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Abstract
Objectives—To map the pattern of in-
volvement in physical activities by adoles-
cents at ages 15 and 18 years.
Methods—Data from a longitudinal co-
hort study were used. Participants in the
Dunedin Multidisciplinary Health and
Development Study provided information
about their sporting and similar physical
activities during the 12 months before
study assessments at ages 15 and 18 years.
Results—Total participation time at age 18
was 63% of that reported at age 15. Mean
participation time for girls decreased
from 7.5 hours a week to 4.3 hours a week
(p<0.001) whereas for boys it decreased
from 11.7 hours a week to 7.8 hours a week
(p<0.001). At both ages, boys spent signifi-
cantly more time in physical activity than
girls. More time in physical activity at age
18 was reported by participants who
judged their fitness higher than their peers
(odds ratio (OR) 1.7: 1.2, 2.5), those who
played sport for their school (OR 1.8: 1.3,
2.4), and those reporting very good self
assessed health (OR 1.4: 1.0, 1.8) at age 15.
The overall median number of activities
decreased from seven at age 15 to three at
18.Boys were involved inmore activities at
age 15 but there was no sex diVerence at
age 18 in the number of diVerent activities
reported.
Conclusion—Although involvement in
school sporting activities and high levels of
fitness in mid-adolescence may protect
against marked reductions in physical
activity in late adolescence, social and
organisational factors are also likely to be
important. There is a need for innovative
approaches to health promotion which
will encourage adolescents to maintain
higher levels of physical activity after they
leave school.
(Br J Sports Med 1998;32:53–57)
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In economically developed societies like New
Zealand, increased prevalence of the “diseases
of aZuence” has been linked with sedentary
lifestyles resulting from a reduced need for
physical exertion in work, recreation, and
transport. Increased leisure time physical
activity is an eVective means of counteracting
some of the negative eVects of modern
lifestyles. Among adults, there is evidence that
regular exercise helps to prevent heart
disease,1 2 non-insulin-dependent diabetes

mellitus,3 some cancers,4–6 osteoporosis,7 and
depression.8 In community based studies, it is
consistently associated with better self assessed
health.9–11 Membership in a sports club is
related to better overall health for children,12

and exercise programmes in the school cur-
riculum can improve fitness and lower blood
pressure and serum lipid levels.13 Involvement
in sports activities in youth is also associated
with greater involvement in organised sport in
adulthood.14

Adolescents constitute nearly one fifth of
New Zealand’s population. By most measures
they are healthy: injury is the main cause of
death, and acute infections and injury are the
main causes of morbidity.15 In mid-
adolescence, adult patterns of health behaviour
start to emerge; girls begin to report more
health problems than boys,16 17 and other health
related measures may also change, including
involvement in physical activity, although this
eVect is not well reported in the literature.
Physical activity habits established in youth

may have long term health implications, yet
there is a lack of data from longitudinal studies
about physical activity during adolescence.
Most studies of physical activity among adoles-
cents involve school age populations and are
concerned with descriptive epidemiology, es-
tablishing participation rates,18 or exploring
cross sectional associations with other
behaviours.19 We could find no longitudinal
studies of changes in the nature and extent of
participation in physical activity as adolescents
progress from school to higher education or
work.
This paper presents data obtained as part of

a broader longitudinal study of health and
development. In order to identify possible tar-
gets for health promotion interventions, the
main aim was to determine whether, between
ages 15 and 18 years, there were changes in the
time spent in physical activity and in preferred
sports. A further aim was to document sex dif-
ferences in participation in physical activities
and determine whether these increased or
decreased from mid to late adolescence.

Method
THE STUDY COHORT

Participants in this study were all members of a
birth cohort enrolled in the Dunedin Multidis-
ciplinary Health and Development Study
(DMHDS), a longitudinal study of health,
development, attitudes, and behaviour de-
scribed fully elsewhere.20 In summary, study
participants were born at the Queen Mary
Maternity Hospital in Dunedin between 1
April 1972 and 31 March 1973 to mothers
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residing in the Dunedin area. Of the 1661 live
births during this period, 1139 children were
still resident in the Otago province on their
third birthday and therefore eligible for inclu-
sion in the DMHDS; of these, 1037 were
followed up. Cohort members were assessed
every two years thereafter until age 15 and then
at ages 18 and 21. The data used for the
present study were collected during 1987–
1988 (age 15) and 1990–1991 (age 18). By the
time of the interview at age 18, most
participants (73%) had left school.
The DMHDS cohort is somewhat biased

socioeconomically towards the advantaged and
ethnically towards those of European descent,
although the full socioeconomic spectrum is
represented.21 By age 15, there had been eight
known deaths among cohort members and two
further deaths occurred between 15 and 18
years. Severe developmental or intellectual dis-
ability prevented the full participation of seven
adolescents at age 15 and five at age 18. At age
15, 33 refused to participate, 11 were not seen
for reasons such as being out of the country,
and nine could not be traced. At age 18, 13
refused to participate, and four could not be
traced. Data used in the present study were
collected during 1987–1988 (age 15) and
1990–1991 (age 18) when follow up rates of 95
and 97% of those still living were achieved.
This analysis is based on the 775 participants

from whom complete physical activity data
were available at both assessments (400 boys
and 375 girls).

PROCEDURES

Most data were collected from face to face
interviews at the Multidisciplinary Health and
Development Unit in Dunedin. Before assess-
ments at age 15, written consent was obtained
from cohort members and their parents. At 18,
consent was obtained from cohort members
alone. At both ages confidentiality was assured.
As far as possible, interviews were scheduled
within two months of participants’ birthdays.
The Minnesota Leisure Time Physical Ac-

tivity Questionnaire22 was used at both assess-
ments, modified as described elsewhere.18 In
summary, participants were asked to recall, for
each month of the previous year, the sports and
similar physical activities in which they had
participated, the number of times they had
been involved in each activity, and the amount
of participation time on each occasion. Activi-
ties included those undertaken as part of
school programmes, competitive sports, and
leisure time activities undertaken for exercise
or recreation. Participation time included time
involved in physical training for an activity but
specifically excluded time spent socialising
afterwards. Variables investigated as predictors
of increased physical activity at age 18 were
“very good” self assessed health at age 15
(rather than “good”, “fair”, or “poor”), playing
sport in a school team at age 15 (yes/no), and
reporting their fitness to be “better” than that
of their peers (rather than “the same” or
“worse”).
Proportions of participants reporting partici-

pation times of less than one hour a week, one
to four hours a week, and more than four hours
a week were compared at ages 15 and 18 using
the ÷2 test. These boundaries were chosen to
assist comparability with other studies, and
because of the recommendation at the time of
data collection that adults should spend at least
20 minutes in physical activity three times a
week.23 The non-parametric Wilcoxon
matched pairs sign rank test was used to com-
pare activity time and numbers of activities in
which individuals participated at each age. A
repeated measures analysis of variance was
used to study diVerences between ages and
between sexes in both the number of physical
activities and participation times. Predictors of
more than four hours a week physical activity at
age 18 were identified by logistic regression
analysis. A 5% level of significance was used
throughout the study.

Results
Among the 775 study participants for whom
physical activity data were available at both
study assessments, there was a 37% reduction
in total time spent in physical activity from
390 717 hours at age 15 to 245 646 hours at
age 18. The overall mean time per week spent
in physical activity at age 15 was 9.7 hours, sig-
nificantly more than the 6.1 hours of mean
activity time reported at age 18 (p<0.001).

Figure 1 Time spent in physical activity by boys aged 15 and 18.
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Figure 2 Time spent in physical activity by girls aged 15 and 18.
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These changes in total physical activity time
and mean hours per week were characteristic of
both sexes, although there was continuity
between the assessments in the finding that at
both ages boys spent significantly more time in
physical activity than girls. Boys at age 15 spent
a mean of 11.7 hours a week in physical activ-
ity, compared with 7.5 hours a week for girls.
At age 18 boys reported a mean of 7.8 hours a
week in physical activity compared with 4.3
hours a week for girls. Repeated measures
analysis of variance showed a significant diVer-
ence between the sexes in the amount of time
spent in physical activity at both ages
(p<0.001), but there was no sex by time inter-
action (p = 0.257), suggesting that time reduc-
tions were of similar magnitude for both sexes.
Figures 1 and 2 show the distributions of activ-
ity times in hours per week for boys and girls at
both ages.

The proportion of adolescents participating
in more than four hours of physical activities a
week declined in boys from 84.5 to 65.5%
(p<0.001) and in girls from 68.5 to 36.8%
(p<0.001) (table 1). Although 55.8% of
participants remained within the same broad
categories of total activity time at both study
assessments, tracking was stronger in boys than
girls (64.5% of boys and 46.5% of girls
reported similar participation times at 15 and
18 years; p<0.001). After accounting for sex
diVerences in the amount of time spent in
physical activity, predictors from age 15 of
spending more than four hours a week in
physical activity at age 18 were having very
good self assessed health (odds ratio (OR) =
1.4: 1.0, 1.8), playing sport in a school team
(OR = 1.8: 1.3, 2.4), and judging one’s own
fitness to be better than one’s peers (OR = 1.7:
1.2, 2.5).When this analysis was conducted for
each group separately, the significant predic-
tors of spending more than four hours a week
in physical activity at 18 for boys were playing
representative sport at age 15 (OR = 2.1: 1.3,
3.2) and having better self assessed fitness (OR
= 1.7: 1.0, 2.7), whereas for girls, having better
self assessed fitness was the only significant
predictor (OR = 1.8: 1.0, 3.0).
The median number of activities individuals

were involved in at age 15 was seven and at age
18, three. Non-parametric tests comparing
matched data for individuals showed that 86%
of girls (N = 322) and 86% of boys (N = 343)
decreased the number of diVerent activities in
which they were involved and only 7% (N =
57) increased their number of activities be-

Table 1 Continuity and change in numbers (%) of boys and girls reporting diVerent levels
of physical activity participation time per week

Hours/week spent in physical activity at
age 15

Total at age 18<1 1–4 >4

Boys
Hours/week spent in physical activity at age 18
<1 6 (1.5) 12 (3.0) 32 (8.0) 50 (12.5)
1–4 2 (0.5) 16 (4.0) 70 (17.5) 88 (22.0)
>4 3 (0.8) 23 (5.8) 236 (59.0) 262 (65.5)
Total at age 15 11 (2.8) 51 (12.8) 338 (84.5) 400 (100.0)

Girls
Hours/week spent in physical activity at age 18
<1 7 (1.9) 30 (8.0) 38 (10.0) 75 (20.0)
1–4 6 (1.6) 52 (13.9) 104 (27.7) 162 (43.2)
>4 4 (1.1) 19 (5.1) 115 (30.7) 138 (36.8)
Total at age 15 17 (4.5) 101 (26.9) 257 (68.5) 375 (100.0)

Table 2 Changes from ages 15 to 18 in physical activity participation rates and proportion of total time spent in diVerent
activities (N=400 for boys, N=375 for girls)

Activity

Participation rate (% of study group) Participation rate (% of total time)

Age 15 Age 18 DiVerence (95% CI) Age 15 Age 18 DiVerence (95% CI)

Cycling M 48 23 25 (18.6 to 31.4) 13 10 3 (2.0 to 4.9)
F 39 24 15 (8.4 to 21.5) 9 10 −1 (−2.9 to 0.7)

Swimming M 50 15 35 (29.0 to 41.0) 6 4 2 (1.8 to 3.8)
F 57 30 27 (20.1 to 33.8) 10 7 3 (0.7 to 4.1)

Rugby M 50 27 23 (16.4 to 29.6) 5 8 −3 (−4.7 to −2.4)
F 5 8 −3 (−6.5 to 0.6) 0 1 −1 (−1.5 to −0.4)

Skiing M 23 18 5 (−0.6 to 10.6) 2 3 −1 (−1.7 to −0.2)
F 26 18 8 (2.1 to 13.9) 4 5 −1 (−2.1 to 0.4)

Run/jogging M 37 16 21 (15.1 to 26.9) 5 3 2 (1.0 to 2.8)
F 34 14 20 (14.0 to 26.0) 4 5 −1 (−2.6 to −0.0)

Tennis M 33 15 18 (12.2 to 23.8) 3 3 0 (−0.4 to 1.1)
F 33 16 17 (11.0 to 23.1) 4 3 1 (−1.0 to 1.2)

Walking M 15 9 6 (1.5 to 10.5) 5 5 0 (−1.5 to 0.5)
F 25 21 4 (−2.0 to 10.0) 10 12 −2 (−3.3 to 0.5)

Netball M 0 2 −2 (−3.2 to −0.3) 0 0 0 (−0.1 to 0.1)
F 43 24 19 (12.3 to 25.6) 4 5 −1 (−2.7 to −0.1)

Volleyball M 29 13 16 (10.5 to 21.5) 2 2 0 (−0.6 to 0.8)
F 24 8 16 (10.9 to 21.1) 3 3 0 (−0.8 to 1.2)

Cricket M 49 17 32 (25.9 to 38.1) 8 6 2 (1.0 to 3.2)
F 16 4 12 (7.8 to 16.2) 1 1 0 (−0.6 to 0.8)

Soccer M 35 15 20 (14.2 to 25.8) 3 4 −1 (−2.0 to −0.3)
F 6 5 1 (−2.2 to 4.4) 1 1 0 (−1.3 to −0.1)

Surfing M 15 11 4 (−0.7 to 8.7) 3 3 0 (−0.6 to 0.9)
F 3 2 1 (−1.5 to 3.1) 1 2 −1 (−2.0 to −0.6)

Fishing M 36 11 25 (19.4 to 30.6) 5 4 1 (0.8 to 2.7)
F 9 3 6 (2.8 to 9.5) 1 1 0 (−0.4 to 0.8)

Tramping M 26 9 17 (11.9 to 22.1) 2 2 0 (0.2 to 1.4)
F 16 5 11 (6.6 to 15.3) 1 2 −1 (−1.4 to 0.3)

Motorcycling M 12 12 0 (−4.5 to 4.5) 3 4 −1 (−2.0 to −0.3)
F 3 1 2 (−0.1 to 4.0) 0 0 0 (−0.4 to 0.5)

Squash M 24 6 18 (13.2 to 22.8) 2 1 1 (0.4 to 1.5)
F 6 6 0 (−3.4 to 3.4) 1 1 0 (−1.0 to 0.4)

Golf M 18 11 7 (2.1 to 11.9) 3 3 0 (−1.1 to 0.5)
F 2 0 2 (0.3 to 3.4) 0 0 0 (−0.1 to 0.1)

M, male; F, female; CI, confidence interval.
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tween study assessments. There was no signifi-
cant diVerence between boys and girls in the
changing number of activities reported from
ages 15 to 18. For girls, the median number of
activities decreased from six to three, and for
boys, from seven to three.
In table 2, the most popular physical

activities are ranked according to the propor-
tions of the cohort participating at age 18.
Motorcycling was the only activity that had a
consistent rate of participation at both assess-
ments and for both sexes. The general pattern
was for participation rates to decrease; there
was no significant increase for any activity.
However, from ages 15 to 18 the proportion of
total time spent in rugby, soccer, and skiing
increased for boys, and the proportion of total
time spent in rugby, surfing, and netball
increased for girls.

Discussion
Time spent in physical activity is a behavioural
factor which has important long term health
consequences. Among adolescents exercise is
ranked ahead of diet, smoking, and sleep as
their most important health concern.24 Even so,
there is relatively little epidemiological research
in the area, and limited data are available about
changes in participation in physical activity
during adolescence.
Longitudinal studies oVer two major advan-

tages over cross sectional investigations. Firstly,
they allow examination of the “natural history”
of participation in physical activities and
secondly, they provide information that enables
cohort eVects to be distinguished from aging
eVects. In a series of cross sectional studies
involving diVerent people, it is possible that any
observed changes are due to diVerences in par-
ticipant characteristics alone, rather than to
real changes over time. In this study, as the
same people were involved at both assessments,
our findings of change in physical activity par-
ticipation from mid to late adolescence are
clearly aging eVects: that is, they are likely to be
found among other groups of teenagers as they
grow through adolescence. This knowledge is
important in informing health promotion deci-
sions.
Patterns of physical activity involvement

from ages 15 to 18 in this study were
characterised by change rather than continuity.
However, there were three areas where conti-
nuity was observed: (a) in gender diVerences,
with girls at both ages reporting significantly
less participation time than boys; (b) in the
types of activity that were most popular; (c) in
the sex association of activities such as rugby,
netball, cricket, soccer, surfing, fishing, motor-
cycling, and golf. Reeder et al18 suggested that
the less physical activity participation by girls at
age 15 might “... reflect a tradition of male
dominance in sports and similar physical
activities in New Zealand”. A fuller explana-
tion is oVered by the Life in New Zealand
(LINZ) study.25 This survey involving a prob-
ability sample of New Zealanders found that,
for women, art and craft activities were more
popular leisure time occupations than sport,
while for men, the reverse was true. Less

participation in physical activity among girls
than boys is consistent with the findings of
most US and Canadian studies reviewed by
Stephens et al.26 However, these authors
concluded that diVerences became “inconse-
quential” when the definition of physical activ-
ity was broadened beyond traditional sports to
include conditioning activities that are not nor-
mally regarded as “sports”. This was not the
case in the study reported here, where a broad
definition was used.
Cycling, swimming, and running/jogging

involved relatively large proportions of partici-
pants at both ages and accounted for similar
proportions of total activity time. This result
suggests that participation rates may be better
promoted by encouraging involvement in
informal individual activities rather than or-
ganised competitive sport. The total amount of
time spent in swimming and cycling among
15–18 year olds in the LINZ study25 was simi-
lar to the times reported by 15 year olds in the
current study but substantially greater than the
time reported by 18 year olds in our study. By
aggregating data from adolescents in one
category, rather than analysing by each one
year age group as in the current study, the
LINZ report probably masked the diVerences
we found between younger and older adoles-
cents.
Changes between ages 15 and 18 included

(a) a reduction in the amount of time spent in
physical activity and the number of activities,
(b) changes in popularity of some types of
activity, and (c) changes in sex diVerences in
participation rates for some activities.
More than half the 15 year olds who spent at

least four hours a week in physical activity had
reduced their participation time to below this
level at age 18. Four hours a week is not
extreme, so this result should concern those
involved in health promotion. We have shown
that higher levels of fitness at age 15, higher
levels of self assessed health, and playing
representative school sports are all predictors
of maintaining this reasonable level of activity
at age 18, suggesting possible strategies for
health promotion interventions. These
strategies could be directed at interventions in
schools such as encouraging youngsters who
are not “elite” athletes to be involved in
representative sports and promoting fitness
through routine daily physical activity.
Biological, psychological, and developmen-

tal factors could explain the changes we
observed over the three year study period, but
social and organisational factors may also be
implicated and these may be more amenable to
change. Physical activity in late adolescence is
more a matter of choice than it is at a younger
age when school curricula influence activity
levels. Involvement in sports and other physical
activities may be diYcult to arrange without
the organisational support and practical en-
couragement provided by schools, and pres-
sure to spend more time in work or education
may diminish the priority given to physical
activities. It is important that barriers to physi-
cal activity involvement are addressed in the
interests of promoting healthy lifestyles in
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young adulthood and beyond. The present
study represents an investigation of the natural
history of participation in leisure time physical
activity. As the DMHDS cohort ages, further
measures should be taken to document partici-
pation and identify factors that may facilitate or
bar involvement in physical activity.
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