subscapularly, the
skinfold was measured under the angulusinf. on
aline with a 45 degrees downward tilt compared
to the vertica line. The skinfold above Spinallli-
aca anterior superior was measured 3-5cm
above the spinawith 45 degrees inferior media
tilt on the anterior axid line.

Puberty stage was assessed according to Tanner
[78].

4.2 Blood sampling and analysis:

After an over night fagting, intravenous blood
samples were taken in the morning 8-8.30 A.M.
from the antecubitd vein, one hour after gppli-
cation of an aneesthetic cream (lido-
caneprilocaine - Emlacream, Agtra). Blood
were aiquoted and separated within %2 hour.
Samples were stored at -807C until the trans-
port to the centra laboratory for anaysis. A
single certified laboratory (Dept. of Chemica
Pathology, Bristol Royd Infirmary, Britol,
England) was used for dl analyses.

4.3 Blood pressure:

BP was measured in the Sitting podition usng
the subject's left arm, with the Dinamap
adult/paediatric and neonatd vital Sgns moni-
tor, modd XL (Critikron, Inc., Tampa, FL).
The use of an automated instrument avoids the
potential observer variation associated with
non-automated instruments. The Dinamap
monitor has been vdidated in children [79]
againg direct radid artery readings (mean error
0.24 systolic, 1.28 diastalic, 0.10 mean pres-
sure). These errors were smdler than the errors
observed using an ausculatory method. The
children were introduced to the monitor, and
were Stting quietly resting by them salves a
least 5 min before the measurements were
made. Five measurements were taken 2 minutes
gpart and the mean of the last three was used in
the andyss.

The BPs were taken using a standard pressure
cuff. The cuff Szes were ether adult or child.
The width of the cuff was at least 40% of the
circumference of the upper arm, and the cuff
was long enough to encircle the upper arm
completely with or without overlap [80;81].
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4.4 Parents educational level:

Through a questionnaire delivered to the
schools and brought home by the children, in-
formation was obtained from both parents or
guardians on their level of education and in-
come. Parents educationd level was defined by
the guiddines from the Danish Statigtica

bureau [66].

4.5 Smoking:

Smoking was assessed through a computerised
questionnaire. The children and adolescents
were asked if they had ever smoked, if they
smoked now and how often they smoked a the
moment. Answer possibilities were "yes' or
"no" for the firg two questions. If the subjects
answered "no" to the first question, they were
not asked the two last questions. The possible
answers of the last question were every day, a
least once aweek, and less than once a week.

4.6 Possible inheritance of ACVD risk:
Parental atherosclerotic related diseases were
assessed by questionnaire. Parents were asked
if they had had either myocardid infarction,
stroke, angina pectoris, atherosclerosis or hy-
pertension diagnosed.

4.7 Physical fitness:

PF was determined by awatt max test. The
watt max test is a progressve maxima cycle-
ergometer test that has been validated in both
children and adults with a high corrdation co-
efficient (r=0.9) to directly measured VO2max
[82]. The workload is increased every third
mi??nute until exhaugtion. The children started
at elther 20 watts, if their body mass was less
than 30 kg, with arisein workload of 20 watts
for each 3 minutes; or 25 wattswith arisein
workload of 25 waitts for each 3 minutes. Ado-
lescent females Sarted at 40 watts, and the
workload was raised with 40 watts for each 3
minutes, whereas adolescent males started at 50
watts, and the workload was raised with 50
watts for each 3 minutes.

The cyde-ergometer was a computerised
Monark 839 Ergomedic, and it was pre-pro-

grammed to increase the workload every third
minute. The workload was increased until ex-
haugtion, and the time and heart rate (HR) were
registered. Polar Vantage NV was used to reg-
ister time and HR. Criteriafor exhaugtion were
HR above 185 bests per minute (bpm), that the
child could not keep a pedaling frequency of a
least 30 revolutions per minute (rpm) or more,
aswdl as a subjective judgement by the
observer that the child could no longer keep up,
even after vocd encouragement. All children
and adolescents were tested by the same per-
on.

The number of children and adolescents meset-
ing the criteria of exhaustion were 298 child-
hood girls, 276 childhood boys, 216 adolescent
girls and 205 adolescent boys. The number of
children and adolescents excluded, because of
not meeting the criteriafor exhaugtion, were 17
childhood girls, 19 childhood boys, 13 adoles-
cent girls and 8 adolescent boys.

The maxima power output (Wattmax) was cal-
culated asthe watts in the last fully completed
workload (W), plus the increment in watts (W)
of the last step divided by 180 sec multiplied by
the number of sec completed of the last step
(tis).

Wattmax = W1 + (W X tis/ 180)

PF was assessed as the maximal power output
per kg body mass (watt/kg).

4.8 Secular trends:

The investigation of secular trends was per-
formed between 3 representative studies per-
formed 12 and 15 years apart:

1. The Danish Youth and Sport Study per-
formed by L. B. Andersen et d. in 1983-84
[83].

2. The Odense School Child Study performed
by H.S. Hansen et al. 1985-86 [46].

3. Danish Part of The European Y outh Heart
Study 1997-98.

The tests used for assessing PF were maximal
work tests (the watt max tet) in dl three stud-
ies.



4.8.1 The Odense Schoolchild Study:
Eighty-one point five percent of dl third grade
school children in Odense, 1369 children par-
ticipated in Odense Schoolchild Study in 1985-
86. The anthropometric measurements, height
and body mass were measured wearing light
indoor clothes and shoes, the PF test used was
exactly the same asin the present study [46].

4.8.2 The Danish Sport and Youth Sudy by
L.B. Andersen:

Seven hundred female and 550 mae adoles-
cents aged 15-18 years were participated. They
were arandom sample from school s throughout
Denmark. Subjects attended 36 classes from 18
high schools (gymnasium), 9 dasses from dif-
ferent vocationa schools and 9 classes from
trade schools. The number of classes sampled
in aregion was proportiond to the number of
pupils attending the different types of schools.
All pupilsin the classes participated. The sam+
ple was compared to arandom sample of the
whole population at the same age. Varidblesin-
cluded height, weight, physcal performances
as measures of strength and aerobic capacity,
and no sgnificant differences were found.

The anthropometric measurements, body mass
and height were measured to the nearest 500
grams and nearest cm. The PF test used, was
the watt-max test, with a congant pedalling
frequency, and an increase of 35 watts every
two minutes until exhaustion [84].

4.9 Risk factor indices:

4.9.1 Clustering of ACVD risk factors:

Five apparently independent risk factors (LDL,
obesity as sum of four skin folds, systolic BP,
inherited risk as parental ACVD rdated dis-
ease, and smoking ) were selected to assess the
degree of clustering of unfavourable ACVD
risk factors. The rationd for sdecting the five
risk factors was, that the risk factors are all rec-
ognised as some of the most important inde-
pendent risk factors and that in children the re-
lationship between the risk factorsis not clear.

4.9.2 Clustering of risk factors connected to the

metabolic syndrome:

A risk factor index of risk factors connected to
the metabolic syndrome (S-inaulin, S-triglyc-
eride, HDL, Obesity and systolic BP) was dso
used for dustering andlyss. Therationa for
secting the five risk factors was, thet the risk
factorsdl are biologica risk factorswhichin
adults are related. So the risk factors were se-
lected to find out whether the interrelationship
also was detectable in Danish children and
adolescents If an interrelationship existed it
would be anadlysed to find out whether any
"common causes' were observable (e.g. phys-
cd fitness, obesity).

4.10 The metabolic syndrome in children and
adolescents:

In addition the five risk factors were used to as-
sessif any of the children or adolescents could
be categorised as having the metabolic syn-
drome. The values used were the values ad-
vised by the report "Type 2 diabetes and meta
bolic syndrome, diagnosis and trestment” [85]
and The World Health Organisation [ 76]:
Fasting S-insulin > 55pmoal/ 1=8 ?IU in pre-pu-
berty children and 14 ?1U in children and ado-
lescents who had started puberty (155 pmol/I1=8
?1U, as advised by the report, but 14?1U (95
percentile as described by Dunger et d [86])
was used to adjust for the effect of puberty,
because S-insulin raises with puberty and re-
turnsto childhood leve s in adulthood [86;87]. )
together with at least two of the following;
faging S-glucose>6.1 mmol/l, BP>140/90,
fagting S-triglyceride>1.7 mmol/l,
HDL<1mmol/l, waig hip ratio > 0.9 in maes
and 0.85 in femdes. All criteria except the obe-
Sty measure (the waist hip ratio) are according
to the report "Type 2 diabetes and metabolic
syndrome, diagnosis and trestment[85]. The
obesity measure is according to WHO [76] cri-
teria, because the obesity measure from the re-
port, awaist circumference longer than 90 cm
in males and 80 cm in females, makes no sense
in children and adolescent. Children and ado-
lescents are Htill maturing and growing and

have not reached their find "sz€", therefore the
wast-hip ratio was used as a more "correct”
obesity measure.
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5. Quality Control:

5.1 Data Entry:

Data entry was manud except for the comput-
erised questionnaire and the results of the
andysis of the blood samples. All data entries
were checked by a second person, and cor-
rected, if they differed from the origind results,
written down during the examination of the
children. An additiond control of al outliers
was performed. The outliersin the database
were checked once more againg the origind re-
sults written down during the examination of

the children. The outliers were corrected if they
differed from the origind results.

Data entry of the questionnaire for the children
and adolescents was automatic. They answered
the questions on a computer, where the data
automatically were downloaded to the harddisk
and afloppy disk. At the end of the study the
questionnaire database was merged with the
main database. The reaults of the andyss of the
blood samples were received by eectronic mall
from the laboratory, and merged eectronicaly
with the main database. This eradicated the
possibilities of error by manua data entry.

5.2 Anthropometric measurements:

The stadiometer was cdlibrated once amonth
with ameta anthropometric tape. The beam
balance weight was cdibrated every time it was
moved. The skinfold cdliper was cdibrated
ether at each school or each time it was
transported. The anthropometric measurements
were made by the same mde investigator on the
boys and by two femae investigators on the
girls Theinter- and intra- observer reiability of
the anthropometric measurements were checked
continuoudy during the sudy, and inter- and
intra-tester Pearson correlation coefficient of
0.988 and 0.998 were found between skinfold
measurements. Body height and body mass were
not tested this way, because inter- and intra-
observer vaues were found to beidentical in a
pilot study performed for training purpose.

5.3 Maximal work test on the computerised cy-
cle ergometric Monark 839 Ergomedic:

5.3.1 Calibration of the bike:

Each morning the ergometer was switched on
and dectronically cdibrated according to the
manufacture ingtructions. The ergometer was
aso mechanicaly cdibrated every time it was
moved.

5.3.2 Adjustment of the bicycle ergometer:
The seat height on the bicycle ergometer was
adjusted 0 that the hedl was flat on the pedd,
when the leg of the child was extended. The
child could choose the peda frequency which
was most comfortable for them (usualy
between 70-90rpm).

5.3.3 Heart rate:

A Polar HR monitor was fitted to the child and
set to record HR beat by bedt. It was ensured
that the chest belt wastight and for the 9 year
oldsit was placed around or above the nipples
to recelve an adequate sgnd. Two sets of
receivers were used a each test in case one
should fail. One was chosen asthe main
receiver and the other as backup. The
measurements from the main receiver were
used unless it failed, then the backup wasto be
used. However no receiver failed during the

study.

5.3.4 Validation of the maximal work test, the
watt-max test:

A vadidation sudy was performed on a
subsample of the participating children and
adolescents. To vaidate the accuracy and
vaidity of the watt-max test, and to create the
dgorithmsfor cdculating VO,max from the
maximal wett performed by the children and
adolescents. The subjects peddled the same
cycde-ergometer as used in the main study, the
computerised Monark 839 Ergomedic.

They performed the test twice two days apart
and the subjects were randomised to direct
measurement of VO,max & ether first or
second test round. The cycle ergometer was as
in the main sudy pre-programmed to increase
the workload every third minute. The workload
was increased until exhaustion, and the time

and HR were registered. Polar Vantage NV was
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used to register time and HR. Criteriafor
exhaustion were HR above 185 bests per
minute (bpm), that the child could not keep a
peddling frequency of a least 30 revolutions
per minute (rpm) or more, and a subjective
judgement by the observer that the child could
no longer keep up, even after voca
encouragement. When getting VO2max
measured directly the respiratory exchange
ratio was also measured. All subjects who
reached the criteriafor exhaustion, above 185
bpm, 30 rpm and the subjective judgement aso
had a respiratory exchange ratio exceeding
1.00. All children and adolescents were tested
by the same person (NW).

Hansen et d [82] have determined the
appropriate increase in the work load during the
test in children. At the same time both the
accuracy and vaidity of the test and a method
for cdculation of VO,max from Wait-max was
performed [82]. The same procedure had afew
years earlier been performed in adolescents by
Andersen et d [84]. A corrdation coefficient
between calculated VO,max and directly
measured VO,max of 0.98 was found by
Hansen et d in children [82] and 0.90 by
Andersen et d in adolescents[84]. Ina
vdidation sudy on a subsample from the
present study, correlation coefficients of 0.92in
children and 0.96 in adolescents between
cadculated VO,max and directly measured
VOzmax were found.

5.4 Blood sampling and analysis of blood
samples:

The child was lying down during blood sam
pling to prevent avaso-vagd reection. Blood
samples were taken from the right arm, because
BP was to be measured on the left arm. The
child was put at ease and asked about the last
time he or she had had something to eat or
drink. If any of the children had eaten, they
were asked to come back the following day to
have the blood sample taken.

Even though a certified laboratory were used, a
quality control was performed by sending 8
blood samples as doubles with each batch,
checking that the andlysis had reached the same

results on the identicd samples. No sgnificant
differences were found.

6. Statistics:

6.1. Sample size:

6.1.1 Bivariate analyses:

Thetarget difference was the minimum differ-
ence between groups, it was the aim to be able
to demondtrate as a significant difference, was
termed. Based on epidemiologicd studies
meaningful target differences and variability as
standard deviations (SD) have been established
for BP, S-cholesterol, and HDL [8].[47;74]
Calculations were based in each case on the
comparison of two independent groups of equa
9ze, usng a2-tailed test. Sample Szeswere
esimated using 1-?=0.80 and ?=0.05.

For blood pressure 33 subjects were needed in
each gender and age group with atarget differ-
ence of 5mmHg and a SD of 7mmHg. Thirty
elght subjects were needed in each gender and
age group for comparing S-cholesterol with a
target difference of 0.5 mmol/l and a SD of
0.75mmoal/l. The same number of subject were
aso needed in each gender and age group for
comparing HDL with atarget difference of 0.2
mmoal/l and aSD of 0.3 mmoal/l. One-hundred
and forty-two subjects were needed in each age
and gender group for comparing PF with atar-
get difference of 0.2 watt per kg and a SD of
0.6 watt per kg.

6.1.2 Multivariate analyses:

The multivariate andys's performed were mul-
tiple linear regresson and multiple logigtic re-
gresson.

Multiple regresson anayses require amini-
mum of 10 subjects per independent variable
entered into any particular modd [88]. A
maximum of 20 independent variables per
modd were anticipated, indicating a sample
size of 200 per age/gender group.

6.1.3 Summary:

From the above data it was concluded that 200
subjects per age and gender group would give
an high leve of power for the projected bivari-
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ate analyses and an acceptable level of power
for the multivariate analyses.

Possible 'cluster effects necessitated a'design
effect’ to be incorporated which was estimated
at 1.25, thusincreasing the sample size to 250
per age/sex group ( n=1000).

A maximum nortresponse rate of 25% was an
ticipated, and therefore an oversampling of at
least by this amount was performed. Conse-
quently the total number of sampled needed
was at least 1333 subjects.

6.2 Descriptives:

Mean vaues and SD of physica characteridtics,
of vaues for blood samples and BP were used
to describe the population. S-triglycerid and S-
insulin were described with 95% corfidence
intervals (Cl), because of normalised vaues
from skewed distributions. ANOVA was used
to test for difference and interaction between
gender and age groups.

6.3 Clustering of risk factors:

The degree of clustering of risk factors was as-
sessed using an expected versus observed ap-
proach, where the expected number was the
number expected if the risk factors were inde-
pendent of each other. A subject was defined as
having clugtering of risk factors, if he or she
had three or more risk factors. The expected
frequency was cdculated using the binomid
probability formula ((n! / r'(n-r)!)p'(1-p)™ ™),
and the null hypothesis was that no interrda-
tionship existed. Chi-square andysis was used
to test if the observed frequencies were higher
than expected.

The interrelationship between risk factors was
andysed usng multivariate gaidics.

6.3.1 Clustering of ACVD risk factors:
6.3.1.1 Children:

If achild belonged to ether the top quartile of
LDL, sum of four skinfolds or systolic BP, or if
aparent had aACVD reated disease then it
was defined as having arisk factor. Smoking
was not used as arisk factor in children, be-
cause only very few (one or two) children

could be expected to smoke. The subjects were

assigned to 5 risk factor categories group (zero
through four) depending on how many risk
factors they possessed. Subjects with 3 or more
risk factors were defined as clustering subjects.
The other subjects were defined as non-dus-
tering subjects. An expected frequency of 5.1%
was cal culated.

6.3.1.2 Adolescents:

If an adolescent belonged to either the top
quartile of LDL, sum of four skinfolds or sys-
tolic BP, or if aparent had a ACVD related dis-
ease or if the subject smoked then it was de-
fined as having arisk factor. The subjects were
assigned to one of six risk factor categories
(group zero through five) depending on how
many risk factors they possessed. Subjectswith
three or more risk factors were defined as
clugtering subjects. The other subjects were
defined as non-clustering subjects. An expected
frequency of 10.4% for three or morerisk fac-
tors was calculated.

6.3.2 Clustering of risk factors of the metabolic
syndrome:

Two risk factor indices of therisk factorsre-
lated to the metabolic syndrome were created,
one for each age group.

If asubject belonged to either the top quartile
of S-inaulin, S-triglyceride, sum of four skin-
folds and systolic BP, or the bottom quartile of
HDL then it was defined as having arisk fac-
tor. It was possible to have between 0 and 5
risk factors. Subjects with 3 or more risk fac-
tors were defined as clustering subjects. The
other subjects were defined as non-clustering
subjects. A frequency of 10.4% for having
three or more risk factors would be expected in
each age group if the risk factors were inde-
pendent and no interrelation existed.

6.3.3 Multivariate analyses of interrelationship
between risk factors

6.3.3.1 ACVD risk factors:

The interrelationship between the risk factors
was assessed using multiple regression with

each of the continuous risk factors as dependent
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variable and logigtic regresson with the two di-
chotomous variables as dependent variables.
All risk factorsin the index were used as Single
independent variables, adjusting for gender, age
and puberty. The coefficients of the logigtic re-
gression was obtained using logit, hereby ob-
taining coefficients ingtead of odds ratios.

6.3.3.2 The metabolic syndrome:
Theinterrelationship between the risk factors
of the metabolic syndrome was assessed using
multiple regresson with esch of the risk factors
as dependent variable and all other risk factors
as 9ngle independent variables, adjusting for
gender and puberty.

6.4 Metabolic syndrome in children and ado-
lescents:

The number of children and adolescents with
the metabolic syndrome diaghose was assessed
using the criteriafrom the report "Type 2 dia-
betes and metabolic syndrome, diagnosis and
trestment” [85] and WHO guidelines[76], as
described earlier.

6.5 Parents educational level:

6.5.1 Correlation of the parental educational
levelsto that of Danish population:

Parents educationd levels were compared to
the educationd levels of the total Danish
population by differentid plot with 95% Cl,
and a non-parametric test for trend of the dif-
ferences was performed acrossthe levels. The
correlation between the parental educationa
levels and that of the total Danish population
was assessed using norparametric correlation
(Spearman's rho).

Parents belonged to one of seven educationa
groups as described by the Danish Satitica
bureau [66]: primary school ( 101" grade), sec-
ondary school (12" grade), secondary voca-
tional school, vocationa educetion, short fur-
ther education, college education (equivaent to
bachdor), universty education (magter). The
educationa level of dl parents were used when
comparing with the total Danish population.

6.5.2 Multivariate analysis of the relationship
between parental educational level and ACVD
risk factorsin children and adolescents:

For multivariate analys's the seven groups were
divided into three groups: 1. Low: Basic
schooling of 9-12 years, no further education
(group 1-3inthe origind classfication). 2.
Medium: Vocationa and short further educa:
tion (group 4-5 in the origina classfication). 3.
High: Bachelor's degree or higher (group 6-7in
the origind classfication). If a child's two par-
ents had different educationd levels, the
highest of the two was sdected for multivariate
andysgs. If achild only had one parent or only
one of them had provided the informetion, the
educationa level of that parent was selected.
Associations between parental educationa

level and risk factors were obtained usng mul-
tiple regresson, with the risk factors and fitness
as dependent variables in the anadysis, in-
dependent variables were four skin folds as
continuous , and gender, smoking, puberty, age
group, inherited disposition and educationd
levels as categorica. Non-smoking, lowest pu-
berty stage, no inherited disposition and high
educationa level were reference categories.
The odds of having three or more ACVD risk
factors were calculated using logigtic regresson
with gender, puberty, age group and educa
tiona levels as independent categorica vari-
ables and with high educationa levd asrefer-
ence category.

The odds of having three or more risk factors of
the metabolic syndrome were calculated usng
logistic regression, with gender, puberty, age
group and educationd leves as independent
categorical variables and with high educationd
leve asreference category.

6.6 Smoking

Associations between smoking and risk factors
were obtained usng multiple regresson with
the risk factors and fitness as dependent vari-
ablesin the andyss. Sum of four skin folds
was continuos independent variable and gen
der, smoking, puberty were independent cate-
gorical variables. Non-smoking was reference
category.
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The odds ratios for having three or more risk
factors of the metabolic syndrome were cacu
lated using logigtic regresson with smoking,
gender, and puberty used as independent cate-
gorica variables. Non-smoking was used as
reference category.

6.7 Possible inherited disposition:

6.7.1 Parental diseases.

Parental diseases assessed were anadysed one
by one and an index (disease or no disease)
taking al diseases into account was cregated.
The index and the single diseases were used as
parental disease variablesto assess and adjust
for possible inherited risk tendencies.

6.7.2 Association between parental disease and
risk factors.

Associations between known parental diseases
and risk factors were obtained usng multiple
regresson with the risk factors as dependent
vaiablesin the andyss and four skin folds as
continuos independent variable. Gender,
smoking, puberty, inherited disposition (pa
rentd disease) and educationa levelswerein-
dependent categorica variables. Non-smoking,
no inherited disposition and high educationd
level were reference categories.

The odds ratios for having three or more risk
factors of the metabolic syndrome were cacu
lated using logigtic regression with gender, pu-
berty, age group, and inherited risk asinde-
pendent categoricd variables. No inherited
disposition was the reference category.

6.8 Fitness and risk factors:

6.8.1 The multivariate association between fit-
ness and risk factors:

Multiple regresson andysis was used for as-
sessing the relationship between fitness and

risk factors. Two methods were applied. Step-
wise procedure was used to find the sgnificant
independent variables, and a cdculation with

al variables entered was performed to adjust

for dl varigbles.

Two models were tested.

1. Dependent variables were dl risk factors ex-
cept obesity. Independent variables introduced
into the models for al dependent variables
were PF, gender (femae=0, male=1), the sum
of four skin folds, start of puberty or not (not
started=0, started=1) and exact age a time of
examingtion.

2. Obesity expressed as sum of four skin folds
was entered as the dependent variable. PF, gen
der (female=0, male=1), start of puberty or not
(not started=0, started=1) and exact age at ex-
amination time were entered into the stepwise
selection as independent variables.

6.8.2 Fitness and clustering of risk factors:
The expected and observed number of risk
factorsin the different quartiles of PF were cd-
culated using the gpproach used for the clus-
tering andyds of the totd sample. Bivariate
differences between observed and expected
number of risk factors were tested using chi-
suare andyss. The null hypothesis was that
therisk factors were not interrelated and if so a
frequency of 5.5% would be found in the child-
hood quartiles and 10.4% in the adolescent
quartiles.

Multivariate odds ratios for having three or
more risk factorsin relaion to PF were calcu-
lated using logidtic regression. The odds retios
were caculated for the separate quartiles of PF.
The reference quartile was the quartile with
highest PF. The caculation was adjusted for
gender and puberty sage. Thiswasillustrated
by an odds ratio plot with 95% CI.

To increase the robustness of the multivariate
approach odds ratios were also calculated for
having two or more risk factors from the
ACVD index.

A nonparametric test [89] was used to test for
trend across the quartiles of PF.

Fitness by number of risk factorsis shown
graphically with 95% CI to illustrate the differ-
ence between the risk factor groups. A non-para-
metric test for trend [89] across the risk catego-
ries was performed.
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6.8.3 lllustration of differencesin serumvalues
by fitness:

Differences in serum vaues between the high-

est and lowest quartiles of fitness were assessed
and illugtrated by the use of difference plot

with 95% CI. A non-parametric test [89] was
used to test for trend across the quartiles of fit-
ness.

6.9 Secular trends:

6.9.1 Fitness:

Comparisons of PF were made between the
cdculated VO,max usng the agorithms ob-
tained in the individud veidation Sudies. The
results were plotted by the deciles and com-
pared in the gender and age specific groups.
Deciles were used to assessif only part of the
population had changed fitnessleve. A sys-
tematic error would show up; for example a
higher fitness of equa magnitudein dl deciles
would indicate a sysemetic error.

PF isinversaly proportiond with age in adoles-
cent girls[90] and obesity is highly associated
to fitness. A skewed digtribution of age was
evident in the Danish youth and Sport Study,
with the mean age being 1 year older thanin
the Danish part of EYHS.

Therefore to assure the vdidity of the above
described graphical comparison, amultiplelin-
ear regression was used to adjust fitness for any
difference in age digtribution and obesty
between two of the studies (EYHS and The
Danish Y outh and Sport Studly).

6.9.2 Obesity:

Comparisons of obesity were made using the
caculated pondera indices. The results were
plotted by the deciles and compared in the gen+
der and age specific groups. Pondera index
were used because height and body mass were
assessed in dl three studies, whereas skinfolds
were not taken at the same positions and body
mass index was not idedl for usein children

and adolescents [60;61;91].

6.10 Satistical software and general consid-
erations concerning multivariate analyses:
All cdculations were performed on a persond
computer with STATA 6.0 for windows. For
graphical illugtrations the results were put into
an EXCEL-97 spreadsheet and the graphs then
produced with EXCEL-97.

STATA provides the opportunity of usng "ro-
bust standard errors’, which has "the ability to
relax the assumption of independence of the
observations. This means it can produce "cor-
rect" standard errors (in the measurement
sense) even if the observations are corre-
lated'192]. The "robust” option was gpplied in
al multiple regresson and logitic regression
cdculations.

Theleve of significans was set a p=0.05 or by
95% Cl.

7. Results:

7.1 Descriptives and differences between
groups:

Nine-hundred and thirty nine subjects had
blood samples drawn, 278 femde and 247 mae
children, 214 femae and 200 mal e adolescents.
Mean vaues and SD of physicd characterigtics
and values for blood samples and BPs are
shown in table 1. S-triglycerid and S-insulin are
shown with 95% CI, because of normalised
vaues from skewed distributions.

Sgnificant differences were found between
gendersin dl variables with the exception of
HDL and diagtolic BP and between age-cohorts
in dl variables with the exception of the ratio
between HDL and S-cholesteral. Significant
interaction was found between gender- and
age-cohort in dl variables with the exception of
S-inaulin, S-triglycerid, S-cholesterol and LDL
(table 1).

Among the children, 92 (30%) of the girls had
started puberty, whereas dl of the boys were
staged as pre-puberty. Among the adolescents,
only four boys and one girl were rated as not

having started puberty.

19



Table 1. Physcd characterigtics, physicd fitness, serum vaues and blood pressure.

Children Adolescents ANOVA F-values
Gender No. Girls(SD) Boys(SD) No. Girls (SD) Boys (SD) Gender Agegroup Interaction
Body height (cm) 589 138 (6) 139 (6) 431 165 (7) 174 (7) 1537 55677 98"
Body mass (kg) 589 33 (6) 34 (6) 431 56 (9) 63 (10) 56" 2905" 357
Four skin folds (mm) 572 39 (19) 34 (17) 431 52 (19) 37 (18) 73" 51° 17"
Fitness (watt/kg) 539 2.8(0.5) 3.2(0.6) 400 3.0(0.5) 3.8 (0.6) 261" 110" 37"
Max heart rate 539 199 (7) 199 (7) 400 197 (7) 199 (7) 0.5 0.8 0.2
S-Insulin ?1U/ml 525 79(7.4-84) 7.0(6.5-7.5) 414 12.7(12.0-13.4) 12.4(11.5-13.3) 4* 244" 1
S-triglycerid (mmol/l) 525 0.8 (0.7-0.9) 0.7 (0.6-0.8) 414 1.0(0.9-1.1) 0.9 (0.8-0.9) 24" 64"
S-cholesterol (mmol/l) 525 4.6 (0.7) 4.5 (0.7) 414 4.3 (0.8) 4.1 (0.6) 17" 52*
HDL (mmol/l) 525 1.5(0.3) 1.5(0.3) 414 1.4 (0.3) 1.3(0.3) 0 64" 14"
LDL (mmol/l) 525 2.7 (0.6) 2.6 (0.6) 414 2.5(0.7) 2.3(0.6) 14" 47" 0
HDL/cholesterol 525 0.32(0.06) 0.34(0.07) 414 0.32 (0.07) 0.33 (0.07) 10* 3 5*
Diastolic BP (mm Hg) 588 63 (6) 64 (6) 431 65 (6) 64 (6) 1 11" 4*
Systolic BP (mm Hg) 588 104 (7) 106 (8) 431 109 (8) 119 (11) 99" 279" 50"

Means, SD and F-vauesfrom ANOVA of sdlected variables, means and 95% ClI of S-triglycerid and S-insulin after back conversion from
normalisation. *p<0.05, *p<0.01
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7.2 Clustering of risk factors:

in the risk factors salected for risk indices are

The cut points of S-variables and obesity used shownin table 2.

for identifying the most unfavourable quartiles

Table 2: Cut points of risk factors:

Cut points Children Adolescents
Gender Girls Boys Girls Boys
Insulin micro (1U/ml) 10.5 9.2 155 15.9
S-triglycerid (mmol/l) 1.07 0.9 1.3 1.2
HDL (mmol/l) 1.2 1.2 1.1 1.1
LDL (mmol/l) 31 3.0 2.8 2.7
Four skin folds (mm) 46.5 39.0 60.6 425
Systalic BP (mm Hg) 108 110 114 126

Cut of points of the unfavourable quartiles (risk factor groups) of S-inaulin S-triglycerid, HDL, LDL,
sum of 4 skin folds and systolic BP

The ACVD and metabolic syndrome risk factor
indices are shown in table 3. No more children
and adolescents than expected had 3 or more
ACVD or metabolic syndromerisk factors. In
addition the observed number of subjectswith
four and five ACVD risk factors did not differ
sgnificantly from the expected. The multivari-
ate analyses of the ACVD risk factor interrela-

tion showed few sgnificant reations (table 4).
Only obesity was sgnificantly related to LDL
and systolic BP. All other variables were not
sgnificantly interrelated. All regression coeffi-
cientsin multivariate analyss of risk factors of
the metabolic syndrome, except between
systolic BP and HDL, and between Systolic BP
and S-triglyceride were Sgnificant (table 5).

Table 3.
ACVD Metabolic syndrome
Gender Children Adolescents Children Adolescents
0 risk factors 189 129 168 118
1 risk factors 196 152 169 161
2 risk factors 99 83 107 77
3 risk factors 24 34 45 37
4 risk factors 3 7 16 14
5 risk factors 0 6 7
Totd 511 405 511 414

Number of children and adolescentsin ACV D and metabolic syndrome risk categories.
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Table 4. Regression coefficients between risk factors of ACVD.

Dependent variables
[ndependent LDL Sumof 4 Sysalic BP Smoking Inherited risk
variables skinfold
LDL 33 0.03 -0.17 -0.01
p=0.004 p=0.950 p=0.425 p=0.945

Sum of 4 skin- 0.004 0.06 -0.001 0.01
folds p= 0.0039 p=0.0001 p=0.946 p=0.131
Sysolic BP 0.0002 0.29 -0.02 0.02

p=0.950 p=0.0002 p=0.170 p=0.007
Smoking -0.07 0.99 -2.2 0.01

p=0.399 p=0.743 p=0.1111 0.986
Inherited risk -0.003 2.2 1.8 -0.03

p=0.946 p=0.150 p=0.008 p=0.946

Regresson coefficients with sgnificance leve between risk factors from the ACVD index adjusted for
gender, puberty and age.

Table 5. Regression coefficients between risk factors of the metabolic syndrome:

Dependent variables
Independent S-inadin S-triglycerid HDL SysolicBP | Sum of four
variables skinfolds
S-insulin 0.18 -0.03 1.2 5.1
p<0.0001 p=0.045 p=0.004 p<0.0001
S-triglycerid 0.79 -0.19 1.5 7.3
p<0.0001 p<0.0001 p=0.056 p<0.0001
HDL -0.21 -0.36 1.5 -9.8
p=0.039 p<0.0001 p=0.1234 p<0.0001
Systalic BP 0.010 0.003 0.002 0.3
p=0.004 p=0.052 p=0.1238 p<0.0001
Sum of four 0.010 0.003 -0.002 0.07
skinfolds p<0.0001 p<0.0001 p<0.0001 p<0.0001

Regression coefficients with sgnificant levelsin children between risk factors of the metabolic syn-

drome, adjusted for gender, puberty and age.

7.3 Metabolic syndrome in children and ado-
lescents:

The metabalic syndrome by adult values could
be diagnosad in four childhood girls, three
childhood boys, three adolescent girls and six
adolescent boys.

7.4 Association between physical fitness and
risk factors:

7.4.1 Associations assessed by multivariate
analysis.

Multivariate andyses were performed as multi-
ple linear regression to assess the association
between PF and the risk factors (Table 6).
Stepwise procedure was used to find the Sig-
nificant independent variables. Table 6 shows
the significant regression coefficients and R? of
the models obtained through multivariate linear



regression with stepwise sdection, and with
risk factorsin children and adolescents as
dependent variables.

PF was the variable most consstently associ-
ated with the risk factors in the children, and it
was sgnificant for al risk factors except BP
and HDL.. In the adolescents the sum of four
skin folds was the variable most consgtently
associated with the risk factorsand included in
al models, except for diastolic BP and S-cho-
lesteral.

The regresson modd, with dl independent
variables entered in one step, produced no
change in the models of the childhood cohort.
In adolescents some of the models changed. S
cholesteral: Only age was a Sgnificantly asso-
ciated, sum of four skin folds was no longer
sgnificant when adjusting for gender, PF and
dart of puberty. Ratio between HDL and S
cholesterol: Sum of four skin folds was the
only sgnificantly associated factor, gender was
no longer sgnificant when adjusting for age,

PF and start of puberty.

Table 6: Significant regression coefficients and R? in multiple linear regression with stepwise selec-

tion, for risk factors as dependent variables.

Children Adolescents
Dependent vari-  Independent vari-  Coeffi- R?ofthe  Independent vari- Coeffi-  RPof
able ables cients model ablesfor cients the
mode
Sgrt. S-inaulin Waitt per kg -0.48 0.16 Gender 0.26 0.08
Puberty start 0.22 Four skin folds 0.007
Watt per kg -0.27
Ln S-triglycerid Age -0.08. 0.07 Four skin folds 0.004 0.06
Waitt per kg -0.15
S-cholesterol Age -0.20 0.03 Gender -0.19 0.04
Waitt per kg -0.11 Age -0.19
HDL-cholesterol ~ Gender 157 0.06 Gender -0.06 0.09
Four skin folds -0.003 Four skin folds -0.004
Watt per kg -0.08
Age -0.08
LDL-choleserol ~ Waitt per kg -0.16 0.02 Four skin folds 0.005 0.03
RaioHDL andS- Gender 0.02 0.07 Four skin folds -0.001 0.08
cholesterol Waitt per kg 0.02
Diedtolic BP No variables Sg- No variables Sg-
nificant nificant
Systalic BP four skin folds 0.07 0.06 Four skin folds 0.09 0.21
Gender 24 Gender 10.43
start of puberty 2.1
Sumof four kin -~ Watt per kg -18.5 0.41 Watt per kg -20.22 0.48
folds start of puberty 13.8
gender 5.5




7.4.2 Clustering and Odds of having risk fac-
tors by physical fitness:

7.4.2.1 Bivariate analysis of clustering of risk
factors by physical fitness:

Six children were expected to have 3 or more
risk factorsin each fitness quartile. No signifi-
cant dustering was found in the three highest
fitness quartiles, whereasin the lowest asg-
nificant clugtering was found, with 16 (95% CI:
9; 15) children having 3 or more risk factors.

In adolescents clustering was aso only evident
in the lowest fitness quartile. Nineteen (95%

Cl: 12 ; 28) adolescents were found with 3 or
more risk factors, eight were expected.

7.4.2.2 Multivariate odds ratios of ACVD risk

factors:

The cut points of the continuous variables used
for evauating the amount of clustering are
shown in Table 2. Fig. 2a-b show the odds ra-
tiosfor having three or more ACVD risk fac-
tors and fig 4a-b show the odds ratio for having
two or more ACVD risk factors by the quartiles

of PF with 95% CI. In children there were Sig-
nificantly higher odds ratiosin the quartile with
lowest fitness for having three or more risk
factors of ACVD than in the two top quartiles
(fig. 24). In adolescents there were significantly
higher odds ratios in the quartile with lowest
fitnessfor having three or more risk factors of
ACVD than in the top quartile (fig. 2b). In
children the quartile with lowest fitness had
sgnificantly higher odds ratios than the three
other quartiles for having two or more risk
factors (fig. 38). In adolescents there was
sgnificantly higher oddsratios in the quartile
with lowest fitness for having three or more
risk factors of ACVD than in the two top quar-
tiles (fig. 3b).

There was a 9gnificant negative trend in num-
ber of risk factors across quartiles of fithessin
al gender and age groups (p<0.01).

Fig. 4a-b show the PF by number of ACVD
risk factors. There was a Sgnificant negative
trend in PF with increasing number of risk fac-
torsin both age groups (p<0.0001).
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Fig. 2ah.

Odds ratios of having three or more ACVD risk factors by
guartiles of physical fitness with 95% CI
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Fig. 3a-b

Oddsratios of having two or more ACVD risk factors by
guartiles of physical fitness with 95% CI
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Fig4ab.

Fitness by number of ACVD risk factors in adolescents
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7.4.2.3 Bivariate analysis of clustering of risk
factors of the metabolic syndrome:

The cut points of the continuous variables used
for evauating the amount of clustering are
shownin Table 2.

Sgnificant clugtering of risk factors of the
metabolic syndrome was found in the lowest
quartile of PFin children. A totd of 40 (95%
Cl: 30; 51) children had clustering of risk fac-
torswhere 12 were expected if the risk factors
were not interrelated. No sgnificant dustering
was found in the three top quartiles of PFin
children. The same pattern was found in the
adolescents. Significant clustering was only
found in the quartile with the lowest fitness,
where 26 (95% Cl: 18 ; 36) adolescents had
clugtering of risk factors, only 10 were ex-
pected.

7.4.2.4 Multivariate odds ratios of risk factors
of the metabolic syndrome:

Risk factors of the metabolic syndrome clus-
tered in children with the lowest PF

Fig 5a-b show the odds ratios for having three
or more risk factors of the metabolic syndrome
by the quartiles of PF with 95% CI. In children
there were sgnificantly higher odds ratiosin

the quartiles with lowest fitnessthan in the

other three quartiles. In adolescents the quartile
with lowest fitness hed significantly higher

odds ratios than the top two quartiles.

Fig. 6a-b show the PF by number of risk factors
of the metabolic syndrome. There was a sgnifi-
cant negative trend in PF with increasing num-
ber of risk factors of the metabolic syndromein
both age groups (p<0.0001).
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Fg. 5a-b

Odds ratios with 95% CI for having three or more risk
factors of the metabolic syndrome by
guartiles of Physical fitness.
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Fig. 6ab
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Physical fitness by number of risk factors of the metabolic
syndromein children with 95% CI
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A sgnificant negative trend in fitness by number of risk factors were found in both children and

adolescents (p<0.0001).



7.4.3 Difference in risk factors by fitness:
An age and gender specific Sgnificant postive
trend by quartiles of fithesswas found in the
ratio between HDL and S-choleteral. Sgnifi-
cant negative trends were found for S-inaulin,
S-triglycerid, S-cholesterol, LDL and sum of
four skin folds. A significant negative trend for
systolic BP was found only in children. The
trend in adolescents was a so negative but not
sgnificant. No sgnificant trend was found in
diastolic BP.

The difference in serum vaues of the 1% quar-
tile and the 4™ quartile of PFisillustrated with
adifference plot with 95% Cl in Figs. 7a-7d.
The differencesin serum vaues between the
highest and lowest PF quartiles of children
were highly sgnificant except in S-cholesterol
(Fig. 7aand 7b). The differences for the ado-
lescent boys were sgnificant except for S-in-
sulin and HDL. In the adolescent girls the dif-
ferences were not significant for S-insulin, S-
triglycerid and HDL (Fig. 7c and 7d).
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FHg Fg. 7a7d.

Difference in serumvalues between 1st and 4th quartile
with 95% confidence intervals
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7.5 Secular trends:

7.5.1 Childhood girls:

7.5.1.1 Secular trends in fitness:

No sgnificant difference was found in overdl
fitness of today compared to 12 years previ-
oudy. But a different distribution was found.
The top four deciles had a higher PF today and
only the bottom four quartiles had alower PF
than 12 years previoudy (fig. 8a). The differ-
ence between the highest and lowest PF level
had increased sgnificantly.

7.5.1.2 Secular trendsin obesity:

No overdl difference was found in obesty, but
the 2 highest deciles of 1997 had a sgnificantly
higher Pl than the 2 highest deciles of 1985.
The 7 lowest deciles of 1997 had a significant
lower Pl than the 7 lowest deciles of 1985 (fig.
9a). So the differencein Pl between the highest
and lowest PI level hasincreased sgnificantly.

7.5.2 Childhood boys:

7.5.2.1 Secular trends in fitness:

The childhood boys had an overd| sgnificantly
lower PF today than 12 years previoudy. How-
ever the lower PF was only evident, when
comparing the lowest 7 deciles. Thetop 3
deciles had the same fitness as 12 years ago
(fig. 8b). Thus the difference between the high-
est and lowest PF leve has increased sgnifi-
cantly.

7.5.2.2 Secular trendsin obesity:

No overdl difference in Pl was found, but the 2
highest deciles of 1997 had a higher P than the
2 highest deciles of 1985, and the 5 lowest
1997 deciles had alower pondera index than
the 5 lowest 1985 deciles (fig 9b). Thus the dif-
ferencein Pl between the highest and lowest P
level has increased Sgnificantly.

7.5.3 Adolescent girls:

7.5.3.1 Secular trends in fitness:

The adolescent girls of 1997 had asgnificantly
better overal fitness than adolescent girls of

1983. At the lowest deciles of fitnessno Sig-
nificant difference was found, but from the
second through the tenth decile the adolescent
girls of 1997 had a better fitnessleve than the
adolescent girls of 1983 (fig. 8c). Thusthe dif-
ference between the highest and lowest PF
level increased sgnificantly.

Multiple regresson showed a Sgnificantly
higher fitness of adolescent girlsin 1997-98
compared to 1983-84.

7.5.3.2 Secular trends in obesity:

An overdl sgnificant higher Pl wasfound in
the girls group from 1997. The group from
1997 had a higher P in 4™ through 10 decile,
In the 1% through 3 decile no significant diif-
ference was found (fig. 9¢). Thusthere has
been an sgnificant increase in the difference in
P between the highest and lowest PI levd.

7.5.4 Adolescent boys:

7.5.4.1 Secular trendsin fitness:

No difference was found in overdl fitnessin
adolescent boys, but there were differencesin
the separate deciles. In the two lowest deciles
the adolescent boys of 1997 had a sgnificantly
lower fitness than the adolescent boys of 1983.
The third through the seventh deciles of the
boys of 1997 were at a sgnificantly higher fit-
nesslevel, and at the eight through the tenth
deciles the boys from 1983 had a sgnificantly
higher fitnesslevd (fig. 8d).

7.5.4.2 Secular trends in obesity:

An ovedl sgnificant higher P wasfound in

the adolescent boys from 1997. The group from
1997 had ahigher P in 2" through 10" decile.
In the firgt decile no difference was found (fig.
9d). Thus the differencein PI between the
highest and lowest P! level hasincreased Sg-
nificantly.



Fig. 8a-8d.
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8. Questionnaire obtained information:

8.1 Parents educational level:

A tota of 1837 parents answered the question+
naire about educationd leve. The distribution

of parenta educationd levd differed from the
total Danish population inside each group (fig.
10). A sgnificant correlaion coefficient of

0.96 (p<0.0001) between distribution of educa
tiond leve in the sudy and the total country
was found [66]. Although there is atendency lowest educationd level. The oddsratio for the
toward a higher educationd leve in the study, middle levd of education was 3.1 (95% Cl 1.6;
the trend toward a higher educationd levd is 5.9).

not sgnificant (p=0.174).

The parentd educationd level was sgnificantly
negatively associated with S-insulin, S-triglyc-
erid, and sgnificantly pogtively associated

with PF (table 8).

With the educationd levels divided into three,
and usng the high level asreference leve, a
sgnificant oddsratio for 3.0 (95% Cl 1.5 ; 6.0)
of having 3 or more ACVD risk factorswas
found for the group of parents who had the

Table 8.
Statistical sgnificant coefficients with 95% Cl for educationd levels. Risk factors not shown are not

sgnificantly associated to any educetiond leve.

Dependent vari- Cosfficient of 95% ClI Coefficient of low 95% ClI
able middle educa educationd level

tiond level
S-insulin 1.1* 0.04-22 1.2* 02-21
S-triglycerid -0.01 -0.07- 0.05 0.08* 0.01-0.14
S-cholesterol 0.13* 0.02-0.25 0.13* 0.01-0.26
Obesity 4.7%* 12-81 4.3** 13-73

* p<0.05, **p<0.0L.




Fig. 10.

Educationel groups from this study and the Danish population.
Differences between proportions with 95% CI.
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8.2 Smoking: metabolic syndrome was not significant (1.4 ;
All children and adolescents participating an- 95% Cl 0.6; 3.0).
swered the questionnaire. No children were
smokers. Of the adolescents, 39 (17.8%) girls 8.3 Inherited risk :
and 25 boys (12.4%) were smokers. Didribution of parenta diseaseis shown inta
The only sgnificant regression coefficients for ble 7. A total of 1904 parents, representing
the association of smoking with any risk factors 1004 children (98.4%), answered the questions
in adolescents was a coefficient of 0.14 (95%Cl on disease. Of these 216 had at least one ath-
0.03; 0.26) towards S-triglyceride. The odds erosclerotic related diseases.
ratio of having 3 or more risk factors of the
Table7.
Atheroscleross and atherosclerosis related disease in parents.
Fathers Mothers

Myocardid infarction 7 3
Stroke 4 4
Angina pectoris 10 5
Hypertenson 90 104

Atheroscleross 17 26




In children total parental disease was Sgnifi-
cantly associated to S-insulin (p=0.001), S-tri-
dycerid (p=0.041), and diastolic BP (p=0.030)
in multivariate andlysis. Parentd hypertension
was associated to S-insulin (p=0.005), S-tri-
glycerid (p=0.045) and diastolic BP (p=0.020)
in multivariate andyss.

None of the other parental diseases were Sg-
nificantly associated to risk factorsin children.
In adolescents parental disease was not Sgnifi-
cantly associated to any risk factors.

The oddsratio of having 3 or more risk factors
of the metabolic syndrome was 1.6 ( 95% CI
0.8; 3.1) for total parental disease. No sgnifi-
cant odds ratio was found for any single disease

9. Discussion:

9.1 External validity and quality of the selected

measurements:

9.1.14 External validity of the study:

The externd vdidity of the resultsis potentidly
biased by non-response. Non-responders often
differ from respondersin demographic char-
acterigics and prevalence of risk factors [93].
Generdly nonresponders have higher levels of
risk and are less likely to describe them selves
as hedlthy [93;94]. The high response leve of
this study, together with a high response levels
of the "Danish Y outh and Sport Study" and
"Odense Schoolchild Study", indicates that the
results are vaid and comparable. Thisis further
supported by two things. First the mgority
were norparticipants and not non-responders.
the form masters had assumed the
respongbility of getting the children and par-
ents to answer. More than 97% of the children
and parents answered one of the letters asking
them to participate. Secondly; al the
formmeasters were asked if any of the non par-
ticipating and non-responding children and
adolescents differed in any way from the par-
ticipating. Two subjects were reported to do o,
one child was autistic and one adolescent was
very obese and inactive,

We were not alowed to contact any of the non
participants. The permisson from the ethica

committee do not include a permisson to
contact the non-responding subjectsin the
Study. It is possible that such a permisson
could have been acquired. But due to ethical
reason and because of areasonably large par-
ticipation rate it was chosen not to gpply for
such a permission. With alower participation
rate a non-participant study would have been
indisputable.

9.1.2 Quality of measurements:

9.1.2.1 Blood samples:

To minimise the variahility in the serum values,
the blood samples were drawn between 8 and
8:30 in the morning after an overnight fast.
Through avery rigorous routine every morning,
where the children were served breskfast after
the sampling of blood, we made sure that no
one had had any thing to et at the school be-
fore the blood samples were drawn.

The andlysis of the blood samples was per-
formed at a certified laboratory, chosen by the
EYHS scientific committee. At the time of de-
cison only one certified laboratory was work-
ing in Denmark (the Clinical Chemigtry dep. at
Hvidover Hospitdl), and they could not provide
al the planned andlysis. Therefore the Depart-
ment of Chemical Pathology, Bristol Royd In
firmary, Brigtol was chosen as the centrd |abo-
ratory. They had experiencein the planned
andysis. They were certified and they had/have
qudity control routines that would ensure a
very low between studies variance. The andy-
sswere performed by established, vaidated
and well controlled methods. The precison
between batches of blood samples were high,
the coefficients of variation were low for the
andyss.

Much was done to ensure that the data would
not only be valid on agroup levd, but if poss-
ble aso oneindividud level. The blood sam-
ples were however made as Single measure-
ments, which makes it impossible to account
for intracindividua variation. So al results
have to be interpreted taking this into account,
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egpecidly when making condusonson thein-
dividud levd.

9.1.2.2 Anthropometric measurements:

All anthropometric measurements followed
guidelines and was performed by trained per-
sond. A high level of quality was achieved.
Routine qudity control during the study with
control vists from the scientific committee
were the tools for the achievement of high
qudity. The results with repeated measure-
ments support this, e.g. a mean difference of
less than one mm between the mean of 3 meas-
urements and the sngle measurements were
found in the measurements of hip and waist
(99% ClI -0.4 mm ; 0.5 mm). The samelow
level of error was found for the measurements
of skinfolds. With the highest mean difference
of 0.04 mm (99%CI 0.02 mm ; 0.06 mm). The
very low intra variability of the measurements
adds to the precision of the correlation's be-
tween the risk factors.

9.1.2.3 Blood pressure:

Blood pressure was measured using the Di-
namap adult/paediatric and neonatd vita sgns
monitor, mode XL (Critikron, Inc., Tampa,
FL.), according to published guidelines for as-
sessing blood pressurein children [80]. The use
of an automated instrument avoided the
potentia observer variation associated with
nonautomated instruments. This was espe-
cidly important consdering thet the interna-
tiona study isamulticenter sudy. The Di-
namap machine aso has been vdidated in chil-
dren againgt direct radia artery readings and
has a higher precison and smdler errorsthan
the ausculatory method (mean error 0.24 sys-
tolic, 1.28 diastalic, 0.10 mean pressure) [79].
The measurements are therefore reproducible
and vdid for internd comparison. Externd
comparisons are less vaid, since most other
studies have used the ausculatory method, and
the machine has a tendency to underestimate
especialy the diastolic blood pressure com+
pared to the ausculatory method [79].

9.2 Selection of risk factor indices and risk
factors:

A risk factor index of five gpparently non inter-
related risk factors of ACVD in children was
created to asses clustering of risk factors. The
gpparent non interrelation could be questioned,
but in children no conclusive evidence was
found concerning the interrel ationship between
the selected risk factors.

In addition arisk factor index of the metabolic
syndrome was created too. Presence of the five
risk factors obesity, dydipidaemia, hypertri-
glyceridaemia, hyperinsulinaemiaand hyper-
tension are known as the metabolic syndrome
[13;95;96]. The purpose was to asses the num-
ber of children and adolescentsin risk of get-
ting the metabolic syndrome. The mortdity due
to CVD is40-50% in the generd population,
but 70-80% in the patients suffering from the
metabolic syndrome or NIDDM, and these pa-
tients have a 3-4 times increased risk of getting
CVD [30;97]. This makes the patients with the
metabolic syndrome and NIDDM amain target
group for treatment and prevention of ACVD,
and make the decison to use these fiverisk
factorsin aclugtering andysslogicd from a
clinica and preventive point of view, even
though they are known to be interrelated.

The effect of clugtering of risk factorsisim-
portant, because the combined leve of risk
from more than one risk factor increases the
risk by multiplication rather than just addition
[71]."A driking example is a mae smoker
with s-cholesterol above 6.2 mmol/l and adia-
stolic BP above 90 mmHg. He has over asix
year period a 14 fold greater mortality due to
coronary heart disease, compared to a non
smoking man with diastolic BP and S-choles-
terol below theselimits' [71].

Fasting serum insulin is an accepted indirect
measure of insulin resstance [85;98;99], al-
though currently there are no reference vaues
for either adolescents or children.

Insulin facilitates glucose uptake, and the organ
responsible for the mgority (80%) of the glu-
cose clearanceis skeletal muscles[100;101].
The primary cause of fasting hyperglycaemiais



an devated basd glucose production in the
presence of hyperinsulinaemia. Whereas de-
creased insulin-mediated glucose uptake by
muscle and impaired suppression of hepatic
glucose production by insulin cortribute amost
equdly to postprandid hyperglycaemia[102].
Hyperglycaemia provides a compensatory
mechanism for the defect in nonoxidative
glucose digposal in nondiabetic obese. How-
ever, this compensation is lost when overt
NIDDM ensues[103].

The result of insulin resstance and hyperinsu-
linsemiais an increased synthesis and de-
creased clearance of VLDL and LDL. This
leads to an aherogenic lipid profile with ee-
vated VLDL and LDL, hypertriglycerideemia
and lowered HDL [104;105]. In addition sub-
jectswith insulin resstance often has ashift in
the LDL sub-groups towards an increased level
of small dense atherogenic LDL-particles
[106]. Anincreasein lipid oxidation may con
tribute to the defectsin glucose oxidation and
nonoxidative glucose uptake in obese subjects
withinaulin resstance [103].

Insulin increases extremity blood flow in
hedthy subjects, whereas thisis not the casein
patients with NIDDM [107]. It has been shown
that this sub-normd extremity blood flow in
NIDDM patients can be improved by exercise
and increased PF [100]. S-insulin dso has adi-
rect effect on blood volume by enhancing so-
dium retention in the kidneys [108;109]. Ins-
linin physiologica doses activates the sym-
pathetic nerve system through a centrd mecha-
nism, persstent hyperinsulineemiaincreases
the activity of the sympathetic nerve system.
This could be one of the mechanisms behind
elevated BP.[109;110].

In epidemiologica sudies hyperinsulineemia
measured both as fasting s-insulin and 2 hours
post prandid S-insulin has been found to be an
independent risk factor or risk indicator of
ACVD [111-113]. Inalongitudina study fast-
ing S-insulin has been found to be an inde-
pendent ACVD risk factor even when adjusted
for other known risk factors[113].

Elevated fagting S-insulin could be considered
amarker of insulin resstance and should there-

fore be consdered either akey risk factor or a
key risk indicator in the developing of athero-
sclerosis in both children and adolescents and
of ACVD inadults[12;23;24;113;114].

LDL isan established risk factor of ACVD.
dydipidaemiawith increased levels of LDL
combined with low levels of HDL and high
leves of triglyceride are regarded as one of the
strongest indicators of increased risk of ACVD
[115]. Severd studies have reported differences
in LDL particle 9ze, dengty and composition
between ACVD patients and hedlthy controls.
Recent prospective studies have confirmed that
the presence of amdl, dense LDL particleswas
associated with more than athree-fold increase
intherisk of ACVD [111]. In addition studies
including large epidemiologicd sudies, have
demongtrated that a predominance of smal
dense LDL isone of the congtellation of
interrelated risk factorsthat characterise the in-
aulin resgtance syndrome [116;117]. Cross-
sectiona and prospective studies have shown
that smdll, dense LDL isarisk factor for
NIDDM itsdf, and that this association may
aso be attributable to the metabolic syndrome
[116]. Thishigher leve of smdll dense LDL
particlesin metabolic syndrome and NIDDM
patients may explain some of their increased
risk of ACVD.

A large amount of dinica data indicate that
lowering of LDL levels reducesthe risk of car-
diovascular events and mortality [29], and re-
cent large studies have shown that reduction of
LDL isbeneficd, evenin pog-infarction pa
tients with areatively normd total cholesterol
level [118].

Triglyceride has dso emerged as a Sgnificant
independent risk factor [26]. In addition levels
of S-triglyceride has been found to track mod-
erately, with levelsin childhood and adoles-
cence corrdating sgnificantly with levesin
adulthood [119].

K. Kaas Ibsen et d [40] reported percentile
vauesfor areference groups of school children
in 1980. Unfortunately their blood samples
were drawn without prior fasting, which makes
direct comparisons with the present study dif-
ficult, in addition different chemicd andyss



methods were gpplied making comparisons
even more difficut. Even so dl the fagting val-
ues from this sudy are & the leve of the none
fasting vaues of the former sudy from 1980.
This could suggest that S-lipid levds have in-
creased in children and adolescents.

Theratio of HDL and S-cholesteral is recog
nised as an important measure of ACVD risk.
Low HDL and high S-cholesterol levelsarein-
dependently important risk factors[26;120] and
dudies have shown the ratio to be one of the
most important biological risk factors [26;121].
Furthermore, both S-cholesterol and HDL, and
the ratio of the two track sgnificantly from
childhood through adolescence to adulthood
[22;119]. For this reason the retio has to be
considered an important risk factor in child-
hood and adolescence.

Obesity is one of the ACVD risk factors most
thoroughly described in the literature, relating
grongly to ACVD in adults and nearly dl
known ACVD-risk factors in both children and
adolescents [122-124]. Moreover obesity isa
factor predigposing to the metabolic syndrome,
insulin resistance, and NIDDM [23;125], and
the trend of an increasing degree and preva-
lence of obesity observed in Denmark and most
other countriesin the western world is followed
by a pardld increase in incidence of NIDDM
[52;126]. As arecognised risk factor of severd
diseases strongly correlated to ACVD, it was
therefore imperative to include obesity in any
clugering andysis.

Hypertension has aso been thoroughly de-
scribed in the literature and it is one of the ma-
jor risk factorsfor ACVD in adults [127], with
the evidence suggesting that the association
may be a causal one[128]. An devated BPis
aso suggested to be part of the pathogenesis of
nephropathia, retinopathia and neuropathiain
subjects with insulin resstance and type 2 dia-
betes [129-133]. The tendency for BP measured
during childhood to remain in the upper cen
tilesand to an early indicator of essentid hy-
pertension in later life have been presented
[6;38]. Evidence is accumulating, that the de-
velopment of primary hypertension is the con-

sequence of a process that begins early inlife
[36].

9.3 Metabolic syndrome:

The presence of the five risk factors obesity,
dydipidaemia, hypertriglyceridaemia, hyperin-
sulineemia and hypertension are known asthe
metabolic syndrome [13;96] and the observa-
tion that individuas with metabolic syndrome
have increased risk for ACVD [96;134], make
the decison to use these five risk factorsin a
clugtering andysislogica, even though therisk
factors probably are interrelated[ 18;24;122].
But it isimportant from aclinicd, epidemiol-
ogica and preventive viewpoint to recognise
the population with the metabolic syndrome
and the childhood population with eevated risk
of getting the metabalic syndrome.

9.3.1 The prevalence of metabolic syndromein
children and adolescents:

It is notable that by adult cut off pointsit is
possible to diagnose the metabolic syndromein
16 (1.6%) children and adolescents. The diag-
nose has to be viewed very carefully. It isnot
possible to diagnose the metabolic syndrome
by just one blood sample. The intra-individud
variation istoo high. In addition dl adolescents
have started puberty, which induces dternation
in insulin sengtivity and aso changes fagting
insulin levels [86]. Though this has been taken
into account in the diagnosis, the cut point used
is 14 ?1U, which is above the 95% ClI of fasting
S-insulin concentrations of 15 year old adoles-
cents reported earlier [86], and just on the 99%
Cl of thisstudy (mean 13.299% Cl 124 ;
14.0). So even if it was an uncertain diagnoss,
16 children and adolescents had risk factor
vaues whichin adlinica seting would have
given them the diagnosis "Metabalic syn-
drome", if the values had been confirmed by
one more measurement of therisk factors.

The results of the study on children of parents
who died early of ischaemic heart disease by K.
Kaas Ibsen [135], showed that first measure-
ments of elevated S-lipid values could be re-
peated in 68-87% of the children, and support
that most of the 16 subjects with dlinica meta-



bolic syndrome actudly have the syndrome.
However longitudina studies are necessary to
evauate this.

9.3.2 Consequences:

The consequences of the above described
metabolic abnormdlities are often serious. In-
aulin resstance and NIDDM are well known
diseases associated with the Metabolic syn-
drome [97;136;137]. Subjects with NIDDM
have arange of complications related to the
micro and macro vascular changes from athero-
scleross, these include 3-4 times increased risk
of ACVD [112], diabetic nephropathia
[130;131;138], neuropathia[132;133], and reti-
nopethia[132]. Moreover ACVD isthe most
common cause of death in patients with the
Metabolic syndrome and NIDDM, with a 2
times higher rate of cardiovascular mortaity
than the norma population. [85;112].

9.4. Clustering tendencies of risk factorsin
children and adolescents:

Severa ACVD risk factorsin children and
adolescents have been assessed. A number of
studies have looked at either singlerisk factors
or combinations of risk factors, and some have
looked for clustering tendencies [123;139;140].
It is known that having multiple ACVD risk
factorsincreasesthe risk of getting ACVD
[95;96;141].

Neither the risk factors of the ACVD risk factor
index nor the biologicd risk factors of the
metabolic syndrome clustered more than ex-
pected in the total population. It isnot so sur-
prisng that the ACVD risk factors do not clus-
ter, but congdering the amount of evidence
confirming that an interrelationship exist be-
tween the risk factors of the metabolic syn-
dromeit is very surprising that no clustering
was evident in this sudy in the total popula-
tion. It could be because of the chosen cluster-
ing definition, with clugtering defined as three
or more risk factors out of five. Some of the
sudies on clugtering of risk factorsin children
and adolescents which have been able to show
clustering, used only three risk factorsto de-
termine dugtering [ 38;142].

9.5 Physical fitness:

9.5.1 Association between physical fitness and
risk factors:

The present epidemiological study on children
and adolescents confirms the findings from
previous studies on adults [ 36;42;57;143;144].
PF is associated with individual cardiovascular
risk factors, and in the subjectswith low PF a
sgnificant dugtering of risk factors from both
indices was found. This together with the re-
aults of the multivariate andlyses, with physicd
fitness as the variable with the best association
to the biologicd risk factorsin children and
with highly sgnificant increased odds ratios for
having 3 or more risk factorsin both children
and adolescents with low PF, suggests that the
interrdaion and clustering of the biologicd

risk factors can be explained by alow PF, asso-
ciated with decreased insulin sengtivity and
obegity. The question iswhat comes first and
what isthe cause. Thefact that both S-insulin
and obedity are the two factors most closely
related to PF suggests that a"common cause”
could be low physica activity. Clugeringisa
relatively uncommon feature, and the odds ra-
tios are therefore probably equd to the relaive
risk of thislow fit group of children and ado-
lescents.

The cause of increased risk of clustering of
non-biologica risk factorsin subjects with low
PF could be socid factors, smoking or un-
healthy habits which are known to clugter in
adolescents from families with low socio-eco-
nomic status [17].

9.5.2 Difference in risk factor levels by physical
fitness:

In both childhood boys and girls significant dif-
ferences between the groups with the lowest
and highest degree of fitness were found in dl
measured S-levels except S-cholesteral in boys.
The children with the lowest fitness had unfa-
vourable vaues compared to the children with
the highest vaues. Similar results were found

in adolescents, athough especidly alarge dif-
ference in LDL was present in both genders. It
is aso important that sgnificant trends toward
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unfavourable vaues of dl S-vaues were found
in al gender and age groups.

It isknown that serum insulinis highly de-
pendent on age, puberty stage, and gender
[21;145]. The differences between the fitness
groups in the children, were not age, gender or
puberty dependent. However in the adolescents
the variation was large probably because of
puberty and the results have to be interpreted
with thisin mind [ 86;146].

The difference between the high and low fit
categories together with the sgnificant trend
toward unfavourable valuesin the leedt fit,
could be a<ggn of abeginning insulin ress-
tance in children and adolescents with low
fitness. This could result in an increased syn-
thesis and decreased clearance of VLDL and
LDL, which would lead to an aherogenic lipid
profile with devated VLDL and LDL, hypertri-
glycidaemiaand lowered HDL [104;105]. In
addition ashift in the LDL sub-groups towards
an increased level of smal dense atherogenic
LDL - particles has been reported and could be
evident in the low fitness group [106].

Thewell fit children and adolescents probably
have an increased capillarisation and metabolic
capacity of their muscles resulting from a
higher level and intensity of physicd activity as
described by Sdtin et d in adults[100]. High
physicd activity with an increase in fitness has
been shown to increase the HDL/LDL ratio, by
increasng HDL and lowering LDL, probably
due to an increased amount and activity of lipo-
protein-lipase [100]. If the high fitness group
maintainstheir leve of fitness an increased
capillarisation of the muscles induced by the
exercise they perform, probably will decrease
or maintain alow BP[147].

Some of the subjects with low fitness have a
highly increased risk of getting NIDDM in
young age.

The sub-norma extremity blood flow in
NIDDM patients can be improved by exercise
and increased PF [100], and a the sametime
the hyperinsulinaemia can be totdly or partly
normalised by exercise [148]. These facts
miakes the obese children with low fitnessa
main target for preventive strategies.

Systolic BP was not associated with PF when
assesed by multiple regression in ether chil-
dren or adolescents. This could be explained by
the fact that the association was too weak to
show with the number of subjectsin the study,
or because the relationship is not linear but
curvilinear, with a negative trend in subjects
with low fitness and no trend in subjects with
high fitness [149]. Though curvilinear rda-
tionship was not investigated, because the sta
tigtical premises to perform the andyses was
not apparent.

The association between serum lipidsand PFin
children is supported by other studiesin both
adolescents and children [150;151], in pro-
gpective controlled trids it has not been poss-
ble to show the association [152]. The studies
performed generdly lack sufficient Satigtica
power [151;153] and "empiricd dose-response
data relating the effects of physica activity to
blood lipidsin children and adolescents are
non-exisent” [151].

Obedity was the risk factor with the best asso-
ciation with PF in both children and adoles-
cents, which isin accordance with other studies
[44,45;150]. Thistogether with the close inter-
relationship between obesity and S-insulin, PF
and S-inaulin, aso supports the theory of low
physica activity as the explanation of high risk
fector levels.

9.5.3 Importance of type of fitness test with a
reliable measure of fitness:

Severd tests of PF exigt, but the most precise
mesasure in children and adolescentsis a direct
measurement of VO,max by the Douglas bag
technique [154]. But thisis not gpplicablein
epidemiologica studies, where the attempt isto
evauate the maxima aerobic power on alarge
number of subjects. A good fidd test with a
high correlation to VO2max isrequired to
reduce the degree of error. Most of the field
tests congst of maximal running tests covering
severd distances or differing in duration. One

of the best known isthe Cooper test [155], but
the correlation of the Cooper-test with VO,max
found in the literature is ranging from r=0.20 to
r=0.90 [156]. One reason for these differences



isthat test performance is very dependent upon
subject motivation ad running experience
[154].

An indirect maximd fitness test with agood
correlaion with directly measured VOomax is
the best dternative for epidemiological re-
search of youth. The associations between risk
factors and fitness estimated by sub-maximd
fitness tests are questionable, because the R? of
the estimation from sub-max tests and the true
VO, max is gpproximately 0.42 [157]. The R?
for the indirect max tests range from approxi-
mately 0.81 to 0.90 [84];[82].

The gtrength of this sudy is the large number

of randomly sampled children, who probably
are representative of the genera Danish
population of these age groups. Very few stud-
ies have included so many children performing
maximum PFtests [46;158]. Furthermore the
associ ations observed previoudy between risk
factors and fitness may be wesk, because fit-
ness was estimated using sub-maximd tegts. In
addition the reproducibility of the sub-maxima
testsarelow [159]. Corrdation aslow as 0.38
between test and retest in sub-maximd tests
have been reported, even if standard procedures
were used [159]. Thislow reproducibility and
vdidity of the sub-maxima testsin esimating
VOzmax may be the reason of much of the un-
explained variance in risk factors, when a poor
VO2max esimation is used. The R of the es-
timation of the true VO,max from the indirect
maximal PF test was 0.86 for children and 0.92
for adolescents in the present sudy and the
correlation between test and retest was 0.95,
which is comparable to what has been found
previoudy by Hansen et d[82] and Andersen et
a. [82;159].

9.6 Secular trends:

9.6.1 Secular trendsin fitness:

Secular trends of PF have only been described
by Dollman et d. [48]. They reported a Sgnifi-
cant lower PF today compared with the eght-
ies. They used a different tegt, the 1 mile
run/walk test to estimate VO,max, and asthey
aso sated themselves, the reproducibility of
the mile run/walk test is poor. An improvement

of 37-48 sec. has been reported over 3 trids
with in of two weeks, presumably due to im-
proved tactical awareness rather than training
effect [160]. In avdidation sudy Rowland et
al. found that the "1- mile run performancein
children may not serve as a srong indicator of
cardiovasculer fitness' [161]. With thisin

mind, Dollman et d 4ill found alower fitness
in 10-11 year old children of today of the same
meagnitude as was found in the 8-10 year old
children in this study and adso atrend toward a
greater difference between the low fitness and
high fitness groups, creeting a polarisation of
the children [48].

The negative trend of PF of the children with
low PF in this study is put into perspective by
the positive trend in PF of the adolescent girls.
The pogitive trend could be questioned because
of the difference in age distribution between the
EYHS and "Danish Y outh and Sport Study".
But the difference was il Sgnificant after
adjustment for age and obesity. The adolescent
girls could be looked upon as childhood
representatives of the late eghties, who has
continued their pogitive trend in PF up through
the nineties as adolescents, thus emphasising
the difference between children of the nineties
and children of the eighties. However only time
will show if this negetive trend in PF will be
continued. PF only tracks moderately and a
changeispossble A follow up in duetime can
show if the trend is persistent.

The low fitness of the children is st into per-
Spective by the fact, that the PF leve of the chil-
dren of the lowest decilesin this study is aslow
as the fitness of blind children, who because of
their handicap do not engage in any vigorous
physica activity, and therefore have a very low
PF level [162].

No up to date study regarding secular trendsin
fitness of adolescents was found. A searchin
the databases Medline and Sports Discus, with
the terms fitness and adol escents together with
trends, tendency, tendencies and evolution was
performed. This emphasises the necessity of
this type of study, because it describes the
trends and developments in society, wheress
longitudina studies describes the devel opments



indde persons which is dso important. But as
society changes, habit changes and risk factors
changes. Thisisbest described by studying
secular trends of the risk factors in repeated
cross-sectiond sudies over time. Thus thistype
of sudieswill indicate, what kind of preventive
srategies should be applied and in which
population groups they should be implemented.

9.6.2 Secular trendsin obesity:

The measure of obesity used in the secular
trend analysis of this study, has been validated
by the Bogdusa Heart Study for use in longitu
dina studies and trend studies. It has been
shown that the pondera index relates better to
future levels of risk factors than the body mass
index (kg/nf) [3;34;163]. Theincreasein
prevaence and degree of obesity have been
found in other countries too [48;164] and have
been suggested to be a growing problem [56].
Obesity tracks and obese children and adoles-
cents run a greater risk of being obese adults
than non obese children and adolescents
[56;165]. In addition the increase in obesty
follows and correates highly with the increase
in the number and magnitude of ACVD-risk
factors [166].

Thus the high correlation of obesty with
ACVD [167], and the clustering of risk factors
in the obese [15;122;139], makes it imperative
to follow, to attempt to control and lower the
number of obese subjects and the degree of
obesity in the obese. Especially because of the
increase in both the degree of obesity and the
number of obese in both Denmark and other
countries [51;52;123]. In this sudy both asg-
nificantly larger number of obese children and
adolescents than previoudy were found and a
ggnificant increase in degree of obesty (fig 8a
8d). Thisisin agreement with previous find-
ingsin Dansh adults[51;52].

9.7 Importance of obesity and low physical fit-

ness as risk factors for ACVD:

Obesity and low PF are important ACVD risk
factors[6;8;15;122]. PF has been used asa
proxy of physicd activity in children [46], but
PF might by it saf be an important independent

factor associated with ACVD-risk factorsin
both children and adults [168;169]. Thisrda-
tionship has been shown in adults, where there
isaclear negative rationship between PF and
ACVD regardless of body composition. It has
even been suggested that being fit may reduce
or totaly remove the hazards of obesity [170-
172].

Blair et d aso describes overweight and other
risk factors adjusted by fitnessin adult men as;
"men who maintained or improved adequate PF
were lesslikdly to die from dl causes and from
cardiovascular disease during follow-up than
persgently unfit men.'[42;172;173]. Inthe
present study fitness was the factor, which had
the highest association with other ACVD-risk
factorsin children and the factor with highest
correlation to obesty in both children and ado-
lescents. In addition children and adolescents
with low fitness had highly increased risk of
having clustering of risk factors. These findings
are in accordance with the findings of Blarr et
d inadults[174].

Obesity tracks highly and fitness tracks moder-
ately [33;49], further new data suggests that
obesity in adulthood that became established in
childhood may be more harmful than obesity
that has appeared in adulthood. The possible
mechanism could be that the continuos obesity
from childhood to adulthood gererates pro-
longed insulin resstance, with the result of
clugtering of risk factors for the metabolic syn-
drome and ACVDJ[20].

9.8 Therole of improving PF:

It ssems asif high fitness protects against
ACVD inadults[170].[172;175;176] In the
present study PF was associated with cardio-
vascular risk factorsin both children and ado-
lescents (table 6). This suggests that PF isapa
rameter, that should be monitored during
childhood in order to apply preventive Strate-
giesif thefitnessleve islow.

Previous studies have shown that controlled
exercise such as physica aerobic training in
untrained children improves PF [154;177] and
lowers the BP in adolescents and childhood
boys [177;178]. High intendty physicd activity



increases the fitness by increesing VO, [179]
and total physical activity has been shown to
reduce obesity [150;180]. One of the effects of
exercise and PF on BP is probably mediated
through alowering of the activity of the sym-
pathetic nervous system independent of any
weight loss[23;181]. However it could be
peculated, that if fitnessis aproxy of regular
training or a certain amount of habitud high
intengty physica activity, then the explanation
of theincrease in obesity, in number of obese
subjects, subjects with NIDDM and metabolic
syndrome, isalow or nor+existing amount of
high intengty physicd activity in these sub-
jects. Thisis supported by the findings in adults
by Delaet d [148]. They found thet "physca
training increases insulin sengtivity in keletd
muscle and increases extraction of insulinin
everyday life, resulting in alower plasmainsu
lin concertration 148]. These findings are
achieved in both norma subjectsand in
NIDDM patienty 148]. Dela et a. concludes,
that "physicd training does not cure the disease
(NIDDM), but it should be an integrd part of
thetrestment” [148]. However it is necessary to
continue the high intengity physical activity
regularly, because the effect of it seemsto dis-
gppear within aweek in NIDDM subjects and
shortly after aweek in normal subjects[148].
Inthe "normd" subject moderate intengty
traning (jogging, biking or brisk waking) in-
creases the capillarisation of the muscle and the
metabolic capacity of the muscle[100]. This
has shown to increase the HDL/LDL ratio
[100]. Theincreased capillarisation of the mus-
cesinduced by exercise has a so been shown
to bring about afdl in BP[147]. Thisisin ac-
cordance with the study by Hansen et d in
children [177].

Rowland et d suggeststhat “avaue of
VO,max per kilogram is as likely to provide in-
sght regarding a child’s body composition as
his cardiovascular fithess” [182]. If VOomax
per kilogram is as much ameasure of body
compostion as of cardiovascular fitnessin all
people, children, adolescents and adults. This,
together with a higher insulin sengtivity and a
decreased action of the sympathetic nervous

system, would explain why PF is associated
with nearly dl ACVD risk factorsin children,
aswell asit would explain the samefindingsin
adults[13;42].

The PF leved of the children and adolescents
with low fitness is comparable to that of blind
children and adolescents [ 162]. One of the rea
sons of the increase in obesity and the decline
in PF in some children might be the " American
paradox", "areduced fat and caorie intake and
frequent use of low-cdorie food products
associated with a paradoxica increase in the
prevaence of obesity. These diverging trends
suggest adramatic decrease in totd physica
activity related energy expenditure' [183].
Therefore the engagement in any kind of phys-
ca activity, would probably increase the PF of
the children and adolescents with the lowest PF
level and reduce their obesity.

By controlled exercise with high physicd ac-
tivity, it would be possble to increase the PF
level, and lower the levels of risk factors such
as obesity and blood pressure in the children
and adolescents at risk [150;177].

9.9 Inherited risk, educational level and smok-
ing association with risk factors:

9.9.1 The educational level, association with
risk factors and physical fitness:

The educationd levels of the parents were as-
sociated to mgor risk factors and clustering of
these risk factorsin this study, and these find-
ings are supported by studies from other coun-
tries. Most studies have assessed the ACVD
risk factor profile of adults, athough some
studies have analysed the relation to parental
s0cio-economic status in children and adoles-
cents[17;64;184].

People with low leve of education, low income
and living in lower socio-economic aress, often
have the most unfavourable risk factor profiles,
and they have an increased vulnerahility to
ACVD [185;186], and a higher totd mortdity
[63;187]. However people with low socio-eco-
nomic satus dso have ahigh risk life syle
[62;188], and in young adults the influence of
parental education is ill comected to levels of
risk in young femde adults [ 188]. The meta-



bolic syndrome is dso strongly correlated to
S0ci0-economic status [189], which could ex-
plain some of the socid inequditiesin ACVD
risk. When consdering children and adoles-
cents, then ACVD risk factors have been found
to dudter in adolescent girls from families with
low socio-economic status [17], and found to
be associated to arange of ACVD risk factors
[17;64;184].

9.9.2 Smoking:

No children smoked, but 39 (17.8%) adolescent
girlsand 25 (12.4%) smoked. Smoking was
only sgnificantly associated to one risk factor
(S-triglycerid). The odds ratio for the smokers
to have three or more ACVD risk factors was
1.4, showing atendency of clugtering of risk
factorsin smokers, even though the odds ratio
was not sSgnificant. This could be atype B er-
ror, to few subjects. The number of adolescents
smoking is lower than earlier reported. In 1983
39% of the male and 32 % of the female ado-
lescents smoked [33], compared to 12% and
18% today. Thisfdl in number of smokers
generaly was expected. However achange
from a higher proportion of the smokers being
males towards a higher proportion of the smok-
ers being femae are evident. This change could
be one of the factors responsible for anin-
creasing percentage of the subjects getting
ACVD in the future being women..

9.9.3. Inherited risk:

One-hundred and eleven male and 119 femde
parents had had some kind of ACVD diag-
nosed. Severa studies have found associations
between parentd disease and childhood risk
factor levels and later morbidity [73;190]. In
this present study parental disease was Sgnifi-
cantly related to severd risk factorsin children
but not in adolescents. In addition a Sgnificant
odds ratio for having 3 or more risk factors was
aso found in children but not in adolescents.
These findings that no sngle parenta disease
was sgnificantly related to risk factor levelsin
adolescents could be because of too few par-
ticipants. A larger epidemiologica study or a
case control study with children of parents with

adisease as cases and children of hedlthy par-
ents as controls would be a better approach to
detect differences between such two groups.
None of children and adolescents in this study
came from families with known genetic disor-
ders eg. familia hypercholestrolaemia, or
combined hyperlipidemia. These rare mono-
genic genetic disorders are related to very high
incidences of ACVD in affected subjects. The
mgority of individuds with increased levels of
ACVD risk factors are poly-geniticdly affected
in combination with environmenta cort
tributions such as low physicd activity and
high energy diet.

10. Comparable studies:

Even though no significant dugtering of risk
factorswas found in the totdl population in this
study, the results of other studies, eg. Bogdusa
Heart Study, Cardiovascular Risk in Y oung
Finns Study, Umea Heart study, and a recent
local study, Odense Schoolchild Study,
contradicts this[17;18;38;122;142]. Even
though the same Strategy for defining clustering
was used by the above cited studies, other com-
binations and number of risk factors were used.
This could explain why the other sudies found
sgnificant clustering of risk factorsin children
and adolescents, which was not found in the
total population of the present sudy. However
other sudies did find an interrdationship be-
tween the risk factors[38;39] and fasting S
insulin has aso been found to precede the
development of apotertidly atherogenic risk
factor profile [24].

Thisindirectly supports the results of this
sudy. The clugtering of risk factors and unfa-
vourable ACVD risk factor levelsin subjects
with low PF, indicates that it islow physica
activity acting through low PF, obesity and de-
creased insulin sengtivity, which has an impact
on ACVD.

The multivariate relationship between PF and
ACVD rik factors have not been shown in
children before. The bivariate clustering of risk
factors, the high multivariate odds ratios of
having clugtering of risk factors and increased
levels of biologicd ACVD risk factorsin the



children and adolescents with low fitness have
not been shown before. Previous studies ether
have not been large enough to show the rela-
tionship when adjusting for confounders
[44,45],0r they have used ether sub-maximd
fitness tests [44;45] or fitness tests that were
not reproducible [160;161;191]. In addition
most studies focused on one or two risk factors,
usualy obesity and BP and not arange of risk
factors [46;169]. Though some studies do sup-
port the protective effect of PF and physical
activity on some risk factorsin children and
adolescents [177], none have shown the highly
increased odds of having clustering of unfa-
vourable levels of biological ACVD risk fac-
tors. No doubt about the effect of PF and
physica activity on biologicd ACVD risk fac-
torsin adultsexist [172;176;192;193].
Theincreased obesity in children and adoles-
cents today compared to earlier have been
shown by other internationd studies
[48;56;126], though no Danish sudies have
looked at the problem coming from the eighties
into the late nineties. The increasing obesity
and increasing number of obese children and
adolescentsin Denmark suggesting aquickly
growing obesity problem will have to be con
firmed in future sudies.

The secular trends in PF has not been shown by
any other Danish study, and the only interna-
tiond study by Dallman et d [48] showing a
secular trend in children used atest with very
low reproducibility and low association with
VO,max. Even so they found results Smilar to
the present study. In adolescents no previous
studies have been found.

11. Conclusion and recommendations:
The mgor findings of this sudy werethat in
children and adolescents, an association be-
tween physicd fithessand ACVD risk factors
exigts, and that subjects with low fitness have a
high risk of dugtering of ACVD risk factors.
Furthermore, children with low physcd fitness

of today have alower physicd fithessthan
children 12 years previoudy and a grester dif-
ference between children in good shape and
children in bad shape has emerged. Thereis
aso an increasing number of obese children,
and atendency for the obese children to be
more obese today than 12 years eaxrlier. This
negative trend in and polarisation of physica

fitness and obesity in Danish children suggest a

subsequent adult generation with a higher de-

gree of ACVD-risk, and it might turn the pos-
tive development that has been seenin ACVD
morbidity and mortdity during the last two
decades. Inverse associations between parental
educationd level and some ACVD risk factors
were found in both children and adolescents.

Associations between parental disease and

some ACVD risk factorsin children were dso

found. Smoking was only found to be sgnifi-
cantly associated with an increased S-triglyc-
eride level in adolescents.

These mgor findings imply thet intervention

toward hedlthy living should gart & very young

age.

Recommendations for the future:

1. Childhood should be considered avita pe-
riod for primary ACVD prevention pro-
grammes.

2. Further investigations are needed, and es-
pecidly secular trend studies are important.

3. A focus should be placed on:

a. Obese children.

b. Children with poor physica fitness.

c. Children coming from families of low

S0Ci0-economic status.

d. Children coming from familieswith

known ACVD disease.

e. A combination of the above.
Thiswould provide posshilities for aming and
pinpointing future preventive campaigns a
groups with high risk of future ACVD in order
to prevent or delay the atherosclerotic lesions
and ultimately prevent or delay the gppearance
of ACVD.
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SUMMARIES:

ENGLISH SUMMARY:

This study was performed at the Ingtitute of
Sport Science and Clinical Biomechanics, Fac-
ulty of Hedlth Science, University of Southern
Denmark. Main campus. Odense University.
Sudy Design: A cross-sectiona survey of 1020
subjects in Odense, Denmark, congsting of
children and adolescents aged 8-10 and 14-16
years, obtained through two- stage cluster sam-
pling from schools dratified according to

school type, location and socio-economic char-

acter of uptake area.

Objectives: In Danish children and adolescents

to:

1. Investigate whether the phenomenon of
clustering of atherogenic cardiovascular
(ACVD) risk factorsis observable.

2. Invedtigate the influence of physcd fitness
on ACVD risk factors and clustering of risk
factors.

3. Describe and discus the implications of the
secular trends of physicd fitness and obe-

sty

Summary of Background Data: Studies per-
formed in other countries have shown cluster-
ing of cardiovascular risk factors to be present
in adolescents and have suggested its presence
in children too. The data on the association
between physical fitness and these risk factors
are uncertain, because no clear information is
available. Only one study has reported on
secular trends of physical fitness. This study
used a sub-maximd physcd fitnesstest and a
ub-maximd fitnesstest isnot asvdid asa
maximal fitness test. Secular trends Sudies on
obesity have been performed previoudy but not
in Danigh children. All other reported studiesin
western countries have shown an increase in
number of obese subjects and an increased
level of obesity in the obese subjects.

Methods: Cross sectional study of cardiovascular
risk factorsin 1020 randomly selected children

and adolescents, with special focus on physical
fitness, obesity and blood lipids. In addition the
physical fitness and obesity data were analysed,
and compared with data from Odense School-
child Study and Danish Y outh Sport Study to as-
sess the secular trends of physical fitness and
obesity. Parental educationa levels were assessed
and compared to levels of the total Danish

popul ation.

Results It was found that

1. Clugering tendencies were evident in chil-
dren and adolescents with low physica fit-
ness.

2. Aninverse reaionship was found between
physica fitness and cardiovascular risk
factorsin children and adolescents.

3. Physcd fitness was the varigble with the
highest and most cong stent association
with the cardiovascular risk factorsin
children.

4. During the last decade the physicd fitness
of children and adolescents with low phys-
cd fitness has become lower than previ-
oudy. The children and adolescents with
high physicd fitness hed either the same or
ahigher leve fitness than previoudy mess-
ured.

5. The difference between the children with
high and low physica fitness respectivdy
has increased. An increased polarisation in
physicd fitness leve was found.

6. During the last decade the obese children
and adolescents have become even more
obese and they have increased in number.

7. Aninverse reaionship was found between
parental educationd level and a number of
risk factors.

8. A rdationship was found between parenta
disease and ACVD risk factorsin children,
but not in adolescents.



Conclusion:

A group of children and adolescents with a
lower physicd fitness and increased obesity is
darting to emerge. This negative trend in and
polarisation of physical fitness and obedty ina
group of Danish children suggests a subsequent
adult generation with a higher prevaence of
cardiovascular disease, metabolic syndrome
and type 2 digbetes. An inverse association

between parental educationd and incomeleve
and some ACVD risk factors were found. This
implies that intervention strategies toward a
hedthy life style should be encouraged a a
young age. Childhood shoud be considered as
avitd period for primary prevention strategies
and programmes, to prevent or delay the ath-
erosclerotic lesons and ultimately prevent or
delay the appearance of cardiovascular disease.



Dansk Resume:

Kardiovaskulaererisikofaktorer hos barn og
unge:

En undersagd se af fyssk form, anthropometri,
blodtryk og Kardiovaskulaae riskomarkerer i
serum hos 9-10 og 15- 16 arige danske skole-
barn.

Delprojekt af "European Y outh Heart Study”
Ph.d.-afhandlingen er skrevet pa baggrund &f et
studie udfert under min ansadtelse pa Indtitut
for Idrag og Biomekanik ved Syddansk Univer-
Stet i Odense.

Baggrund: Det er veldokumenteret, at bade liv-
sgtils og genetiske risikofaktorer har stor ind-
flydelse pa forekomsten af Kardiovaskulaae
sygdomme hos voksne.

Flere studier har kunnet pavise disse faktorer
hos barn og unge. Mindgt en &f livsstils fek-
torerne blev fundet i op til 70% af barnenei en
argang af 12 arige skoledever. Bade livsstils
faktorerne og konsekvenserne heraf som f.eks.
fedme, dydipidaami, hypertension og dérlig
fysisk form, har en tendenstil a blive bevaret
hos det enkdte individ gennem barndommen
og indi voksenlivet .

Der er derfor stigende bekymring for at en liv-
sstil med en tiltagende fysisk inaktivitet, nedsat
fyssk form og overvaagt, vil medfare aget
risko for kardiovaskulage sygdomme i vokse-
nalderen.

De kliniske manifestationer og konsekvenserne
af rigkofaktorerne viser 9g typisk farst i vok-
senlivet, men autops Sudier har vig, at at-
erosklerotiske laasioner kan identificeres hos
barn. Stumme kliniske manifestationer som
forhgjet blodtryk, forsterrelse af venstre ven+
trike og forhgjet serumkolesterol er fundet hos
bern med nedsat fysisk aktivitet, nedsat fysisk
form og overvaat.

Undersggel ses design: Tvaasnitsstudie af kar-
diovaskulazrer riskofaktorer hos barn og unge,
med specidl fokus pafysik form, overvaat og
blod lipider samt deres indbyrdes sammen
haange. Endvidere blev der foretaget sammen

ligninger af overvaat og fyssk form med store
undersagel ser foretaget i 80erne (Odense
Schoolchild Study og Danish Y outh Sport
Study). Herved blev det muligt at udtale g om
den tidsmasssige udvikling af disse parametrer.
Forddingen &f foraddrenes uddannelses
niveauer blev undersagt og sammenlignet med
forddlingen af uddanne sesniveauet hos den
danske befalkning.

Resultater: Undersagelsen vidte, at

1. Det blev fundet a barn og unge med lav
fysisk form har sor risko for a have
ophobning af riskofaktorer.

2. Der var er negativ korrdation mellem
fysask form og kardiovaskulager riskofak-
torer hos bern og unge.

3. Fydsk form var den af de undersagte fak-
torer, som bedst relaterede sig til kardio-
vaskulage riskofaktorer hos barn.

4. | dutningen a 90erne var berns fysske
form ringere end den var i 80erne. Der var
ingen forskel mellem teenage drengenei
90erne og teenage drengene i 80erne,
hvorimod teenage pigerne i erne var i
bedre fysisk form end teenage pigernei
80erne.

5. Endg@regrad af polarisering har udviklet
sig, sdedes a der i dutningen a 90erne var
en sarre forskel mellem de barn og unge
som var i darlig fysisk form og de som var i
god fysisk form end der var midt i 80erne.

6. De overvagtige barn og unge var mere
overvaggtige i dutningen af 90erne end de
var i 80erne.

7. Der var eninvers sammenhaang mellem
foraddrenes uddannel sesniveau og nogle &
riskofaktorerne.

8. Der var sammenhaag mellem aterosklero-
tisk sygdom hos foraddrene og aterosklero-
tisk risko status hos barnene, men ikke hos
teenagerne.



Konklusion:

En rdativ stor gruppe af barn og unge, var
mere overvaggtige og i drligere fysisk form

end bern og unge i 80erne. Dette betyder, at de
har starre risiko for at fa livsstils sygdomme,
samt at de vil fa disse sygdomme tidligere og
derfor ogsd ma forventes a fa en kortere leve-

tid. Barndommen ma derfor i dag betragtes,
som den livsperiode hvor forebyggelse &f liv-
sstilssygdomme bar starte. Det er vigtigt, at
bern hiemmefraog i skolen bliver pavirket til
at fa hensigtsmaessige motions og spisevaner,
dadisse livsstilsfaktorer har stor betydning for
udviklingen & livsstilssygdomme.
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