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Objectives:  This study  examined  the contribution  of  sports  participation  to  overall  moderate-to-vigorous
physical  activity  (MVPA)  among  adolescents,  and  explored  potential  moderators.
Design: Cross-sectional  observational  study  using  survey  and accelerometry  data  drawn  from  the  NEigh-
bourhood  Activity  in  Youth  (NEArbY)  study.
Methods: Adolescents  (n  =  358)  were  recruited  from  secondary  schools  in  Melbourne,  Australia.  Average
min/day  in  MVPA  was  assessed  using  accelerometry.  Participants  self-reported  sports  participation  (num-
ber of teams,  type,  frequency,  and  months  of  participation).  Regression  models  determined  the  percent
variance  in  MVPA  explained  by the sport  variables,  adjusted  for wear  time,  age  and  sex,  and  account-
ing  for clustering  at the school  level.  Additional  analyses  tested  if age,  sex,  body  mass  index  (BMI),  and
socioeconomic  status  (SES)  moderated  relationships  between  sport  variables  and  MVPA.
Results:  Participants  (mean  15.3 years,  59% female)  spent  a mean  (SD)  of  68.6  (27.4)  min/day  in MVPA
and  50%  reported  participating  in  any  sport.  Those  who  participated  in  sport  did  so  3.4  times/week  on
average  and  accumulated  7  min/day  of  MVPA  more  than  those  who  did  no sport.  For  each  additional  sport
participated  in,  on  average,  there  were  approximately  5  additional  min/day  of  MVPA.  The  number  and
frequency  of sports  participation  explained  3.2%  and  3.8%  of  the variance  in  MVPA  respectively.  Partic-

ipation  in  field  hockey  and gymnastics  explained  2.2%  and  3.6%  of  the  variance  in MVPA,  respectively.
There  were  no  moderating  effects.
Conclusions:  Sport  appears  to make  a very  small  contribution  to adolescents’  average  daily  physical
activity.  Effectiveness  of approaches  to increasing  youth  population  levels  of  physical  activity  via sports
participation  needs  to be  tested.

© 2019  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
ractical implications

The number of sports and frequency of participation explained
just 3.2% and 3.8%, respectively, of the variance in MVPA min/day.
Adolescents who participated in sport accumulated 7 min/day of
MVPA more than those who did no sport. For each additional
sport participated in, on average, there were approximately 5
additional min/day of MVPA.
There were no moderating effects of age, sex, BMI  or SES on the
contribution of sports participation to adolescent MVPA.
Targeting sports participation as a way to promote adolescent
physical activity may  lead to only small increases in population

levels of time spent in MVPA and needs to be tested within exper-
imental designs.

∗ Corresponding author.
E-mail address: h.koorts@deakin.edu.au (H. Koorts).

ttps://doi.org/10.1016/j.jsams.2019.06.009
440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
1. Introduction

Australia has one of the highest rates internationally of organ-
ised sports participation (defined as a sport or physical activity
organised by a club, business, school or other organisation1) among
children and young people.2 National data (2012–13) indicated that
64% of 5–17 year olds participated in organised sport or physical
activity at least once per week.3 The Australian government has
had a sustained commitment to investing in and promoting sports
participation among children and adolescents; since 2015, approx-
imately $160 million has been invested into funding the Sporting
Schools Initiative.4 The 2036 ‘aspiration for Australian sport’ aims
to reverse rates of physical inactivity, overweight and obesity.5 To
achieve this goal, it is anticipated that local, state and Common-

wealth government investment will increase incrementally by a
total of $400–600 million annually.5

Despite considerable investment and the relatively high rate
of sports participation among youth, Australia is one of the most

d.
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hysically inactive countries in the Global Matrix of 38 countries.2

hysical activity incorporates not just sport, but also play, active
ransport, physical education, and recreation at moderate-to-
igorous intensities. In 2016, Australia received the second lowest
core2 for the proportion of children and young people meeting
he physical activity guidelines (at least 60 min  of daily moderate-
o vigorous-intensity physical activity [MVPA]2). Only 29% of Aus-
ralian children (5–11 years) and 8% of adolescents (12–17 years)

eet current guidelines for physical activity.3

The many psychological, social and physical health benefits of
ports participation during childhood and adolescence, such as
mproved mental health, social functioning, physical functioning
nd general health and wellbeing, are well recognized.6 Participa-
ion in specific types of sport, such as recreational dance, have also
hown cardiovascular fitness and adiposity benefits.7 However,
tudies examining links between overall organised sports partic-
pation, body composition, weight status and BMI generally show
o or weak associations with overweight and obesity (e.g.8).

Sports programs may  also fail to reach those adolescents at
reatest risk of adverse health outcomes from inactivity. Ado-
escents from higher socioeconomic areas are more likely to
articipate in sports and sports teams/physical activities outside
f school hours, and less likely to be obese.9 Of those who  do par-
icipate in organised sports, participation alone does not ensure
dherence to the physical activity guidelines. A study that assessed
VPA among 7–14 year olds whilst participating in organised

ports programs showed that less than one-quarter of partici-
ants met  physical activity guidelines as a direct result of sport.10

tructured physical activities (e.g. organised sport programs, after-
chool clubs) have been shown to contribute very little to daily
VPA among adolescents, compared to unstructured physical

ctivity (e.g. outdoor play).11 There is less evidence that sports,12

ncluding school-based sports,13 make a significant contribution to
ncreasing population physical activity.

The aims of this study were to determine the contribution of par-
icipation in organised sports/physical activities (hereafter referred
o only as ‘sports participation’) to overall MVPA among adoles-
ents, based on the total number, intensity and frequency of sports
articipated in. Secondary aims were to explore the moderating
ffects of age, sex, BMI  and SES on the contribution of sports par-
icipation and time spent in MVPA.

. Methods

Data for the current study were drawn from the NEighbourhood
ctivity in Youth (NEArbY) study. Participants completed an online
urvey and were asked to wear an accelerometer. Ethical approval
as received from the Deakin University Human Ethics Advisory
roup (HEAG-H 152 2013), the Department of Education and Train-

ng (2013 002182) and the Catholic Education Office (Project ID
1950).

Schools from across Melbourne, Australia (n = 137) were
elected from statistical areas of Melbourne that varied by area-
evel income and objectively-assessed walkability. A more detailed
escription has been published previously.14 Of the 137 schools
pproached, 18 took part in the study (response rate 13%). Each
chool selected year levels to be involved in the study and these
tudents were invited to attend a short presentation at their school.
nterested students were given a recruitment pack, which included
tudy information and a consent form for both parent/guardian and

hild to sign. Overall, 528 students returned a signed consent form.
ata were collected from schools across all school terms over an
8 month period, the majority of data were collected in spring and
utumn. Due to study withdrawal or absence on the day of data
icine in Sport 22 (2019) 1119–1124

collection (n = 55), the final sample included 473 participants, of
whom 468 provided both survey and accelerometer data.

2.1. Objectively measured physical activity

Accelerometer data from the ActiGraph (model GT3X+, Pen-
sacola, FL) were used to determine average min/day of MVPA.
Participants were asked to wear the accelerometer attached via an
elastic belt at the right hip for eight consecutive days, excluding
during sleep and water-based activities. Data were downloaded
in 15-s epochs using ActiLife software (version 6.11.5; ActiGraph
LLC, Pensacola, FL). The accelerometer data files were processed
using a specifically developed excel macro and Stata code (StataSE
14). Wear time was  calculated by subtracting non-wear periods of
≥20 min  of consecutive zeros from each day.15 Adolescents with
≥8 h wear time on ≥3 weekdays, and ≥7 h on at least one week-
end day were included in analyses.15 Average MVPA (min/day) was
computed using data from valid days only. Objectively-measured
adherence to the physical activity guidelines was calculated based
on >60 min  of MVPA on each valid day. Adolescents recorded daily
instances of, and reasons for, accelerometer non-wear within a log
book. Reasons for non-wear were later coded to indicate removal
for ‘sports participation’ or ‘other’ (e.g. showering).

2.2. Self-reported organised sport and physical activity

Survey questions were modified from the Minnesota Leisure
Time Physical Activity Questionnaire (MLTPAQ)16 and the Adoles-
cent Physical Activity Recall Questionnaire (APARQ).17 Adolescents
self-reported their participation in organised sports teams
and physical activity classes, including sports training and
games/competitions, outside of school hours over the previous
year. Sport during school hours was not included in this measure.
Participants were asked to list sports teams/physical activity classes
they undertook, and for each indicate the months the activity was
undertaken and how frequently.

For these analyses, data on sports participation were extracted
only for the month corresponding to the month in which the
accelerometer was  worn. Sports participation was  assumed to be
zero for participants who did not report participation in any sport
during the month of accelerometer wear. The total number of sports
participated in was  calculated based on the sum of sports listed in
that month. Each sport/activity was  classified as light- (<3 METs),
moderate- (>3–<6 METs) or vigorous-intensity (>6 METs) physical
activity.18 Each activity in the compendium was allocated a “light”,
“moderate” and “hard effort” option. Effort did not necessary relate
to intensity. For example, a “light effort” in basketball was allo-
cated a vigorous-intensity MET  value of 7.2, “moderate effort” was
8.2, and “hard effort” was  10.1. Because this level of detail was not
available from the APARQ questionnaire, we  selected the “moderate
effort” option for all activities. Participation in any sports classi-
fied as moderate and as vigorous, respectively, was computed. The
frequency/wk of all sports classified as moderate- and as vigorous-
intensity, respectively, were also summed. Subjectively measured
adherence to the physical activity guidelines in a typical week was
assessed by a single item requesting the number of days partici-
pants were physically active for a total of at least 60 min/day.19

2.3. Covariates and moderators

Participant age and sex were obtained from the survey. BMI

(kg/m2) was calculated through objectively measured height and
weight by trained research staff. Socioeconomic status (SES) was
derived from baseline participant postcodes and data from the 2011
Australian Census of Population and Housing: Socio-Economic
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ndexes for Areas20 (Australian Bureau of Statistics [ABS] Index of
elative Advantage and Disadvantage [IRSAD]).

Separate random-intercept linear models, with students nested
ithin schools, were used to determine the percentage of vari-

nce in MVPA explained by the total number of sports, intensity
f the sports, the frequency of sports participation, and the type
f sports participated in, respectively. Model 1 included only three
xplanatory variables (wear time, age and sex [covariates]). Indi-
idual models were run for each of the sport variables (referred
o as ‘Model 2’). As such, the variance in MVPA explained by each
port variable, after adjustment for the covariates, is expressed as

 percentage of the variance remaining unexplained by the covari-
tes. Interaction terms were added to assess whether age, sex, BMI
r SES moderated the relationship between sports participation
total number, intensity and frequency of sport) and time spent
n MVPA. Descriptive data were reported for the whole sample
nd by sex. Analyses were conducted for the whole sample and
epeated for only those who participated in sport. As a sensitiv-
ty analysis, the results were re-run excluding those participants

ho in log books reported removing their accelerometer for sports.
articipants were excluded if they reported sports participation as

 reason for non-wear on at least one occasion during the mea-
urement period (n = 70). All analyses were performed using Stata
ersion 14 (StataCorp, TX).

. Results

Valid accelerometry data were obtained from 380 adolescents,
f which 358 also had valid survey data. Participants excluded were
lder (15.8 ± 1.6 versus 15.3 ± 1.5 years; p = 0.004) and on average
ad higher levels of MVPA (85.8 ± 90.9 versus 68.6 ± 27.4 min/day;

 = 0.009). Excluded and non-excluded participants differed sig-
ificantly in terms of sports participation (p < 0.0005). Of those
dolescents excluded, only 29% participated in sport during the
onth the accelerometer was worn compared to 50% of par-

icipants included in the study. Table 1 presents descriptive
haracteristics of participants.

Table 2 presents the number of sports participated in and the fre-
uency of sports participation per week. All reported sports were
lassified as at least moderate-intensity, with vigorous-intensity
ports being most common. Half of the participants participated
n at least one sport during the month in which they wore the
ccelerometer. Participants who participated in any sport did so
pproximately 3.4 times/week. Basketball and netball were the
ost popular sports (Supplementary File 1).
Table 3 shows over a third of the variance in MVPA was

xplained by sex, age and wear-time (Model 1). Of those who
articipated in sport at least once during the month of mea-
urement accumulated an additional 7 min/day of MVPA than
on-participants (b = 6.79; 95% CI, 2.18–11.41; p = 0.004). The num-
er of sports and frequency of participation were also significantly
ositively associated with MVPA. Each additional sport was asso-
iated with approximately 5 additional min/day of MVPA. Among
dolescents who participated in sport, compared to Model 1, the
umber and frequency of sports participation explained 3.2% and
.8% (Model 2), respectively, of the remaining variance in MVPA
Note: this ‘remaining’ percentage variance explained is expressed
s a proportion of the variance left unexplained by the covariates).
ntensity of sports participation explained up 0.6% of the remain-
ng variance in MVPA compared to Model 1, whereas the frequency
f moderate- or vigorous-intensity sports participation explained

p to 2.6%. Participation in field hockey and gymnastics were sig-
ificantly associated with MVPA, explaining 2.2% and 3.6% of the
emaining variance respectively (Supplementary Files 2 and 3). All
ther types of sports explained up to 1%.
icine in Sport 22 (2019) 1119–1124 1121

Results of the sensitivity analysis were broadly consistent with
the primary analyses. However, among those participants who
reported removing their accelerometer for sport, the frequency
of sports participation explained 1.9% (p = 0.04) of the remain-
ing variance in MVPA, which is a slight reduction from 3.8%
(p = 0.003) in the main analyses. The percent of the remaining
variance explained by moderate-intensity sports and frequency of
moderate- or vigorous-intensity sports also increased slightly to
2.9% (p = 0.04) and 6.6% (p = 0.002), respectively. Field hockey was
no longer significantly associated with MVPA, explaining only 1.9%
of the variance compared to 3.6% in the main analyses, and gymnas-
tics remained significantly associated with MVPA but increased to
explaining 4.6% of the variance compared to 2.2% in the main analy-
ses. There were no moderating effects of age, sex, BMI  or SES on the
association between sports participation and duration of MVPA.

4. Discussion

Australian, and other governments, invest heavily into pro-
moting sports participation as a strategy to increase population
physical activity, yet there are surprisingly few studies that have
examined the contribution of sports participation to overall phys-
ical activity among adolescents. Understanding this relationship is
important for informing government policy and investment into
initiatives to increase population physical activity. To our knowl-
edge, this is the first study to investigate the contribution of
multiple aspects of adolescent’s sports participation to objectively-
assessed MVPA. Notwithstanding the range of known benefits of
sports participation,6 with just 50% of adolescents participating in
any sport and the small contribution of sport frequency to over-
all MVPA (<4%), our findings challenge youth sport as a primary
government strategy to increase population levels of youth physi-
cal activity and adherence to the physical activity guidelines. This
is consistent with research from the UK, which demonstrated no
empirical evidence to support UK government investment in sports
as a public health intervention to increase physical activity among
the less and least active.21

The survey and accelerometer-derived data in this study showed
a smaller proportion of adolescents in the analytical sample met
the physical activity guidelines compared to national population
surveys.3 Further, although time spent in MVPA increased with the
number and frequency of sports participated in, sports participa-
tion explained between 0.3–3.8% of the variance in daily MVPA,
irrespective of age and sex, in all models (including the number,
intensity, frequency or type of sports undertaken). Studies show
that between one-third and one half of youth’s sports practice time
is spent in MVPA,10,22 with the remaining time spent in sedentary or
light-intensity physical activities. Sport programs provide benefi-
cial access and resources for recreational physical activity, however,
they may not provide sufficient intensity to warrant health bene-
fits, nor increase overall population levels of MVPA. For example,
increasing the time spent active during sports practices could
include designing training sessions to minimise waiting/standing
and session management time. The absence of any moderating
effects of age, sex, BMI  or SES suggests that the contribution of sport
to adolescent MVPA is similar across socio-demographic groups. If
governments are to achieve significant impacts on youth physical
activity levels via organised sports programs, it would likely require
a substantial increase in overall participation and retention rates,
including frequency of participation, and increased duration of time
spent in MVPA within each session.
Government-funded sports programs often target out-of-school
hours (during weekends and after school). However, strategies
in the school setting have been shown to increase physical
activity among children and adolescents during school hours,23
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Table 1
Participant characteristics, sport participation and percentage meeting the physical activity (PA) guidelines.

Demographic characteristics Overall (n = 358) Boys (n = 146) Girls (n = 212) p

Age (years) (Mean, SD) 15.3 (1.5) 15.2 (1.7) 15.4 (1.5) 0.27
BMI  (kg m−2) (Mean, SD), N = 289 21.8 (4.3) 21.2 (3.9) 22.2 (4.4) 0.22
Accelerometer-derived PA

MVPA min/day (Mean, SD) 68.6 (27.4) 79.4 (28) 61.1 (24.3) <0.0005
Proportion of valid days met  guidelines (Mean, SD) 0.53 (0.3) 0.63 (0.3) 0.46 (0.3) <0.0005
Met  PA guidelines on all valid days (%) 9.8 15.1 6.1 0.005

Self-reported PA
Days met  PA guidelines (Mean, SD) 3.4 (1.8) 3.6 (1.7) 3.2 (1.8) 0.04
Days  met  PA guidelines (%) 0.08

0 days 4.2 1.4 6.1
1  day 11.7 9.6 13.2
2  days 19.0 17.8 19.8
3  days 22.0 23.3 20.8
4  days 15.1 18.5 12.7
5  days 14.5 12.3 16.0
6  days 8.7 12.3 6.1
7  days 5.0 4.8 5.2

PA – physical activity. Meeting PA guidelines defined as >60 min/day MVPA. T-tests were used for continuous data & chi-square for categorical.

Table  2
Frequency and number of sports participated in per week, outside of school hours.

Sports participation (per month) Overall (n = 358) Adolescents participating in sport (n = 179)a

Any sport (%) 50 100
Frequency/wk of sport (Mean, SD) 1.75 (2.28) 3.43 (2.16)
Number of sports

1 sport (%) 34.6 69.3
2  sports (%) 12.9 25.7
3  sports (%) 2.2 4.5
4  sports (%) 0.3 0.6
Total number of sports (Mean, SD) 0.68 (0.8) 1.36 (0.60)

Vigorous intensity sports
Any vigorous-intensity sport (%) 37.4 74.9
Frequency/wk of vigorous-intensity sport (Mean, SD) 1.33 (2.09) 2.67 (2.27)

Moderate intensity sports
Any moderate-intensity sport (%) 13.1 26.3
Frequency/wk of moderate-intensity sport (Mean, SD) 0.44 (1.40) 0.88 (1.88)

a These analyses included only those adolescents participating in at least one sport.

Table 3
Contribution of sports participation to adolescent’s minutes of MVPA per day.

Overall sample (n = 358) [Variance
explained in Model 1a = 34.2%]

Adolescents participating in sport (n = 179)d

[Variance explained in Model 1a = 36.9%]

Unstandardized
coefficientb (95%
CI)

p Variance
explained by
confounders &
sport variable
(%)b

Remaining
variance
explained by
sport variable
(%)c

Unstandardized
coefficientb (95%
CI)

p Variance
explained by
confounders &
sport variable
(%)b

Remaining
variance
explained by
sport variable
(%)c

Any sport (Y/N) 6.79 (2.18, 11.41) 0.004 35.7 2.4 – – – –
Frequency any

sport
(times/week)

2.06 (1.08, 3.04) <0.0005 37.0 4.3 2.06 (0.71, 3.42) 0.003 39.2 3.8

Number of sports 5.14 (2.32, 7.96) <0.0005 36.7 3.9 5.50 (0.50, 10.51) 0.03 38.9 3.2
Vigorous intensity sports

Vigorous-
intensity sports
(Y/N)

5.90 (1.25, 10.54) 0.01 35.4 1.9 2.07 (-4.83, 8.97) 0.56 37.0 0.3

Vigorous-
intensity
sport/week

1.71  (0.63, 2.78) 0.002 35.9 2.7 1.33 (0.02, 2.63) 0.05 37.8 1.6

Moderate intensity sports
Moderate-
intensity sports
(Y/N)

6.90 (0.31, 13.48) 0.04 35.0 1.2 3.53 (-3.19, 10.23) 0.30 37.3 0.6

Moderate-
intensity
sport/week

2.18  (0.61, 3.76) 0.007 35.7 2.3 1.66 (0.11, 3.21) 0.03 38.5 2.6

a Model 1 includes wear time, age and sex.
b Model 2 includes the same as Model 1 plus each single sport variable.
c Proportion of variance left unexplained by confounders (in Model 1) that is explained by the sport variable (in Model 2). % remaining variance explained based on 100 × (%

variance explained in Model 2 – % variance explained in Model 1)/(100 – % variance explained in Model 1).
d These analyses included only those adolescents participating in at least one sport.
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ubsequent out-of-school physical activity,24 and overall physi-
al activity levels.24 Compared to unstructured physical activity
e.g. indoor or outdoor play), structured physical activities (e.g.
rganised sport programs, after-school clubs) contribute very lit-
le to daily MVPA, and adolescents tended to accumulate the

ajority of their total daily MVPA during school and unstructured
eisure-time activities.11 For example, objectively-assessed activity
ccumulated during school recess and lunchtime has been shown
o contribute approximately 11% and 7% towards adolescent’s
aily moderate-intensity and vigorous-intensity physical activity,
espectively.25 Furthermore, adolescents who frequently engaged
n active school transport accumulated an additional 13 and 14 min
f MVPA on weekdays and weekend days, respectively.26 In the
urrent study, each additional sport adolescents reported was asso-
iated with an additional 5 min/day of MVPA. However, only 2%
f the overall sample participated in more than two sports so the
dditional MVPA attributed to sports participation was small.

Only 50% of our sample participated in sport during the month
he accelerometer was worn, thus organised sports programs may
ot appeal to this age group. Unorganised, individual activities
e.g. walking, jogging, stationary exercises e.g. a stationary bike), as
pposed to club- and team-based sports, may  have greater appeal
o this population.27 Strategies to enhance the urban environ-

ent via infrastructure changes (e.g. installation of bike lanes and
aths) and street-scale urban redesign (e.g. improving aesthetics
nd perceived safety) can also be effective at supporting physi-
al activity across all ages.28 Australia is one of several countries
acing a national physical inactivity epidemic, but lacks a national
hysical activity action plan. Government leadership and sustained
ommitment to physical activity promotion and funding, including
pstream policy and environmental infrastructure approaches to

mproving population level physical activity is needed.
The relatively large sample size and objective quantification of

VPA are key strengths of this study. However, the study was cross-
ectional and data were limited to the type and frequency of sports
articipation only. Stronger contributions of sport may  have been
ound if total volume of sports participation were examined. It is
lso possible that sports participation was over-reported in this
tudy and there was a potential lack of alignment between the sur-
ey measure and accelerometry, where adolescents may  not have
articipated in organised sport during the period of accelerometer
ear. In addition, seasonality may  have also influenced participa-

ion rates.29 Our measure of sports participation also included only
ports outside of school and this may  under-represent total partic-
pation for some participants. Accelerometer output accuracy may
ary by activity type30 and therefore the contribution of sports to
ccelerometer determined MVPA may  have been underestimated
or some sports compared to others. For example, swimming and
ycling may  be underestimated, however these were only reported
y 15 and 4 adolescents, respectively, and therefore the impact on
esults would be minimal (Supplementary File 1). Assessment of
hysical activity guideline adherence by accelerometry was also

imited to the number of days on which criteria for ‘valid’ data
ere met; only 5% of the sample had 7 valid days of accelerom-

ter data. However, irrespective of self-reported device non-wear
uring sport, the results of this study remained broadly consis-
ent. Future research could use more specific questions or diaries
o assess sport, tailored to the specific week of monitoring, or could
xtract accelerometry data during periods of known sports partic-
pation.
. Conclusion

This study found a minimal contribution of organised sports
articipation to overall MVPA among adolescents, irrespective of

1

1

icine in Sport 22 (2019) 1119–1124 1123

whether the number, intensity, frequency and type of sport was
considered. Policies focused only on sport may  have a minimal
impact on population physical activity levels. National strategies
to increase physical activity among youth may  need to have a
greater focus on active living, such as active transport policies and
environmental infrastructure that is conducive to recreational and
incidental physical activity, in addition to sport.
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