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Abstract

Background: There is limited knowledge of physical activity (PA) patterns among high school students. High schools
plays an important role as context for the students, but it is uncertain to what extent schools influence student
participation in PA during leisure time. The purpose of this study is to describe patterns of PA and assess variations
between schools and classes in PA, in a large cohort of Danish high school students.

Methods: Self-reported cross-sectional data came from The Danish National Youth Study, comprising a total of 70,674
students attending 119 different schools and 3213 classes. Multilevel logistic regressions were applied to evaluate the
association between socio-demographic variables and patterns of PA, and to assess the impact of schools and classes
on PA measures.

Results: Students whose parents have achieved a lower level of education, older students and girls of perceived
ethnic minority generally participated less in several forms of PA during leisure time. Substantial variations
between schools were observed in terms of participation in PA at school during leisure time and in terms of use
of active transportation to and from school. The school-level accounted for 9% (intra-class correlation coefficient
(ICC) = 0.09 (95% CI: 0.06–0.11)) and 8% (ICC = 0.08 (95% CI: 0.07–0.11)) of the variation for participation in PA
during leisure time and active transportation.

Conclusion: Overall, students whose parents achieved a lower level of education, older students and girls of
perceived ethnic minority represent vulnerable groups in relation to participation in several forms of PA during
leisure time. The ICCs indicate that schools, in particular, have the potential to influence participation in PA at
school during leisure time and active transportation to and from school. Thus, high schools should encourage
and facilitate activities aimed at engaging students in PA during leisure time as well as encourage active
transportation.

Keywords: Physical activity, Cluster analysis, Intra-class correlation coefficient, School environment, Cross-
sectional study, Young people, Active transport

Background
Physical inactivity is a major independent risk factor for
the development of several lifestyle-related diseases and for
global mortality [1–4]. The burden of non-communicable
diseases on populations’ health necessitates the identifica-
tion and understanding of physical activity (PA) levels and
trends, enabling the development and implementation of
effective PA-promoting programmes. Global estimations of

PA indicate that nearly a third of individuals, aged 15 years
or older, do not comply with recommendations [5]. There
is limited knowledge of PA patterns among young individ-
uals (aged 15–25 years) compared to those among adults
and children [5].
The high school period is a time of transition charac-

terised by psychological, biological and social changes
[6, 7]. Focus on and knowledge of the consequences of
these changes is important, as the effect on health be-
haviours and patterns of declining PA trajectories,
which persist into adulthood, might be established
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during adolescence and young adulthood [8–10]. Gen-
der differences in PA patterns are observed already dur-
ing childhood, with girls being less active than boys,
and inactivity patterns increasing with age [5, 8]. These
findings are also observed in the Health Behaviour in
School-aged Children (HBSC) study [8, 11] and in object-
ively measured PA in school children [12, 13]. However,
the causes of these differences and to what extent they
persist in high school students remains to be elucidated.
High school is an important context for the students,

as they spend a large part of their day interacting with the
school environment and with other students. It is uncer-
tain to what extent the school influences PA behaviour in
this age group, but the school might be an important de-
terminant of the development of PA patterns. In children
and adolescents, studies that have assessed the impact of
school related factors on PA, have reported large varia-
tions in the PA that could be accounted for by schools
[14–21]. Except for two [18, 20], these studies were con-
ducted among students attending schools primarily lo-
cated in the same geographical area or municipality; thus,
the impact of the school environment might not be fully
reflected in these data. School-level variances might be
higher when several municipalities are included, due to
greater variations in environmental factors and health pol-
icies between schools.
Assessments of different measures of PA participation

and the variation between schools and classes have, to
our knowledge, not been conducted in a larger sample
of high school students. Thus, the purpose of this study
is to describe patterns of PA and assess variations between
schools and classes in measures of PA, in a national co-
hort of Danish high school students.

Methods
Study population
Data came from The Danish National Youth Study, which
is a national survey conducted among 75,853 high school
and vocational school students in 2014 in Denmark. A
thorough description of the study is reported elsewhere
[22]. In brief, the overall aim was to investigate health,
health behaviour and well-being among students in sec-
ondary education in Denmark and thus the questionnaire
was not designed and implemented specifically to gen-
erate data for the students’ PA behaviour. All 137 gen-
eral high schools and 12 of the largest vocational
schools in Denmark were invited to participate. Data was
collected from September to December 2014. Teachers
provided passwords for the students to access the ques-
tionnaire. Students answered the electronic questionnaire
in class during one to two lessons of 45 min each. The
present study included high school students only. In total,
119 of the 137 general high schools in Denmark partici-
pated (87%). All students from participating high schools
were invited of whom 85% participated, resulting in a total
study population of 70,674 respondents (Fig. 1).
Ethics approval was not necessary under Danish law as

this study did not include human biological material
[23]. In 2014 The Danish Data Protection Agency ap-
proved the study and that all national confidentiality and
privacy requirements were met (J. No. 2013–54-0526).
Coordinators at the schools gave oral information about
the study and the written information made available to
the students clearly stated that participation in the study
was voluntary and that responses would be treated con-
fidentially. By participating they gave consent that their
data could be used for research.

Fig. 1 Flow of participating high schools, classes and students in the Danish National Youth Study 2014
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Questionnaire
The PA outcomes in this paper are based on answers
from four items, originating from several sources, which
were tailored specifically to the adolescent target group.
The question of assessing physical inactivity during

leisure time was based on previously validated measures
originally constructed and evaluated by Saltin and
Grimby [24, 25]. The variable ‘very active during leisure
time’ was assessed using a previously validated question
originating from the HBSC study [8, 11]. The questions
assessing active transport, organised, self-organised and
at-school PA during leisure time was specifically devel-
oped for the Danish National Youth Study 2014, in close
collaboration with Danish researchers in the field.
Two high schools (1661 students) initially participated

in pilot testing of the questionnaire and in focus group
interviews, after which small adjustments in the ques-
tionnaire were made. However, the items pertaining to
physical inactivity during leisure time, organised PA,
self-organised PA and PA at school during leisure time
were added after the pilot testing. Thus, participants
from the pilot schools present missing answers on these
items. The items related to organised PA, self-organised
PA and PA at school during leisure time were added to
obtain information on where students are physically ac-
tive, which was not covered by the original items related
to PA. The construct of each question is elaborated as
follows.

Inactive during leisure time
Physical inactivity during leisure time was assessed by
the question: ‘Within the last year how would you most
accurately describe your physical activity during leisure
time?’. The answers were dichotomised into ‘Yes’ (in-
active) for answers ‘reading, watching television or having
other sedentary behaviour’ and ‘No’ for answers ‘exercises
vigorously and perform competitive sports regularly sev-
eral times a week’, ‘practices recreational sports or similar
for at least 4 hours a week’, and ‘walks, cycles or performs
other light intensity exercise at least 4 hours per week
(also including walking and cycling/walking to school)’.

Very active during leisure time
To assess the proportion of students who were very
physically active during leisure time the following ques-
tion was used: ‘Outside of school: how many hours a
week do you practice sport or other physical activity to
the extent that you become breathless or sweat (not in-
cluding low intensity cycling)?’. The answers were
dichotomised into ‘Yes’ for the following answers: ‘about
4–6 h a week’ and ‘about 7 hours a week or more’ and
‘No’ for the answers ‘none’, ‘about half an hour a week’,
‘about an hour a week’, and ‘about 2–3 h a week’.

Active transportation
Active transportation to and from school was assessed
by the question: ‘How often do you cycle or walk to and
from school?’. The answers were dichotomised into ‘Yes’
for answers ‘always’ and ‘for the most part’, and ‘No’ for
answers ‘sometimes’, ‘seldom’ and ‘never’.

Organised, self-organised or at-school physical activity
during leisure time
Participation in organised PA, self-organised PA, or par-
ticipation in PA at school during leisure time was
assessed by the question: ‘Where do you perform sports
and other forms of physical activity?’. Participation in
organised PA was defined as having answered ‘at the
high school’ or ‘in a sports association or club (e.g. foot-
ball, dance, martial arts)’. Participation in self-organised
PA was defined as having answered ‘in a fitness centre
(e.g. resistance training, group fitness classes)’ or ‘on your
own or self-arranged (e.g. running, swimming, football in
the park)’, while participation in PA at school during leis-
ure time was defined as having answered ‘at the high
school (not including compulsory physical education les-
sons)’. As students had the opportunity to tick off more
than one answer in this question, the variables organised
PA, self-organised PA and PA at school during leisure
time were not mutually exclusive.

School-level factors
Principals at each high school answered a questionnaire
containing questions about school conditions and strat-
egies for improving health and well-being among stu-
dents. Six school-level factors related to special efforts
or projects (1 factor), school facilities (4 factors) and
possibilities of PA during leisure time at the school (1
factor) were included from different questions from the
principal questionnaire. Whether the school had made a
special effort or participated in PA projects was defined
as having answered ‘the school has made a special effort
or participated in projects with physical activity within
the last three years’. Principals were also asked ‘How do
you agree or disagree with the following statements
about the gymnasium facilities and resources?’ with the
possible items: ‘the school has a gym hall suitable for
sports’, ‘the school has a varied selection of sports equip-
ment (e.g. balls and fitness machines)’, ‘the school has
good changing and shower facilities’ and ‘the school has
good access to outdoor football fields (e.g. football, bas-
ketball and multi-purpose field/court)’. Responses to
these questions were dichotomised into ‘Yes’ for ‘agree’
and ‘No’ for ‘neither agree nor disagree’ and ‘disagree’.
To assess whether the school offered PA or sport outside
of school hours the following question was used: ‘Does
the high school offer any of the following voluntary ac-
tivities outside normal school hours?’ with one of the
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possible items ‘sport (e.g. ball games, yoga, resistance train-
ing, running)’. Answers to this item were dichotomised
into ‘Yes’ for ‘yes, every day’ and ‘yes, at least once a week’
and ‘No’ for the answers ‘yes, less often than once a week’
and ‘no, never’.
The degree of urbanisation, classified into ‘densely

populated area’, ‘intermediate populated density area’, and
‘thinly populated area’ was coded according to the
EUROSTAT DEGURBA variable according to the loca-
tion of the schools [26].

Student-level factors
Self-reported student-level factors included sex (boy/girl),
birthday and year (age in years calculated), perceived eth-
nicity (Danish/Danish and other/other than Danish), and
cohabitation status (living with both parents/living with
one parent/other).
Parental educational level (basic schooling/vocational or

high school/higher education) was defined by the parents’
highest achieved educational level and was obtained by link-
age to the Danish Population Education Register [27, 28].

Statistical analyses
All analyses were performed with available data, thus ig-
noring missing data on respective items. To account for
dependency among students within the same class and
school, multilevel logistic regressions nesting students
within school classes (n = 3213) within high schools (n =
119) were applied to evaluate the association between the
independent variables and the PA outcomes. The analyses
were sex and age adjusted and presented as odds ratios
(OR) with 95% confidence intervals (CI). The variation be-
tween school and class was calculated and represented by
an intra-class correlation coefficient (ICC). Furthermore,
ICC’s for PA at school during leisure time was calculated
separately with the inclusion of school-level factors from
the principal questionnaire. A nested log likelihood ratio
test was conducted to test whether the inclusion of the
school-level factors influenced the model.
To determine whether the relation between age and

the PA outcomes differed for boys and girls, logistic re-
gressions were conducted including an interaction term
(sex*age categories). A log likelihood ratio test was used
to analyse if a model including the interaction was better
at describing data than a model without interaction. All
statistical analyses were performed using Stata version
14.2.

Results
Study population
The study population comprised a total of 70,674 high
school students who attended 119 different schools and
3213 classes. Overall, the mean age of the students was
18 years and there were more girls (61%) than boys

(39%) participating. Most students characterised them-
selves as Danish (90%), lived with both parents (64%)
and had parents with a higher level of education (61%).
Finally, the largest proportions of the schools were lo-
cated in areas classified as intermediate populated dens-
ity areas (41%)(Table 1).

Measures of physical activity among boys and girls
Not living with both parents or living in thinly populated
areas were associated with higher odds for being inactive
during leisure time, while having parents with a high
level of education was associated with lower odds of be-
ing inactive during leisure time. The most pronounced
association was observed for ethnicity, where girls who
characterised themselves as Danish and other (OR = 2.17
[95% CI: 1.95–2.42]), or other than Danish (OR = 3.38
[95% CI: 2.90–3.95]) had higher odds of being inactive
during leisure time as compared to those who charac-
terised themselves as Danish (Table 2).
Boys were generally more likely to be very active dur-

ing leisure time compared to girls (52% vs 32%) and boys
and girls not living with both parents were less likely to
be very active during leisure time. The proportion of
boys and girls who participated in organised PA was 53%
and 38%, while 81% and 84% engaged in self-organised
PA. Living with ‘other than parents’ and attending a
school in a thinly populated area were associated with
lower odds of participating in self-organised PA. Whereas
attending a school in less densely populated areas and
having parents with a high level of education was associ-
ated with higher odds of participating in organised PA.
The proportion of boys and girls participating in PA at

school during leisure time was 17% and 10%. Higher
odds for participating in PA at school during leisure time
were observed for girls who characterised themselves as
Danish and other or other than Danish, for boys and
girls living with ‘other’ than their parents, and attending
a school in a thinly populated area. Lower odds for par-
ticipating in PA at school during leisure time were ob-
served for girls with parents with higher education. For
example, girls whose parents’ educational level was higher
education, had 0.74 (95% CI: 0.63–0.87) lower odds of
participating in PA at school during leisure time, com-
pared to girls whose parents’ educational level was
basic schooling.
The proportion of boys and girls using active transpor-

tation (i.e. walking or cycling) to and from school was
60% and 55%. Higher parental educational level and not
living with parents were associated with higher odds of
using active transportation, whereas those characterising
themselves as Danish and other, or other than Danish,
students of a higher age and those attending a school
with a lower degree of urbanisation were associated with
lower odds of using active transportation. For example,
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boys attending schools located in thinly populated areas
had 0.50 (95% CI: 0.39–0.65) lower odds of using active
transportation, compared to boys attending schools in
densely populated areas.

Measures of physical activity by sex and age
An interaction between sex and the different age cat-
egories (≤16 years, 17 years, 18 years and ≥19 years) was
found for the following measures of PA: inactive during
leisure time (p = 0.0014), very active during leisure time
(p = 0.0144), self-organised PA (p = 0.0006), PA at school
during leisure time (p = 0.0236) and active transporta-
tion (p < 0.0001). No interaction was observed for par-
ticipating in organised PA (p = 0.5048)(Fig. 2).
The odds of being very active during leisure time and

participating in organised PA, PA at school during leis-
ure time and active transportation were generally lower
for girls compared to boys in all age groups. Lower odds
within the higher age bracket were observed for both
sexes for active transportation, while higher odds were
observed for girls across age groups for self-organised
PA. For example, compared to ≤16 year old boys, the

odds of using active transportation were lower for 17 year
old boys (0.82 [95% CI: 0.76–0.88]), 18 year old boys
(0.59 [95% CI: 0.54–0.63]) and ≥19 year old boys (0.52
[95% CI: 0.48–0.56]).
Furthermore, there was a tendency towards higher

odds within the higher age bracket for being inactive
during leisure time and participating in PA at school
during leisure time and lower odds within higher age
bracket for very active during leisure time and organised
PA. For example, compared to ≤16 year old boys, the
odds of being inactive during leisure time were higher
for 18 year old boys (1.14 [95% CI: 1.01–1.29]) and
≥19 year old boys (1.43 [95% CI: 1.25–1.63]).

School and class-level intra-class correlation coefficients
(ICC)
The ICCs between students from the same class ranged
from 0.02 to 0.06 and school-level ICCs ranged from 0.01
to 0.09, with the highest ICC observed for PA at school
during leisure time. In total, 4–15% of the variation in the
PA measures could be attributed to the difference between
school and class-level factors (Table 3).

Table 1 Descriptive characteristics of high school students from the Danish National Youth Study 2014

Total Boys Girls

n (%) n (%) n (%)

Study population 70,674 (100) 27,732 (39) 42,942 (61)

Age, mean years (SD) 18 (1.6) 18 (2.0) 18 (1.3)

School grade

1st grade 26,410 (37) 10,336 (37) 16,074 (37)

2nd grade 24,551 (35) 9673 (35) 14,878 (35)

3rd grade 19,713 (28) 7723 (28) 11,990 (28)

Ethnicity

Danish 62,647 (90) 24,059 (89) 38,588 (91)

Danish and other 4853 (7.0) 2064 (7.6) 2789 (6.6)

Other than Danish 2075 (3.0) 1013 (3.7) 1062 (2.5)

Parents’ educational level

Basic schooling 2803 (4.2) 909 (3.5) 1894 (4.7)

Vocational or high school 22,859 (35) 7923 (31) 14,936 (37)

Higher education 40,603 (61) 17,009 (66) 23,594 (58)

Cohabitation

Living with both parents 44,935 (64) 18,033 (66) 26,902 (63)

Living with one parent 19,832 (28) 7381 (27) 12,451 (29)

Other 5412 (7.7) 2095 (7.6) 3317 (7.8)

Degree of urbanisation

Densely populated area 19,793 (28) 8080 (29) 11,713 (27)

Intermediate populated density area 28,856 (41) 11,427 (41) 17,429 (41)

Thinly populated area 22,025 (31) 8225 (30) 13,800 (32)

Abbreviations: SD standard deviation
Data are presented as proportions (%) except for age, which is presented as mean (SD). n does not sum up to the total study population for all variables due to
missing answers on some items
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Consistently lower ICCs were observed after inclu-
sion of the school-level factors, although only special
effort or projects in PA (p = 0.0309) and PA offered
outside of school hours (p = 0.0294) significantly influ-
enced the model (Table 4). For example, 72% of the
schools offer PA outside of school hours, and after in-
clusion of this factor the combined school and class-
level ICC changed from 0.15 (95% CI: 0.13–0.17) to
0.10 (95% CI: 0.07–0.15).

Discussion
This study described patterns of PA and quantified the
variations of measures of PA between schools and classes
among 70,674 students attending high school in Denmark.
Our findings in relation to PA patterns were consistent

with findings in school children and adolescents showing
that ethnic minority [20, 29, 30], female sex [5, 8, 12–14,
19–21, 30, 31], higher age [8, 19] and indicators of low
parental socio-economic status [8, 13, 14, 20] were

Inactive during leisure time (p=0.0014) Very active during leisure time (p=0.0144)

Organised physical activity (p=0.5048) Self-organised physical activity (p=0.0006)

Physical activity at school during leisure time
Active transportation (p<0.0001) 
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Boys Girls

(p=0.0236)

Fig. 2 Odds ratios (OR) with 95% confidence interval (CI) for measures of physical activity by age groups among boys and girls. The age
groups on the x-axis are ≤16 years (n = 14,313), 17 years (n = 23,614), 18 years (n = 21,313) and ≥19 years (n = 11,434) and the reference
group is ≤16 year old boys. P-values represent the log likelihood test for the model including the interaction between sex and age category
compared to the model without
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negatively associated with PA levels or the likelihood of
participating in organised PA. Although a low propor-
tion of students participated in PA at school during leis-
ure time (13%), this finding is encouraging as girls of
perceived ethnic minority simultaneously had higher
odds of participating in PA at school. This finding could
indicate that facilitation of opportunities of PA at the
schools during leisure time could potentially activate this
otherwise inactive group of girls. This is further empha-
sised by the finding that 9% of the variance in this out-
come was accounted for by school characteristics. After
the separate controlling for factors relating to school
leadership, we found an attenuation of the ICC for PA
during leisure time, suggesting that at least some of the
identified school-level variance is due to facilities or op-
portunities offered by the schools. In support, secondary
schools that offer daily PA and have high quality and ac-
cessible PA facilities have been found to be predictive for
Canadian students’ time spent on moderate to vigorous
PA [20, 21]. In this study, perceived ethnic minority, hav-
ing parents with lower education, higher age and lower
school urbanisation degree were independently associated
with lower likelihoods of walking or cycling to and from

school. This is consistent with active commuting studies
in children and adolescents that have shown that ethnic
minority [32], female sex [33–36], indicators of low par-
ental socio-economic status [32, 34], higher age [37], lon-
ger distance between school and home [33, 37, 38] and
lower residential densities [36] negatively influence the
use of active transportation to and from school. It is rea-
sonable to assume that students attending schools located
in intermediate or thinly populated areas generally have to
travel longer distances to school, which explains why
fewer students actively commute to school. The emerging
pattern of students of a higher age being less likely to ac-
tively commute is discouraging, but is presumed to be in-
dicative of students acquiring their driving licence (possible
when turning 18 years old) and thus, using passive
forms of transport. We found that 8% of the variance in
active transport could be explained by school factors,
implying that schools have the potential to influence
students’ behavioural patterns in relation to active
travel. School promotion of active transportation in
Canada has been positively associated with higher PA
levels in children [19]. Thus, by encouraging and facili-
tating initiatives of walking and cycling to school in this

Table 3 Intra-class correlation coefficient (ICC) and 95% confidence interval (CI) for measures of physical activity

School Class School + Class

ICC 95% CI ICC 95% CI ICC 95% CI

Inactive during leisure time (n = 67,417) 0.03 (0.02–0.04) 0.06 (0.05–0.06) 0.08 (0.07–0.09)

Very active during leisure time (n = 69,121) 0.03 (0.02–0.04) 0.06 (0.05–0.06) 0.09 (0.08–0.10)

Organised physical activity (n = 63,986) 0.04 (0.03–0.06) 0.06 (0.06–0.06) 0.10 (0.09–0.12)

Self-organised physical activity (n = 63,986) 0.01 (0.01–0.02) 0.02 (0.02–0.03) 0.04 (0.03–0.04)

Physically active at school during leisure time (n = 63,986) 0.09 (0.06–0.11) 0.06 (0.06–0.06) 0.15 (0.12–0.17)

Active transportation (n = 69,070) 0.08 (0.07–0.11) 0.04 (0.04–0.04) 0.12 (0.10–0.14)

Abbreviations: CI confidence interval, ICC Intra-class correlation coefficient, PA physical activity
Inactive during leisure time, organised PA, self-organised PA and PA at school during leisure time contain answers from students from 117 schools and 3147 classes.
Answers for very active during leisure time and active transportation are provided by students from 119 schools and 3213 classes
All variables are age and sex adjusted

Table 4 Intra-class correlation coefficient (ICC) with 95% confidence intervals (CI) for school-level factors and physical activity at
school during leisure time

Schools with the facility/initiative School Class + school

n (%) ICC (95% CI) ICC (95% CI)

Special effort or projects in physical activitya 79 (71%) 0.05 (0.03–0.09) 0.11 (0.09–0.15)

Gym hall suitable for sportsb 102 (88%) 0.05 (0.02–0.13) 0.12 (0.08–0.17)

Good selection of sports equipmentc 105 (90%) 0.04 (0.01–0.14) 0.11 (0.07–0.17)

Good changing and shower facilitiesc 85 (73%) 0.04 (0.02–0.08) 0.11 (0.08–0.14)

Good access to outdoor football fieldsc 101 (86%) 0.08 (0.03–0.15) 0.14 (0.09–0.20)

Offers physical activity outside of school hoursd 109 (72%) 0.04 (0.01–0.11) 0.10 (0.07–0.15)

Abbreviations: CI confidence interval, ICC Intra-class correlation coefficient
All variables are adjusted for age and sex. n denotes the proportion of schools reporting having or providing the school facility or initiative
acontain answers from 99 schools with students in 2655 classes
bcontain answers from 114 schools with students in 3064 classes
ccontain answers from 115 schools with students in 3104 classes
dcontain answers from 113 schools with students in 3055 classes
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group of young individuals, the school has the potential
to positively influence students’ modes of active travel.
High school-level ICCs indicate that student PA behav-

iour is influenced by mutually shared social and environ-
mental circumstances at the schools. To our knowledge
only Kristensen et al. (2013) has reported ICCs for the
separate and combined effect of both the school and the
class in children. They showed that classes had a consist-
ently larger impact on PA (accounting for 6–14%), empha-
sising the importance of psychosocial factors rather than
physical conditions of the schools. In line with this, con-
sistently higher ICCs for school classes were observed in
most of our PA measures, except for PA at school during
leisure time and active transportation where school-level
ICCs were higher. This is not that surprising, since stu-
dents attending the same school are exposed to the same
conditions and offered the same possibilities of participat-
ing in PA during leisure time at the school regardless of
class relations. Like suggested by Kristensen et al. (2013),
the higher class ICCs could indicate that circumstances
within a class to a large extent influence PA patterns.
However, it remains to be elucidated which are the spe-
cific class-related psychosocial factors that cause the
clustering of these PA behaviours in this age group.
Compared to other health-related behaviours [14, 15, 18]

school-level ICCs for PA behaviours are inconsistent and
tend to be less than 0.07 [14–21], suggesting little influence
on PA behaviour by school characteristics. Although some
of our school-level ICCs were low, they were in fact signifi-
cant for all PA measures, and comparable to that observed
in a nationally representative study in secondary school
students in England [18] and Canada [21]. The between
school variance of 9% and 8% for PA at school during leis-
ure time and active transportation are noteworthy and sug-
gest that schools can influence these behaviours. However,
the small between school variance for inactive, very active,
organised PA and self-organised PA, suggests that these
outcomes are mainly individually determined and that only
a small part of these PA characteristics is shared among
students at the same school. This is perhaps not surprising
as the outcomes address leisure time PA, which might
not noticeably be influenced by school factors. Also,
the low ICCs could potentially be explained by the fact
that high schools in Denmark are largely governmentally
administered, ensuring a certain degree of homogeneity.
The student composition at the schools and the PA op-
portunities that they offer are probably, to a large degree
quite similar.
A major strength of this study is the sample size and

number of schools and classes included, which allowed
us to assess separate associations for boys and girls and
clustering effects for several measures of PA behaviour.
With 70,674 students attending 119 different schools
and 3213 school classes, this is to our knowledge the

largest survey in relation to young individual’s PA pat-
terns in Denmark and one of the largest globally. In
2014 there were 106,268 students enrolled in Danish
high schools [39], of which about 67% were included in
this study. Thus, the study population is assumed to rep-
resent students in Danish high schools, as student (85%),
school (87%) and class (96%) participation were high.
Not only is this study nationally representative, the ex-
tensive dataset, containing a number of PA questions,
permitted detailed description of several patterns of PA
participation in this age group.
Some limitations should be noted. Data are based on

self-reported questionnaires, which tend to overestimate
PA [40, 41]. However, we tried to minimise the overesti-
mation in the outcomes by coding PA variables conser-
vatively and by describing patterns of PA participation
instead of levels or intensities of PA. The study is also
limited by its cross-sectional design, as conclusions on
cause-effect relations cannot be made. Longitudinal in-
vestigations are required in assessing the development of
PA patterns over time and whether changes in school
environmental factors precede change in PA in high
school students.
Residual confounding cannot be dismissed. Few stud-

ies are available on school-level clustering effects in PA
addressing specific factors that could account for the
data clustering. Student demographics such as ethnicity,
socio-economics and gender have shown to reduce
school-level ICCs [14, 16, 18]. PA clustering effects have
also proven not to be influenced by adjustments for gen-
der, socio-economic status, parental exercise habits, grade,
year, and season of measurement [17]. Likewise, we did
not find that ICCs decreased in size for our outcomes
when adjusting for socio-demographic variables, which
suggest that the observed school-level variance is related
to unidentified factors that are beyond the scope of this
paper. It is possible that school-level effects in high school
may reflect residual school effects from primary school,
since students often transition together from primary to
high school.
Our results contribute new and important knowledge

about PA patterns and the impact of schools in young
individuals attending high school in Denmark. The mag-
nitude of the school-level variance of PA measures and
how it is influenced by the inclusion of school character-
istics is important for the development of school-based
interventions aimed at increasing participation in PA
and decreasing inactive behavioural patterns in young
individuals. Girls of ethnic minorities, students with lower
parental education and older students represent vulner-
able groups with lower participation in several PA forms.
Identification and circumventions of barriers complicating
the participation in PA should be further identified in
these groups.
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Conclusion
This study identified girls of perceived ethnic minority,
students whose parents exhibit lower levels of education
and older students as generally less likely to participate
in several forms of PA during leisure time. However, the
described groups did also have higher odds of participat-
ing in PA at school during leisure time. Underlined by
the noteworthy school-level ICC of 9% for PA at school
during leisure time, this implies that schools have the
potential to activate these otherwise inactive groups of
students by facilitating opportunities of PA at the schools.
Also, school factors explained 8% of the variance in active
transport to and from school, implying that schools have
the potential to influence students’ behaviour in relation
to active travel. Thus, high schools should facilitate and
encourage activities such as leisure time PA within the
framework of school and active transportation in all ages
and vulnerable groups, as regular active commuting is an
important contributor to overall PA levels [42, 43].
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