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The purpose of the present study was to investigate the secular changes in physi-
cal fitness determined by leisure-time physical activity among Finnish adoles-
cents and how physical fitness and leisure-time physical activity in adolescence
predict leisure time-physical activity and self-estimated fitness in adulthood. In
1976 and in 2001, trained measuring teams carried out measurements of physical
fitness and leisure-time physical activity among 9- to 21-year-old Finnish adoles-
cents in their schools. In 1976 (n=2796) data were collected from 56 comprehen-
sive and high schools and in 2001 (n=1042) from 17 of the schools that partici-
pated in 1976 measurements. In addition, in 2001, a follow-up questionnaire was
collected from 1525 37- to 43-year-old adults who had taken part in the fitness
tests or answered the questionnaire at age 12-18 in 1976. The secular trend study
showed that aerobic fitness had declined and muscular fitness slightly improved
among Finnish adolescents during the 25- year period. Polarization in fitness had
increased over the period and participation in leisure-time physical activity was a
stronger determinant of fitness in 2001 than 1976. In the follow-up study leisure-
time physical activity in adolescence predicted leisure-time physical activity and
self-estimated fitness in adulthood. The association between leisure-time physical
activity in adolescence and leisure-time physical activity in adulthood was higher
from age 16-18 to 41-43- years than from age 12-15- to 37-40- years. Physical
fitness in adolescence predicted leisure-time physical activity in adulthood
among males but not among females. In addition, adolescents who were physi-
cally active or had a high fitness level gave higher estimations of their physical
fitness in adulthood than adolescents who were physically inactive or had a low
fitness level. On the basis of both the secular trend and follow-up studies, active
participation in leisure-time physical activity is essential for maintaining a high
level of physical fitness from adolescence to adulthood. The fitness level of
physically active adolescents is good whereas that of physically inactive adoles-
cents is alarming. The findings of this study support the view that it is important
to enhance adolescents’ leisure-time physical activity. Due to the increased po-
larization in fitness, as determined by physical activity, more attention should be
paid to the level of physical activity among the most inactive adolescents.

Keywords: physical fitness, physical activity, adolescents, secular trend, follow-
up
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1 INTRODUCTION

Physical fitness is an important part of human functionality related to health and
well-being, and favorable effects of physical activity on hea lth and fitness have
been extensively documented. (U.S. Department of Health and Human Services
2008).

Good aerobic capacity in particular seems to predict low risk for cardiovascular
diseases and mortality (Blair e al. 1989; Blair et al. 1996). Physical activity has
beneficial ef fects on chronic di sease risk factors already during childhood and
adolescence (Eisenmann 2004; F roberg & An dersen 2005). Furthermore, physi-
cal activity promotes overall health and fitness, and physically active adolescents
also seem to have higher probability of a healthier adulthood. (U.S. Department
of Health and Human Services 2008.)

There is evi dence that the level of aerobic fitness has declined a mong recruits
over time in Finland (Santtila ef al. 2006) and world wide a mong adolescent s
(Wedderkopp et al. 2004; Malina 2007; Albon et al. 2010). Simultaneously an
increase in participation in leis ure-time ph ysical activ ity has be en reported
among adole scents in Finland (Laakso et al. 2008). However, no consiste nt
trends for participation in organized sport a cross dif ferent countries have been
observed (Westerstahl et al. 2003a; Dollman et al. 2005). According to a use-of-
time surve y, sc reen ti me in creased no tably from the 1970s to the year 20 00
among Finnish adolescents (Niemi et al. 1979; Statistics Finland 2007). In ge n-
eral, technological change during the last few decades has been rapid, and this is
probably the main reason for the more sedentary lifestyle found among adoles-
cents, with its effects on physical activity (Sallis et al. 2000) and possibly also on
physical fitness. However over the last two decades in adults in Finland, the pro-
portion of wholl y sedentary person has de creased and p articipation in leisure -
time physical activity has increased (Husu et al. 2011).

School physical education has played a notable role in the p romotion of physical
activity and a physically active lifestyle among children and ad olescents. Physi-
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cal education lessons in school have been an important way of stimulating inter-
est in physical activity and sport among all children and adolescents regardless of
their socio -economic status (National Core Curriculu m f or Basi ¢ Education
2004).

The continuity of physical activity has been, and remains, an important goal in
the national core curric ulum of physical education in Finland, and st udents have
had op portunities to practise a wide range of different sports skills during their
school years. It is wi dely thought that th e versatile sports skills practised during
one’s school years may be the good preparation for a physically active lifestyle in
adulthood. (Nati onal Core Curriculum for Upper S econdary School 200 3; N a-
tional Core Curriculum for Basic Education 2004.) Also fitness tests of various
have been in use for a long time in Finnish schools and have also been utilized
for motivating students to engage in physical activity and for the evaluation of
physical education. Although the purpose of such tests has varied over time with
the goals of school physical education, measurements of physical fitness in child-
ren and adolesce nts have been a co mmon practice in school ph ysical education.
The time interval between the assessments of studied here was 25 years. In 1976
the main aim of physical education was to de velop physical-motor fitness, whe-
reas in 2001 the aims of physical education were more health-related. (Nupponen
1981; National Core Curriculum for Basic Education 1994; National Core Curri-
culum for Upper Secondary School 1994.)

Secular trends in he alth-related fitness co mponents have been re ported a mong
children and adol escents around the wor 1d. Despite increasing par ticipation in
organized leisure-time physical activity, recent research clearly shows a declin-
ing trend in aerobic fitness performance (Wedderkopp et al. 2004; Malina 2007;
Albon ef al. 2010; Dyrstad et al. 2011) and slightly improved or unchanged mus-
cular fitness performance (Tomkinson 2007; Volbekiené & Griciiité 2007). In
addition, physical fitness and lei sure-time physical activity have been shown to
track from adolescence to adulthood (Malina 2001; Telama 2009).

In Finland we lack inf ormation about lo ng-term secular changes in physical fit-
ness among adole scents. In addition, the f ollow-up studie s of physical activity
and fitness from youth to adulthood are rare . The pre sent study produces infor-
mation about the long-term changes in adolescents’ physical fitness and the asso-
ciations between physical activity and fitness from youth to a dulthood utilizing
cross-sectional and follow-up data collected in 1976 and 2001.
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2 REVIEW OF THE LITERATURE

2.1 Definitions of physical fitness and its secular changes

Although there is no universally agreed definition of fitness and its components,
many definitions have been presented. The World Health Orga nization has d e-
fined fitness as the ability to perform muscular work satisfactorily (WHO 1968)
whereas for Caspersen et al. (1985) fitness is a set of attributes that people have
or achieve. Bouchard et al. (2007, 13-14) determine fitness as acceptable perfor-
mance by an individual of a given physical task in a specific physical, social and
psychological environment. Physiologically fitness is characterized by a person’s
capability to function in and adapt to physical exercise and can be demonstrated
through the operation of body systems associated with energy supply and energy
transmission, circulation and respirat ion, and the performance of muscles and
other soft tissues (Astrand et al. 2003, 238).

Fitness has been divided into health and skill-related fitness of which the health-
related components are cardiorespiratory endurance, muscular endurance, muscu-
lar strength, body composition and flexibility, while skill-related fitness concerns
agility, balance, co ordination, speed, po wer and reaction ti me (Pate 1983; Ca s-
persen et al. 1985). In another def inition fitness is categorized w ith a f ocus on
either performance or health. The performance-related components of fitness are
those that are necessar y for maximal sports p erformance in athlet ic competition
and thus incl ude motor skills, car diorespiratory capacit y, muscular strength ,
speed, power or en durance, body size, body composition, motivation, and nutr i-
tional status. In contrast, in the heal th-related focus the components of fitness of
interest relate to heal th and the b enefits of a ph ysically active lifestyle, and i n-
clude many components such as cardiorespiratory endurance, muscular strength
and endurance, flexibility, and body composition. In addition to this physical fit-
ness is determined by several other variables, including habitual physical activity
level, diet, and heredity (Bouchard et al. 1988, 6-7; Bouchard et al. 2007, 13-14).
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There are many ways to assess the dif ferent aspects of fitness. A fitness assess-
ment should be specific to the particular aspect being measured, to the population
being examined, and the reasons why they are tested (Skinner et al. 1988; ACSM
2006). The w orldwide standardization of measures of physical fitness started in
connection with the T okyo Olympic Games in 1964, and after lengthy- and ex-
tensive period of research and devel opment, the ICSPFT (International Commit-
tee for the Standardization of Physical Fitness Tests) gave recommendations uni-
fied measurements. T he tests used in this study conformed to the international
standards f or asses sments, and are describ ed in detail i n appen dix 3. (Larso n
1974.)

2.1.1 Aerobic fitness

Aerobic or cardiorespiratory fitness is a health-related c omponent of ph ysical
fitness that relates t o the ability of the circ ulatory and respirat ory systems to
supply fuel during sus tained physical activity and to eli minate fatigue products
after supplying fuel (Howley & Franks 1997, 23-24). It can be defined physio-
logically as maximal oxygen uptake (VO, max), the highest rate at which skeletal
muscle cells can utilize oxygen in the provision of energy for locomotion (Row-
land 2005, 89-90). Aerobic fitness performance, such as long-distance running,
correlates with V O, max and is inf luenced by a multitude of factors as heredity,
training, gender, age, body fat and activity (Sharkey 1997, 76-80).

The cours e of childhood is marked by i mprovement in aero bic fitness perf or-
mance and by progressive enlargement of the system components that determine
VO, max as lungs, heart and skeletal muscle. Due to this development, the abso-
lute values of maximal aerobic power increase as the child grows. Between the
ages of 6 and 12 years, the VO, max of a boy more than doubles. For females, the
average values are lo wer than those of males at the same chronological age. At
puberty the rise in VO, max accelerates in males while values in females plateau.
A progressive decline in mass-relative VO, max has been observed among girls
from age 8 years on, and at age 15 relative VO, max is 20% lower in girls than
boys. In b oys no subs tantial chan ges in mass-relative V O, max have been o b-
served. (Armstrong & Welsman 2001; Rowland 2005, 90-91.)

Aerobic fitness, defined also as the maximal capacity to take in, transport and
utilize ox ygen, is best measured by the so called VO, max test in a laboratory
(Sharkey 1997, 72). Aerobic fitness can also be esti mated with a simple, ine x-
pensive field test such as the 1-mile walking test or 1.5 mile running test (Shar-
key 1997, 72). In Fi nland, in scho ols, 1 ong-distance run ning tes ts and, a mong
adults, the 2 km walking test ha ve been used for many years (Nupponen 1981;
Oja et al. 2010). These methods may result in errors at the individual level, al-
though they work rather well at the group level, for example in schools. Previous



15

research sug gests that running tests have a cceptable validity and reliability (Si-
mons et al. 1982; Safrit 1990).

Although only a very small change in young people’s aerobic fitness has been
found (Amstrong et al. 2011), their aerobic performance has markedly declined
over the last few decades (Wedderkopp ef al. 2004; Malina 2007; Albon et al.

2010; Dyrstad et al. 2011). In Finland, aerobic fitness performance has declined
among military service conscripts during re cent decade s (Sanfttila et al. 2006),

while information on 1 ong-term changes in a erobic fitness among s chool aged

adolescents is lac king. In a dolescents, aerobic performance involving the tran s-
port of body mass is important for health and well-being and for participation in
sports (Armstrong et al. 2011). Because the previous secular trend studies mainly
describe historical changes in the mean values of aerobic p erformance, it is not

clear whether the changes in performance have been uniform over time. However,
many of these secular trend studies suggest that such decline have been greater in
the least fit children and adolescents. (Wedderkopp et al. 2004; Albon et al. 2010;
Andersen et al. 2010.)

2.1.2 Muscular fitness

Muscle strength and muscle endurance are highly related in many activities and
concern the abil ity of a m uscle group t o contract against a res istance, as in the
amount of weight moved or in holding against a resistance (Falls et al. 1980, 60-
61). Muscle strength is determined as the maximal force that can be exerted in a
single maximal contraction. In contrast, muscle endurance refers to the ability to
sustain the repetit ion of subm aximal contra ctions or sub maximal holding ti me
(isometric e ndurance) (Sharkey 1997, 13 8-139). The es sential c omponents of
muscular fitness are strength, muscular endurance and flexibility, along with
power, s peed, a gility and balan ce (S harkey 1997, 136). Biological maturation,
body size and co mposition are associate d with strength charact eristics although
the associations vary by sex, age and t he various strength components (Beunen
1997, 205).

Muscles contain numerous fibres and the a mount of muscle fibres is fixed at or
soon after birth. Between the ages of one year and adolescence fibre dia meter
increases al most threefold. In additio n, as ch ildren grow muscle fibres become
larger (h ypertrophy), i ncreasing muscle size . This muscle h ypertrophy is r e-
flected in an increase i n total-body muscle mass during the years of growth. E s-
timated muscle mass rises linearly with age in the p repubertal years, with only
slightly higher mean values in boys than in girls. At puberty, due to maturation
androgenic hormones cause a rise in the rate of muscle growth in boys while
minimal changes are seen in girls. (Rowland 2005, 89-90.) According to Beunen
(1997, 205) age changes are demonstrated with a clear adolescent growth spurt in
males f or static stre ngth, explos ive stre ngth and f unctional str ength, and thi s
strength spurt o ccurs 0.5 to 1.0 years after age at peak height veloci ty. Sharkey
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(1997, 139) has estimated that in later adolescence women have half the arm and
shoulder strength of their male counterparts and 30% less leg strength.

A number of possibilities are ava ilable for the measurement of muscle strength
and endurance. Muscle strength is generall y assessed by sophisticated laboratory
methods s uch as ca ble tensio metry, d ynamomethry, 1-RM (re petition m ax)
methods for maximal strength and computerized isokinetic dynamometers. Dy-
namic muscular endurance is measured by the maximum number of repetitions
that can be executed during a given exercise. (Howley & Franks 1997, 238-239.)
The most common ways to measure muscular endurance in schools among Fin-
nish adolescents have been the sit-up test for abdominal muscles and push-up or
pull-up / flexing arm hang tests for the measure of the muscle endurance capacity
in the upper body (Nupponen 1981). Muscular power has been measured by the
vertical jump test and in addition to this long broad jump and 5-jump tests have
been used in Finnish schools (Nupponen 1981; Sharkey 1997, 147).

In previous secular trend studies a slight increase in sit-up scores has been found
among Lithuanian youth but a decrease among Swedish youth (Westerstahl ef al.
2003b; Vol bekiené & Gri citit¢ 2007). Although a positive secular trend in
strength characteri stics has been observe d f rom the 1980s on wards, t hese
changes are reduced w hen secular changes in stature and weight are considered
(Beunen 1997, 205). Barnekow-Bergkvist et al. (1998) showed in their follow-up
study that the explanatory power of muscular performance at age 34 from muscu-
lar fitness predictors at age 16 varied between 10% and 56%, depending on the
test used, and in general it was lower in men than women.

2.1.3 Flexibility

Flexibility is an integr al and separate asp ect of fitness (Fleishman 1964). Flexi-
bility and joint stability are highly dependent on the structure of the joint as well
as the strength and number of ligaments and muscles spanning the joint. It is the
ability of a joi nt, or series of joints, to move through a f ull rang e of m otion
(ROM) without injury. Adequate levels of flexibility are neede d for the maint e-
nance of functional independence and performance of activities of daily living.
(Heyward 2002, 228.)

The sit-and-reach-test is commonly used measure of flexibility, and measures the
flexibility of the lower back, hip and upper thigh. Among boys the mean scores
of sit-and-reach-test are stable from 5 through 8 years, declining thereafter until
12-13 years and t hen increasing through age 18. In girls the stab le phase lasts
from 5 to 11 years, increases to age 14 a nd thereafter reaches a plate au. In gen-
eral, girls are more flexible than bo ys at all ages and the sex difference is the
greatest d uring the ad olescent growth spurt and sexual maturation. (Malina &
Bouchard 1991, 195-196.)
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2.1.4 Speed, agility and power

Skill-related fitness includes fitness elements such as speed, agility, power, bal-
ance and coordination (Caspersen ef al. 1985). Compared to health-related fitness,
skill-related fitness is less related to health and more related to the ability to learn
sports and other kinds of physical skills or athletic ability (Pate 1983; Caspersen
et al. 1985; Corbin & Lindsey 20 04, 133-134). S kill-related f itness abili ties
should not be c onfused with p hysical skills. Physical skills are specific physical
tasks, such as catch ing, throwing, ju mping and running or other sk ills as swi m-
ming or skiing. In contrast, skill-related fitness abilities, such as speed, agility or
power help in the lea rning of these particu lar skills. (C orbin & Lindsey 2004,
133-134.)

Speed is defined according to the ab ility to p erform a movement within a short
period of time, and it is usually divided into reaction speed, explosive speed and
movement speed. [n contrast, agility relates to the ability to rapidly change the
position of the entire body in space with speed and accuracy, and power refers to
the rate at which one can perform work. (Caspersen et al. 1985.) Due to dif fer-
ences in maturation the best age for the development of these skill-related fitness
items is difficult to determine. Although the predispositions for motor learning
seems best up to early adulthood, the period before puberty (7-12 years) is never-
theless used for appropriate stimuli with regard to coordination and speed (Hirtz
& Starosta 2002).

As with muscular stre ngth, in the prepu bertal years short runni ng velocity is
slightly better in boys than girls. Thereafter, up to age 17, the rate of running v e-
locity improves in boys while in girls it stops or even decline at age 13-14. (Ma-
lina & Bouchard 19 91, 193-195.) Gender differences have been f ound in speed
and the agilit y-related shuttle run, although the develop ment cur ves are f airly
inconsistent. However, sex differences in the shuttle-run test are small from age 5
to 7, after which boys performed better and the difference increases with age. As
with the measurement of explosive power, performance in the sta nding broad
jump increases linearly in both sexes with age until 12-13 years, the difference
between the sexes re maining relatively small durin g chil dhood. Thereafter, in
girls the le vels of performance reac hes a pl ateau and the n declines whereas in
boys it increases sharply. (Malina & Bouchard, 1991, 192-196; Nupponen 1997,
122.) In pre vious sec ular tren d st udies Prz eweda (2 000) reported 0.17% im-
provement per annum during a 10-year period in the 4 x 10 m agility shuttle run
among 7- to 19-year-old Polish youth. In his review study on strength and speed
tests Tomkinson (200 7) concluded that rela tive to the secular chan ges found in
aerobic fitness test per formance, the sec ular changes in anaer obic performance
are considerably smaller.
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2.1.5 Body composition

Body composition is a key component of an individual’s health and physical fit-
ness profile. Obesity is an increasing health problem worldwide that is associated
with morbidity and mortality, type 2 diabetes and many CVD risk factors. (U.S.
Department of Health and Human Services 2008). The generally agreed way of
measuring o verweight and obesity is relative percentage body fat (% bod y fat),
which is the proportion of fat in relation to body weight. The bo dy mass index
BMlI is t he most co mmonly-used measure t o assess o verweight or obesityin
adults, and alth ough without a dditional information BMI is not a great deal of
use for children and adolescents, the use of BMI, calcul ated from the subject’s
weight and bo dy heig ht (kg/ m?), has achiev ed internation al accept ance. (Bre t-
tschneider & Na ul 2002, 7.) However , BMI as an indicator of adiposity varies
according to degree of body fatness and it is a reliable indicator of adiposity par-
ticularly among overweight children (Daniels et al. 2009).

Differences in BMI among thin children are possibly due to d ifferences in f at-
free mass such as bones, muscles, water, proteins and minerals. These differences
in amounts of muscle and f at mass exist bet ween the sexes durin g growth and
maturation. Boys usually have more muscle mass and girls more fat mass. In ad-
dition, BMI is limited in its abi lity to assess adiposity as it d oes not distinguish
between fat mass and lean body mass. It i s possibl e that indi viduals with in-
creased muscle mass or with decr eased lean body mass and i ncreased adiposity
may be misclassified by a BMI assessment. However, BMI has several benefits
as an instru ment to ev aluate overweight in adolescents becau se it is cheap and
easy to use in practice, as in school settings. (Daniels ef al. 2009.)

Overweight an d obesity among childre n and adolescents has inc reased during
last few decades worldwide (WHO 2000). In her secular trend stud y Kautiainen
et al. (2002) found an increasing trend tow ards overweight an d ob esity among
Finnish adolescents from 1977 to 1999. During this ti me period overweight and
obesity increased in all age groups, the largest increase among boys being in the
group of 12- to 14-year-olds and among girls in the group of 14- to 18-year-olds.
Comparison of the BMI distributions showed that there was little or no change
over time at the lower BMI levels, but increasing differences at the upper end of
the distributions. According to international reference values, the prevalence of
overweight increased in boys from 7.2% to 16.7%, and in girls from 4.0% to
9.8%. In addition, the prevalence of obesity in boys increased from 1.1% to 2.7%
and in girls from 0.4% to 1.4%. (Kautiainen et al. 2002.)

It has been s hown that overweight has an i nverse association with physical fit-
ness and t hat poor f itness is rela ted to i mpaired health already in adolescence
(Eisenmann et al. 2007; Fogelholm et al. 2008). Fogelholm et al. (2008) investi-
gated ph ysical fitness between nor mal weigh t and overweight ad olescents and
found that overweig ht had the most negati ve association with car diorespiratory
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and muscle endurance, and the e xplosive p ower tests. A weak as sociation was
found with the ball skill test and n o association with the sit-and-reach test. A 1-
though sedentary behaviour and low physical activity may be factors linking obe-
sity and low physical fitness (Nelson et al. 2006; Fogelholm et al. 2008), obesity
by itse If coul d i mpair physical performance in ac tivities invo lving carr ying of
body weight (Malina 1995).

2.1.6 Self-estimated physical fitness

Physical self-perception is part of the m ultidimensional concept of self-esteem.
Physical self-perception is divided into body image and perceptions of physical
strength, fitness and sport competence (Harter 1985: Fox & Corbin 1989). Self-
perceptions are most negative in early adolescence, becoming more positive dur-
ing late adolescence and early adulthood in both sexes. On the basis of the physi-
cal self-perception profile model (PSPP- model) (Fox & Corbin 1989; Sonstroem
et al. 1992), self-estimated physical fitness is one’s perception of one’s physical
fitness and it includes various health-related fitness components, such as en dur-
ance, strength, speed and flexibility (Marsh & Redmayne 1994; Mikkelsson ef al.
2005). Previous resu lts obtain ed w ith the P SPP-model ha ve sh own that in t he
adult populati on males have higher levels of physical self-perceptions than f e-
males (Fox & Corbin 1989; Sonstroem et al. 1992; Hayes et al. 1999).

Studies of self-estimated fitness have sho wn an associati on between m easured
and self -estimated fitness among adults (Mi kkelsson et al. 2005) children and

adolescents (Delignieres et al. 1994; Lamb & Hayworth 1998 ; Jiirimie & Saar

2003). In the study by Marsh & Redmayne (1994) among 13- to 14-year-olds, the
correlation coef ficient between ph ysical fitness and ph ysical self -concept was

0.71, the coefficients between the self-concept responses and four components of
physical fitness indicators varying from 0.40 to 0.72. A previous cross-sectional
study with a small adult population found a moderate association between meas-
ured and self -estimated f itness in adults. C orrelation coef ficient between the

measured and se If-estimated fitness indices was 0.56. (Mi kkelsson et al. 2005.)
However, longitudinal evidence on the a ssociation between measured and self-
estimated fitness is scarce.

2.2 Physical activity

2.2.1 Definition of physical activity

Bouchard et al. (2007) defined physical activity as be havior in w hich the bodily
movement produced by the skeletal muscles results in a substantial increase over
resting ener gy expe nditure. The y divided this broad co ncept int o leisure-time
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physical activity including exercise and sport, transportation, occupational work
and chores. The physical activity and movement of a sedentary person accounted
for about 25% of daily energy expenditure whereas it could be as high as 50%
for a very physically active person, such as an endurance athlete. (Bouchard et al.
2007) Ph ysical acti vity displays wide va riation betwee n males a nd f emales,
across age groups, and across different ethnic groups (Katzmarzyk 2007, 38).

2.2.2 Leisure-time physical activity

After com pletion of work or school, trave lling, do mestic ch ores, a nd personal
hygiene, the average person has 3 to 4 hours of leisure or free time per day. One
of numerous ways to use this leisure time is in a physically active way. Leisure-
time physical activity (LTPA) is an act ivity undertaken in t he individual’s free
time that increases total daily energy expenditure. The type of activity is selected
on the basis of personal interests, as motivation is essential for the activity (Bou-
chard et al. 2007, 12-13). Exercise is a form of LTPA that is usual ly performed
repeatedly over an ext ended period of time with a specif ic external objective
such as the improvement of physical performance, fitness or health. An exercise
regimen typically includes recommendations as to the mode, intensity, frequency,
and duration of activity (Bouchard et al. 2007, 12-13). Bouchard et al. (2007, 13)
present six intensity levels of endurance exercise. For each level there is a specif-
ic relationshi p between exercise inte nsity and heart rate expre ssed as a p ercen-
tage of the m aximal attainable heart rate. Th e six levels with the p ercentage of
maximal attainable h eart rate are as f ollows: very light (25-60%), light (6 0%),
moderate (70%), hard (80%), very hard (90%) and maximal (100%). Sport usual-
ly refers to competitive activity undertaken in the context of rules defined by an
international regulatory agency. However, in some contexts the term sport may
also include exercise and recreation (Bouchard et al. 2007, 12-13).

Participation in a sp ort club is a f orm of leisure-time physical activity providing
an opport unity for org anized, co mpetitive and social participation ( Eime et al.
2009). Organized sport participation has been used as an item of physical activity
in many studies i n Finland and elsew here, and has been show n to have rather
good reliability, but problematic validity, if energy expenditure is taken as a cri-
terion of validity (Telama & Yang 2000). HBSC (Health Behavior Study in
School-Aged Children) study, which has been on-going since the year 1978, pro-
vides a measure of sport club participation among young people in the WHO Eu-
ropean R egion and N orth A merica ( Kannas 2004, 3 -5). The HBS C-study has
investigated trends in physical activity among adolescents, inc luding changes in
youth sport club participation.

2.2.3 Physical activity and youth

Improving and maintaining physical activity as a child may provide both imme-
diate and long -term health benefits. The bene fits of regular ph ysical activity for
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children and adolescents could include, at 1east, mental well-being, development
of motor skills, ps ychological d evelopment and social relatio nships. Althou gh
there is much evidence in favor of the health benefits of physical activity among
adults, less scientific documentation exists in for this relati onship among young
people. However, in children and adolescents physical activity and regular physi-
cal activity can be expected to have long-term useful outcomes as several diseas-
es in adulthood that may be influenced by insufficient physical activity (obesity,
CVD di seases) of ten have their origins in the pediatric years. For this re ason
ways by which physical activity habits can be instilled and sustained in sedentary
children and adolescents need to be developed (Rowland 2007).

According to the basic recommendations given for physical activity, school-aged
children and adoles cents should be ph ysically active on a moderate or vigorous
intensity level for at least one to two hours daily, in a variety of ways suitable for
each age group (Ta mmelin & Karvinen 2008; U.S Depart ment o f Health and
Human Services 2008). Although there is evidence that the participation in lei-
sure-time physical active has increased in many European countries during recent
decades (Laakso et al. 2008), evidences on the amount of total physical activity,
including both participation in LTPA and every-day physical activities, is lacking.
However, during recent decades, the u se of ti me has change d an d the use of
technological devices has increased among youth. In Finland, in the 1970s, total
TV viewing time among adolescents was on average 1.30 hours/day, whereas in
the past decade screen time is estimated to be as high as 5-6 hours/day (Statistics
Finland 2007). Furthermore, the number of cars per capita increased from 0.2 to
0.4 between 1976 and 2001, and in the year 2000 over 60% of Finnish homes
had a computer and almost all Finns aged 15-39 used a mobile telephone (Statis-
tics Finland 2007). According to Brownson et al. (2005) the level of leisure-time
physical acti vity in the United S tates has been relatively stable or has slightl y
increased, wher eas ph ysical activity rel ated to work, transp ortation and ho me
activities has declined. Furthermore, sedentary behavior has increased and these
changes together have resulted in an overall trend towards a decline in total phys-
ical activity (Brownson et al. 2005).

Many previous studies have indent ified the d eterminants of physical activity in
youth. Sallis et al. (2000) provide a usef ul review study in thi s area, suggesting
that the esse ntial determinants include biological factors (age, gend er, heredity),
psychological factors (enjoyment and perceived competence), social factors (en-
couragement from parents and peers), de mographic factors (as greater likelihood
of activity in younger age, particularly in boys) and the physical environment
(availability of facilities and progra mmes). These determinants should be taken
into consideration when analyzing and interpreting the changes and differences
in ph ysical activity by age betwe en males and f emales that ha ve been doc u-
mented in numerous studies. Some studies have indicated that activity declines
with age, and that boys are more active than girls (Telama & Yang 2000; Kemper
et al. 2001). The reasons for these gender differences are not clear b ut a previous
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study suggests that a possible reason is that the timing of maturation between the
sexes is different and also affects physical activity (Sherar et al. 2010). However,
gender differences have strong cultural background and there is also wide varia-
tion in physical activity by age (Roberts et al. 2004).

It has been f ound that in F inland the ge nder difference is sm aller than in many
other countries and that in late adolescence gi rls are even more active than boys
(Telama & Yang 2000). Boys take part in organized sport more than girls and
this difference may account for the major part of the gender difference in overall
physical activity. The frequency of participation in organized sport is the highest
at age 12 and the dec line steepest between ages 12 and 15 among males and be-
tween 15 and 18 among females. For males this decline largely represents partic-
ipation in ¢ ompetitive sport whereas among female many noncompetitive orga-
nized activities suc h as g ymnastics, dan ce and aerobics are also i ncluded. The
physical activity of boys declines more than that of girls and with age activit y
shows greater polarization among boys than girls, meaning that the numbers both
of very inactive and very active boys increase. (Telama & Yang 2000.)

Laakso et al. (2008) found that alt hough lei sure-time ph ysical acti vity a mong
youth increased from 1977 to 2 007 — particularly in the form of participation in
organized sport — and thatt he gen eral tre nd in le isure-time ph ysical activi ty
seems to be towar ds organized activ ity, the share of unorganized spontaneous
activity is declining. Persistent participation in youth sport can be argued to be a
positive sign with respect to the adoption of a physically active lifestyle in adult-
hood. However, a negative aspect of this develop ment is the fact that particip a-
tion in organized sport is influenced to a significant extent by parental socioeco-
nomic status, a tenden cy that has strengthened during last f ew decades. (Laakso
et al. 2008.)

2.2.4 Physical activity in adulthood

According to the recommendation for physical activity in adults aged 18-65 years,
adults should accumulate 30 minutes or more of moderate-intensity physical ac-
tivity on most days of the week. To pro mote and maintain hea Ith, all healthy
adults need moderate-intensity physical activity for a minimum of 150 min per
week. In addition to aerobic activity, adults will benefit from activities that main-
tain or increase muscular strength and endurance for a minimum of two days per
week. (U.S. Department of Health and Human Services 2008; Husu et al. 2011.)

Large population-based trend data suggest that, among Finnish adults during the
past 30 years, occupational and co mmuting physical acti vity has decreased al-
though leisure-time physical activity has increased (Borodulin et al. 2008). Pre-
vious st udies conduc ted both b y objective and q uestionnaire methods h ave
shown that w omen att ain the reco mmendation of ph ysical ac tivity better than
men, although the differences between the sexes are small (Borodulin et al. 2008;



23

Hirvensalo ef al. 2011). In addition, high education and high socio-economic sta-
tus are associated with a greater amount of objectively assessed leisure-time
physical activity (Hirvensalo et al. 2011).

According to surveys of national physical activity and fitness among Finns sur-
vey con ducted betw een the year 2000 an d 2010, participation in leisure -time
physical activity increased over this period. The proportion of those who partic i-
pated in leisur e-time physical acti vity (lasting > 30 min) at least four times a
week, increased from 46% to 55% , while those who participa ted infrequently
or not at all, declined from 17% to 10%. However, approximately one-half of
the population aged 25-64 years is engaged in aerobic physical activity that ful-
fils the recommendation for health, while only 10% of this age group is also en-
gaged in exercise to i mprove muscular strength at least t wice a week. When ap-
proaching retirement age, only a few percent of the popu lation meet the recom-
mended level for health in both aerobic and muscular exercise. (Husu et al. 2011.)

2.3 Physical activity and fitness — relationships in youth and in adult-
hood and associations from adolescence into adulthood

Bouchard et al. (1994, 77) presented a model of the relationships between physi-
cal activit y, hea Ith-related fitness and health in the adult pop ulation. Figure 1
shows that heredity regulates all the major components: physical activity, health-
related fitness and hea Ith. The interactio n of the m ajor co mponents means that
habitual ph ysical acti vity can influence fitness, which in turn may modify the
level of habitual ph ysical activity. The fittest people tend to be the m ost active
and, with increasin g fitness, individ uals tend to becom e more active. Fitness is
also related to health in a reciprocal manner, meaning not only that fitness influ-
ences health, but th at health status inf luences both the habitual p hysical activity
level and fitness level. However, level of fitness is not determined entirely by an
individual’s level of physical activity. Other lifestyle behaviors, social and physi-
cal environ ments, per sonal attribut es and ge netic factors also af fect the major
components of the model and determine their interrelationships. (Bouchard et al.
1994, 77.)
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Figure 1 A model describing the relationships among habitual _?hysical activity,
health-related fitness, and health-status (Bouchard ef al. 1994, 78).

The currentl y he 1d vie w posits that ch ildhood and adolescen t ph ysical activity
and ph ysical fitness may influence health st atus during child hood and adole s-
cence and throughout adulthood (Malina 2001). In previous studies the potential
relationships between physical activity and fitness in adolescence, and the lon gi-
tudinal associ ations be tween adolesce nt ph ysical activity and f itness and adult
physical activity and fitness have been defined by pathways (Malina 2001; Twisk
et al. 2002; Tammelin 2003).
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2.3.1 Youth physical activity and youth physical fitness

Previous studies have shown only weak evidence for the link betw een physical
activity and fitness in youth, and the results of these studi es suggest that other
factors besides ph ysical activity also h ave a strong i mpact on physical fitness.
Pate ef al. (1990) inve stigated a natio nally r epresentative sample o f third- and
fourth-grade stud ents and found a significant though moderate a ssociation be-
tween physical activity and fitness. Physical activity, age and gender accounted
for 21% of the variance in perf ormance of the 1.6 k m run/walk test. In another
study, after controlling for gender, physical activity accounted for only 3-11% of
the variance in the health-related fitness items (Sallis ef al. 1993). Katzmarzyk et
al. (1998) found a significant low to moderate association between fitness and
activity among 9- to 18-year-old Canadian adolescents. In their st udy, physical
activity explained 11-21% of the vari ance in the physical fitness items. A large
part of the variabilit y (80-90%) in ph ysical fitness was not accou nted forby
physical activity and the researchers concluded that changes in the biological and
behavioral domains associated with normal growth, maturation and development
from childhood throughout adolescence exert a significant influence on the phys-
ical fitness of children and adolescents . (Katzmarzyk et al. 1998.) In his review
study, Malina (2001) suggests that more active youth are fitter, p articularly in
cardiovascular endurance tasks, although the methods of assessment and cri teria
for active and inactive youth vary among studies. Ara et al. (2004) found that,
those who partic ipate in regular and vigor ous sport activities f or at least 3 h per
week have significantly better physical fitness compared to those who do not par-
ticipate regularly in sp ort. The association between physical activity and fitness
was found also to be stronger than that between overweight and fitness (F ogel-
hom et al. 2008). Previous research suggest that it is possible that lev el of physi-
cal fitness influences the level of physical activity because good f itness makes
physical activity easy and enjoyable, and many physical activities improve and
maintain fitness (Fogelhom et al. 2008).

2.3.2 Youth physical activity and adult physical activity

The potential relationship between adolescent physical activity and adult physical
activity ass umes th at physical act ivity trac ks from adol escence i nto adulthoo d
(Malina 2001). Tracking is usually defined as a tendenc y of individuals to main-
tain their position within a group over time (Malina 1996). The tracking of phys-
ical activity is important from the viewpoint of physical education, and nowadays
the promotion of a ph ysically active lifestyle and lif e-long physical activity are
the most common aims of physical education in many countries (Piihse & Gerber
2005, 50-719). It is expected that physical activity in adolescence, e.g in youth
sport or in school physical education, will have a positive effect on public health.
It is desirable that a high level of physical activity in adolescence tracks to adult-
hood (Telama 2009).
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Spearman’s rank order correlation has been the method most often used in physi-
cal activity tracking studies. Spearman’s c orrelation indicates only the associ a-
tion between two assessments, but does not reveal about causality or determining
factors: Correlation co efficients under 0.30 a re considered low , 0.3 0-0.60 mod-
erate and above 0.60 high. Another method for showing tracking is to divide the
distribution of physical activity into tertiles, quartiles or quintiles, and then show
by cross-tabulation or risk analyses the extent to which individuals have re-
mained in the sa me position over time. The probability (risk or odds) or pre va-
lence (%) of being physically inactive or active as an adult can be presented for
different groups of ad olescent physical activ ity. (Ta mmelin 2003, 24; Telama
2009.)

Previous studies have shown that LTP A in childhood and ad olescence predicts
LTPA in adulth ood, and thus may inf luence population hea Ith (Barnekow-
Bergkvist ef al. 1998; Tammelin ef al. 2003; Telama et al. 2005a). Longitudinal
studies have shown a statistically significant but rather moderate or low associa-
tion between adolescent and ad ult LTPA (Telama 2009). Many studies have fo-
cused on p eople aged 13 to 20 years, showing that sta bility s eems to be low er
from early childhood to adulthood than from adolescence to ad ulthood (Kemper
et al. 2001). Also, association has bee n stronger among men than women (B a-
rnekow-Bergkvist et al. 1998; Tammelin ef al. 2003; Telama et al. 2005a).

2.3.3 Youth physical fitness and adult physical activity

Some short-term studies indicate that physical fitness during youth (10-18 years)
may be predictive of LTPA levels in adu lthood (Dennison ef al. 1988; Glenmark
et al. 1994; Barnekow-Bergkvist et al. 1998). Dennison ef al. (1988) investigated
the physical activity levels of 23- to 25-year-old men who had performed fitness
tests as children or adolescents (10 to 11 years of age or 15 to 18 years of age).
The results showed that the ph ysically active adults had significantly better
childhood physical fitness test scores than the inactives, and the risk of physical
inactivity in young adulthood was linearly related to the number of low scores in
the long-distance running and sit-up tests as children (Dennison et al. 1988). In
another study in which the age interval was 11 years (from 16 to 27 years), aero-
bic capacity alone explained 31 % of the adul t physical activity level in wo men
and 24% in men (Glenmark et al. 1994). Strength performance further increased
the predictive value f or physical activity le vel in adultho od for women but no t
men. The researc hers suggested that physical characteri stics, physical perform-
ance and physical activity predicted the major portion of the variation in physical
activity level in adult women, but not in adult men. (Glenmark et al. 1994.) Ba-
rnekow-Bergkvist et al. (1998) also reported that performance in physical tests at
age 16 predicted physical activity at age 34 better among women than men. The
level of explanation varied between 10% (9-min run test) and 56% (bench press

test). They concluded that attitudes to sport and socio-demographic factors at a
young age seem to influence adult physical activity habits and fitness in complex
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ways, and facilitate identification of inactivity risk groups (Barnekow-Bergkvist
et al. 1998).

2.3.4 Youth physical activity and fitness and adult self-estimated fitness

Previous studies have shown the relationship between physical activity in youth
and physical fitness in adulthood to be meagre. Physical performance is strongly
influenced by genetic factors, and onl y a minor part of adult ph ysical capacity
can be explained by other important factors, such as regular and continuous
physical activity. (Barnekow-Bergkvist 1998.) The association between physical
activity and indicators of physical fitness has been found to be on the same level
in adults as in youth (Malina 2001). In a study of aging, the correlations between
high-intensity leisure -time p hysical acti vity and cardioresp iratory fitness were
0.33 in males and 0.27 in females (Talbot et al. 2000). However, the magnitude
of the relationship is reduced when the decline in the intensity of physical activ-
ity or when age and the BMI are statistically controlled for.

Longitudinal studies on physical fitness from adolescence to adulthood are scarce
but indicate better tracking for fitness than for physical activity. Previous studies
on the tracking of fitness have indicated that this relati onship from youth to
adulthood is moderate. Correlation coefficients for the tracking of flexibility and
strength have been higher than f or cardiorespiratory fitness. (Malina 2001.) For
instance, Mikkelsson et al. (2006) studied the tracking of fitness from age 15 to
age 40 and f ound th e highest tracki ng c orrelations in th e sit -and-reach test
(r=0.74) for males and sit-up test ( r=0.55) for females. How ever, maturity and
growth are linked to the tracking of physical fitness and the interaction between
individual differences in maturity status and fitness has t o be take n into consid-
eration in the interpretation of tracking results (Malina 1996; Malina 2001).

Studies on the relati onships between ph ysical activity and physical competence
among adoles cents an d adults have ind icated signif icant associati ons between

these factors (Sonstroem et al. 1992; Hayes et al. 1999; Sallis et al. 2000), while
physical activity level has been sh own to be an i mportant deter minant of self-
estimated physical fitness in adolescence and physical activity seems to increase
self-perceptions of physical competence (Lintunen 1995.) Even participation in
physical activity of relatively low frequency (2-5 hours/week) has been shown to
be enough to generate high perceptions of fitness among active adolescents even
if their actual fitness remained at the same level as that of their inactive counter-
parts (Lin tunen 1995). Hayes et al. (1999) investigated gende r di fferences in

physical self-perceptions, global self -esteem and physical activity in adults and

reported that males had higher levels of physical self-perceptions than females,
although no gender difference was observed in physical activity level. In addition,
previous results have shown that positive perception of competence in sports in-
creases physical activity among adolescents and that to adapt to new modes of
physical activity as ad ult, positive experiences in childho od and ad olescence are
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important. (Sallis et al. 2000; Tammelin et al. 2003.) It has been suggested that
practice of a wide range of sports skills in childhood and adolesc ence may be the
best preparati on for adult ph ysical activity as this may increase the probability
that one of the activities will also continue into adulthood (Tammelin et al. 2003).
However, despite the considerable evidence for a positive effect of long-standing
physical activity and fitness on health and well-being, longitudinal evidence on
the relationship between the level of physical activity and fitness in adolescence
and the level of self-estimated fitness as an adult is lacking.
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3 AIMS AND MODEL OF THE STUDY

The purpose of the present study was to investigate the secular changes in physi-
cal fitness determ ined by leisur e-time ph ysical activity among F innish adole s-
cents and how ph ysical fitness and leisure -time physical activity in adolescence
predict leisure time-physical activity and self-estimated fitness in adulthood.

The aims of the study were:
25-year secular trends

1. To evaluate 25-year secular trends in aerobic fitness performance (later al-
so termed aerobic fitness) and its distributional changes in 13- to 18-year-
old adolescents

2. To determine the 25-year secular trends in muscular fitness performance
(later also termed muscular fitness) and its distributional changes in 13- to
16 year-old adolescents.

3. To study changes in le isure-time physical activity and BMI as the deter-
minants of aerobic and muscular fitness performance.

25-year follow-up

4. To investiga te how leisure-time p hysical a ctivity and ph ysical f itness
(aerobic fitness and muscular fitness) in adol escence (age 12 -18) predict
adult leisure-time physical activity (age 37-43).

5. To examine how leisure-time physical activity and physical fitness in ado-
lescence (age 12-18) are associated with self-estimated fitness as an adult
(age 37-43)
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The secular t rends in physical fitness and associations between ph ysical fitness
and leisure-time physical activity were examined in two cross-sectional research
populations in 197 6 and 2001. In addition, 1ongitudinal changes in leisure-time
physical activity and its assoc iation with se If-estimated ph ysical f itness w ere

evaluated. The numbers in figure 2 refer to the aims of the study.

GENDER
BMI
PHYSICAL ACTIVITY
3
25-year secular trends 1976 2001
Age 13-18 1,2 Age 13-18

Aerobic fitness
Muscular fitness

A 4

Aerobic fitness
Muscular fitness

1976
Age 12-18
Aerobic fitness
Muscular fitness
Physical activity

25-year follow-up

4,5

2001
Age 12-18
Physical activity
Self-estimated
physical fitness

Figure 2 The model of the present study.
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4 MATERIAL AND METHODS

4.1 Study population, data collection and characteristics of the partic-
ipants in 1976 and 2001

In April -May of 1976, trained measuring te ams carried out measurements of
physical fitness and leisure-time physical activity among 2 796 Finnish ado les-
cents aged 9- to 21 in their sc hools (figure 3). Data were col lected from 5 6
schools c omprising 40 comprehensive and 16 high schools. The sample was a
four-phased stratified random sample and the schools were drawn from different
geographical provinces (north, east, central, west), and include d both urban and
rural municipalities. T he prop ortion of the p articipants from rural schools was
54%. In the first phase, a total of 20 towns and rural communities were randomly
selected from th e f our geographical areas (west, east, middle and north) of
Finland. A random sample of 56 schools matched for student numbers was taken
from these to wns and communities (to ensure correspondence in si ze of schools
from towns and rural communities). The proportion of participating schools was
0.8% of all F innish comprehensive schools. In the pro vince of Central-Finland

the proportion was 7 %. Classes were ra ndomly selected an d ado lescents were
chosen from either the beginning or the end of the alphabet, or, at the beginning
of the measurement, they were lined up and ¢ hosen at equal intervals (every sec-
ond or third etc.).

In April -May of 2001, another wave of cross -sectional data was collected by
trained measuring teams from 17 co mprehensive and high scho ols comprising
1041 11- to 18-year-old adolescents from comprehensive school (grades 5-9) and
high school. The main aim was to carry out the data collection and measurements
as far as possi ble in the same way as in 1976. The sample was a three-phased
stratified random sample comprising 62% of the sa me- age population of 1976.
In the first phase, 9 communes were s elected randomly from the 20 communes
that participated in 1976. Three of these were rural communes (<10000 residents)
and the proportion of rural participants was 30%. In the second phase, 17 schools
were selected f rom the schools w hich participated in 19 76 and re presented the
same geograph ical pro vinces as in 1976. T he proportions of partic ipants were:
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from Northern -Finland 19%, Eastern -Finland 23%, Western -Finland 18% and

Central-Finland 40%. In the t hird p hase the school classes were se lected as in
1976. Appendices 1, 2 and 3 show the letters sent to the head-teachers of schools,
physical education teachers and students’ parents.

In addition to this, in 2001, a follow up questionnaire concerning subjects’ LTPA
was sent to 2396 34- to 46-year-old adults who had taken part in the fitness tests
and/or answered the L TPA questionnaire in 1976. Of these, 1820 responded to
the questionnaire. The final group in this study consisted of the 722 men and 803
women, who took part in both the baseline measurements at age 12-18 years in
1976 and returned th e f ollow up questionnaire at age 37  -43 years in 2001
(n=1525).

In the f inal study group, not all the su bjects participated in all the tests. Either
fitness test or base line questionn aire data were available f or all th ose who r e-
sponded to the questionnaire in 2001 at age 37-43 years, although complete base-
line data (both fitness tests and questionnaire) were available for only 209 par-
ticipants, or 14% of the whole t arget group. The association between ph ysical
activity in ad olescence and as adult w as inve stigated in 1 334 parti cipants (616
males and 718 females), comprising 87% of the whole target group. The analyses
between the f itness co mponents and ph ysical activity were carried out am ong
824 participants for aerobic fitness (54% of the whole target group), 1065 par-

ticipants for muscular fitness (70% of the whole target gr oup) and 463 partic i-

pants for the fitness index (30% of the whole target group). In addition, subjects

were divided into two groups accord ing to a ge at baseline. I n the younger age
group the participants were followed from age 12-15 to age 37 -40 -years and in
the older group from age 16-18 to age 41-43 -years. The follow-up questionnaire
response rate was 66% of those who participated in the baseline measurements.

The study was approved by the Ethics Committee of the Central Finland Health
Region. Before the tes ts a parenta | consent was obtained and parti cipants were
allowed to refuse to participate in the tests (appendix 4).
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Cross-sectional populations

Baseline data 1976 Baseline data 2001
n=2796 n=1041
I Comparative Comparative
Follow-up population population
1976 2001
aged 13-18 aged 13-18
n=1442 n=801
Autumn 2001 Spring 2001
Follow-up Investigation of
questionnaire seasonal variation
n=2396 n=177
Responses n=1732 Responses n=118

Total responses
n=1850
Approved responses
n=1820 (76%)

n=1525 (64%)

Figure 3 Participants of the present study in 1976 and in 2001.

The characteristics of the dif ferent study samples are sho wn in ta bles 1 and 2.
Table 1 shows the characteristics of subjects who participated in the secular trend
studies and table 2 those who participated in the follow-up studies.
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4.2 Measurements

4.2.1 Pre-tests

Measurements were pretested at both assessment points to examine the suitability
of the f itness tests and questionnai re for the y oungest participants. In addition,
the measurement procedure was checked. In 1976 and in 2001, 25 students took
part in the pre-tests.

The pre-tests indicated that more specific information about the tests needed to
be given to the part icipants and that wa rming-up before the test sh ould be pe r-
formed with care. In addition, some of the questions in the questionnaire needed
to be made more specific. The pre-tests were administered by four persons, but
because it was subsequently decide d that th e results of the f itness tests be r e-
corded by the teste r rather than the stude nts themselves, five persons would be
needed. The stu dents who participated in th e pre-tests were no t included in the
actual research material.

In the follow-up, the pre-test questionnaire was sent to the 89 34- to 42-year-old
participants who had a nswered the L. TPA questionnaire in 1976. T he question-
naire was returned by 53 participants. After this, some items were revised. Those
who responded to the pre-test questionnaire were not included in the actual study.

4.2.2 Measurements of physical fitness

Identical fitness test p rocedures and information were used at both assess ment
points (appe ndices 5 and 6). The tests were conducted by a s pecially trained
group in the participants’ own schools during school hours. In all the indoor tests
the participant s wore 1 ight clothing a nd bef ore the tests the sa me warming-up
protocol was ad ministered to all the groups of participants. Ref usals to partic i-
pate were allowed before the tests; however, only pupils with an illness or injury
refused (non -participation due to disea ses or injuries < 5%) (appendix 4). F or
both sexes the ph ysical fitness tests comprise d a standing broad j ump (cm), sit-
ups (times in 30 sec) and a 4 x 10m agility shuttle run. In addition, aerobic fitness
performance was measured in boys by the 2 000 m and in girls b y the 1 500 m

running tests and, up per-body muscular fitness in gi rls by the flexed arm hang
and in boys by pull-ups. The fitness test results were used to construct a gender-
stratified fitness index (FI) which was f ormed by summing the age-adjusted z-
scores. An aerobic fitness index (AFI) was calculated as the age-adjusted z-score
for long distance running, 2 000 m for boys and 1 500 m for girls. A muscular
fitness index (M FI) was calculated by summing the age-adjusted z-scores for the
standing broad jump, sit-ups, pull-ups/ flexed arm hang and 4 x 10 m shuttle run.
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Testers and the students the mselves recorded the score s of the muscular fitness
tests and physical education teachers the long distance running times on the stu-
dent’s own fitness card. The partic ipants’ weight and he ight were measured by
school health nurse s or the assess ment teams with the ¢ alibrated s teelyard and
gauge used in school health care in Finland. Height and weight were measured to
the nearest 1 cm and 0.5 kg. The fitness test instructions given are presented in
appendix 6 and the student’s fitness card in appendix 7.

In the follow-up study as an a dult, participants estimated their own physical fit-
ness the mselves by responding for the two questions sho wn in ta ble 12 and in
appendix 9 (questions 37 and 49). The participants estimated which category of
physical fitness they belong to now when compared to persons of the same age
and sex and e stimated performances which they are able to perform in a varied
terrain.

4.2.3 Measurements of leisure-time physical activity

In both 1976 and 2001, adolescents’ leisure-time physical activity and participa-
tion in a sp orts club were recorded using self-report questionnaires that were ad-
ministered in dividually in con nection with the f itness test. The questions co n-
cerned the frequency and intensity of leisure-time physical activity, participation
in sport club training and participation in ¢ ompetitive sport events and in dif fer-
ent sports. The f requency and i ntensity of leisure -time ph ysical a ctivity wa s
asked by the question “How many times a week do you participa te in leisure -
time physical activity of at least 30 min duration so tha t you feel breathless?”
This que stion was coded on a 6-point resp onse scale ( O=not at all, 1=less than
once a month, 2=once a month, 3= 2-3 times a month, 4=once a week, 5=2-6
times a w eek and 6=every day). The answers concernin g partic ipation in sp ort
club training and in c ompetitive sport were coded from 1 to 3, 1) representing
inactivity or very low activity, 2) moderately intensive or frequent activity, and 3)
frequent or vigorous activity. Participation in a school sport club was coded as 1
(no) or 2 (yes). After coding, a sum index for physical activity was calculated by
summing th e variable s. This index co mprised four variables with a total score
ranging from 3 to 14. The items were identical at both asse ssment points except
for the ite m of participation in different sports, where the participants answered
the question “ What t ype of sports do you p articipate in” b y marking yes / no
against each item in a list of different sports. To include more recent sports, the
list of sports was slig htly modified for 2001.The origina | questio nnaire is pr e-
sented in appendix 8.

In follow-up 2001, the physical activity questionnaire consisted of questions con-
cerning the frequency of physical activity, which was elicited by the question
“How often do you participate in leisu re-time physical activity”. A 7-point re-
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sponse scale was used which was subsequently recoded from 1 to 3, 1) represent-
ing leisure-time physical activity at most 3 times a month, 2) 1-4 times a week
and 3) 5-7 times a week. Other quest ions co ncerned the avera ge duration of a
leisure-time physical activity session (0=not at all, 1=at most 20 minutes, 2=20-
60 minutes and 3=60 minutes or longer), participation in competitive sport events
(O=not at all, 1=at most sport- club level and 2=regional / national / international
level) and participation in organized leisure-time physical activity (O=not at all,
I=at most 3 times a month, 2=1-2 times a week, 3=3-7 times a week) and inten-
sity of participation (1 =not quite breathle ss, 2=somewhat breathles s, 3=heavily
breathless). In 2001 the physical activity index comprised 5 variables with a total
score ranging from 1 to 14. The follow-up questionnaire is presented in appendix
9 (questions number 38, 39, 43, 41, 42).

In order to analyze the risk levels of high, average and low adolescence physical
activity and fitness categories for adult physical inactivity or low s elf-estimated
fitness, subjects were divided into thre e cat egories according to t heir level o
physical activity and fitness in 1976, and their level of physical activity in 2001.
Among males, the lowest physical activity and fitness categories comprised 21%
of subjects as compared to 26% for physical activity and 36% for self-estimated
fitness in 2001. The highest categor y in ph ysical activity and fitness comprised
26% of subjects as compared to 21% f or physical activity and 3 6% for sel f-
estimated fitness in 2001. Among females, 24% belonged to the lowest and 24%
to the hi ghest ca tegory in the ph ysical acti vity and f itness indice s in 197 6 as
compared to 16% and 21% in the physical activity index and 31% and 36% in
self-estimated fitness index in 2001.

4.2.4 Validity and reliability of the measurements

In the secular trend study, in both spring 1976 and spring 2001, specially trained
and educated teams carried out measurements of fitness in selected schools using
identical methodology (Nupponen 198 1). T he tests conf ormed to the intern a-
tional standards for assessments, and have b een described in detail earlier (Lar-
son 1974).The tests had been s hown to ha ve good validity and satisfactory reli-
ability (Safrit 1990). Validity coefficients for aerobic fitness test have varied be-
tween 0.65 and 0.8 8 (Safrit 1990). I n previous studies intra-tester reliability for
long distance running has varied between 0.65 and 0.94 and for muscular fitness
tests between 0.57 and 0.98 (Simons et al. 1982; Safrit 1990) (table 3). I n this
study the i ntra-tester r eliability based on a repeat test co nducted 2 weeks later
varied between 0.61 and 0.92 in 1976 (n=25) and 0.53 and 0.99 in 2001 (n=36).
The reliability (Cronbach’s a) for the muscular fitness index was 0.77 in boys
and 0.78 in girls in 1976; in 2001 the corresponding figures were 0.76 and 0.80.
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Table 3 Test-retest coefficients of ghysical fitness items in previous studies
(Simons et al. 1982; Nupponen 1981 and in the present study.

. Test-retest coefficients in Test-retest coefficients in
Test-item revious studies 2001
P boys (n=18) / girls (n=18)

Long-distance run 0.65-0.94 0.81/0.54
Sit-up 0.57-0.94 0.69/0.49
Pull-up 0.79-0.96 0.99/ -
Flexed arm hang 0.74-0.91 -/0.96
4 x 10 m shuttle run 0.63-0.91 0.53/0.83
Standing broad jump 0.80-0.96 0.92 /0.88

The fitness test items can be defined simply as performances which do not assess
only one component of physical fitness only. The items associate with each other,
and the interrelati onships between the m are indicated by correlation coefficients
(tables 4 and 5). In the present stud y, the hi ghest correlation coef ficients were

found in males between the standing broad jump and 4 x 10 m shuttle run at both
assessment points. In females the hi ghest correlation was b etween the standing

broad jump and the 4 x 10 m shuttle run in 1976 and between long-distance run-
ning and the 4 x 10 m shuttle run in 2 001. In general, the standing broad ju mp
was the most consistent item. The correlation coefficients between the standing
broad jump and all the other ite ms were ov er 0.40, exclu ding the long-distance
run in 1976.

In the f ollow-up study, the validit y of the p hysical activity measurements was
investigated in adolescence by describing the correlations between the physical
activity index, aerobic fitness index and muscular fitness index (table 10). The
internal consistency coefficients (Cronbach’s o), used as an indicator of the reli-
ability of the physical activity index, were 0.68 in 1976 and 0.76 in 2001 among
males, and 0.58 in 197 6 and 0.68 in 2001 a mong females. In addition, the inter-
nal consistency coefficients of the ph ysical fitness index (FI) were 0.77 among
males and 0.79 among females.
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Table 4 The inter-correlation coefficients among males in 1976 and in 2001.

. 4x10m Long-

Test-item Pull-up shuttle run Sit-up distance
run

Standing broad jump

1976 0.51 -0.56 0.48 -0.26

2001 0.56 -0.68 0.56 -0.63
Pull-up

1976 -0.29 0.34 -0.38

2001 -0.34 0.42 -0.45
4 x 10 m shuttle run

1976 -0.47 0.16

2001 -0.56 0.62
Sit-up

1976 -0.28

2001 -0.53

Table 5 The inter-correlation coefficients among females in 1976 and in 2001.

Long-
. Flexed 4x10m . .
Test-item arm hang  shuttle run Sit-up distance

run
Standing broad jump
1976 0.45 -0.62 0.45 -0.36
2001 0.43 -0.60 0.52 -0.46
Flexed arm hang
1976 -0.39 0.35 -0.36
2001 -0.38 0.37 -0.38
4 x 10 m shuttle run
1976 -0.39 0.38
2001 -0.53 0.62
Sit-up
1976 -0.39
2001 -0.60

In the f ollow-up the i ndex of self-estimated physical fitness (S EFI) was calc u-
lated b y su mming the scores f or question 1 (self -estimated end urance, speed,

strength and flexibility) and question 2 (sel f-estimated perf ormances in varied
terrain) (appendix 6, questions 37, 49). The internal consistency (Chronbach’s o)
of question 1 was 0.77 among males and 0.83 among females. In previous studies
it has varied f rom 0.75 and 0.82 (L intunen 1995). The i nternal c onsistency of
question 2 on self-estimated performance was 0.88 in males and 0.82 in females,
and of the index of self-estimated ph ysical fitness 0.87 for both sexes. For 64

participants the fitness tests included a bicycle ergo meter te st, er gojump test
(counter-movement and jumping in 15 s), sit -up test, hand -grip test and sit -and
reach test (Mikkelsson et al. 2005). An age- and gender -adjusted index of meas-
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ured physical fitness was calculated and Spearman’s correlation coefficient be-
tween the overall measured and self-estimated fitness index was 0.56 (p<0.001).
The correlati on coef ficient betwee n measured and self -estimated fitness ite ms
varied from 0.13 (handgrip test in men) to 0.57 (sit-and-reach test in men) (Mik-
kelsson et al. 2005).

4.2.5 Differences in physical fitness characteristics, BMI and physical ac-
tivity index between responders and non-responders at follow-up

The dif ferences in the adolescence f itness test scores, bo dy mass index and
physical activity index between those w ho responded to the f ollow-up question-
naire co mpared t o tho se who did not res pond were exa mined by age-adjusted
univariate analysis of variance (ANCOVA) (table 6). The results showed statisti-
cally significant better scores in the fitness indices for res ponders compared to
non-responders in both the aerobic fitness index (AFI) and muscular fitness index
(MFI) among both males and females. In addition, differences were found in the
physical activity index (PAI) and BMI in females but not in males.
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Table 6 The acrobic fitness index (AFI), muscular fitness index (MFI), physical
activity index éPAI) and body mass index (BMI) in the follow-up study in the
responders and non-responders.

Variables Males Females
Non- p- Non- p-
Responders responders value® Responders responders value®
AFI 0.1 (1.0) -0.1 (1.0) 0.020 0.1 (0.9) -0.2 (1.1)  0.007
n=407 n=244 n=386 n=200
MFI 0.2 (2.9 -0.3(3.2) 0.025 0.3 (3.0) -0.4 (3.1) 0.002
n=509 n=332 n=603 n=308
PAI 9.1 (2.3) 8.7(2.4) 0.058 8.5(1.9) 8.2(1.9) 0.001
n=593 n=376 n=708 n=392
BMI 19.4(2.3) 19.7(3.2) 0.257 19.8(2.5) 20.3(2.6) 0.001
n=522 n=334 n=611 n=318

) p-value for the difference between responders and non-responders.

4.3 Statistical analyses

In the secular trend data, the fitness test results are expressed as means and stan-
dard deviations (SD) and as age-and gender- specific z-scores. An index of aero-
bic fitness (AFI) was calculated by transferring the running test results to age-
standardized z-points separately for boys and girls. In addition, an index of mus-
cular fitness (MFI) was calculated as the su m of the age - and gender-specific z-
scores of the four fitness tests (articles I and II).

Student’s t-test and Mann-Whitney’s U-test (I, II) were used to compare differ-
ences in aerob ic and muscular fitness bet ween the measurement p oints in bot h
boys and girls. Mean values, 95% confidence intervals (95% CI) and the stan-
dardized differences (Cohen’s d) were calculated. Changes in the distributions of
the populations were analysed by comparing four percentile p oints, 10% (the
worst), 25%, 75% and 90% (the be st), for the same gender-age groups in the
1976 data with the corresponding percentiles in the 2001 data.

The association bet ween age, leisure-time ph ysical activity, BMI and aero-
bic/muscular fitness w as examined at both measurement points. ANCOVA (I),
linear regressio n (I) and co mplex sa mples general linear model with Huber -
White esti mator (II) were applied i n testin g the differences and cha nges in the
explanation rates of fitness between the physical activity and BMI categories at
both assessment points.

In the follow-up data the association between fitness and physical activity in ado-
lescence and adult levels of physical activity or self-estimated fitness were exam-
ined by Spearman’s rank order correlation and partial correlation, controlling for
age (articles III, IV). Different categories of physical activity and fitness in ad o-
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lescence for adult ph ysical inactivity and lo w self -estimated fitness were an a-
lysed using multinominal logistic regres sion (III, IV). The odds rati os and their
95% confidence intervals (95% CI) were ca lculated. In all the an alyses, males

and females were analyzed separately. All the statistical tests were performed by
SPSS version -15.0 (I, I, III) and -18.0 (IV) (SPSS, Chicago, Illinois, USA).
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5 RESULTS

5.1 Secular trends and distributional changes in aerobic and muscu-
lar fitness

5.1.1 Aerobic fitness

Mean 2 000 m running test time for boys in 1976 was 559 sec (95% confidence
interval (CI), 548 to 5 70 sec) and in 2001 6 15 sec (95% CI, 600t o 630 sec).
Mean 1 500 m running test ti me for girls in 1976 was 494 s ec (95% CI, 486 to
503 sec) and in 2001 523 sec (95% CI, 510 to 535 sec). The mean difference be-
tween 1976 and 20 01 among bo ys was 56 sec (increase 10%, p<0.001) and
among girls 29 sec (increase 6%; p=0.01) (figure 4).

pr=.001
650 - . 1076
&15 1 2001
800
[ 558
@ p=01
E
= 5§50
:J 5:_!3
% 494 (Ean
Iva 300
450
400
Boys, 2000 m Girls, 1500 m

Figure 4 Running time in boys and girls in 1976 and in 2001. Age-adjusted p-
values for difference between 1976 and 2001 are shown.
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Figure 5 shows the distributional changes in the long distance running test. Com-
parison of the dif ferent percentile ¢ ategories of the distribution s between 1976
and 2001 sho ws that, both the bo ys and girls in 1976 were bette r in all the pe r-
centile categories.

Gils year 2001 [

Girls year 1976 |

Boys year 2001 i=———i=—==———i]

Bloys year 1976 |

Fi%ure 5 Distributions of running time in aerobic fitness test in 1976 and 2001 (2
000 m run for boys and 1 500 m run for girls).

5.1.2 Muscular fitness

The muscular fitness index (MFI), improved during the study period (figure 6).
The mean MFI increased for boys by 0.77 points (95% CI 0.26 to 1.74, p=0.008)
and for girls by 1.01 points (95% CI 0.4 0 to 2.1, p= 0.004) between 1976 and
2001.

Sit-ups improved significantly over time in both sexes (figure 6 and table 7). The
boys averaged 19.8 sit-ups /30 sec in 197 6 as compared to 2 2.5 in 2001 (i m-
provement 13.6%, p<0.001). Similarly, in girls the nu mber of sit-ups increased
from 16.5 to 18.0 (improvement 9.1%, p<0.001).

Upper body muscular fitness for boys was measured by the pull-up test and for
girls by the flexed arm hang test (figure 6 and table 7). In 1976, the boys aver-
aged 5.1 pull-ups whe reas in 2001 thi s number had f allen to 4.2 (decrease of
21.2%, B MI-adjusted p=0.014). T he results of the gir Is’ flexed arm hang test
showed no difference between 1976 and 2001.

The results for the agility 4x10 m shuttle run had also improved over time (fig-
ure 6 and table 7) . The mean running time improved by 0.5 sec in boys (4.7%,
p<0.001) and by 0.3 sec in girls (2.3%, p<0.001).

There were no statistically significant changes in the standing broad jump re-
sults among boys over the period (figure 6 and table 7). In girls t he results indi-
cated a mild tendency towards higher scores from 1976 to 2001 (1.9%, p=0.034).
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Table 7 Means, (standard deviations) and p-values for the differences between
1976 and 2001 1n the different test items for muscular fitness.

Test item Boys Girls
1976 2001 P 1976 2001 P
value value
Sit-ups (reps. / 30 s) 19.8 225 <0.001 16.5 18.0 <0.001
42 (5.0 3.7 (5.0
4 x 10 m shuttle run (s)  12.0 114 <0.001 12.8 12.5 <0.001
(1.0) (@1.2) 1.0) (1.1
Pull-up (reps.) 5.1 42  <0.001
3.6) (4.3)
Flexed arm hang (s) 13.2 134  0.774
(10.3) (12.5)
Standing broad jump 207.1 2094 0.3 173.3  176.6  0.034
(cm) (27.4) (29.2) (21.4) (23.0)

Figure 6 show the d istributional changes in the different muscular fitness tests.
The Levene’s test for equality of variances showed that the v ariances increased
between 1976 an d 2001 (p<0.05), except f or the standing broa d jump test. The
strongest distributional changes were found in the a gility shuttle run, sit-up and,
in boys, pull-up tests. The distribution of the tests showed differences over time,
particularly at the highest fitness level, with smaller changes in girls than in boys.
The boys in 2001 were better in the shuttle run and sit-up tests in all the percen-
tile categories compared to boys in 1976, except in the shu ttle run in the lowest
percentile category where the re sult was unchanged (p=0.15). In the pull-up test
in 2001, 25.4% of boys scored 0, althoug h at the higher percentil e levels the
scores were better than in 1976. As in the bo ys, the girls performed better in the
shuttle run and sit-up tests in 2001, although in the lowest percentile category no
significant difference was observed between 1976 and 2001.
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Figure 6 Distributions and secular trends in the muscular fitness index (A) and
its components, sit-up éB), pull-up / flexed arm hang (C), shuttle run (D) and
standing broad jump (E).

5.2 Leisure-time physical activity and body mass index (BMI) as de-
terminants of physical fitness

5.2.1 Leisure-time physical activity and BMI as determinants of aerobic
fitness

Figure 7 sho ws that a erobic fitness was low er in 2001 than in 1 976 in all the

LTPA groups a mong boys. The standar dized difference (d) varied from 0.37 to
0.60 (s mall / medium) over the time. Among girls, dif ferences wer e found b e-
tween the two lowest LTPA groups with a large effect-size (d¢=0.73) reported for
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differences between th e lowest LTP A groups; however, the girl s reporting daily
physical activity had similar fitness levels in both 1976 and 2001.

According to t he BMI international cut-offs (Cole et al. 2000), 14 (6%) of the
boys were overweight or obese in 1976 and 37 (12%) in 2001. Among the girls 7
(4%) were over weight or obese in 197 6 and 30 (12%) in 200 1. Obese or over-
weight subjects had lower aerobic fitness compared to normal weight subjects in
both 1976 and 2 001 among boys (in 1 976 p=0.004 and in 20 01 p<0.001) and
among girls in 2001 (p<0.001). After adjustment for age and BMI, no statistically
significant difference emerged in the aerobi ¢ fitness of obese /overweight bo ys
between 1976 and 200 1, while over weight/obese girls sho wed lower aerobic fit-
ness in 2001 than in 1976 (p=0.036).
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Figure 7 Running time by physical activity ca.tcigory in 1976 and 2001 in boys
(A% aﬁld girls (B). Age-adjusted p-values for difference between 1976 and 2001
are shown.
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Table 8 shows the results of the age-adjusted linear regre ssion analysis for the
individual determinants of aerobic fitness and the results of the linear regression
analysis in which age, BMI and frequency of LTP A and sport club participation
were included in t he model as explanatory variables. Among boys, the cu mula-
tive R? of this model was 0.082 in 1976 and 0.230 in 2001. For girls the R? of the
model was 0.082 in 1976 was and 0 .335 in 2001. Participation in leisure -time
physical activity was the only significant determinant in both boys and girls in
1976. In contrast, excluding age, the values of all the investigated v ariables were
significant in both sexes in 2001.

Table 8 Determinants of aerobic fitness index f or boys and girls in 1976 and
2001.

Values for individual Cumulative
Determinant determinants® model®
estimate 95% CI R2 R2 p-
value
Year 1976 boys (n=211)
Age -0.11 -0.17t0 0.02 .008 .008 0.10
BMI -0.13 -0.12t0 0.01 .018 .018 0.081
Leisure-time PA 0.26 0.16t0 0.53 .064 .070 <0.001

Sport club participation 0.20 0.08t0 0.42 .042 .082  0.059
Year 2001 boys (n=292)

Age 0.10 -0.01 t0 0.18 .007 .007 0.078
BMI -0.36 -0.15t0-0.08 .127 127 <0.001
Leisure-time PA 0.23 0.19t0 0.55 .058 179  <0.001

Sport club participation 0.30 0.20t0 0.44 .096 230 <0.001
Year 1976 girls (n=166)

Age 0.08 -0.05t0 0.16 .000 .000 0.33
BMI -0.10 -0.10t0 0.03 .002 002 0.23
Leisure-time PA 0.26 0.14t0 0.52 .062 077 <0.001

Sport club participation 0.16 0.01t00.42 .020 .082 0.18
Year 2001 girls (n=244)

Age -0.06 -0.15t0 0.06 .000 .000 0.39
BMI -0.42 -0.18t0 -0.10 .165 165 <0.001
Leisure-time PA 0.30 0.29t0 0.67 .087 210 <0.001

Sport club participation 0.42 0.37t00.65 .168 335 <0.001

") By linear regression analysis, values for determinants other than age are from models
in which age has been entered first.

®) By linear regression analysis, R? and p-values are from a fixed cumulative model.
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5.2.2 Leisure-time physical activity and BMI as determinants of muscular
fitness

Physically active adolescents had a higher M FI than those who wer e physically
inactive in both 1976 and 2001 (figure 8). In 2001 boys who participated daily in
leisure-time physical activity and participated in organized spo rt had higher MFI
compared to their counterparts in 19 76 (p<0.001). However, there were no si g-
nificant dif ferences in the low er activity groups. In contrast, among girls there
were no sig nificant dif ferences between 197 6 and 2001 i n MF1 determined by
daily participation in leisure-time physical activity and participation in organized
sport. However, among the girls, tho se who participated in leisure-time physical
activity 2-6 times/week (p=0.003) had higher MFI in 2001 than their counterparts
in 1976, whereas MFI was lower among those who participated <2 times / week
(p=0.039).

In addition, the results also clearly show an association between overweight and
poorer performance in the muscular fitness tests. In both sexes, MFI was signifi-
cantly lower among overweight / obese than normal weight participants in both
study years: in girls in 1976 p<0.001 and in 2001 p<0.001;in boysin 1976
p=0.002 and in 200 1 p<0.001. Among the normal weight participants mean MFI
was higher in 2001 than in 1976 in both girls (p<0.001) and boys (p<0.001).



51

Boys Girls

P 001

pre 001

Muscular fitness mdex
g |

Spon chub partcipation

e 005 p=001

Muscular TEness mdex

peC0

= twice & week 28 limessak Dy = buhc 0 week 28 limestek Dby

Leisure physical actialy category

Muscular faness index
.|
g B
_
.
: |
.

Weigh! class

p-values for difference between 1976 and 2001 are shown under bars and {)—values for
Sifference between different categories in 1976 (under line) and 2001 (up line) above
ars.

Figure 8 Muscular fitness index by sport club participation, leisure-time physical
activity and BMI categories in 1976 and 2001 1n boys and girls.

Table 9 shows t he results of the multivariate analysis in which BMI, LTPA and
sport club part icipation were include d in the model as expla natory variables of
muscular fitness. Among boys the cumulative R? of this model was 0.099 in 1976
and 0.237 in 2001. For girls the R? of the model was 0.249 in 1976 and 0.399 in
2001. Sport club participation was th e strongest deter minant in t he cumulative
regression model, the R? for sport club participation as an individu al determinant
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increasing from 0.079 to 0.158 in boys and from 0.165 to 0.200 in girls. The R?
for BMI and LTP A separately also incr eased over time. In boys the R? for BMI
increased from 0.017 to 0.068 and in girls from 0.067 to 0.214. The R? for LTPA
increased from 0.025 to 0.056 in boys and from 0.043 to 0.102 in girls.

Table 9 Determinants of muscular fitness index for boys and girls i n 1976 and
2001.

. Values for individual deter- Cumulative
Determinant . 2 b
minants model
estimate  95% CI R? O
value

Year 1976 boys (n=310)

Age -0.18 -0.59t0 0.23  .005

Sport club participation 0.97 0.59t0 1.34 .079 <0.001

BMI -0.13 -0.27t0 0.02 .017 0.126

Leisure-time PA 0.32 0.10to 0.54  .025 .099  0.128
Year 2001 boys (n=300)

Age 0.17 -0.41 t0 0.69  .002

Sport club participation 1.29 0.85t0 1.73  .158 <0.001

BMI -0.28 -0.42t0-0.13 .068 <0.001

Leisure-time PA 0.63 0.19t0 1.07  .056 237 0.119
Year 1976 girls (n=330)

Age -0.03 -0.48t0 0.42 .000

Sport club participation 1.75 1.20t02.29  .165 <0.001

BMI -0.30  -0.41t0-0.18 .067 <0.001

Leisure-time PA 0.40 0.20t0 0.59 .043 249 0.004
Year 2001 girls (n=264)

Age -0.06 -0.98t0 0.86  .000

Sport club participation 1.68 1.23t02.14 .200 <0.001

BMI -0.49  -0.62t0-0.36 .214 <0.001

Leisure-time PA 1.05 0.58t0 1.52 .102 399 0.001

%) According to general linear model (Huber-White estimates), values for other determi-
nants in model where age has been entered first.

®) R? and p-values obtained from a fixed cumulative general linear model.

5.3 Leisure-time physical activity and fitness in adolescence as predic-
tors of leisure-time physical activity in adulthood

Among males at age 12-18, the percentages of those who p articipated in leisure-
time physical activity daily, 1-6 times a wee k and less than once a week were
26.9%, 59.4% and 13. 7%, respectively; among females the corresp onding per-
centages were 29.1%, 60.3% and 10.6%. At age 37-43 the percentage of males
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who participated in leisure-time p hysical activity daily was 3.6 %, 1-6 times a
week 68.7% and less than once a week 27.7%; among females the correspond-
ing percentages were 7.5%, 74.7% and 17.8%. At age 12-18 the percentage of
males who participated in a sp orts club was 38.0% and that of females 20.8%.
Twenty-five years later the percentage of males who were regular pa rticipants in
a sport club was 20.8% and that of females 38.0% (table 2).

5.3.1 Cross-sectional and longitudinal associations between physical fit-
ness and leisure-time physical activity

Table 10 shows the Spearman’s correlation coefficients between th e fitness and
physical activity indices in adolescence and the correlation coefficients from
adolescence to a dulthood in the two ag e groups. There was a signif icant
correlation between the aerobic fitness index, muscular fitness index and physical
activity index in adolescence in 1976. The ¢ orrelation coefficients were low or

moderate and ranged from 0.20 to 0.48. Among males, the correlation coefficient
between aer obic fitness index in ado lescence and adu It physical ac tivity index
was 0.19 (p<0.05) in the older age group b ut between the muscular fitness index
and adult physical activity it was non-significant. Among females, there was no
significant correla tion between the baselin e fitness indice s and a dult physical
activity.

5.3.2 Longitudinal association of leisure time physical activity

Among males age -adjusted ph ysical activ ity showed a s mall b ut statisticall y
significant correlation with adult ph ysical activity in both the younger (=0.14,
p<0.05) and o Ider ag e- groups (r= 0.31, p <0.001), wh ile a mong f emales a

significant but small association between physical activity from age 16-18 to age
41-43 (1= 0.17, p< 0.05) was observ ed (table 10). In genera I, the longitudinal
correlation coefficients were higher in the ol der age group and th e associations
from adolescence to adulthood were stronger for the physical activity index than
for the fitness indices.
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Table 10 Correlation coefficients between the aerobic fitness index (AFI), mus-
cular fitness index (MFI) and physical activity index (PAI 1976 and PAI 2001) in
adgl?%c?ré():e and from adolescence to adulthood in two age groups (age 12-15

and 16-18).

Variable 12-15 years 16-18 years
AFI PAI PAI AFI PAI PAI
1976 1976 2001 1976 1976 2001
MFI 1976
Males 0.48%**  (.25%* 0.10 0.28*%*  0.40%** (.14
Females 0.48*** (0.37*** (.04 0.36*%*  0.20%* 0.10
AF1 1976
Males 0.31***  0.11 0.44%**  (.19*
Females 0.43***  0.06 0.32%**  0.01
PAI1 1976
Males 0.14*
0.31%**
Females 0.05 0.17*

*p<0.05; ** p<0.01; *** p<0.001

5.3.3 Risk for adult leisure-time physical inactivity in the various adoles-
cence physical fitness and leisure-time physical activity groups

Table 11 shows the results of the regression analyses for adult physical inactivity
at age 37 -43. The res ults show that a mong both sexes low level  of physical
activity in ad olescence predicted hig her risk for adult inactivity. The odds ratio
(OR) for being inactive as an adult for those who were physically very active in
adolescence compared to those who were inactive in adolescence was 0.13 (95%
CI0.06-0.31) for males and 0.28 (95% CI 0.13 -0.59) for females. In addition,
the OR f or adult inactivity was 0.24 (95% CI 0.07-0.81) among males in the
highest f itness grou p comparedtot hose in the lowest f  itness group in
adolescence; among females this odds ratio was not significant.
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Table 11 Odds ratios (OR) for physical inactivity in adulthood according to the
physical activity (PAI) and physical fitness (FI) categories in adolescence (ad-
Justed for age).

Males at age 37-43 Females at age 37-43
OR*  95%CI  p-value OR*  95%CI  p-value
PAIl at age 12-18 (n=616) (n=718)
Inactive vs Very active Inactive vs Very active
Low activity 1.00 1.00

Average activity 0.33 0.15-0.73 0.006 0.76  0.42-1.40 0.379

High activity 0.13 0.06-0.31  <0.001 0.28 0.13-0.59 0.001
Inactive vs Active Inactive vs Active

Low activity 1.00 1.00

Average activity 0.59 0.37-0.93 0.024 0.73 0.45-1.18 0.198

High activity 0.55 0.32-0.97 0.037 0.39 0.20-0.74 0.004

FI at age 12-18 (n=245) (n=219)
Inactive vs Very active Inactive vs Very active

Low fitness 1.00 1.00

Average fitness  0.55 0.19-1.61 0.274 0.96 0.34-2.70 0.935
High fitness 0.24  0.07-0.81 0.020 0.79 0.23-2.73 0.703

Inactive vs Active Inactive vs Active

Low fitness 1.00 1.00

Average fitness  0.70 0.34-1.44 0.333 0.67 0.32-1.53 0.430
High fitness 0.54 0.22-1.31 0.173 0.64 0.33-2.04 0.374

9 0dds ratios from the multinominal regression analyses.

5.4 Leisure-time physical activity and fitness in adolescence as predic-
tors of self-estimated fitness in adulthood

5.4.1 Self-estimated fitness as an adult

Scores for participants’ self-estimation of their fitness level and performances are
presented in table 12 and 13. The majority of the participants evaluated their fit-
ness levels as at least average f or ever y fitness characterist ic. Fo r end urance,
37.8% of males and 32.3% of females estimated their fitness to be above aver-
age, while for flexibility, 38.1% of males and 36.6% of females evaluated their
fitness as below avera ge compared to other persons of the same age and sex. In
general, males reported higher self-estimated fitness tha n females (t= 9.7,
p<0.001).
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Table 12 Distributions (%) of answers of males (n=613) and females (n=705) to
items on self-estimated physical fitness at age 37-43.

Level of self-estimated fitness

Estimated fitness Clearly Below Above Clearly
.\ below Average above
qualities average average
average level average
level level
level level
Endurance
Males 2.9 15.7 43.6 28.2 9.6
Females 4.8 18.0 44.8 27.5 4.8
Speed
Males 3.3 19.2 50.2 21.9 5.4
Females 7.0 27.0 48.1 16.5 1.6
Strength
Males 1.8 14.2 49.3 26.6 8.2
Females 5.1 17.2 48.9 22.0 6.8
Flexibility
Males 10.3 27.6 41.6 15.7 4.9
Females 9.8 26.8 41.1 18.0 43

Table 13 Distributions (%) of answers of males (n=613) and females (n=705) to
items on self-estimated distances to be able to perform at age 37-43.

Estimated fitness qualities Self-estimated distance

Running continuously Less than500 m  500-1000m  1-5km Over 5 km
Males 7.8 20.2 41.6 30.3
Females 28.2 35.7 26.8 9.2

Cycling continuously Lessthan 10 km  10-20km  21-50 km Over 50 km
Males 6.2 23.5 41.9 28.4
Females 11.5 45.8 349 7.8

Skiing continuously Less than 5 km 5-10 km 11-30km  Over 30 km
Males 14.1 30.6 35.8 19.6
Females 22.8 47.0 26.7 3.5

Walking continuously Less than 5 km 5-10 km 11-20 km  Over 20 km
Males 5.7 24.5 33.8 35.9
Females 7.9 38.2 37.0 16.9

5.4.2 Leisure-time physical activity and fitness as predictors of self-
estimated fitness

Spearman’s correlation coefficients between the self-estimated fitness sum index
with its items in adulthood in 2001 and the PAI and fitness indices (AFI and MFT)
in adolescence in 1976 are shown in table 14. There was a significant correlation
between the SEFI in 2001 and PAI in 1976 among both males (0.25) and females
(0.24). The correlation coefficients between the self-estimated fitness items and
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PAI ranged from 0.13 to 0.18 among males and from 0.12 to 0.21 among females.
In addition, statistically significant associations between the level of fitness indi-
ces and adult SEFI were found in both sexes. The c oefficients between the self-
estimated fitness ite ms (endurance, strength, speed and f lexibility) as an adult
and measured fitness indices in adolescence varied between 0.14 and 0.45 among
males and between 0.22 and 0.34 among females.

Table 14 The correlation coefficients between the self-estimated fitness index
SEFI in adulthood in 2001 and the physical activity index (PAI) and fitness indi-
ces (AFI and MFI) in adolescence in 1976.

Variables in PAI 1976 AFI1976 MFI 1976

adulthood in 2001
SEFI
Males 0.25%%* 0.24%%* 0.45%**
Females 0.24%** 0.32%%* 0.38%**
Endurance
Males 0.15%%* 0.44%%* 0.36%**
Females 0.21%* 0.36%** 0.28%**
Strength
Males 0.14%** 0.14%* 0.37%**
Females 0.19%* 0.26%%** 0.23%**
Speed
Males 0.18%%* 0.22%%* 0.41%**
Females 0.16** 0.36%** 0.43%**
Flexibility
Males 0.13* 0.15%* 0.34%**
Females 0.18** 0.26%** 0.31%**

*p<0.05; ** p<0.01; *** p<0.001

Table 15 shows the r esults of the multinomial regression analyses for adult low
self-estimated fitness at age 37 -43. The resu lts show that a mong both sexes low
level of physical activity and fitness in adolescence associated with a higher risk
for low self-estimated fitness in adulthood. The odds ratio (OR) for a low fitness
estimation as an adult for those who were physically very active in adolescence
compared to those who were inactive in adolescence was 0.18 for both sexes (95%
CI10.10-0.32 for males and 0.10 -0.34 for females). Among males the OR fora
low fitness estimation as an adult was 0.19 ( 95% CI 0.07-0.56), and among fe-
males 0.14 (95% CI 0.05-0.47) in the highest compared to lowest fitness group
in adolescence.
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Table 15 Odds ratios (OR) for low self-estimated physical fitness in adulthood
according to the physical activity (PAI) and physical fitness (FI) categories in

adolescence (adjusted for age).

Males at age 37-43

Females at age 37-43

OR" 95%CI p-value OR*  95%CI  p-value
PAT at age 12-18 (n=613) (n=705)
Low fitness vs High fitness Low fitness vs High fitness
Low activity 1.00 1.00
Average activity  0.52  0.31-0.90  0.019 0.46 0.28-0.74 0.002
High activity 0.18 0.10-0.34 <0.001 0.18 0.10-0.32 <0.001

Low fitness vs Average fitness

Low activity 1.00
Average activity 0.80  0.50-1.29  0.361
High activity 0.49 0.27-0.88 0.018
Fl at age 12-18 (n=209)
Low fitness vs High fitness
Low fitness 1.00
Average fitness  0.35 0.13-0.89  0.028
High fitness 0.19 0.07-0.56  0.003
Low fitness vs Average fitness
Low fitness 1.00
Average fitness  0.62  0.27-1.42  0.257
High fitness 042 0.15-1.11 0.081

Low fitness vs Average fitness
1.00

0.52  0.34-0.79  0.002
041 024-0.71  0.001
(n=192)

Low fitness vs High fitness
1.00
0.21  0.08-0.58 0.002
0.14  0.05-047 0.001
Low fitness vs Average fitness
1.00
0.38
0.29

0.17-0.86
0.11-0.83

0.020
0.020
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6 DISCUSSION

This dissertation examined the secular trends in physical fitness and the role of lei-
sure-time physical activity in the secular ¢ hanges in fitness among Finnish adoles-
cents, and how leisure-time physical activity and fitness in adolesce nce predict lei-
sure-time ph ysical activity and self -estimated fitness in adult hood. This study is
both a secu lar trend and follow-up study. The baseline data collection was carrie d
outin 1976.In2 001, 25 years later, ne w cross-sectional and f ollow-up data were
collected. Thi s researc h co mprises five main co mponents. First a nd second, th e
trends and distributional changes in aerobic and muscular fitness between 1976 and
2001 were e xamined among Fin nish ad olescents. Third , the role of leisure -time
physical activity and body mass index (BMI) in the sec ular changes in physical fit-
ness were studied. The fourth and fifth components concern the follow-up data and
are predictive studies. These studies inv estigated to what extent leis ure-time physi-
cal activity and physical fitness in adolescence predict leisure-time physical activity
and self-estimated fitness in adulthood.

6.1 Secular changes in physical fitness

One of the main findings of this study showed that, compared with the 1976 sample,
boys and girls in 2001 had lower aerobic fitness and slightly higher muscular fitness.
Secondly, it can be co ncluded that polariz ation increased both in aerobic and mus-
cular fitness between 1976 and 2001.

Results showed that mean running time increased among boys by 56 s (10 %) and
among girls b y 29 s ( 6%) from 1976 to 20 01. The dif ference in mean distance -
running speed among boys was 0.33 m/s and among girls 0.17 m/s. This indicates
that on average, a bo y in 2001 would f inish about 180 m behind hi s average 1976
counterpart over the 2 000 m distance. In girls the corresponding difference in the 1
500 m run was 83 m . After BMI and 1 eisure-time physical activity adjustment, a
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significant secular d ecline was f ound a mong both b oys (p= 0.011) and gi rls
(p=0.017).

The decline in aerobic fitness performance is in accor dance with the findings of a
number of shorter -term stud ies from other countries on secular tr ends in aerobic

fitness performance (Tomkinson ef al. 2003; Wedderkopp ef al. 2004; Dyrstad et al.
2011) Tomkinson and colleagues (2003) investigated 20m shuttle run performance
in children aged 6-19 years from 11 developed countries during the period 1981 -
2000 and found a decrease in aerobic perf ormance of 0.43% per year. In this study

the time taken to run increased on average from 1976 to 2001 by 0.40% per year in

boys and 0.24% in girls. However, it is difficult to know the exact time-related pat-

terns of change. It is possible that, due to the more sedentary lifestyle found among
adolescents, the change in fitness over the last decade has been more rapid than that
in the f irst decade (Santtila et al. 2006). In the present s tudy the distributi ons
showed a de cline in a 1l four percentile categories, with the largest change in the
poorest aerobic f itness categor y i n both bo ys and girls. Despite t hese results, a

worldwide analysis of 109 studies from 37 countries showed that the best perform-
ing children and adolescents in aerobic performance were in the Northern European
countries, including Finland (Olds ef al. 2006).

The results also indicated secular changes in the health-related muscular fitness of
Finnish adol escents between 1976 and 2 001. The f inding was that co mpared with
the 1976 sa mple, the 13- to 16-year-old adolescents in 200 1 had a slightly higher
muscular fitness index. The results showed a positive trend, in particular in the agil-
ity shuttle run and sit-up tests in both boys and girls. In contrast, among boys upper
body strength was lower while there was no change in perf ormance in the standing
broad jump over time in boys and only a slight positive trend in girls.

These results largely concur with the findings of some previous studies in which the
secular trend in muscular stre ngth has remained eith er unchanged or h as slightly
improved (Tomkinson 2007; Volbekiené & Gricitit¢ 2007; Alb on et al. 2010).
Compared with other European c ountries, th ere were bot h similarities and dif fer-
ences in the secu lar trend in the sit -up test. A slight incre ase in si t-up scores ha s
been found among Lithuanian youth but a decrease among Swedish youth (Wester-
stéhl et al. 2003b; Volbekiené & Gricituté 2007). Przeweda (2000) reported a 0.17%
improvement per annum during a 10-year period in the 4 x 10 m agility shuttle run
among 7 - to 19 -year-old Polish youth. In thi s data the i mprovement was 0.19 %
among boys and 0.0 9% among girls. In the sit-up test the secular changes were
rather large: 0.54% per annum among boys and 0.36% among girls. In his review
on strength and speed tests Tomkinson (2007) concluded that relative to the secular
changes found in aero bic fitness test performance, th e chan ges in anaerobic per-
formance are considerably smaller.
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Evaluation of the chan ges in the distributions of the results showed an increase in
polarization in b oth a erobic and muscular fitness bet ween 1 976 and 2001. This
means that normal distributions have bec ome flatter with longer tails, the lef't tail
showing that the subjects with low fitness have lower physical fitness, and, the right
tail that the subjects with high physical fitness have higher physical fitness than ear-
lier. This is also in accordance with previous studi es ( Wedderkopp et al. 2004;
Moller et al. 2007; Albon et al. 2010). Due to the increased polarization in physical
fitness, more attention should be paid to adolescents’ health-related fitness, e.g to
prevent metabolic an d musculoskeletal di sorders a mong overweight and inacti ve
adolescents. Incr easing ph ysical activity seems to be an important means toward
improving fitness and preventing these disorders (Blair & Church 2004).

6.2 The role of investigated determinants in the secular changes of phys-
ical fitness

The present study indicated that participation in leisure-time physical activity had a
positive association with aerobic and muscular fitness in both 1976 and 2001. Ado-
lescents who were physically active had better fitness indices than adolescents who
were physically inactive, and the highest fitness indices were found in the group of
adolescents who reported daily participation in leisure-time physical activities.

In agree ment with thi s stud y, t he secul ar tr end in the frequency of leisure -time
physical activ ity among adolescents i n Finland has increase d durin g the 30 years
from 197 7 to 2007 in both s exes, particularly in o rganized sport (Laakso et al.
2008). This means that intensive leisure-time physical activity more often than pre-
viously means participation in organized sport. Traditionally, the share of spontane-
ous physical activity engaged in by adolescents has been | arger in Finland than in
many other countries (Telama et al. 2002). Notably, at the sa me time, aerobic fit-
ness also decrea sed among the grou p of boys who reported dail y participation i n
leisure-time p hysical a ctivity. These res ults may p erhaps be exp lained by differ-
ences over time in the types of sports engage d in, as a higher propo rtion of physi-
cally active children p articipated in endu rance- type sports in 1976 than in 2001.
The proportion of adolescents who participated in long distance running was 28%
among boys and 3 5% among girls in 1976. Only 12% of boys and 14% of girls
reported participating in this sport in 2001. In contrast, over one in three in both
sexes partic ipated i n new sports (aerobi cs, snowboarding and roll erboarding). In
addition, participation in strength- and gym-training increased over the study period.
The proportion of those who partici pated in strength- and gym -training increased
among boys from 23% to 28% and a mong girls from 6% to 18%. This accords with
the view that the variety of physical activities available in organized sport is greater
than before and provides more training than earlier in strength and agility (Malina
2007).
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One reason for the inc reased polarization in physical fitness is that the nu mber of
adolescents part icipating in leisure -time physical activity and kee ping fit has i n-
creased, while at the same time the number of very inactive adolescents has also
increased and their fitness is lower than previously. Although the frequency of par-
ticipation in le isure-time physical activity increased over a period of 30 years (La-
akso et al. 2008), overall physical activity during the present 25-year study period
has perhaps decl ined for reasons conne cted with societal cha nges and an increas-
ingly sed entary lifestyle among, in particular, inactive adolescents (Telama et al.
2005b; Nelson et al. 2006). In addition, in 2001, the aims of physical education in
schools were not perhaps as fitness-oriented as was the case in 1976 (Nupponen
1981; National Core Curriculum for Basic Education 1994; National Core Curric u-
lum for Upper Secondary School 1994). For these reasons different ways to increase
physical activit y a mong all adolescents, in cluding inactiv e ones, should be pr o-
moted, for exam ple, by incre asing the nu mber of ph ysical edu cation lessons in
schools so as to ar ouse an interest in ph ysical activity among inactive adolescents
encouraging travel to and from school by physically active ways and fostering spon-
taneous free sports- play (Gordon-Larsen et al. 2000; Andersen et al. 2009).

6.3 Leisure-time physical activity and fitness as predictors of leisure-
time physical activity in adulthood

The present study showed statistically significant, but only low to moderate, corre-
lations be tween the f itness indi ces and physical activity in adolescence. P revious
studies have found only weak evidence for a positive relationship between habitual
physical activity and health-related fitness in youth, as against a strong positive rela-
tionship in adulthood. Individuals who are more active in youth have been found to
be more fit in tas ks that demand good aerobic fitness, while the associations with
the other co mponents of health-related fitness have been incons istent (Katzmarzyk
et al. 1998; Rowlands et al. 2000; Malina 2001; Ara et al. 2004). However, the

cross-sectional data in this study showed that physically active youth have both bet-
ter aerobic fitness and muscular fitness than their physically inactive peers.

The follow-up results indicated th at physical activity in adolesc ence significantly
predicted adult physical activity in both males and females. The risk for adult inac-
tivity was sig nificantly lower f or subjects wh o were ph ysically very active in ad o-
lescence compared to their inactive counterparts. In males the a ssociation between
the physical activity index in 1976 and the physical activity index in 2001 was sig-
nificant in both the age groups of adolescents investigated. Among females a si g-
nificant association wa s found only in t he older age group of adolescents. A high
level of overall physical fitness at school-age predicted reduced risk for adult physi-
cal inactivity among males. However, among females a si gnificant association be-
tween the level of overall fitness in adolescence and adult physical activity was not
observed.
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A low correlati on was found between the aer obic fitness index in adolescence and
adult ph ysical activity among males, w hile high overall physical fitness level i n
adolescence predicted lower risk for inactivity in adulthood. Physical fitness is to a
large extent deter mined by heredity, and thus it could af fect physical activity in all
life phases. In addition, males participate more in competitive and vigorous physical
activity, which may partly explain the o bserved gender dif ference (Telama 2009).
Previous longitudinal studies of physical fitness from youth to adulthood are limited
and generally suggest better tracking for physical fitness than for physical activity,
while some data suggest that those who are fitter in youth tend to be more active in
adulthood ( Dennison et al. 1988; Barnek ow-Bergkvist et al. 1998; Kemper et al.
2001; Matton et al. 2006). Although the results of this stu dy showed longitudinal
associations between physical fitness and p hysical activity only among males, in
some short er-term s tudies this as sociation has also bee n found among f emales
(Dennison ef al. 1988; Barnekow-Bergkvist et al. 1998).

In his review, Telama (2009) points to the fact that in many previous physical activ-
ity tracking studies the f ollow-up times have been relatively short, shorter than in
the present study, the median being nine years. Among men the stability of physical
activity was significant but low or moderate, during all lif e phases, whereas in fe-
males the tracking correlations have been lower and in many cases non-significant
(Barnekow-Bergkvist et al. 1998; Parsons et al. 2006; Scheerdrer et al. 2006). In
the present study, in line with previous results, physical activity in adolescence cor-
related at a low but no netheless significant level with physical activity in adulthood
in both males and females from age 16-18 to age 41-43. The levels of the correl a-
tion coefficients were consistent w ith those o f studies which have b een carried out
among study populations with a similar age range (Telama et al. 2005a; Parsons et
al. 2006). Ho wever, t he o btained cor relations were rather we ak c ompared to the

odds ratios between the low and high ph ysical activity categories. The results ind i-
cated that risk for adult inactivity is consid erably stronger among those who are in-
active in adolescence compared to their very active counterparts. The reason for this
could be that the tracking in physical activity from adolescence to adulthood is not
linear. Instead, the tra cking in inacti vity and high level activ ity are strong. These
findings support the view that it is very important to enhance ad olescents’ physical
activity in order for t his to pers ist thr ough adolescence, and tha t more attent ion
should be paid to the level of physical activity in later adolescence to prevent inac-
tivity in adulthood (Morseth et al. 2011). In particular different ways to increase the
amount of physical activity among the most inactive adolescents should be found. It
is well known that the amount of physical activity declines through adolescence to
adulthood (Telama & Yang 2000; Kemper et al. 2001). Therefore the reasons for
the dif ference between the ag e groups s tudied here ¢ ould be hi gh drop-out from
physical activity between early (12-15 years) and later adolescence (16-18 years),
and lower particip ation in ph ysical activities at age 3 7-40 years than at age 41-43
years.
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The reasons f or the ge nder dif ferences are not clear. Howe ver, aside from differ-
ences in the ti ming of maturation between the sexes (Sherar et al. 2010), possible
explanation is that males participate more in vigorous ph ysical activity, such as
competitive sport in all life phases (Mékinen et al. 2010), while females prefer more
individual, flexible and non-competitive p hysical activities in which they can par-
ticipate in easil y. In a ddition, physical a ctivity ata young age is more unst able
among girls t han bo ys because the y par ticipate less than bo ys in organized and
competitive sports, and some life changes, such as getting married and having chil-
dren, may have a bigger effect on physical activity in adulthood in women than in
men (Telama 2009).

6.4 Leisure- time physical activity and fitness in adolescence as predic-
tors of self-estimated fitness in adulthood

In general adult males gave higher estimates of their fitness level than females. The
correlation c oefficients showed tha t the leve | of leisure-time physical activity and
physical fitness in adolescence predicts self-estimated fitness in adulthood among
both males an d females. The level of the associations bet ween physical f itness
measured in a dolescence and the self -estimated fitness items were higher than le i-
sure-time physical activity in adolescence and the self-estimated fitness items. The
results also indicated that the risk for a low self-estimated fitness level in adulthood
was significantly lower for subjects who were physically very active or had a high
fitness level in adolesc ence compared to pers ons with a lo w activity or low f itness
level.

Favourable effects of physical activity for health and fitness have been extensively
documented (U.S. Department of Health and Human Services 2008). In the present
study, the physical activity index in adolescence correlated on a low level with self -
estimated fitness as an adult am ong both sex es, and the correlation coefficients be-
tween adolescent p hysical activity and adult self-estimated fitness were consis tent
with the tr acking coefficients f ound f or leisure -time p hysical act ivity. Prev ious
tracking of physical activity studies have in dicated significant but rather moderate

or low assoc iations b etween a dolescent and adult leisure -time ph ysical act ivity,
while measured health-related fitness has been shown to track on a moderate level
from ado lescence to a dulthood, although | ongitudinal stud ies of physical fitness
from youth to adulthood are few (Dennison et al. 1988; Barnekow-Bergkvist et al.
1998; Telama et al. 2005a; Mikkelsson et al. 2006).

Among males the hig hest correlatio n was f ound between a dolescent leisure-time
physical activity and self-estimated speed. A mong females the highest correlation
was found between adolescent leisure-time physical activity and self-estimated en-
durance. In contrast, among males, self-estimated flexibility, and among females,



65

self-estimated speed, correlated with adolescent leisure-time physical activity on the
lowest level of the fitness characteristics. As expected, adolescence aerobic fitness
correlated on the highest level with adult self-estimated endurance among both sex-
es. Corresp ondingly, a dolescence muscular fitness corre lated on th e highest 1 evel
with adult self -estimated speed. Using a sub -sample of the sam e c ohort as in the
present study Mikkelsson et al. (2006) found the highest tracking correlations in the
sit-and-reach test (r=0.74) for males and sit-up test (r=0.55) for females, with corre-
lation coefficients on the same level as in previous physical fitness tracking studies
(Malina 19 96; Ke mper et al. 2001). In addition, wh en the association betw een
measured (VO, max) and self-estimated fitness were studied as an adult, the correla-
tion coef ficient betwe en measured and s elf-estimated endurance was 0.5 1 among
males and 0.4 3 a mong f emales while the coeff icients between self -estimated
strength and the sit-up test were 0.45 among males and 0.46 among females (Mik-
kelsson et al. 2005). In the present stud y, the highest correlatio n coefficients were
found between the lo ng distan ce ru nning scores in adolesc ence and adult self -
estimated endurance (r=0.44) among males and between the muscular fitness index
in adolescence and self-estimated speed among females (r=0.43). When the correla-
tion coefficients obtained in this study were compared to the coefficients as an adult
(Mikkelsson et al. 2005), the dif ferences were rather s mall. In general, the level of
the association s betwe en ph ysical fitness mea sured in adolesce nce and the self -
estimated fitness ite ms were higher than lei sure-time ph ysical acti vity in adole s-
cence and the self -estimated fitness items. This finding is consisten t with the view
that physical fitness is strongly influenced by genetic factors and that only a minor
part of adult physical capacity can be ex plained by other important factors, such as
regular and continuous physical activity (Barnekow-Bergkvist 1998).

The results showed that risk f or adult low self -estimated f itness is appreciabl y
higher among those w ho are inactive o r have a low level of fitness in adolescence
compared to their very active or fitter counterparts. Although previous study found
that adolescent physical fitness predicted physical activity only among males (Huo-
tari et al. 2011), measured fitness in adolescence was significant predictor of self-
estimated fitness among both males and females during the same time period. Fur-
thermore, leisure-time physical activity in adolescence predicted sel f-estimated fit-
ness, although the level of significance was low. Compared to the persons in the
high adolescence activity or fitness groups, t he persons in low acti vity and fitness
groups had significantly higher risk for adult low self-estimated fitness. Among fe-
males the risk levels were slightly higher in relation to the low fitness than physical
activity levels, and a mong males the ris k values were rather si milar in relation to

both the lo w physical activity and fitness levels. Previous data suggest that th ose
who are fitter in youth tend to be more active in adulthood (Kemper et al. 2001) and
may in consequence ¢ stimate their f itness as high in adulthood. T his may be one
reason for results obtained a long- term follow-up study of this kind. These findings
support the vi ew that different ways to incr ease the a mount of ph ysical activi ty
among the most inactive adolescents should be found.
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These results indica ted the risk of adult lo w self -estimated fitness is appreciabl y
higher among those w ho are inactive o r have a low level of fitness in adolescence
compared to their ver y active or f itter counterparts. When the level of the associa-
tions be tween leisure -time physical activity in adoles cence and the self-estimated
fitness ite ms wa s co mpared wi th that the associatio ns bet ween ph ysical f itness
measured in adolescence and the self-estimated fitness items, the latter were higher.
The obtained results suggest that a high level of physical activity and fitness in ado-
lescence has a positive effect on self-estimated fitness as an adult.

6.5 Limitations

The main limitation o f this study was that physical a ctivity was examined using
self-reports only. M ore reliable results might be o btained by using both objective
and self -report r esearch methods. Th e base line measurements of this stud y were
carried out in 19 76 and at that ti me objective m easurements of phy sical activity
were not readily available. For this reason, physical activity in 2001 was examined
by de ploying a si milar m ethod. Futu re long itudinal stud ies shoul d use both self -
report questionnaires and diaries, and objec tive methods, such as acc elerometers, to
monitor physical acti vity, as bot h methods h ave their own advanta ges. Objective
physical activity monitoring tends to have h igher stability and in volve a sm aller
measurement error than self-report methods (Telama 2009). On the other hand, self-
report methods may better capture specific activities and seasonal variation (Telama
2009). However, further longitudinal physical activity studies with objective physi-
cal activity measurements are needed to verify the tracking of inactivity found in
this study.

Another limitation was that the physical activity questionnaires given to the adoles-
cents and adult s were not identical be cause adolescents al so partic ipate in school
sport (school sport clubs and competitions) and this had to be taken into considera-
tion. Although the questions for adolescents and adults were not the same, the pre-
viously examined dimensions of physical activity (i.e., t he frequency and intensity
of leisure -time physical activity, particip ation in sport club training and particip a-
tion in co mpetitive sp ort events) were in vestigated at both as sessment points an d
taken into account in calculating the physical activity index. Furthermore, although
the age i nterval was rather long in this study, individual differences in th e timing
and te mpo of the parti cipants’ gro wth spurt and sexual maturation were not co n-
trolled for. Recent evidence has i ndicated in teractions between individual dif fer-
ences in maturity status and physical activity and this has to be taken into considera-
tion in the interpretation of the results (Sherar et al. 2010).

In addition, physical fitness was measured by field tests instead of laboratory tests.
Muscular fitness was measured by four field tests an d aerobic fitness by one field
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test. Compared with testing in the laboratory, field tests may result in errors at the
individual level, although they work rather well at the group level. In physical edu-
cation in Finland, health-related fitness has been measured by these tests over a long
period, and acceptable results for validity and reliability have been reported. Inves-
tigation of physical fitness in the laborator y using more sophisticated instru ments
would have enabled a more detailed description of the fitness characteristics. How-
ever, among less active subjects the participation rate in laboratory examinations is
likely to be lower than that in school-based measurements.
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7 FINDINGS AND CONCLUSIONS

On the basis of the results and within the limitations of the study, the answers to the
research questions posed in the study aims are as follows:

1) Consistent with the findings of previous secular trend studies, the boys and girls
in 2001 had lower aerobic fitness performance than those in the 1976 sample. The
increase in long-distance running time from 1976 to 2001 was among boys 10% and
among girls 6%. D istributions of the test results also ind icated that polarization in
aerobic fitness performance increased during this period.

2) The results indicated differences in the health-related muscular fitness of Finnish
adolescents between 1976 and 2001. Compared with the 1976 sample, the 13- to
16-year-old adolescents in 2001 had a slightly higher muscular fitness performance.
The results showed a positive trend, in particular in the agility shuttle run and sit-up
tests in both boys and girls. In contrast, among boys upper body strength was lower
in 2001 than 1976, while in the standing broad jump there was no change in per-
formance over time in boys and only a slight positive trend in girls.

3) Active participation in leisure-time physical activity had an association with high
physical fitness in both 1976 and 2001. In ¢ ontrast, overweight was related to im-
paired performance in the fitness tests. Furthermore, the se deter minants explained
higher proportion of aerobic and muscular fitness in 2001 than in 1976. Adolescents
who were physically active had better aerobic and muscular fitness than adolescents
who were physically inactive, and fitness level was hi ghest in the group of adoles-
cents who reported daily participation in leisure-time physical activities. A signifi-
cant difference in both the aerobic and muscular fitness performances between nor-
mal weight and overweight girls and boys was found in both 1976 and 2001. The
results are in accorda nce with the current v iew that overweig ht is related toi m-
paired performance in physical fitness tests requiring aerobic fitness, muscle endur-
ance or speed and agility.
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4) Leisu re-time ph ysical activity in adol escence significantly pred icted adult lei-
sure-time physical activity in bot h males and females. The risk of adult inacti vity
was lower for subjects who were physically very active in adolescence compared to
their inacti ve counterparts. In males the association bet ween lei sure-time ph ysical
activity in adolescence and ad ulthood was significant in bo th the age group 12-15
and the group 16 -18. Among females, the a ssociation was found only in the age

group 16-18. A high | evel of fitness at school -age predicted reduced risk for adult
physical inactivity among males. However, among females a significant association
between the level of fitness in adolescence and adult physical activity was not found.

5) The le vel of leisur e-time ph ysical ac tivity and fitness in adole scence pred icts
self-estimated fitness in adulthood among both males and females. In general adult
males gave higher estimates of their fitness level than adult females. Risk for adult
low self-estimated fitness was appreciably higher among those who were inactive or
had alow level of fitness in adolesce nce compared to their v ery active or f itter
counterparts. Although previous study found that adolescence physical fitness pre-
dicted ph ysical activity only a mong males, fitness was a signif icant predictor of
self-estimated fitness in both males and females during the same time period. Com-
parison of the ass ociations betw een leis ure-time ph ysical activi ty in adolescen ce
and the self-estimated fitness items in adulthood with the associations between
physical fitness measured in adolescence an d the self -estimated fitness ite ms in
adulthood showed higher values for the latter.

The results of the follow-up indicated that the risk for adult inactivity and low self-
estimated fitness was considerably stronger among those who were inactive in ado-
lescence compared to t heir very active counterparts. The rea son for this could b e
that the association in leisure-time physical activity from adolescence to adulthood
is not li near; instead, the associations in inactivity and high level activity between
adolescence a nd adult hood are stro ng. Although the res ults of the secular trend
study sho wed a dec lining trend in adolesce nts’ aerobic f itness pe rformance ove r
time, of greater importance, from the standpoint of a high level of adulthood activity
and self-estimated fitness, would be a high 1 evel of leisure -time p hysical activity
that would p ersist from adolescence to adult hood. These findings support the view
that it is important to enhance adolescents’ physical activity. Due to increased p o-
larization in physical fitness and the in creasingly important role of physical activity
as a deter minant of physical fitness, more attention should be paid to the level of
physical activity of the m ost inactive ado lescents. Dif ferent ways to increase the
amount of physical activity should be found, particularly in later adolescence when
every-day physical activities and lei sure-time physical activity have been shown to
be on the decline.
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YHTEENVETO

Fyysinen kunto ja liikunta-aktiivisuus nuoruudessa ja aikuisuudessa — 25 vuo-
den aikaero- ja seurantatutkimus

Kunto liitt yy l4heisesti terve yteen ja h yvé fyysinen kunto on kesk einen edell ytys
yleiselle toimintakyvylle. Maail man terveysjérjestd (WHO) on maéiritellyt k unnon
kyvyksi suoriutua lihasvoimaa vaativasta tyostd tyydyttavasti. Kunto jactaan tavoit-
teen mukaan suoritus- ja terveyskuntoon. Suorituskunnossa kunnon osa-alueet pai-
nottuvat tyon tai urheilusuorituksen kannalta tarkeimpiin ominaisuuksiin ja sen osa-
alueita ovat motoriset taidot, hengitys- ja verenkiertoelimiston kapasiteetti, voima,
nopeus sekd kehon antropometria (koko ja koostumus). Terveyskunto taas koostuu
osatekijoistd, joiden v oidaan katsoa o levan hyodyllisid ih misen ar kipdivaisen ja k-
samisen ka nnalta. Terveyskuntoon kuuluvien o minaisuuksien harjoittelu tuottaa
osoitettuja terve yshyotyja, jotka suojaavat yksiload kroonisilta sairauksilta ja ennen-
aikaiselta kuolemalta. Terveyskuntoon kuuluvia ominaisuuksia ovat hengitys- ja
verenkiertoelimiston kestdvyys, lihasvoima- ja kestdvyys, notkeus sekéd kehon koos-
tumus.

Lasten ja nuorten f yysisen kunnon heike ntymisesté on vii me vuo sina ki yty
runsaasti julkista keskustelua. Tutkimusndytdt eri puolilta maailmaa osoittavat huo-
len aiheel liseksi, k oskause issat utkimusraporteissaon os oitettuk unto-
ominaisuuksien heiken tymistd erityisesti kestdvyyskunnossa sekd kuntoerojen kas-
vua hyvé- ja huonokuntoisten vélilld. Tule vaisuudessa niilld muutoksilla uskotaan
olevan yhteyttd vieston huonompaan terveydentilaan seka siitd aiheutuviin taloudel-
lisiin lisdkustannuksiin.

Fyysinen aktiivisuus on sukupuolen ja geneettisen perimén lisdksi yksi fyysis-
td kuntoa sédtelevisti tekijoistd. Fyysinen aktiivisuus tarkoittaa kaikkea liikkumista,
jonka seuraukse na ene rgiankulutus lisdént yy. F yysinen aktiivisuus on laaja kok o-
naisuus, joka voidaan jakaa vapaa-ajan fyysiseen aktiivisuuteen, tyohon, valimatko-
jen liikkkumiseen sekd pdivittdisiin askareisiin. Vapaa-ajan fyysiseen aktiivisuuteen
kuuluva liikunta-aktiivisuus siséltdd mm. liikkunnan harrastamisen, fyysinen harjoit-
telun sekd kilpailemisen urheilussa. Yksil 6lliset motiivit ja m ieltymykset ovat yh-
teydessd litkkunta- aktiivisuuteen ja n ditd motiiveja voivat olla esimerkiksi fyysisen
kunnon tai terveyden parantaminen, sosiaaliset kontaktit, esteettiset motiivit, ilo tai
vaaran kokeminen.

Vaikka s uomalaisten | asten ja nuorte n vap aa-ajan lii kuntaharrastuneisuuden
on osoitettu kasvaneen viimeisten vuosikymmenien aikana, samaan aikaan muutok-
set joissakin kuntotekijoissd ovat olleet negatiivisia. Tamén kehitykseen on osaltaan
arveltu olevan seura usta yhteiskunnan teknis tymisen aiheuttamasta arkiliikunnan
viahentymisesti. Liikuntaharrastukset ovat aikaisempaa t drkedimmaéssa roolissa las-
ten ja n uorten terve yden ja h yvinvoinnin kannalta. Li séksi liikunt a-aktiivisuuden
pitkittaistutkimukset ovat osoittaneet lapsuuden ja nuoruuden liikunta-aktiivisuuden
olevan yhteydessa aikuisién liik unta-aktiivisuuteen. Tédstd syystd liikuntaharrastuk-



72

set lapsuudes sa ja nuo ruudessa voi daan nihd & tarkednd osana eli nikéista liikunt a-
harrastusta ja hyvinvointia.

Tamén tutkimuksen ta voitteena oli sel vittdd vuodesta 1976 vuoteen 2001 t a-
pahtuneita muutoksia nuorten fyysisessi kunnossa liikunta-aktiivisuuden selittdma-
nd sekd tutkia, miten nuoruusidn f yysinen kunto ja liikunta -aktiivisuus ennusta vat
aikuisidn liikunta-aktiivisuutta ja koettua fyysistd kuntoa.

Vuonna 1976 kerittiin 9—18-vuotiaita koululaisia edustava kunnon ja liikunta-
aktiivisuuden poikittaisaineisto (n=2796). Tutkimusaineisto hankittiin 56 koulusta.
Kuntoa mitattiin kah deksalla kenttd testilld ( 2000/1500/600 metrin juoksu, ist u-
maannousu, leuan veto/koukkukésiriipunta, su kkulajuoksu, vau hditon pituush yppy,
puristus ja vart alon ete entaivutus). Aineiston kerdsivét kou lutetut mittaajat koulun
litkkuntatunneilla. Liiku nta-aktiivisuutta arvioi tiin k yselylomakkeella, jossa oli k y-
symyksié liikuntaharrastusten tiheydestd, harrastetuista liikuntamuodoista ja osallis-
tumisesta organisoituun liikuntaan ja ki lpailutoimintaan. Liséksi sel vitettiin laajasti
opetusryhmé-, koulu -, paikkakunta- ja aluekohtaisia tietoja. Vuonna 2001 kerittii n
11-18-vuotiaan nuoren kunto - ja liikunta -aktiivisuusaineisto vastaa villa mittaust a-
voilla (n=1041). Osallistuneita kouluja oli 17 ja ne wvalittiin valtakunnallinen katta-
vuus huomioiden vuonna 1976 osallistuneiden koulujen joukosta.

Vuoden 2001 seuranta-aineisto muodostettiin edelld mainittuun koulun kunto-
tutkimukseen vuonna 1976 osallistuneista oppilaista (n=2796), jotka olivat osallis-
tuneet kuntotesteihin ja/tai vastanneet liikunta-aktiivisuuskyselyyn 12—18-vuotiaana.
Tamaén tutki muksen lo pullinen seuran ta-aineisto muodostui 1525 h enkilosta (722
miestd ja 803 nais ta), jotka olivat osalli stuneet kun tomittauksiin ja/tai liikunt a-
aktiivisuuskyselyyn vuonna 1976 12 —18-vuotiaana ja palauttaneet s eurantakyselyn
vuonna 2001.

25 vuoden aikavilivertailu osoitti kestdvyyskunnossa laskevaa ja lihaskunnos-
sa lievésti nous evaa trendid. Kuntoi ndeksien ja yksittdisten tes tien jakau mien tar-
kastelut osoittivat ku ntoerojen kasvaneen sit en, ettd jakau mien &ér ipdiden v éliset
erot olivat kasvan eet. Vapaa -ajan liikun taharrastuksen, or ganisoituun liikuntaan
osallistumisen j a keh on painoindeksin merkitys kuntoa selittdvina tekijoiné oli I i-
sddantynyt t utkimusajankohtien v dlilld. Vuonna 1976 ndmd te kijét selittiviat seka
poikien ettd tyttojen k estdvyyskuntoa 8 % ja vuonna 20 01 pojilla 23 % ja t ytoilla
34 %. Lihaskunnossa ndiden tekijoiden selitysosuus lisdéntyi 25 vuoden aikavélilla
pojilla 9 %:sta 24 %:iin ja tyt6illa 25 %:sta 39 %:iin. Tutkituista muuttujista vuonna
2001 kestdvyyskuntoa selittivit parhaiten pojilla kehon painoindeksi (13 %) ja ty-
toillad osalli stuminen o rganisoituun liikuntaan ja kehon pa inoindeksi (17 %). Vas-
taavasti lihaskuntoa pojilla selitti parhaite n osallistuminen organisoituun litkuntaan
(16 %) ja tytoilld kehon painoindeksi (21 %).

25-vuoden seurantatutkimuksen tulokset vahvistivat aikaisempien pitkittiis-
tutkimusten antamaa késitystd nuor uusidn liikunta-aktiivisuuden yhteydesti a i-
kuisién liikunt a-aktiivisuuteen. Korrela atiotarkastelut osoitt ivat yhteyden olevan
voimakkaampaa pojilla kuin tyt6illd sekd vahvistuvan idn lisdéntyessd. Pojilla nuo-
ruus- ja aikuisidn liikunta-aktiivisuuden vélilld oli yhteyttd sekd nuoremmassa (12—
15-vuotiailla) (r= 0.14, p< 0.05) ettd vanh emmassa (16 —18-vuotialla) (r= 0.31,
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p<0.001) ikdryhmaissa. Sen sijaan t ytoilla tilastollisesti merkitsevd yhteys oli aino-
astaan vanhemmassa ikdryhmassa (r=0.17, p<0.05). Nuoruusidn kestdvyyskunto oli
yhteydessa aik uisién li ikunta-aktiivisuuteen ainoastaan poiki en van hemmassa ik 4-
ryhméssé (r= 0.19, p<0.05). Sen sijaan tytdilld nuoruusidn kestédvyyskunto ja lihas-
kunto eivit olleet yhteydessa aikuisidn liikunta-aktiivisuuteen. Poikittaistarkastelus-
sa sekd liha skunto ett 4 kestdv yyskunto k orreloivat | iikunta-aktiivisuuden kanssa
molemmissa tutkituissa ikdryhmissd. Kuntoindeksien ja lii kunta-aktiivisuuden véli-
set korrelaatiokertoimet vaihtelivat pojilla 0.25-0.44 (p<0.001) ja tyt6illa 0.20—0.43
(p<0.001).

Nuoruusidn fyysisen k unnon ja liikun ta-aktiivisuuden yhteyttd aiku isidn li i-
kunta-aktiivisuuteen tu tkittiin log istisella regr essioanalyysilla jak amalla tutki muk-
seen osa llistuneet nuoruusidssd fyysiseltd ku nnoltaan ja litkunta -aktiivisuudeltaan
kolmeenr yhméédns iten, ettdali mpaanja  ylimpddnkunt o- ja liikunta-
aktiivisuusryhméén ku ului noin 20 % tut kittavista. M enetelmailla s elvitettiin nu o-
ruusidn eritasoisten kunto- ja litkunta-aktiivisuusryhmien riskid aikuisidn véhédiseen
litkkunta-aktiivisuuteen. Tulokset os oittivat, ettd verrattaessa vihén liikkuvia ja erit-
tdin aktiivisia aiku isidssd, riski vahdiseen lii kunta-aktiivisuuteen aikuisena oli y li
seitsemén kertaa suur empi va hiten liikkuv illa pojill a, ku n hei td v errattiin e niten
litkkuviin poikiin (p<0.001). Vastaavasti erittdin aktiivisten tyttdjen riski viahdiseen
litkkunta-aktiivisuuteen aikuisena oli neljdsosa véhin liikkuvien tyttdjen riskitasoon
verrattuna (p=0.001). Verrattaessa aikuisidn vihaisesti ja keskiméaardisesti aktiivisia,
nuoruusidssa erittdin  aktiivisten p oikien ris ki oli ldhes kaksi ~ kertaa piene mpi
(p=0.037)jat yttojen ylikak sikertaa pi enempi vdhin lii kkuviin verrattuna
(p=0.004). F yysiseltd kunnoltaan p arhaaseen r yhméin kuuluneilla pojilla riski v &-
hiiseen liikunta-aktiivisuuteen aikuisena oli yli neljd kertaa piene mpi heikoimpaan
kuntoryhmiin kuuluneisiin poikiin verrattuna kun aikuisién verrokkiryhmind olivat
vahan liikkuvat ja erittiin aktiiviset (p=0.020). Tyto6ill4 ei ollut vastaavaa yhteytta.

Seurantatutkimuksessa selvitettiin myos nuo ruusién liik unta-aktiivisuuden ja
fyysisen kunnon yhteytta aikuisidn koettuun kuntoon. Koettua kestivyyttd, voimaa,
nopeutta, notkeutta, seka selvi ytymisti erilaisista liiku ntasuorituksista juosten, k a-
vellen, pyoréillen tai hiithtden, selvittdvisti kyselylomakkeen kysymyksistd muodos-
tettiin aiku isidn k oetun kunno n indek si, jota verratti in nuo ruusiin liik unta-
aktiivisuus- ja kuntoindekseihin. Nuoruusién liikunta-aktiivisuus oli yhteydessé hy-
vadn koettuun k untoon aikuisidssd sekd po jilla (r= 0.25, p<0.001)ettd t ytoilla
(r=0.24, p <0.001). Ko rrelaatiokertoimet eri kunto -ominaisuuksien kokemisen ja
nuoruusidn litkunta-aktiivisuuden vélilld va ihtelivat poji lla 0.13 —0.18 ja t yt6illa
0.12-0.21. Yksittiisistd kunto -ominaisuuksista nuoruusid n liikun ta-aktiivisuuden
kanssa voimakkaimmin korreloivat pojilla nopeus ja tytoilld kestdvyys. Nuoruusidn
kunto oli litkunta -aktiivisuutta voi makkaammin yhteydessé aikuis idsséd koettuun
kuntoon. K orrelaatiokertoimet nu oruusidn aerobisen ku nnon ja ai kuisidn koet un
kuntoindeksin vélilld oli pojilla 0. 24 (p<0.001) ja t yt6illa 0.32 ( p<0.001). Vastaa-
vasti nuoruusién lihaskuntoindeksin ja aikui siin koetun kun toindeksin vélinen ko r-
relaatio oli poj illa 0.4 5 (p<0.001) ja t yt6illd 0.38 (p< 0.001). Nuoruusién kunt oin-
deksien ja aikuisid ssé koettujen yksittdisten kunto-ominaisuuksien véliset korrelaa-
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tiokertoimet vaihtelivat miehilla valilla 0.14—0.44 ja naisilla valilld 0.23-0.43. Pojil-
la voi makkain yhteys oli nuor uusién kestdav yyskunnon ja aikuisidn koetun kest a-
vyyden vililld ja tyt6illd nuoruusién lihaskunnon ja aik uisién koetun nopeuden vé-
lilla.

Nuoruusidn fyysisen kunnon ja liikunta-aktiivisuuden yhteyttd aikuisidn koet-
tuun kuntoo n tutkittiin liséksi logistis ella reg ressioanalyysilla jakamalla tutkimuk-
seen osallistu neet fyysiseltd kunnoltaan ja lii kunta-aktiivisuudeltaan kolm een r yh-
maéén siten, ettd alimpaan ja ylimpéain kunto- ja litkunta-aktiivisuusryhméén kuului
noin 20 % tutkittavista. Vastaavasti alimpaan ja ylimpéan koetun kunnon ryhmééin
kuului noin kolmasosa tutkittavista. Samaa menetelmad kéytettiin myos tutkittaessa
nuoruusidn k unnon ja lilkkunta ~ -aktiivisuuden yhteyttd aik uisién litkun ta-
aktiivisuuteen. Menete Imélla selvitettiin nuoruusidn eritasoisten kunto- ja liikunta-
aktiivisuusryhmien riskid aikuisién alhaiseen koettuun kuntoon. Tulokset osoittivat,
ettd verrattaessa fyysisen kuntonsa huonoksi ja erittdin hyvéksi tuntevia aikuisidssé,
koetun huonokuntoisuuden riski o li molemmilla sukupuolilla yli kaksi kertaa su u-
rempi niill &, jotka kuuluivat nu oruusidssd alimpaan li ikunta-aktiivisuusryhméén
verrattuna nuoruusidssd ylimpaan aktiivisuusryhmééan kuuluneisiin (p<0.001). Vas-
taavasti riski aikuisidn koettuun huonokuntoisuuteen niilld, jotka kuuluivat nuoruus-
idn fyysiseltd k unnoltaan heikoi mpaan r yhmééin verrattuna nu oruusiéin kuntotaso I-
taan parhaaseen kuntoryhméén kuuluneisiin, oli yli viisinkertainen molemmilla su-
kupuolilla. (p<0.001).

Tamén tutkimuksen tulokset osoittivat, ettd riski aikuisidn litkunnalliseen va-
hiiseen liikunta-aktiivisuuteen oli huo mattavasti suure mpi niil 14 tutkittavilla, jotka
olivat vdhin liikkuvia jo nuoruudessa verrattuna liikunnallisesti aktiivisiin ikdtove-
reihin. Vaik ka korrel aatiotarkasteluissa yhteys nuoruus- ja aik uisién liiku nta-
aktiivisuuden valilld ol ikin suhteellisen heikk o, riskitasojen perusteella voitiin ha-
vaita liikunnallisesti vdhdisen ja korkean aktiivisuuden olevan yhteydessa aikuisidn
vastaavaan lii kunta-aktiivisuus- ja ko etun fyysisen kunno n tasoon. Vaikka poiki t-
taisvertailu osoittikin laskevaa trendid nuorten kestdvyyskunnossa, aikuisiin liikun-
ta-aktiivisuuden ja koe tun kunnon kan nalta kuntotasoa tirk eimpi tekiji td mén tut-
kimuksen pe rusteella on liikunnall isesti akt iivinen eld méntapa, jok a jatkuisi nu o-
ruudesta ai kuisikdan. Eri akti ivisuusryhmien vilisten k untovertailujen perustee lla
voidaan péaatella, ettéd liikunnallisesti aktiiviset ovat paremmassa fyysisessd kunnos-
sa nuoru udessa ja ko kevat kunt onsa paremmaksi aiku isuudessa. N 4mai 16 ydokset
yhdessi kasvaneen nuorten fyysisen kunnon polarisoitumisen kanssa tukevat nik e-
mysté lii kunta-aktiivisuuden edistimisen tarpeesta erityisesti kaikkein véhiten liik-
kuvien nuorten keskuudessa. Tamén tutkimuksen tulosten pohjalta erityistd huomio-
ta litkunta-aktiivisuuden edistamiseen tulisi kiinnittdd hieman ennen aikuisikda (16—
18-vuotiaana), jolloi n vapaa -ajan liik unta-aktiivisuus vih enee, mutta toisaalta li i-
kunta-aktiivisuuden yhteys aikuisidn liikunta-aktiivisuuteen on kaikkein voimak-
kainta.

Tama tutkimus vahvisti aikaisempaa késitysté liikunta-aktiivisuuden ja fyysi-
sen kunn on vi lisestd yhteydestd sekd nuoruusién lii kunta-aktiivisuuden m erkityk-
sestd aikui sién liik unta-aktiivisuuden kan nalta. Aikavéli vertailu kuitenkin o soitti
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litkkunta-aktiivisuuden merkityksen lisddntyneen nuorten fyysisen kunnon selittdjana.
Liikunnallisesti aktii visiin verrattuna li ikunnallisesti passi ivisilla n uorilla on seka
huonompi f yysinen k unto ettd merkittdvasti aktiivisia nuoria suurempi riski a i-
kuisidn inaktiivisuuteen ja matalaan koettuun kuntotasoon ja siitd mahdollisesti seu-
raaviin terv eysongelmiin. Kansa nterveyden ndkdkul masta lii kuntakasvatuksessa
tulisikin osoittaa aikaisempaa suurempia voimavaroja ja resur sseja liian vahan liik-
kuvien nuorten liikunta-aktiivisuuden edistdmiseen.
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Appendix 1. Letter to the headmasters

Arvoisa koulunjohtaja/rehtori

LIKES-tutkimuskeskuksen Lasten ja nuorten eldmantavan tutkimusyksikossa
(LINET) toteutetaan kevailld 2001 koululaisten liikuntatutkimusta, jossa kartoite-
taan koululaisten fyysistd kuntoa ja sen muutoksia 25 vuoden aikavililld. Tut-
kimus on osa projektia, jossa pyritddn selvittimédn fyysisen kunnon ja terveyden
vilisid yhteyksid. Tutkimuksen rahoittajina ovat Opetusministerit ja kaksi sa&tiota.

Vuonna 1976 kerdttiin 9-18-vuotiaiden koululaisten fyysisen kunnon ja lii-
kunta-aktiivisuuden aineisto, johon osallistui 2800 koululaista eri puolilta maata.
Myos teiddn koulunne osallistui silloin tdhdn tutkimukseen. Huhti- toukokuussa
2001 hankitaan n. 1000 nykynuoren otos, jonka ikdjakauma seka ldéni-, paikkakun-
ta ja koulukohtaiset tiedot on suhteutettu vuoden 1976 otoksen mukaiseksi. Ndille
nuorille tehddan samat fyysisen kunnon testit ja kysely kuin vuonna 1976. Ker&a-
mailld samat taustatiedot kuin vuonna 1976 voidaan verrata, eroaako nykykoulu-
laisten kunto vuoden 1976 samanikéisten koululaisten kunnosta sekd onko koulu-
laisten kuntoa selittavit tekijat muuttuneet 25 vuoden aikana.

Tutkimuksessa mitataan peruskoululaisten (5-, 7- ja 9-luokkalaisten) seka lu-
kion (I tai II vuosi) oppilaiden kuntoa ja liikunta-aktiivisuutta. Fyysisen kunnon
mittaaminen suoritetaan koulun kuntotestistolld, johon kuuluu seitsemin tes-
tiosiota (testikuvaukset ldhetetddn liikunnanopettajille). Testien toteuttamisesta
vastaisi erillinen testiryhmd, joka tulisi kouluunne suorittamaan testit sovittuna
pdivdnd. Mittaukset suoritettaisiin liikuntatunneilla ja ne kestdvit yhtd ryhmad
kohti yhden kaksoistunnin. Yhteen mittausryhmédn kuuluvat sekd tyttojen ettd
poikien liikuntaryhmat, kuitenkin yhteensa enintdan 30 oppilasta. Testiryhma vii-
pyisi koulullanne yhden pdivin ja sen tavoitteena olisi mitata mahdollisimman
monta opetusryhmaéd. Lisdksi oppilaat tayttdvat mittausten yhteydessd omaa lii-
kunta-aktiivisuuttaan ja terveystottumuksiaan kartoittavan kyselylomakkeen, joka
toimitetaan Teille ja liikunnanopettajille etukéteen tutustuttavaksi.

Pyydimme Teiltd lupaa saada toteuttaa edelld kuvatut mittaukset koulus-
sanne ajankohtana, joka Teille sopii. Otamme teihin yhteyttd helmi-maaliskuun
aikana.

Yksittdistd koulua, opettajaa tai oppilasta koskevat tiedot sdilytetddn luotta-
muksellisena ja kaikkia tietoja késitelldén ainoastaan suuremmissa ryhmissa. Tut-
kimuksen tuloksista tiedotetaan koululle ja raportoidaan kotimaisissa liikunta-
alan julkaisuissa.

LitT Heimo Nupponen, yksikon johtaja LitM Pertti Huotari, tutkija
p. 014 260 4310 p- 014 260 4320/ 040 5141865
email:heimo.nupponen@likes.fi email:pertti.huotari@likes.fi
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Appendix 2. Letter to the PE teacher

LIKES -tutkimuskeskus

Lasten ja nuorten eldméntavan tutkimusyksikko
Yliopistonkatu 20

40100 Jyvaskyla

ARVOISA OPETTAJA

LIKES -tutkimuskeskuksen Lasten ja nuorten eldméntavan tutkimusyksikos-
sd toteutetaan kevéadn 2001 aikana suomalaisten koululaisten kuntoa kartoittava
tutkimus, jossa selvitetddn kunnon muutoksia 25 vuoden aikavililld sekd ny-
kykoululaisten fyysisti kuntoa selittivid tekijoitd. Kuntoaineiston avulla pyri-
tddn laatimaan ennustemalleja ldhitulevaisuudessa odotettavissa olevasta koulu-
laisten kunnon ja terveyden kehityksestd. Koulunne rehtori on myontanyt luvan
tutkimusaineiston kerddmiseen koulussanne.

Vuonna 1976 kerittiin 9-18-vuotiaiden koululaisten fyysisen kunnon ja lii-
kunta-aktiivisuuden aineisto, johon osallistui 2800 koululaista eri puolilta maata.
Teiddn koulunne osallistui silloinkin tdhén tutkimukseen. Kevaan 2001 aikana
hankitaan n. 1000 nykynuoren otos, jonka ikdjakauma sekd lddni-, paikkakunta ja
koulukohtaiset tiedot on suhteutettu vuoden 1976 otoksen mukaiseksi. Naille nuo-
rille tehdddn samat fyysisen kunnon testit ja kysely kuin vuonna 1976. Kerdamalla
samat taustatiedot kuin vuonna 1976 voidaan verrata, eroaako nykykoululaisten
kunto vuoden 1976 samanikiisten koululaisten kunnosta sekd onko koululaisten
kuntoa selittavét tekijat muuttuneet 25 vuoden aikana.

Tutkimuksessa mitataan peruskoululaisten (5-, 7- ja 9-luokkalaisten) sek lu-
kion (I tai II vuosi) oppilaiden kuntoa ja liikunta-aktiivisuutta kevaan 2001 aikana.
Fyysisen kunnon mittaaminen suoritetaan koulun kuntotestist6lld, johon kuuluu
seitsemadn testiosiota (testikuvaukset liitteend). Testien toteuttamisesta vastaa eril-
linen testiryhmd, joka tulee kouluunne mittaamaan sovittuna pédivand. Mittaukset
suoritettaisiin liikuntatunneilla ja ne kestdvit yhtd ryhméd kohti yhden kaksois-
tunnin. Yhteen mittausryhmédn kuuluvat seka tyttojen ettd poikien liikuntaryh-
mit, kuitenkin yhteensd enintddn 30 oppilasta. Mittausryhmd viipyy koulullanne
yhden pdivén ja sen tavoitteena on mitata mahdollisuuksien mukaan 80-100 oppi-
lasta. Nopeuden (50 metrin juoksu) sekd kestdvyyden (2000/1500/600 metrin
juoksu) mittaamisen toivoisimme teiddn hoitavan liikuntatunnilla parhaaksi sopi-
vana ajankohtana toukokuun aikana ja ldhettdvdn ndiden testien tulokset palau-
tuskuoressa LIKES -tutkimuskeskukseen. Lisdksi oppilaat tayttavit lihaskuntomit-
tausten yhteydessd omaa liitkunta-aktiivisuuttaan ja terveystottumuksiaan kartoit-
tavan kyselylomakkeen.

Tutkimuksen onnistumiseksi pyytdisimme Teiltd seuraavaa:
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1. Tiedottaminen mittauksiin osallistuvien oppilaiden vanhemmille
oheisella tiedotteella
2. Testattavat oppilaat:

- testataan opetusryhmittdin, pyrkimyksend saada mittauksiin puolet tytt6jd
ja puolet poikia. Mikili oppilaita on paljon mittaajat valitsevat sopivan
maéadran testattavia.

- Pyydamme teitd tarkistamaan etukéteen terveydenhuoltohenkilskunnalta
ja/tai oppilaan huoltajalta, onko mitattavassa opetusryhmaissd oppilaita,
jotka sairastavat vaikeaa astmaa, vaikeaa sokeritautia, synnynniistd sydan-
vikaa tai muuta testin estdvdd sairautta. Nama oppilaat eivit saa ottaa osaa
mittaukseen. Lisédksi oppilaat, jotka mittauspédivana eivit tunne olevansa
terveitd (sairastavat tai ovat dskettédin sairastaneet akuuttia infektiotautia),
eivat myoskédn osallistu tutkimukseen. Heid4n tilalleen valitsemme tarvit-
taessa vastaavan madran oppilaita.

3. Mittaustilan ja vilineiden jirjestiminen

- Koulun liikuntasalin varaaminen mittauskédyttoon tarvittaessa koko pai-
viksi

- Tarvittavat vélineet: voimistelupenkkejd 2 kpl, rekkitanko, ponnistuslauta,
voimistelumattoja

4. Opettajan kyselylomakkeen tiyttiminen
5. Juoksutestien jirjestiminen

- 50ja 2000/1500 metrin juoksutestien jdrjestiminen lihaskuntomittauksiin
osallistuneille oppilaille opetusohjelmaan parhaiten sopivana ajankohtana
ja tulosten lahettdminen LIKES -tutkimuskeskukseen

Yksittdistda koulua, opettajaa tai oppilasta koskevat tiedot sdilytetddn luotta-
muksellisena ja kaikkia tietoja késitelldédn ainoastaan suuremmissa ryhmissa. Tut-
kimuksen tuloksista tiedotetaan koululle ja raportoidaan kotimaisissa liikunta-
alan julkaisuissa.

LitT Heimo Nupponen, yksikon johtaja LitM Pertti Huotari, tutkija
p. 014 260 4310 p. 014 260 4320 tai 040 5141 865
email:heimo.nupponen@likes.fi email:pertti.huotari@likes.fi
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Appendix 3. Letter to the parents
Tiedote vanhemmille

LIKES -tutkimuskeskuksen Lasten ja nuorten eldméntavan tutkimusyksikos-
sd (LINET) toteutetaan kevéilld 2001 koululaisten liikuntatutkimusta, jossa kartoi-
tetaan koululaisten fyysistd kuntoa ja sen muutoksia 25 vuoden aikavalilld. Tut-
kimus on osa projektia, jossa pyritddn selvittdmadn fyysisen kunnon ja terveyden
vilisid yhteyksid. Tutkimusaineisto kerédtddan eri puolilta Suomea litkuntatuntien
puitteissa tehtédvilld kuntotesteilld, jotka jdrjestetddn satunnaisesti valituille oppi-
lasryhmille. Testind kaytetddn koulun kuntotestisttd, jota on kaytetty yleisesti
koululaisten fyysisen kunnon mittaamiseen. Keski-Suomen sairaanhoitopiirin eet-
tinen toimikunta on 6.3.2001 antanut puoltavan lausunnon tutkimussuunnitelmas-
ta.

Lapsenne kuuluu testattavaan opetusryhmddn. Liikunnanopettaja tiedottaa
oppilaille testipdivamaédran ja oppilaiden tulisi testipdivdnd varata mukaansa sisa-
litkkuntavarustus.

Yksittdistd koulua, opettajaa tai oppilasta koskevat tiedot sdilytetddn luotta-
muksellisena ja kaikkia tietoja késitelldédn ainoastaan suuremmissa ryhmissa. Tut-
kimuksen tuloksista tiedotetaan koululle ja raportoidaan kotimaisissa liikunta-
alan julkaisuissa.
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Appendix 4. Pre-questionnaire in fitness test
KUNTOTESTIIN SOVELTUVUUS

Nimi

Vastaa jokaiseen kysymykseen kylli tai ei kylla ei

1. Onko Sinulla sydinvikaa tai -sairautta?

2. Ovatko nivelesi kipeit, tulehtuneet tai
turvonneet?

3. Tunnetko kivellessd ahdistusta, polttoa
tai puristusta rinnassasi?

4. Pyorryttdadko tai huimaako Sinua
kivellessa?

5. Tunnetko itsesi poikkeavan visyneeksi?
6. Onko Sinulla kuumetta?

Jos vastasit kaikkiin kysymyksiin "ei", voit suorittaa testin turvallisesti. Jos vas-
tasit yhteen tai useampaan kysymykseen "kylld", kysy neuvoa testaajilta.
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Appendix 5. Fitness test procedure

KUNTOTESTIEN KULKUKAAVIO

Liikuntasali jaetaan kahteen osaan (1 ja 2), joissa molemmilla puolilla suo-
ritetaan eri testiosioita. Sali 1 puolella oppilailta mitataan pituus ja paino, suori-
tetaan vatsalihastesti seki eteentaivutus. Sali 2 puolella suoritetaan vauhditon
pituus, leuanveto/koukkukisiriipunta sekd viivajuoksu. Kuntotestien jilkeen
oppilas tiyttid kyselylomakkeen. Tunti aloitetaan yhteiselld n. 5 min alkuver-
ryttelylld, jonka jdlkeen oppilaat jaetaan salin eri puoliskoille. Suosituksena on,
ettd ryhmad jaettaisiin sukupuolen mukaan salin eri puoliskoille.

Sali 1 puolella mittaukset toteutetaan siten, etti ensin tehdiin vatsalihas-
testi kahdessa erdssa (pareittain siten, ettd toinen pitelee jaloista ja laskee suori-
tukset). Testin jilkeen mittaaja ottaa tulokset ylos ja oppilaat jaetaan kahteen
ryhmiin. Toinen ryhmisti menee pituuden ja painon mittaukseen ja toinen
eteentaivutustestiin. Jokaisen oppilaan suoritettua testit ryhmit vaihtavat testi-
paikkoja. Mittaajia tulisi olla vihintdian kaksi, joiden tehtidvit jakautuvat siten,
ettd vatsalihastestin jilkeen mittaaja 1 ottaisi ylos oppilaiden pituuden ja pai-
non. Mittaaja 2 ottaisi ylos vatsalihastestien tulokset ja siirtyisi sen jilkeen val-
vomaan eteentaivutustestia.

Sali 2 puolella kullakin testipaikalla on oma mittaaja, joka laskee suori-
tukset ja merkitsee ne oppilaan kuntokorttiin.

Eteentaivutus Vatsalihastesti Leuanveto/ Sukkula-
- mittaaja 2 1 suoritus Koukkuksi- juoksu
- mittaaja1ija2 riipunta - Mittaaja 4
Vauhditon pituus

Pituus ja paino

- mittaaja 1 - Mittaaja 5

SALI1l SALI 2
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Mittauksissa kiinnittdkdd huomiota erityisesti seuraaviin asioihin:

1. Sukkulajuoksu vaatii tarkkoja ohjeita palikan pudottamisen tai heittimisen
sddntojenvastaisuudesta.

2. Sukkulajuoksu vie runsaasti aikaa, joten testin sujuvuuteen kiinnitettdva huo-
miota.

3. Leuanvedossa on estettdva kiddelld vartalon heilautukset ja potkut

4. Istumaannousutestisséd on korostettava seké suorittajan ettd avustajan tarkkaa
suorituskertojen laskemista

5. Istumaannousutestissd on valvottava kyyndrpdiden osoittamista eteen koko
suorituksen ajan.

6. Magnesiumin kaytté vauhdittomassa pituushypyssa on vélttamétontsd, hyva
lisdvaruste on esim. taulusieni, jolla pyyhitddn entiset jéljet pois.

7. Leuanvedossa ja koukkukdsiriipunnassa valvottava, ettd suorittajalla on myo-
taote.

8. Koukkukiésiriipunnassa leuan kevyt kosketus rekkiin ei johda kellon pysayt-
tdmiseen, vaan vasta selvd nojaaminen.

Mittausryhmén olisi hyvid varata mukaansa ainakin 2-4 sekuntikelloa ja mit-
tanauhoja, digitaalivaaka, magnesiumia, kyni&, sukkulajuoksussa tarvittavat pali-
kat sekéd maalarinteippid
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Appendix 6. Fitness test instructions

PITKAN MATKAN JUOKSU 600/1500/2000 m
Viilineet: Sekuntikello ja tarkasti mitattu matka.

Juoksumatkat: Y1i 12 v pojat 2000m
Y1i 12 v tytot 1500m
Alle 12 v tytot ja pojat 600m

Testin suorittaminen: Suullisesta komennosta "paikoillenne" suorittajat aset-
tuvat ldhtoviivan taakse toinen jalka edessd (pystyldhto). Kun kaikki ovat liikku-
matta, annetaan komento "nyt", jonka jidlkeen oppilaat juoksevat matkan mahdol-
lisimman nopeasti. Kdveleminenkin on sallittua, mikili se on testattavan heikon
juoksukunnon kannalta valttaméatonta.

Yleisid ohjeita: Juoksualustan tulisi olla tasainen ja kohtuullisen kovapohjai-
nen. Sddolosuhteiden tulisi olla normaalit, miki tarkoittaa juoksun valttdmista eri-
tyisesti kovassa sateessa tai ddrimmadisissd lampotiloissa. Testattavien kestdvyys-
kunnon selvittdmiseksi oppilaita tulisi motivoida yrittim&dn parastaan.

VAUHDITON PITUUSHYPPY

Vilineet: Koroke, jonka yldpinta on alastulopaikan tasolla (esim. ponnistus-
lauta, jonka korkeampi pdd on seindé vasten). Korokkeen reuna ei saa olla terdva.
Kaksi mittanauhaa kiinnitetddn maalarinteipilld lattiaan yhdensuuntaisina koh-
tisuoraan ponnistusviivaa vasten alastulopaikan valittoméaan ldheisyyteen noin
puolen metrin etdisyydelle alastulopaikasta. Alastulopaikalle asetetaan kaksi voi-
mistelumattoa perdkkdin liukumisen estdmiseksi. Ponnistuspaikan ldheisyyteen
varataan magnesiumia, jota hierotaan kantapaihin ennen hyppya. Kaikki hyppéaa-
vit avojaloin.

Testin suorittaminen: Suorittaja asettuu ponnistuskorokkeen reunalle siten,
ettd varpaat voivat ulottua reunan yli. Han saa hypéta heti, kun on valmis. Tehty-
dan kdasilldaan valmistavan taakseheilautuksen, heilautetaan kiddet voimakkaasti
eteenpdin ja ponnistetaan molemmilla jaloilla yhtd aikaa niin kauas kuin mahdol-
lista. Jokaisella suorittajalla on kaksi peréttdista yritysta.

Tulos: Lopulliseksi tulokseksi merkitddn parempi kahdesta hypysta.

Yleisid ohjeita: Hypyn pituus katsotaan siitd kohdasta, missd taaempi kan-
tapdd on koskettanut mattoon. Jos suorittaja menettdd tasapainonsa taaksepdin,
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rikkoo ponnistusviivan tai koskettaa alastulopaikkaa jollakin muulla kehon osal-
laan, hénelle annetaan uusi yritys. Jalkojen on pysyttdva kiinni korokkeessa pon-
nistushetkeen saakka.

Suorituksessa voidaan kayttdd testaajan lisiksi avustajaa, joka toimii myds
hyppytuloksen mittaajana opettajan vastakkaisella puolella. Tulosten kirjaajana
voi niin ikddn olla joku oppilaista.

LEUANVETO
Testi on tarkoitettu yli 12 -vuotiaille pojille
Vilineet: Rekkitankoja 1-2 kappaletta, penkki tai jakkara sekd magnesiumia

Rekkitangot tulee asentaa niin korkealle, ettd luokan pisimméit oppilaat voivat
riippua varpaiden koskettamatta maahan.

Testin suorittaminen: Suorittaja tarttuu tankoon myétdotteella, jolloin kdmmenet
ovat suorittajasta poispdin. Kddet pidetddn hartialeveyden pédssa toisistaan.
Suoritus aloitetaan riipunnasta, jolloin kddet on ojennettu suoriksi ja jalat eivit
kosketa lattiaa.

Testattavat koukistavat kisivartensa ja nostavat leukansa niin monta kertaa kuin
jaksavat juuri rekkitangon yldpuolelle. Tamain jdlkeen lasketaan vartalo alas ojen-
tamalla kéddet suoriksi. Jokaisella suorittajalla on vain yksi suorituskerta. Tulok-
seksi lasketaan suorituskerrat, jolloin leuka on kohotettu tangon ylapuolelle.

Yleisid ohjeita: Ennen testin suorittamista tarkistetaan, ettd kaikki oppilaat ovat
avojaloin ja suoritusvuorossa oleva on hieronut kimmeniinsd magnesiumia. Suo-
ritusvuoroaan odottavat, samassa testipisteessd olevat oppilaat voivat toimia
avustajina ehkdisemailld vartalon heilumista eteenpéin ojentamalla kitensd suorit-
tajan reisien tai polvien eteen.

Testi lopetetaan, mikdli suorittaja lepdd suorituksensa aikana pitkdhkon ajan(n. 2 s
tai kauemmin) tai ei onnistu kohottamaan leukaansa tangon yldpuolelle kahdella
perdkkdiselld yritykselld. Lisdksi kédsien suoriksi ojentamisesta on huolehdittava
suorituksen aikana.

Testaaja laskee suorituskerrat ja valvoo suoritusta.

Testin liitteend piirros oikeasta suoritustavasta
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KOUKKUKASIRIIPUNTA
Tama testi on tarkoitettu tytoille ja alle 12 -vuotiaille pojille

Vilineet: Sekuntikello, 1-2 rekkitankoa, penkki tai jakkara sekd magnesiumia.
Rekkitanko tulee asentaa niin korkealle, ettd luokan pisimmét oppilaat voivat
riippua kddet koukussa ilman, ettd varpaat koskettavat lattiaan. Penkit tai jakkarat
asetetaan telineiden alle.

Testin suorittaminen: Suorittaja nousee penkille ja tarttuu myotéotteella tankoon,
jolloin kdmmenpohjat ovat suorittajasta poispdin. Kéddet ovat taysin koukistettuina,
leuka juuri tangon yldpuolella. Testaaja antaa lahtomerkin, jolloin suorittaja irrot-
taa jalkansa tuolilta ja nostaa leukansa tangon yldpuolelle. Samalla hetkelld testaa-
ja kdynnistdad kellon. Koehenkild jdd riippumaan kddet koukistettuina leuka tan-
gon yldpuolella niin pitkéksi aikaa kuin jaksaa. Jokaisella suorittajalla on vain yksi
yrityskerta. Tulos ilmoitetaan sekunteina (pyoristettynd ldhimpéddn sekuntiin),
jonka suorittaja pysyi hyvaksytyssd asennossa.

Yleisid ohjeita: Ennen testin aloittamista tarkistetaan, ettd suorittaja on avojaloin.
Leuka taytyy pitdd koko ajan juuri tangon yldpuolella ja irti tangosta. Mikali leuka
koskettaa tankoon tai laskeutuu sen alapuolelle suoritus lopetetaan. Testaajan oi-
kea-aikainen toiminta suorituksen alussa ja lopussa on tarke&s.

Testin liitteend piirros oikeasta suoritustavasta
SUKKULAJUOKSU

Vilineet: Sekuntikello ja liitua. Voimistelusalin lattialle tai tasaiselle radalle mita-
taan 10 m:n matka, jonka molempiin paihin piirretddn yhdensuuntaiset rajaviivat
(ks. piirros). Rajaviivojen pédihin piirretdan puoliympyrit (sdéde= 50 cm) keskipiste
rajaviivalle. Lisédksi tarvitaan kaksi puupalikkaa (4x4x4 cm tai 5x5x5 c¢cm). Lihto-
viivan vastakkaiseen puoliympyréén asetetaan molemmat puupalikat puoliympy-
rén sisdpuolelle rajaviivalle n. 15 cm:n péésta toisistaan.

Testin suorittaminen: Oikean suoritustavan esityksen jdlkeen kukin testattava
vuorollaan asettuu ldhtdviivan taakse toinen jalka edessd komennolla "paikoillan-
ne" (pystyldhtd). Kun suorittaja on liikkkumatta annetaan komento "nyt" ja saman-
aikaisesti painetaan kello kdyntiin.

Testattava juoksee niin nopeasti kuin pystyy kohti vastakkaista rajaviivaa, poimii
ensimmadiselld kerralla kiteensd toisen puoliympyréssd olevista palikoista ja juok-
see takaisin ldhtoviivalle asettaen sielld olevaan puoliympyrddn poimimansa pali-
kan. Ilman taukoa suorittaja juoksee jilleen takaisin ja palaa mukanaan toinen pa-
likka asettaen sen lahtoympyraan.
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Kello pysdytetddn samalla kun palikka kolahtaa lattiaan. Mikéli palikka jdd puo-
liympyréén, testaaja ilmoittaa ajan ja kirjaa sen. Aika otetaan lahtomerkistd siihen
hetkeen, kun viimeinen palikka on asetettu ldhtdympyrédan. Aika pyoristetdan la-
himpadn sekunnin kymmenykseen.

Yleisid ohjeita: Kaikkien tulisi suorittaa testi avojaloin tai sisdpelikengit jalassa.
Suoritusrata tulee piirtdd valmiiksi ennen tunnin alkua. Ldhtoviiva on vedettdva
riittdvan kauaksi seindstéd (4-5 m). On korostettava, ettd palikoita ei saa heittdd eikd
pudottaa puoliympyrddn. Suoritus mitdtéidddan, mikéli nédin tehddan. Uusi suori-
tus annetaan, mikali testattava liukastuu, kaatuu matkalla tai palikka putoaa k-
destd. Mikili epdonnistuminen tapahtuu aivan juoksun lopussa ei uusintaa pida
jarjestdd valittomaésti, vaan n. 3 min palautuksen jidlkeen.

Testi vie suhteellisen paljon aikaa, joten joustavaan etenemiseen on kiinnitettdava
huomiota. Heti kun edellinen suoritus on pdittynyt, asettuu seuraava valmiiksi,
jona aikana testaaja kdy asettamassa palikat vastakkaiselle rajaviivalle.

ISTUMAANNOUSUTESTI
Vilineet: Mattoja, sekuntikello

Testin suorittaminen: Testattavat asettuvat selinmakuulle matolle tai muulle riit-
tavan pehmedlle alustalle jalat nilkkojen kohdalta noin 30 cm:n etédisyydelté toisis-
taan. Polvet koukistetaan suoraan kulmaan. Kidet tuetaan niskan, ei takaraivon,
taakse sormet ristissd (sormet painetaan tiukasti toistensa lomiin). On tarkedd, ettd
kyynédrpédit osoittavat ylospdin. Taméd varmistetaan kehottamalla painamaan kyy-
narvarret korvia vasten. Avustajat asettuvat polvilleen suorittajien viereen ja pai-
navat kasilladn néitd jalkateristé lattiaa vasten.

Kun kaikki on valmista, antaa testaaja komennon "aika alkaa - nyt", jolloin nyt -
sanalla painetaan kello kdyntiin.

Suoritusaika on 30 sekuntia ja timén kuluttua annetaan komento "seis", jolloin
kello pysdytetdan.

Suorittajat nousevat 30 sekunnin ajan selinmakuulta ylos niin nopeasti ja usein
kuin on mahdollista ilman taukoja. Oikea suoritus on sellainen, jossa makuuasen-
nossa kddet koskettavat lattiaan kyynédrvarsia levittamaittd ja istuma-asennossa
kyynidrpédét vastaavasti koskettavat polviin. Suorituskertoja on yksi kutakin testat-
tavaa kohden. Tulos on tdydellisten ylosnousujen maara 30 sekunnin aikana.

Yleisid ohjeita: Suoritukset tapahtuvat siten ettd, puolet ryhméstd on ensin suorit-
tajina ja puolet avustajina. Suorittajien vaihto tapahtuu yhtdaikaisesti. Lantion
kayttod ylosnousussa ei tule sallia. On pyrittdva yhtdjaksoiseen suoritukseen, mut-
ta suoritusta ei tule hylitd, jos tauot ovat valttaméattomid.
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Tulokset merkitdan kunkin ryhmén osalta yhtd aikaa ja sekd suorittajat ettd avus-
tajat osallistuvat laskemiseen. Kaikkien suoritusten tulisi tapahtua matolla tai
muuten pehmeélld alustalla. Mikéli mattoja ei ole riittavasti, voivat jalat olla latti-
alla mattojen ulkopuolella. Kuitenkin on varmistuttava, ettd pdiden alle jaa riitta-
vasti mattopintaa.

Ennen testid kaikki testattavat kootaan mattojen &érelle ja nédytetddn oikea suori-
tustapa sekd avustamisote.

Testin liitteend piirrokset oikeasta suoritustavasta.
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Appendix 7. Student fitness card

KUNTOKORTTI Koehenkilén numero

Sukunimi
Mittauspdivamaddra

Etunimet
(puhuttelunimi alleviivataan)

Koulu

Syntymadaika pv kk vuosi

FYYSISET TAUSTATIEDOT

Pituus cm

Paino kg

KUNTOSUORITUKSET 1 yritys 2 yritys

Vauhditon pituus (cm)
Leuanveto (Ikm)
Koukkukisiriipunta (s)
Sukkulajuoksu (1/10 s)
Istumaannousu (lkm/30 s)
Eteentaivutus (cm)

600 m juoksu

1500 m juoksu

2000 m juoksu
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Apendix 8. Questionnaire 1976 and 2001

OPPILAAN KYSELYLOMAKE

Sukunimi Etunimi Koulu
Téaytd lomake merkitsemalld rasti (x) mielestdsi parhaan vaihtoehdon kohdalle tai
kirjoittamalla vastaus sitd varten varattuun tilaan. Vastaa huolellisesti jokaiseen
kysymykseen ja palauta lomake testaajalle.

1. Kuinka pitkid matka on kotoasi koululle (yhteen suuntaan 0,5 km:n tarkkuu-
della)

kilometrid

2. Miten tavallisesti kuljet koulumatkasi?

kavellen ()
pyoralla ()
linja-autolla ()
muuten, miten ()

3. Mitid urheilu- ja liikuntavarusteita omistat. Merkitse rasti (x) jokaisen omis-
tamasi vilineen kohdalle.

Omistan varusteet ja vilineet Omistan  varusteet ja vélineet
() Polkupyora () Pesdpallorapyla

() Maastohiihtovélineet () Jalkapallo

() Lasketteluvélineet () Sulkapallomaila

()  Luistimet () Kuula, keihis tai kiekko

() Kompassi () Voimailuvilineitd, mita

() Piikkarit

() Lenkkikengét

() Jalkapallokengit () Muita vilineitd, mita

() Uimapuku tai -housut
() Verryttelypuku

() Voimistelupuku

() Jadpelimaila




100

4. Osallistutko koulun liikuntakerhoon?

Koululla ei ole liikuntakerhoa
En osallistu

Osallistun silloin t4lléin
Osallistun viikoittain

A~ A~~~
~— — — —

5. Kuinka usein harrastat liikuntaa koulutuntien ulkopuolella vihintiin puoli
tuntia kerrallaan?

en lainkaan

joka pdiva

2-6 pdivand viikossa

kerran viikossa

2-3 kertaa kuukaudessa

kerran kuukaudessa

harvemmin kuin kerran kuukaudessa

AN AN AN AN AN~ A~
— N N N N N

6. Mitd seuraavista liikuntalajeista harrastat koulutuntien ulkopuolella sddn-
nollisesti viikoittain niini vuodenaikoina, kun siihen on mahdollisuus

Kavely ....coooiiiii ()

PYOTEily ..o ()

juoksu (pikamatkat 50- 400m) ....... ............. ()
juoksu (pitkédt matkat yli 400 m) .................. ()
yleisurheilun hyppylajit ..................... ()
yleisurheilun heittolajit .............................. ()
telinevoimistelu ............c..coocoii. ()
AETODIC ...vviiiiiii ()
FANSST ceevenin i ()
kuntosaliharjoittelu, voimaharjoittelu ............ ()
laskettelu ........coooeiiiiiii ()
lumilautailu .......c.covevveiiiin ()
rullalautailu, skeittailu ............c.coooviiinat. ()
maastohiithto ..................coc ()
suunnistus, retkeily ... ()
luistelun ....ooeniiiii ()
UM e ()

jalkapallo .......o.ooviiiii ()
koripallo/katukoris...............cocoooiiiiii ()
salibandy, sahly ..............c..coo ()
lentopallo .......cvevviiiiiiiiii ()
sulkapallo ........ooeiiiiiiiii ()
jadkiekko ... ()
pesdpallo ......ooviiiiiiiii ()
muu, mikd ()
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7. Kiytko urheiluseuran harjoituksissa

Mika laji
En ()
Kyll4. Silloin t&llsin. ()
Kylla. Saannollisesti ()

8. Oletko osallistunut viimeisen vuoden aikana urheilukilpailuihin

En () Mika laji
Kylld. Koulun tai koulujen viélisiin ()
Kylld. Urheiluseuran kilpailuihin ()
Kyll4. Piirin kilpailuihin ()
Kylla. Valtakunnallisiin kilpailuihin ()
Kyllad. Kansainvilisiin kilpailuihin ()

9. Mitd mieltd olet koulun liikuntatunneista?
Pidén kovasti liikkuntatunneista ()
Pidén liikuntatunneista ()
Eivit ole kovin vastenmielisid, mutta eivat miellyttavidkaan( )
En pid4 liikkuntatunneista ()
Pidan liikuntatunteja hyvin vastenmielisina ()
En osallistu liikuntatunneille ()

10. Mistid koulussasi harjoitetuista liikuntalajeista pidit eniten (1), misti seu-
raavaksi (2) ja mistd kolmanneksi (3) eniten. Mainitse tissi jirjestyksessd.

=

N

11. Mistd koulussasi harjoitetuista liikuntalajeista pidat vihiten tai et pida lain-
kaan.

=

N

12. Miki oli liikuntanumerosi edellisessi todistuksessa?
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13. Kuinka monta vuotta nykyinen liikunnanopettajasi on opettanut sinua?

vuotta

KIITOS VAIVANNAOSTA!!
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Liikuntakasvatuksen

Appedix 9. Follow-up questionnaire tutkimus- ja kehittimiskeskus

ARVOISA VASTAANOTTAJA

Te osallistuitte vuonna 1976 koululaisten liikuntaa koskevaan tutkimukseen. Nyt,
l[&hes 25 vuotta sen jalkeen pyrimme selvittdmaan, minkalainen on eldman- ja
terveystilanteenne sekd minkalaista on fyysinen aktiivisuutenne nykyisin.
Olemme Kkiitollisia, jos voitte olla auttamassa tdman kansallisesti ja kansainvali-
sestikin merkittavan tutkimuksen toteuttamisessa. Toivomme, etta kaytatte noin
puoli tuntia ajastanne kyselyyn vastaamiseen. Odotamme vastaustanne ohei-
sessa kirjekuoressa, jonka postimaksun olemme maksaneet, noin kolmen vii-
kon sisalla.

Tutkimus tehdaan LIKES-tutkimuskeskuksen ja Jyvaskylan yliopiston Liikunta-
kasvatuksen tutkimus- ja kehittamiskeskuksen yhteistydna. Sitéd rahoittavat
Opetusministerid ja Juho Vainion saatid sekd Urheiluopistosaatio. Antamianne
tietoja kasitelldadn ehdottoman luottamuksellisina eikd yksityistd vastaajaa kos-
kevia tietoja ilmoiteta missdan vaiheessa. Lomakkeen ylareunassa oleva nume-
ro ilmoittaa henkildbnumeronne vuoden 1976 mittauksessa ja se muutetaan ai-
neistojen yhdistamisen jalkeen.

Osoitetiedot olemme saaneet Jyvaskylan maistraatista.

Kevaalla 2001 on osa vastaaijista tarkoitus kutsua haastatteluun ja jatkomittauk-
siin. Niihin osallistuminen on luonnollisesti tdysin vapaaehtoista. Korostamme,
ettd vastaaminen tdhan kyselyyn ei sido osallistumaan niihin. Tiedustelemme
kyselyn lopussa, saammeko ottaa yhteyttd Teihin sopiaksemme naista jatkomit-
tauksista, jotka pidetdan Liikuntakeskus Pajulahdessa (esite ohessa).

Lomaketta ja jatkomittauksia koskevat kysymykset voi esittaa allekirjoittaneille
Lasse Mikkelssonille tai Heimo Nupposelle, joilta saa my0s tietoja vuonna 1976
tehdysta tutkimuksesta.

Veikko Vihko Heimo Nupponen Lasse Mikkelsson

Tutkimusjohtaja Tutkimuksen vastuullinen Tutkija

LIKES-tutkimuskeskus  johtaja puh. 0400-506013
Liikuntakasvatuksen email: kesto@sci.fi

tutkimus- ja kehittamiskeskus
puh. (014) 2602125
email: heinup@pallo.jyu.fi
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KYSELYLOMAKE

Kysymyksiin vastataan ympyroimalla jokaisessa kysymyk-
sessa yksi vaihtoehto (numero) tai kirjoittamalla vastaus sita
varten varattuun tilaan

35 Kuinka pitka olette?

cm (senttimetrin tarkkuudella)

Kuinka paljon painatte?

kg (kilon tarkkuudella)

- J
37 / Mihin kunto-ominaisuuksien luokkaan arvioitte kuuluvanne nyt. \
Vertailuryhmana ovat samanikaiset ja samaa sukupuolta olevat.
Selvasti alle  Alle Keskitaso YIi Selvasti yli
keskitason keskitason keskitason keskitason
Kestavyys 1 2 3 4 5
Nopeus 1 2 3 4 5
Voima 1 2 3 4 5
1 2 3 4 5

Notkeus
\ %
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39
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-~

\

Kuinka usein harrastatte liikuntaa? Merkitkaa rasti alla olevaan\
ruudukkoon rasti siihen kohtaan, joka vastaa tilannetta normaa-
liviikkona.

En lainkaan, siirtykda kysymykseen 45
Kerran kuukaudessa

2-3 kertaa kuukaudessa

1-2 kertaa viikossa

3-4 kertaa viikossa

5-6 kertaa viikossa

Joka paiva

NO R WN -~

Kuinka kauan yleensa harrastatte liikuntaa yhdella kerralla?

Alle 10 minuuttia
10-20 minuuttia

20-40 minuuttia

40-60 minuuttia

60-90 minuuttia

1.5 tuntia tai enemman

OB WN -~
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Mita lilkunnan muotoja tai lajeja harrastatte ja milla teholla ?

Harrastaessani

En har- en sanottavasti Hengastyn jonkin Hengastyn

rasta hengasty verran voimakkaasti
Kavely 1 2 3 4
Holkka 1 2 3 4
Juoksu 1 2 3 4
Voimistelu 1 2 3 4
Tanssi 1 2 3 4
Kuntosaliharjoittelu 1 2 3 4
Laskettelu 1 2 3 4
Maastohiihto 1 2 3 4
Suunnistus, retkeily 1 2 3 4
Luistelu, rullaluistelu 1 2 3 4
Uinti 1 2 3 4
Soutu, melonta 1 2 3 4
Jalkapallo 1 2 3 4
Koripallo 1 2 3 4
Lentopallo 1 2 3 4
Pesapallo 1 2 3 4
Jaakiekko, kaukalopallo 1 2 3 4
Sulkapallo 1 2 3 4
Squash, tennis 1 2 3 4
Golf 1 2 3 4
Aerobic 1 2 3 4
Sauvakavely 1 2 3 4
Muu, mika 1 2 3 4

1 2 3 4
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Kuinka usein osallistutte voimistelu- tai urheiluseuran harjoi- \
tuksiin tai muuhun ohjattuun liikuntaan?

En ollenkaan 1 siirtykaa kysymykseen 44
Kerran kuukaudessa 2
2-3 kertaa kuukaudessa 3
1-2 kertaa viikossa 4
3-4 kertaa viikossa 5
5-6 kertaa viikossa 6
7

Joka paiva

/

Jos osallistutte ohjattuihin harjoituksiin niin milla teholla liikutte?
Teho
En sanottavasti hengasty 1
Hengastyn jonkin verran 2
Hengastyn voimakkaasti 3

Jos osallistutte kilpaurheiluun niin mika on lajinne ja tasonne ?

Lajini on ja kilpailen
puulaaki
seura
piiri
kansallisella
kansainvalisella

A wWwN -

tasolla /
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49

50

54

/ Mihin seuraavista suorituksista arvioitte pystyvanne

yhtamittaiseen juoksuun  alle 500 m 500-1000 m

1 2
yhtémittaiseen pydrailyyn alle 10 km 10 — 20 km
1 2
yhtamittaiseen hiihtoon alle 5 km 5-10 km
1 2
yhtamittaiseen patikointiin alle 5 km 5—-10 km
1 2

o

vaihtelevassa maastossa:

1-5 km
3

21-50 km
3

11-30 km
3

11-20 km
3

~

yli 5 km
4

yli 50 km
4

yli 30 km
4

yli 20 km

©J

(k

uinka pitkdn matkan arvioitte pystyvanne uimaan yhtamittaisesti? N
en osaa uida alle20m 20-200 m  yli 201-500 m yli 500 m
1 2 3 4 5
/

Saammeko ottaa teihin yhteytta koskien jatkomittauk-

sia?
1 kylla
2 ei

MONET KITOKSET AVUSTANNE!
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