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Substantial evidence on the rela-
tionship between physical fitness,
physical activity and physical and
psychosocial health have been re-
ported recently in adults and, less
frequently, in adolescents’234 The
findings demonstrate the burden
of sedentary living habits to health
and the benefit of regular, and
moderate physical activity for ado-
lescents®. Physical activity seems
to be a part of children daily
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activity, but when growing older
many adolescents in industrialized
countries gradually become in-
active®”82 This disruption may
fail to carry over the daily physi-
cal activity habits from childhood
to adulthood. During adolescence,
considerable change in lifestyle,
and the individual evolution in
growth and development are often
considered to have consequences
on physical abilities®%1%. The im-
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pact of physical activity during
younger age on health outcomes
in adulthood is still debated, but it
is generally believed that active
youths become active adults®.
Some longitudinal studies conclude
that physical activity declines
sharply during the early years of
adulthood, partly because of se-
cular trends, and that physical in-
activity shows better tracking than
does physical activity>13.
Therefore, health promotion pro-
grams should encourage physical
activity in children and adolescents
through the school and community
programs'*%. In general, no clear
effects of intensive health-related
school physical education upon the
physical and psychological devel-
opment of adolescents couid be
proved, even if some recent studies
have shown an improvement of
children’s level of physical activity
and a decrease of their cardio-
vascular risk factors®'s, However,
speaking of physical activity or
inactivity, there is a need to dis-
tinguish between sports activities,
competitive or recreational, and
habitual physical activities.

To be able to develop health pro-
motion programs for adolescents,
it is necessary to assess both phy-
sical fitness and physical activity
patterns, as well as hypertension,
obesity or lifestyle variables like



smoking>*'". Some large popula-
tion studies in Europe have mea-
sured physical fitness, physical
activity and health behaviours,
sometimes with longitudinal de-
vice®181, But very few of them
included children and young ado-
lescents, and they have been con-
fronted to the lack of a valid re-
ference method to assess physical
fitness and physical activity.

The measurement of both physi-
cal fitness and physical activity in
children and adolescents has long
been a topic of interest to physical
educator and public health scien-
tists, but raises some controversial
questions due to conceptual defini-
tions and methodological issues.
Many versions of a definition of
physical fitness have been publi-
shed, but most of the times this
construct is recognized as a multi-
facetted ability which has to be
measured through various compo-
nent as cardiorespiratory endur-
ance, strength, muscular enduran-
ce, speed, flexibility or balance,
and body composition !-20:2,
Various fitness test batteries are
used to assess physical fitness,
especially in the United States, but
few of them have criterion referen-
ce standards, table of norms and
validity evidence?. Moreover, the
fitness tests may be useful to devel-
op norm-referenced standards at a
national level, to be able to use
them for student motivation and
learning purposes®. The Eurofit
tests battery has been developed
and used to assess physical fitness
among children and adolescents in
different European countries? 2.
The FEurofit battery originally in-
cludes nine tests®. To shorten the
session, and to improve the coope-
ration and motivation of the par-
ticipants, three of the tests were
discarded, that is the hand grip, the
bent arm and the Flamingo test,
because they were not included in
other batteries used in USA, and
didnt add much information or
because they are poorly reliable
(Van Mechelen, personal commu-

nication). These tests are aimed at
measuring abilities such as strength,
flexibility and endurance rather
than measuring skills, as stated
by Kemper and Van Mechelen?. In
the most recent published batteries
the health related aspects of physi-
cal fitness are predominant, giving
a large place to cardiovascular
function and including body com-
position measurement, i.e. “Fit
youth today” or “AAHPERD:
American Alliance for Health,
Physical education, Recreation and
Dance”?%. The anthropometric
measurements, as a part of fitness
definition or as an evaluation of
body build and body composition
of the participants include skinfold
thickness and height and weight
(gross estimations of growth and
physical development).

Physical activity has been defined
as “any bodily movement pro-
duced by skeletal muscles that
results in energy expenditure”?.
Over a 24h period, the aerobic pro-
cess delivers approximately 98%
of all the energy, and the assess-
ment of habitual physical activity
is possible by measurement of all
daily activities or/and by an esti-
mate of the kind, duration and
frequency of the more intensive
forms of physical activity .

The objective measurement of
physical activity is possible in field
study by the use of portable device
(a heart rate integrator or a pedo-
meter). In large group studies, the
use of self report through an inter-
view or a questionnaire is appli-
cable, simple, cheap and time effi-
cient?, but we haven’t found any
validated instrument in the French
language to assess sports activity,
organized or recreational, and
every day life activity of children
and adolescent, even if such instru-
ments are available for adults.
Other measurements are useful to
explore the relationship between
physical fitness, physical activity
and health: pubertal development
may be assessed by the Tanner
stages of development and age of
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the menarche, for gitls ; blood pres-
sure, blood lipid profile and dietary
intake are sometimes added in the
evaluation of health. Finally, vari-
ables of lifestyle as smoking habits
or sedentary leisure time activities
are often included in the ques-
tionnaire. All these measurements
need to be performed in standar-
dized conditions by trained pro-
fessional; because of the organisa-
tional burden, they are rarely per-
formed within the same study. For
instance, the Bogalusa and Mus-
catine studies have focused on diet,
blood pressure, blood lipoproteins
level and lifestyle (physical activity
included) without fitness assess-
ment in a longitudinal process, from
childhood to adulthood*:3. In the
European countries, such compre-
hensive study have seldom been
conducted among children and
adolescents?,.

This article presents the design and
first results of a survey conducted
in a region of Switzerland in 1996~
1997 on physical fitness, physical
activity and health related factors
in children and adolescents be-
tween 9 and 19 years of age. The
objectives of the survey were : 1) to
use a fitness tests battery derived
from the Eurofit battery; 2) to mea-
sure physical fitness of children and
adolescents and to produce re-
ference measurements by sex and
age; 3) to assess physical activity of
these children and adolescents and
analyse the relationship between
physical fitness, physical activity
and health. Moreover the survey
included an ancillary study among
a sub-sample, with the objectives to
measure: 1) physical activity with
a pedometer; 2) nutritional intake
with a three days diary; 3) blood
lipid profile, to explore relation-
ship between physical activity and
other risk factors for coronary
heart disease among adolescents.
This paper focuses on the methods
of the survey. Some methodologi-
cal issues are discussed with regard
to the choice of the instruments,
the organisation, the feasibility and
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the quality of the measurement,
with a special emphasis on physical
fitness and physical activity assess-
ment. The detailed results of the
survey will be published and dis-
cussed elsewhere.

Methods
Sampling and procedure

The survey on physical fitness and
sport activity of children and ado-
lescents was conducted from Sep-
tember 1996 to March 1997 in the
schools of the canton of Vaud, a
part of the french speaking region
in south western Switzerland. A
two-step cluster sampling procedu-
re was used to select classes from
the 4%, 6%, 8% 10% and 11% grades
(9-19 year old pupils). Sampling
stratification was performed by
region and school curriculum:
schools were selected in groups of
schools classified in three types of
region, based on the geographic
density of the population. The
same number of classes were select-
ed from a unique group of 4 grade,
from the three main curricula in
the 6® and in the 8" grades and
from high schools and apprentice
schools separately, in the 10" and in
the 11% grades.

The main survey consisted in physi-
cal fitness testing, anthropometrics
measurements and a question-
naire on physical activity, sports
and lifestyle. The physical fitness
and the anthropometrics testing
were organised during an ordinary
session of sport and physical educa-
tion, in the morning. Students
completed the questionnaires dur-
ing a regular period, in the after-
noon of the same school day. Pas-
sive consent was obtained from the
parents by sending a letter one
week prior to the data-collection
visit at school. In addition to paren-
tal consent, children and adoles-
cents received an information at
school to encourage their partici-
pation and obtain their consent at
the time of data collection. A pro-
cedure was used to assure anonym-
ity of all the data collected. The
protocol was reviewed by the Ethic
Committee of the Medical School,
University of Lausanne.

The ancillary study included three
measurements (physical activity
assessed with a pedometer during
one week, three days dietary intake
diary and blood testing) performed
on a sub-sample of 248 participants
randomly selected among the 4t
and 6™ graders. The data collec-
tion was organised in each school
during the week before the day of

the main data collection, with two
appointments on the first and the
8th day at school (Figure 1). Active
consent was obtained from the
participants and from their parents
by sending a letter and through
telephone.

Measures and instruments

Measures and instruments of the
main survey

Physical fitness was assessed by
a set of six tests derived from Euro-
fit?%2%24 They are aimed at mea-
suring abilities such as strength,
flexibility and endurance rather
than measuring skills?. These tests
have been widely used in sport
education or research conditions
and each one has been validated at
a minimum by a test-retest proce-
dure. The table of norm-referenced
standards have been published
for them in several European coun-
tries. They are compatible with
some other sets of tests used in the
USA and Canada, and with the
Swissfit set proposed by the Fe-
deral School for Sports (EFS,
Macolin, Switzerland)?. The fol-
lowing tests were included:

o Sit-and-reach test (flexibility)
o 5m x 10 run (speed)

75t day

1 to 8 days

Main survey

fitness tests

anthropometric
measurements

questionnaire

N=3754

8% day

Figure 1. Design and timetable of the ancillary study and main survey.
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Sit-up test (muscular endurance)
50 plate tapping (speed)
Standing long jump (strength)
20 m shuttle run test (cardiore-
spiratory endurance).

The endurance shuttle run test, ori-
ginally designed by Léger et
al.?33 is known to be correlated
with VO,max and thus allows a
good assessment of aerobic capa-
city. The sit-up test has good re-
liabilty335 and adequately reflects
the muscular power of trunk
muscles. The standing broad jump
(without run up) assesses the
muscular power of inferior limbs
and has also good reliability
(r > 0.90)*. The sit and reach tests,
which assesses flexibility, is widely
used in different batteries and
has an acceptable reliability (60 < r
<70)®. All these tests were per-
formed after warm-up, demonstra-
tion and explanation in the usual
sports room. Each test procedure
was standardized and carried out
under the supervision of a trained
research assistant.

Body composition, considered as a
part of the fitness measurement,
was assessed by measuring skinfold
thicknesses in 4 sites: bicipital, tri-
cipital, scapular and suprailiac.
Weight, height, self evaluation of
puberty and blood pressure were
recorded. Weight was measured
with a beam balance to the nearest
0.1 Kg. Height was measured with
a portable stadiometer Harpen-
den® x 0.1 cm.

A self-assessment of puberty used
drawings illustrating the five Tanner
stages¥. Blood pressure was mea-
sured with a usual sphygmomano-
meter (Erkameter 3000. Erka®), as
described in the MONICA study,
Three sizes of the cuff were adapt-
ed to the size of the arm, as pre-
viously recommended®.

All the measurements were made
by trained school nurses in a sepa-
rate room, on the day of the main
study, as part of the general survey.
Reported physical activity and life-
styles were measured using a self-

administered questionnaire. Phy-
sical activity of the subject was
assessed through the average daily
time spent in exercise inducing
sweating, indicator used in the
MONICA survey®®. Questions on
sport physical activity used a 37-
item check-list (recall of the last
week activity), a weekly frequency
assessment of organized sport ac-
tivities (in club or team) and of
non-organized sport activities for
the last 12 months. Because the
choice has to be in accordance
with the practices of the adoles-
cents in Switzerland, the three lists
of sports were developed with
physical education teachers and
athletic adolescents from clubs.
The check lists were pre-tested
with an additional open question to
be able to complete the lists. Lei-
sure time activity (i.e. watching
television) and habitual physical
activity (i.e. transportation used to
go to school) were also included.
A 36-item questionnaire assessed
food frequency intake (never, once-
twice a month, 1-3 times a week,
4-6 times a week, once a day, 2 or
more times a day). Additional ques-
tions estimated meal pattern and
snacks consumption. These ques-
tions have been developed in col-
laboration with the Nestlé Re-
search Center®.

The last part of the questionnaire
assessed substance use, some health-
related perceptions and needs, and
socio-demographic status.

Most of the questions were taken
from other surveys instruments.
Three versions of the questionnaire
were developed to be acceptable by
the 3 age groups (9-12, 13-15,
16-19 year old teenagers), and pre-
tested. The questionnaire was confi-
dential and self administered in the
classroom setting under the supervi-
sion of the research assistant.

Measures and instruments of the
ancillary study in a subgroup

An objective measurement of daily
physical activity was performed in a
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subsample by the use of an acto-
meter/pedometer. The participants
were asked to wear a Pedoboy®
(Barrigo GmbH, Schwenningen,
Germany) during seven days and to
fill out a 24 hour diary of their activi-
ties. The Pedoboy: is a small resi-
stant and inexpensive instrument
which records the vertical accelera-
tion produced by the body’s centre
of gravitation. The cumulative
values displayed by the cursor on
the dial are recorded daily and at
the end of the week. The Pedoboy®
was sealed with tape to avoid mani-
pulations. All the subjects were
advised to keep wearing their
instrument all day long especially
during periods of physical activity
and to remove it only during some
sports such as judo or swimming,
To assess nutrient intake, a three-
day dietary record was used during
the week of the pedometer test-
ing “+42. The dietician gave a phone
call to the mother during the week
of the record and had an interview
with the child and the mother at the
end of the week to review the diary
in order to improve quality of
the data collected. Nutritional data
were mainly expressed in terms of
energy and macro- micronutrients
intake. This part of the study was
carried out by the Nestlé Research
Center (CRN) .

Different biochemical measure-
ments were performed to assess
some of the risk factors for coro-
nary heart disease (total choleste-
rol; HDL and LDL cholesterol;
triglycerides) and the nutritional
status including iron status (hemo-
globin, hematocrit; iron; total iron
binding capacity; transferin, fer-
ritin, folate, vit. B12), trace-ele-
ments (growth, immunity, antioxi-
dant effect: copper, zinc, f-caro-
tene; vit. A, vit. E) and proteins
and acute phase reactants (Albu-
min, prealbumin; ol acidglyco-
protein; C-reactive protein).

Blood samples were aliquoted and
stored at—80°C. All measurements
were made at the end of the study
in the same lab.
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Results

Among the 30’754 students in the
reference population (total popu-
lation in the region is around
600’000 inhabitants), 3’754 stu-
dents were selected and 3.8 % were
absent or refused to participate.
Data were analysed from 3’540
children and adolescents 9-19
years old, representing those with
completed questionnaire. -1.9%
older than 19 years were excluded-
(Table 1). Among them, 4% did
not participate in fitness testing
and anthropometric measurements
because they were absent for the
morning or because they were
exempted from sport classes.

Some examples of the first results
illustrate the practicability and
advantage of the design of this
survey. The fitness test battery has
proved its practicality in school-
based physical education and norm-
referenced scales were established,
based on percentiles scores. Only
5% of the fitness results were
missing among the 9-14 year old
participants and 8% among the
15-19 year old. Boys had better
performance than girls for endur-
ance and strength tests, but girls
had better performances for flex-
ibility test. Among boys the per-
formances were improving with
age for all tests except for sit-ups.
But among girls, the improvement
of performance seemed to slow
down after menarcheal age. Means
and 95% confidence intervals of
the sit-and-reach tests are display-
ed as examples (results for boys
and girls) in Table 2.

Twelve percent of the 13-19 years
old boys and 18.3% of the girls
claimed not to take part in any
sport activity, while 94% of the
9-12 years old declared having
practised one or more sport ses-
sions during the precedent week.
Boys were more often involved in a
sport activity than girls and there
was a decrease of sport activity
frequency with age. The mean of
the number of periods of sport
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Table 1. Sample by gender and age.

activity performed by boys during
the last week, without reference
to the duration of each period, in-
creased from 5.87 (95 % confidence
interval; 5.22-6.52) to 7.34 (6.76—
7.92) between 9 and 12 years of
age, and decreased from 7.81
(7.10-8.52) to 4.11 (3.33-4.89) be-
tween 13 and 19 years of age. Cycl-
ing, walking and football were the
most widely quoted sport activities
among 37 items.

Twenty two percent of girls and
14.2% of boys declared less than
30 minutes of physical activity

inducing sweating per day. This
percentage was twice as high
among the post-secondary stu-
dents — 16-19 years old - (31.9%
of girls and 20.1% of boys)
than among the younger children
—9-12 years old - (16.8% of girls
and 10.5% of boys).

As an example of anthropometric
measurement, BMI (body mass
index) was calculated and is de-
scribed on Table 3. The increase in
mean BMI with age shows a pat-
tern similar to the curves from the
first Zurich longitudinal study of



Mean

Std. Dev.

Std. Dev.

Mean, -

. 17390 234
1752 . 243
1822 259
1873, 303
1922 316
2013 3.04
2047 326
- 21.02 275"
2153, 265

2144 292

©22184% 2801

1968 320
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Table 3. BMI (Body Mass Index) by sex and age. Mean and 95 % confidence interval.

growth and development®. The
fact that the 50th percentile curve
seems above the reference values
measured in that cohort study 10
years ago could be attributed to the
secular-trend effect.

Table 4 shows, as example, some
Pearson correlation coefficients
measured in the subgroup: be-

tween VO,max estimated through
20 m shuttle run test and physical
activity measured by pedometer,
physical activity and sport activity
estimated by questionnaire and
BMI. Correlation coefficients be-
tween physical activity measured
by questionnaire and physical acti-
vity measured by pedometer, and

between physical activity and sport
activity are also exhibited here.

Discussion
Limits and bias of the data collection

Sampling bias could be derived
from the school sampling method,
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Table 4. Pearson correlation coefficients between some outcome variables.

excluding drop-out and absent
youths especially in post-manda-
tory schools. Among the partici-
pants between 9 and 19 years of age
who had filled in a questionnaire,
4% of the sample didn’t participate
in fitness and anthropometric test-
ing. Refusal and non-participation
in this part of the survey were more
frequent in the older group of
students; this could be explained
by the organisation of secondary
school and apprenticeship centres
where physical education classes
are less important and are not in-
cluded in final examination. More-
over, in this survey, more teenagers
than children are excused from or
simply fail to attend physical edu-
cation courses: The missing values
for the different measurements and
questions are less than 2% among
those who have participated in all
the testing.

As usually recommended in fitness
study, typical quality control tech-
niques (i.e. quality control of the
material, the operators and the
measurement itself) were used to
collect the data in order to be con-
fident that each participant was
measured consistently and accu-
rately**%. The measurement pro-
tocols were developed and adapted
after pilot testing which ensured
feasibility and time constraints
management. They provided guide-
lines to perform the tests on the
same installations and with move-
ments including the same gestures.
A senior research assistant was in
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charge of field quality control: the
control of the administration of the
testing protocol and the monitor-
ing of calibration of test equip-
ment. For the fitness tests and the
anthropometric measurement, the
number of operators was limited to
avoid interobserver differences: a
principal operator with only one
supply operator for one test, equal-
ly assigned to the different age
groups to avoid systematic errors.
This bias is low for fitness tests or
height and weight, but could be
high for skinfold thickness or blood
pressure®¥. The skinfold thick-
ness were measured by the same
nurse, but, for organisational rea-
sons, the blood pressure was mea-
sured by trained school nurses.

Choice of the instruments
and organization

Measurement protocols have been
established for anthropometric,
blood pressure, and serum lipids
measurement after an expert
consultation and a discussion of
scientific validity, and practical
consideration about the different
instruments and available techni-
ques®.

Among the ecxamples given in
Table 4, cardiorespiratory endur-
ance test is correlated with pedo-
meter measurement, weekly sport
activity in club and BMI, but less
with daily physical activity estimat-
ed through the MONICA survey
indicator. The most important cor-

ctivi

relation is between weekly sport
activity in club and daily physical
activity measured through the
MONICA survey indicator, show-
ing a sense of coherence because
intensity of activity is included in
these two questions. The results of
the different tests are similar to the
results of Eurofit survey in dif-
ferent European countries*®*. The
results and comparisons are ex-
posed elsewhere®® and won’t be
discussed in detail in this paper.
The discussion will focus on three
important methodological issues:
fitness tests, physical activity and
nutrition assessment.

Physical fitness tests

The review of physical fitness
measurement shows that there is a
lack of scientific evidence to choose
a fitness test battery 22, Test-retest
reliability coefficients of some US
test batteries as well as individual
subtests vary greatly and higher
reliability coefficients have been
observed in older than in younger
children. An operational defini-
tion of physical fitness helped us to
choose six tests pertaining to its
dimensions. The tests were select-
ed from the Eurofit battery because
most of them have proved to be
reliable and discriminant in child-
ren and adolescents, and norm-
referenced standards are existing
for children and adolescents from
different European countries? 5.
For example, bent arm hang was



excluded because less discriminant
(Van Mechelen personal communi-
cation).

The results of the fitness testing are
influenced by the control of the
administration of the testing proto-
col, but also by the motivation of
the participant to get the best per-
formance. The research assistant in
charge of field quality control dis-
played information on the objec-
tives of the survey and played an
important role in the encourage-
ment of the participant during the
testing. The involvement of the
physical education teachers may
have had a positive impact on the
quality of the results.

Physical activity and sports activities
assessment

The variety of methods to assess
physical and sport activities is
great, but in a large-scale popula-
tion design, only recall by ques-
tionnaire is currently applied?->.
Several questionnaires are avail-
able for assessing habitual physical
activity, but few of them have been
validated, especially in French
language, and among children and
adolescents. The questions were
selected from existing instruments :
precise time period and short-term
recall were preferred to general
question or usual frequency assess-
ment, in order to improve the
accuracy of the report?-. For ex-
ample, the respondent were asked
to display which sport, out of 37
items, they had practised on each
of the seven last days.

The evaluation of physical activity
implies the establishment of an
exercise intensity level which con-
fers health benefits, and we have
used data reported in terms of
individual perceived exertion as
sweating and breathlessness. This
variable seems relatively accurate
in terms of stress on the body, but
does not allow an estimation of
energy expenditure because it does
not take into account of individual
level of fitness®. The different

dimensions of physical education,
leisure time activities, organised
and non organised sport activities
and parents physical activity were
assessed in the questionnaire, and
supply a more comprehensive in-
formation.

The use of a pedometer in a sub
sample gives another assessment of
physical activity among the young-
er participants. Although the vali-
dity and reliability of this device
among children have not been
demonstrated convincingly in child-
ren, the pedometer has apparent
benefit. It avoids problems with
recall and subjectivity, its cost is
low and it can be used for long-
term monitoring, and it has proven
its practicability in this small group
of teenagers™,

Dietary intake

The food frequency questionnaire
had been developed previously
and validated in a group of 20 ado-
lescents from the region, using a
modified version of the diet
history method (3-day dietary
record and interview)*, Food fre-
quencies do not provide precise
estimate of absolute nutrient in-
take, but classify subjects on the
basis of their ranking relative to
others#-357:3 In the older group
(15-19 years old) portion sizes
were used in order to compare
data collected with USDA recom-
mendation®.

The ancillary study used a three-
day dietary record which was
given to the children of the sub-
sample and explained to the mother.
The quality of the data collected
was excellent (only 2 diaries
among 248 were excluded for
inadequate reporting). The per-
sonal contact of the dietician with
the mothers by phone just before
and, when necessary, at the end of
the study and the interview with
each teenager contributed to this
quality.
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Conclusion

The organisation of the survey
including the different measure-
ments and the survey by question-
naire was a rather demanding pro-
cess. Both the general design and
the procedures of the ancillary
study have proven their practicabi-
lity. Such methodology could be
used to conduct the survey in
another region of the country in
order to develop physical activity
and health monitoring in children
and adolescents.

The measurements, especially the
fitness testing, have proven their
feasibility in the school environ-
ment. The fitness test battery has
been used in physical education
setting, showing that fitness testing
could be introduced during the
physical education classes. The
teachers have experienced the
demonstration of what they could
do with the test battery, and it will
be easier for them to use the re-
ference table now available. Crite-
rion reference standard table were
established and are available for
physical education teaching.

The collaboration with school
authorities and with teachers has
been a good incentive to their
awareness to health promotion
outcomes of physical exercise. It
can be important to put positive
objectives like physical activity
development in the health educa-
tion agenda.

The comparison of result across
regions or countries will help to
elucidate the relationship between
environment, behavioural charac-
teristics and risk factors of cardio-
vascular diseases in adolescent
population through the “French
speaking network in health pro-
motion and heart disease preven-
tion for children and adolescent”
(5 French speaking regions in
France, Belgium, Canada, Tunisia
and Switzerland), chapter of the
REFIPS (International French
speaking Network for Health Pro-
motion).
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Zusammenfassung

References

1 Pate RR, Pratt M, Blair SN et al.

Physical activity and public health: a
recommendation from the centers
for disease control and prevention
and the American college of sports
medicine. JAMA 1995;273:402-407.
Biddle S. Exercise and psychosocial
health. Res Q Exerc Sport 1995;
66:292-297.

Blair SN, Kohl HW, Gordon NF.
Physical activity and health: a life-
style approach. Med Exerc Nuir
Health 1992; 1:54-57.

Bouchard C, Despres JP. Physical
activity and health: atherosclerotic,
metabolic, and hypertensive dis-

52

cases. Res Q Exerc Sport 1995; 66:
268-275.

Sallis JF, Patrick K. Physical acti-
vity guidelines for adolescents: con-
sensus statement. Pediatric Exer-
cise Science 1994; 6:302-314.
Kemper HCG. The Amsterdam
Growth Study: A longitudinal ana-
lysis of health, fitness and life-
style. HK Sport Science Mono-
graph Series 6. Urbana (II) Human
Kinetics, 1995.

Raitakari OT, Porkka KV, Taimela
R et al. Effects of persistent phy-
sical activity and inactivity on co-
ronary risk factors in children and
young adults. The cardiovascular
Risk in Young Finns Study. Am J
Epidemiol 1994; 140:195-205.

8 Anderssen N, Klepp K-I, Aas H

10

11

12

13

14

15

16

et al. Stability in physical activity
levels in young adolescents : a 2 year
follow-up of the Norvegian longi-
tudinal health behaviour study.
European Journal of Public Health
1994; 4:175-180.

Riddoch C, Savage JM, Murphy N
et al. Long term health implications
of fitness and physical activity
patterns. Arch Dis Child 1991; 66:
1426-1433.

Malina RM. Physical activity: Rela-
tionship to growth, maturation and
physical fitness. In: Bouchard C,
Shephard R, Stephens T. eds. Phy-
sical Activity, Fitness and Health.
International proceedings and con-
sensus statement. Champaign (I1):
Human Kinetics Books, 1994,
Malina RM. Tracking of physical
activity and physical fitness across
the lifespan. Res Q Exerc Sport
1996; 67 (3 suppl): S48-57.
Anderssen N, Jacobs DR, Sidney S
et al. Change and secular trends in
physical activity patterns in young
adults : a seven-year longitudinal
follow-up in the Coronary Artery
Risk Development in Young
Adults Study (CARDIA). Am J
Epidemiol 1996; 143 (4): 351-362.
Kelder SH, Perry CL, Klepp KI
et al. Longitudinal tracking of ado-
lescent smoking, physical activity,
and food choice behaviors. Am J
Public Health 1994; 84(7):1121-
1126.

Guidelines for school and commu-
nity programs to promote lifelong
physical activity among young
people. National Center for Chro-
nic Disease Prevention and Health
Promotion, Centers for Disease
Control and prevention. J Sch
Health 1997; 67:202-219.

Van Mechelen W. National policies
for promoting physical activity,
physical fitness and better nutrition
in Burope. World Rev Nutr Diet
1997; 81:136-147.

Sallis JE, Mckenzie TL. Physical edu-
cation’s role in public health. Res Q
Exerc Sport 1991; 62:124-137.
Simons-Morton BG, Parcel GS,
O’Hara NM. Health-related phy-



18

19

20

21

22

' Resume

sical fitness in childhood: status and
recommandation. Annu Rev Public
Health 1988; 9:403-425.
MacAuley D, McCrum EE, Stott G
et al. Physical activity, physical fit-
ness, blood pressure, and fibrinoge
in the Northern Ireland health and
activity survey. J Epidemiol Com-
munity Health 1996; 50:258-263.
Andersen LB. Changes in physical
activity are reflected in changes
in fitness during late adolescence.
A 2-year follow-up study. J Sports
Med Fitness 1994; 34:390-397.
Pate RR. Health-related measures
of children’s physical fitness. J Sch
Health 1991; 61:231-233.

Michaud PA., Narring F. La con-
dition physique des enfants et des
adolescents comment la mesurer?
Une revue de la littérature. Arch
Pediatr 1996; 3:497-504.

Safrit MJ. The validity and Reliabi-
lity of Fitness Tests for children.

Condltmn physrque’et activite sport:ve des enfants et des adoles-
cents aspects methodologlques d une enquete reg:onale

23

24

25

26

de Jactivié bﬁyﬁsiqlJe des erfféﬁtﬁ 5

hys;que gréce a une battene de'

dlscute le choix des
Ir assurer la qualtte des.
le. ['enquéte a été
2 9 4 19 ans et com-

ue, de la pratique
e référence localesf
oduire ['utilisation
ent de [‘éducation
Tc nce de Iactr vite

D

Pediatric Exercise Science. 1990;
2:9-28.

Kemper HC, Van Mechelen W.
Physical fitness testing of children:
A European perspective. Pediatric
Exercise Science 1996; 8:201-214.
Conseil De Leurope, Comite
pour le développement du Sport.
EUROFIT, tests européens d’apti-
tude physique. Strasbourg: Conseil
de I’Europe, 1993; 80 pp.

Adam CV, Klissouras R, Ravazollo
R et al. Eurofit: European Test of
Physical Fitness. Rome. Council of
Europe, Committee for the Devel-
opment of Sports, 1988.

Bouchard C, Shepard RJ, Stephens
T et al. Exercise, Fitness and
Health. The Consensus Statement.
In: Bouchard C, Shepard RIJ,
Stephens T, Sutton JR, Mcpherson
BD. eds. Exercice, Fitness and
Health. Chicago : Human Kinetics
Books,1988.

Soz.- Praventivined . 1999: 444454

27 Caspersen Cl, Powell KE, Christen-
son GM. Physical activity, exercise,
and physical fitness. Public Health
Rep 1985; 100:125-131.

28 Kemper HCG, ed. Growth, health
and Fitness of Teenagers. Medicine
and Sport Science, Vol 20 Karger,
1985: 202 pp.

29 Sequeira M, Rickenbach M, Wiet-
lishach V et al. Physical activity
assessment using a pedometer and
its comparison with questionnaire
in a large population survey. Am J
Epidemiol 1995; 142:989-999.

30 Janz KE Golden JC, Hansen JR
et al. Heart rate monitoring of
physical activity in children and
adolescents: the Muscatine Study.
Pediatrics 1992; 89:256~261.

31 Weinberg R, Webber LS, Berenson
GS. Hereditary and environmental
influences on cardiovascular risk
factors for children: the Bogalusa
Heart Study. Am J Epidemiol 1982;
116:385-393.

32 Leger L, Lambert A, Goulet A.
Capacité aérobie des québécois
de 6 4 17 ans. Tests navette avec
paliers de 1 minute. Can J Appl
Sport Sci 1984; 9:64-69.

33 Leger L. Trousse d’évaluation de
Paptitude physique. Dpmt d’éduca-
tion physique, Université de Mon-
tréal (1985) 28pp.

34 Wells K, Dillon E. The sit and reach
— A test of back and leg flexibility.
Res Quart 1952; 23:115-118.

35 Kilesius SE. Reliability of the
AAHPERD Youth Fitness Test
items and relative efficiency of the
performance measures. Res. Quart
1968; 39:808-811.

36 Deurenberg P, Pieters JJ, Hautvast
JG. The assessment of the body
fat percentage by skinfold thick-
ness measurements in childhood in
young adolescence. Brit J Nutr 1990;
63:293-303.

37 Duke P, Litt I, Gross R. Adoles-
cents’ self assessment of sexual
maturation. Pediatrics 1980; 66:
918-920.

38 The Monica Project. A worldwide
monitoring system for cardiovas-
cular disease. World Health Stat Q
1989: 27-149.

53



Soz.k Praventivmed: 1999; 44: 4454 - .

39

40

41

42

43

44

45

46

Gillman M., Cook N. Blood pres-
sure measurement in childhood
epidemiological studies. Circula-
tion 1995; 92:1049-1057.

Cavadini C, Decarli B, Dirren H,
Cauderay M, Narring F Michaud
P-A. Assessment of adolescent
food habits in Switzerland. Appe-
tite, 1999; 32:97-106.

Black A, Goldberg G, et al. Validité
des enquétes alimentaires: Com-
paraison entre consommation én-
ergétique rapportée et les besoins
énergétiques. Cah Nutr Diet 1991;
XXVI(4):261-262.

Hackett A, Appelton A, et al. Some
influences on the measurement of
food intake during a dietary survey
of adolescents. Hum Nutr Appl
Nutr 1985; 39A:167-177.

Prader A, Largo RH, Molinari L
et al. C. Physical growth of Swiss
children from birth to 20 years
of age. Helv Paediatr Acta 1989;
Supplementum 52.

Ross JG, Deply LA, Christenson
GM et al. The national children
and youth fitness study II: study
procedures and quality control.
JOPERD November-December,
1987: 57-62.

Wilmore JH. Design Issues and
Alternatives in Assessing Physical
Fitness Among Apparently Healthy
Adults in a Health Examination
Survey of the general Population.
In: Assessing Physical Fitness and
Physical Activity in Population-
Based Surveys. Hyattswill, Mary-
land: US Department of Human
Services, 1989; DHHS Publication
no 89-1253, pp 107-153.

Rose GA, Blackburn H, Gillum
RF et al. Cardiovascular survey me-
thods. 2™ edition. World Health
Organization, Geneva, 1982,

54

47

48

49

50

51

52

53

54

55

Paradis G, O’Loughlin J, Kishchuk
N et al. Enquéte sur les facteurs
de risque des maladies cardio-vas-
culaires chez les jeunes au Québec.
Montréal, 1994. Doc. non publié.

Van Mechelen W, Van Lier WH,
Lobil H et al. Handleiding met

referentieschalen voos 12-tot en

met 16-jarige jongens en meisjes in
Nederland. Haarlem, 1991: 255 pp.
Conseil de 'Europe, comité pour le
développement du sport. Eurofit
tests européens d’aptitude physi-
que: séminaire de recherche; 1990,
26-30 Juin; Izmir, Turquie. Stras-
bourg: Conseil de 'Europe, 1990.
Cauderay M, Narring F, Michaud
PA. Physical fitness of 9 to 19 years
old children and adolescents in
Switzerland: a survey using a mo-
dified version of the EUROFIT
battery. Submitted for publication.
Sallis JF. Self-Report Measures of
Children’s Physical Activity. J Sch
Health 1991; 61:215-233.

Saris WHM. The Assessment and
evaluation of daily physical acti-
vity in children: A review. Act Ped
Scand Suppl 1985; 318(Suppl.):
37-48.

Sallis JE, Buono MJ, Roby JJ et al.
Seven-day recall and other physical
activity self-reports in children and
adolescents. Med Sci Sports Exerc
1992; 25(1):99-108.

Baranowski T. Validity and Relia-
bility of Self-Report Measures of
Physical Activity: An Information-
Processing Perspective. Res Q
Exerc Sports 1988; 59:314-327.
Cauderay M, Narring F, Schutz Y
et al. Assessment of adolescents’
physical activity with a pedometer
and its relations with other measu-
res of physical activity and fitness
(submitted for publication).

56

57

58

59

Randall E. Measuring food use in
school-aged children. J Sch Health
1991; 61:201-203.

Rockertt HR, Breitenbach M, Frazier
AL et al. Validation of a youth/
adolescent food frequency ques-
tionnaire. Prev Med 1997; 26(6):
808-816.

Willett WE, Sampson L, Stampfer
MJ et al. Reproductibility and vali-
dity of a semi-quantitative food
frequency questionnaire. Am J
Epidemiol 1985; 122(1):51-56.
Dietary Guidelines for americans,
4% Edition, 1995, U.S. Department
of Agriculture.

Acknowledgments

This research was supported by a grant
from the Sport Education Authority of
the Canton of Vaud and the Federal
School of Sports. The authors thank
R. Bron and M. Favre, A. Berthoud,

N.

Reymond, all the professionals

involved in the research team and
the school authorities for support and
implementation; R. Darioli, B. Marti
and Y. Schutz for their encouragement
and V. Fassmeyer for her help.

Adress for correspondence

Dr. Frangoise Narring

Institut Universitaire de médecine
sociale et préventive

Bugnon 17

CH-1005 Lausanne

Fax +4121 3147244
Francoise.Narring@inst.hospvd.ch



