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Objectives:  Physical  activity  (PA)  participation  is  prone  to  decline  during  adolescence.  An  understanding
of  the  domains  of PA that  are  susceptible  to decline  may  support  a more  targeted  approach  to  PA and
health  promotion.  The  aim of  this  study  was to review  longitudinal  trends  in participation  in four  PA
domains  during  childhood  and  adolescence:  organized  PA,  non-organized  PA,  active  transport  and  active
chores.
Design:  Systematic  review.
Methods:  5517  research  articles  were  sourced  from  five  electronic  databases  (covering  January  1997–April
2018).  Eligibility  criteria  included  repeated  measurements  of  at least  one  PA  domain  among  the  same
participants  (5–18  years  of  age).
Results:  23 studies  were  included,  cumulatively  reporting  data  from  27,231  participants.  Few  studies  had
a low  risk  of  bias  (n  = 6).  Most  studies  of active  transport  reported  an increase  in participation  during
childhood,  no change  in the  transition  to adolescence,  and no  change  or decline  during  adolescence.
Most  studies  of organized  PA  reported  an  increase  during  childhood,  an  increasing  or  stable  pattern  in
the transition  to  adolescence,  and  no  change  or  decline  during  adolescence.  Non-organized  PA  participa-
tion tended  to remain  stable  among  adolescent  girls  and  decline  among  adolescent  boys.  Active  chores
increased  during  the  transition  to adolescence  and  then  stabilized.

Conclusions:  Potential  strategies  for  PA  promotion  among  youth  may  include  targeting  non-organized
PA  among  adolescent  boys  or organized  PA  among  late adolescent  boys  and  girls.  However,  there  is  a
continuing  need  for high-quality,  longitudinal  studies  of  participation  in  PA  domains,  particularly  non-
organized  PA  and  active  chores.

PROSPERO  Registration:  CRD42017076888.
© 2018  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
ractical implications

Most studies of active transport reported an increase during
childhood (n = 3/6), a plateau in the transition to adolescence
(n = 5/8) and no change (n = 1/2) or decline (n = 1/2) during ado-
lescence.
Most studies of organized PA reported an increase during child-
hood (n = 3/5), an increasing (n = 2/4) or stable (n = 2/4) pattern in

the transition to adolescence, and no change (n = 2/3) or decline
(n = 2/3) during adolescence.

∗ Corresponding author.
E-mail address: bjk687@uowmail.edu.au (B.J. Kemp).

ttps://doi.org/10.1016/j.jsams.2018.12.012
440-2440/© 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
• Non-organized PA participation tended to vary by sex — remain-
ing stable among adolescent girls (n = 2/2) and declining among
adolescent boys (n = 1/2).

• Active chores increased during the transition to adolescence
(n = 1/1) and then stabilized (n = 1/1).

1. Introduction

Regular physical activity (PA) is associated with a number of
health benefits for children and youth.1 However, the results of

global analyses suggest that youth are generally not meeting PA
recommendations.2,3 PA participation declines over the life course4

and this decline is particularly steep during adolescence at around
7% per year.5 However, the reasons for this intra-individual decline

d.
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n PA participation are still not fully understood, particularly in the
ransition from childhood to adolescence.6

One area of emerging research interest is the context in which PA
ccurs, known as the domain6 or mode7 of PA. Domains of PA during
hildhood and adolescence can include organized PA (e.g. organized
port), non-organized PA (e.g. active play or non-organized sport),
ctive transport (e.g. walking to school)8 and active chores/work
e.g. lawn mowing, shoveling).9,10 Analysis of domains of PA may
rovide a more nuanced understanding of behavior that is poten-
ially lost in studies reporting more general outcomes such as

oderate-to-vigorous intensity physical activity (MVPA).11 While
tudies reporting overall PA are useful in determining whether
outh are sufficiently active, a better understanding of longitudi-
al changes in domains of PA may  provide more specific behavioral
argets for intervention. Previous narrative reviews have noted
rends such as a decline in non-organized sport participation during
dolescence4 or an increase in organized sport participation in early
dolescence followed by drop-out a few years later.12 Although
uch findings may  seem axiomatic, it is worth noting that these
eview papers are more than 10 years-old and did not systemati-
ally review the evidence base.

Therefore, the aim of this study was to review longitudinal
intra-individual) changes in the frequency and duration of par-
icipation in four PA domains during childhood and adolescence
5–18 years): organized PA, non-organized PA, active transport and
ctive chores/work. These findings may  be used to develop differen-
iated PA promotion strategies11 for youth focussing on PA domains
hat are either resistant4,9 or prone4 to decline (e.g. targeted social

arketing campaigns or after-school sports programs).

. Methods

This systematic review was conducted in accordance with
ecommendations of the Preferred Reporting Items for System-
tic Reviews and Meta-Analyses (PRISMA) Statement.13 A study
rotocol was registered on PROSPERO, the international prospec-
ive register of systematic reviews, prior to commencement
CRD42017076888).

A systematic literature search was conducted using five elec-
ronic databases (MEDLINE, PsycINFO, SCOPUS, SPORTDiscus and

eb  of Science Core Collection). In some contexts, PA participa-
ion has been found to be prone to secular as well as longitudinal
hanges,14 so the present review was limited to full-text jour-
al articles published during January 1997–April 2018. The search
trategy is provided in Appendix A (Supplementary material).
earch results were imported into an Endnote X7 library (Clarivate
nalytics 2017). Additional papers were sourced from the refer-
nce lists of included studies. Database searches were conducted
p to 30 April 2018. Two authors (BK and KHC) independently
creened all search results for inclusion based on titles/abstracts
nd then full-text articles if further detail was required. Reviewers
greed in their initial assessment of full-text articles in almost 80%
f cases (153/193 articles). Discrepancies were resolved by discus-
ion between the two reviewers. If consensus could not be reached

 third researcher (AM or DC) reviewed the article and made a
etermination.

The review included longitudinal, observational studies that
easured the domains of organized PA, non-organized PA, active

ransport or active chores/work on at least two time-points during
hildhood and/or adolescence. Childhood was defined as starting at

 years and ending before 13 years of age. Adolescence was  defined

s spanning 13–18 years of age. The mean age of participants was
sed to determine eligibility where studies included participants of
arious ages (e.g. 10–15 years old at baseline). Where studies only
eported the age range without reporting the mean, the middle
dicine in Sport 22 (2019) 695–701

point in the range was  used to classify studies. Papers were included
if they were written in English and published or accepted/in-press
in a peer-reviewed journal article at the time of review. Books and
book chapters, conference abstracts, study protocols, dissertations
and non-scholarly sources were excluded.

Studies were excluded if participant groups were selected on
the basis of PA status (e.g. sufficiently active or inactive), PA abil-
ity (e.g. motor coordination) or a pre-existing health condition or
disability (including overweight or obesity). Studies that stratified
data by the above variables without providing a total for the whole
sample were also excluded. In addition, studies were excluded if the
data was  not reported for the same participants over time or if the
interval between baseline and final follow-up measurement was
less than 12 months. Intervention studies and qualitative studies
were also excluded.

Studies were excluded if they only measured participation in
specific sports or activities (e.g. tennis or swimming). Active trans-
port to school was  included because it generally comprises a
substantial proportion of overall active transport.15,16 Objective
measurement of PA was  not required for inclusion in the present
study. It was expected that most studies in the review would utilize
self-reported data because objective methods such as accelerome-
try cannot easily determine the context in which PA occurs.17

Duplicate publications were identified and excluded based on
the author(s), article title and journal name. To avoid double-
counting, publications were also considered as duplicate if they
reported data for the same cohort and PA domain at the same time
points (regardless of the lead author or article title). Such publica-
tions were identified based on the study name, place and year of
data collection, age of respondents, sample sizes and/or outcomes.
In the event of overlapping publications, the article with the largest
analytic sample size was included in the review.

A piloted form was  used to extract information from in-scope
studies by one researcher (BK) and this was  checked by a sec-
ond researcher (KHC). During the preliminary testing phase of the
review, it was  observed that not all studies adhered to a uniform
definition of each PA domain. Therefore, the PA domains of included
studies were classified according to a set of predetermined defini-
tions (see Supplementary Appendix B).

The risk of bias (ROB) assessment for the present review was
developed in accordance with PRISMA guidelines. Three domains
were used to assess ROB, adapted from Cliff et al.18: (1) were
the participants likely to be representative of the target popula-
tion? (selection bias); (2) did an adequate proportion (≥70%)19 of
participants have complete data? (attrition bias); and (3) did the
study demonstrate adequate reliability and/or validity of the PA
outcome(s)? (intraclass correlation coefficient ≥0.4; Cohen’s kappa
≥0.4; correlation coefficient ≥0.5)20 (detection bias). Each of these
items were independently coded by two  reviewers (BK and KHC) as
‘low’, ‘unclear’ or ‘high’ ROB for each study. An overall rating of ‘low’
ROB was applied if at least 2/3 items were classified as ‘low’ ROB.
The reviewers demonstrated 84% agreement based on initial crite-
rion assessments (63 out of 75 items) which represented significant
inter-rater agreement (� = 0.76, p < 0.001). Any discrepancies were
then resolved in a discussion between the two  reviewers. If con-
sensus could not be reached, a third researcher (AM or DC) made a
determination. Studies were not excluded from the present review
based on ROB.

Aggregate data analysis was not considered appropriate for this
review due to the degree of heterogeneity among the included
studies. Differences across studies included the details of PA mea-
surement (e.g. reference period, data type), number of follow-up

measurements and the follow-up interval. A descriptive synthesis
was instead developed by grouping studies according to PA domain
and the age span of participants (within-childhood/between child-
hood and adolescence/within adolescence). Longitudinal changes
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Table  1
Characteristics of included studies.

Study characteristic Number of studies (%)a References

Year of publication
1997–2007 2 (9%) 25,38

2008–2012 5 (22%) 29,33,40–42

2013–2017 16 (70%) 7,9,10,22–24,26,27,30–32,34–37,39

Continent of data
collection
Europe 14 (61%) 9,22–25,29,30,32,34–39

Australia 5 (22%) 7,26,27,33,40

Asia 2 (9%) 41,42

North America 1 (4%) 10

South America 1 (4%) 31

Sample size for paired
analysis
Less than 100 1 (4%) 25

100–399 11 (48%) 7,9,27,29,33,36–38,40–42

400–699 5 (22%) 22,32,34,35,39

700–999 1 (4%) 24

Over 1000 5 (22%) 10,23,26,30,31

Age span measuredb

Within childhood (5–12
years)

10 (43%) 22,24,26,32,33,36,39–42

Transition from childhood
to adolescence

13 (57%) 7,9,23,25,27,29–31,33–37

Within adolescence (13–18
years)

6 (26%) 7,10,25,30,38,40

Domain of PA measuredb

Active transport 13 (57%) 22–24,27,29–31,33–35,40–42

Organized PA 9 (39%) 7,25,26,32,36–39,41

Non-organized PA 3 (13%) 7,37,38

Active chores 2 (9%) 9,10

a Some percentages will add to more than 100% due to rounding.
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b Results for these items will add to more than 100% because some studies mea-
ured more than one age period and/or domain of PA.

ere categorized as an ‘increase’ or ‘decline’ if the change was  sta-
istically significant (p < 0.05); otherwise studies were categorized
s ‘no change’. Statistical significance was taken as reported by
ournal articles, although many articles (n = 15) did not state the
tatistical significance of the data of interest. In these cases it was
ossible to manually calculate the significance of changes. McNe-
ar’s Test21 was used to determine the significance of data from

even studies9,22–27 and confidence intervals for paired propor-
ions were calculated as detailed by Twisk28 for six studies.7,10,29–32

ndependent-samples t-tests were performed on mean data pro-
ided by two studies33,34 because paired data were not available.
urther details about manual calculations are provided in Supple-
entary Appendix C.

. Results

Of the 5517 studies identified, 193 full-text articles were
etrieved and 23 articles were included in the review (Fig. 1). Table 1
escribes the characteristics of the included studies. The ana-

ytic sample sizes of included studies ranged from 9725 to 741823

espondents. Overall, the included studies cumulatively reported
ata from 27,231 participants. Most studies were conducted

n Europe (n = 14)9,22–25,29,30,32,34–39 but others were conducted
n Australia (n = 5),7,26,27,33,40 Asia (n = 2),41,42 North America
n = 1)10 and South America (n = 1).31 Most studies reported lon-
itudinal data that spanned the transition from childhood to
dolescence (n = 13),7,9,23,25,27,29–31,33–37 although some reported

22,24,26,32,33,36,39–42
rends within childhood (n = 10) or within ado-
escence (n = 6).7,10,25,30,38,40 Most studies collected data at two
n-scope time-points (n = 17)9,10,22–24,26,27,29,31,32,34,35,37,39–42 but
ome had collected data at three (n = 5)7,25,30,33,36 or four (n = 1)38
dicine in Sport 22 (2019) 695–701 697

in-scope time-points. The average interval between time-points
was 2.5 years (range: 1–6 years). Most studies only measured one
domain of PA (n = 19)9,10,22–27,29–36,39,40,42 but some studies mea-
sured two  domains (n = 4).7,37,38,41 No studies measured more than
two domains of PA, although one study included a third category
of ‘other PA’ which was  not classifiable in this review38. All studies
collected data using a questionnaire or interview. Few studies had
a low risk of bias (n = 6).23,26,33,34,37,40

The majority of studies that reported longitudinal data for the
active transport domain reported a significant increase in participa-
tion during childhood (n = 3/6)24,40,41 followed by a plateau during
the transition to adolescence (n = 5/8)27,29,30,33,35 and no change
(n = 1/2)40 or decline (n = 1/2)30 during adolescence. Only one study
reported a significant decline in participation during childhood,
although this study was  restricted to participants who  adhered to
the same travel mode (active/passive) on the journey to and from
school.22 In addition, one study reported a significant decline in
active transport within adolescence (from 14 to 16 years of age).30

This study had measured active transport as a categorical variable
(usual mode of transport),30 whereas the study that reported a
stable trend had measured active transport as a continuous vari-
able (number of active trips40 per week). In addition, the study that
reported a decline had measured school transport only,30 whereas
the study that reported a stable trend was not limited to school
transport.40 There did not appear to be any substantial sex dif-
ferences in active transport participation during childhood and
adolescence. The full details of all studies in the active transport
domain can be found in Supplementary Appendix D.

Only four studies of active transport were deemed to have a low
ROB.23,33,34,40 In terms of attrition bias, four studies were coded
as low ROB.23,31,40,42 The other studies had more than 30% of data
missing (high ROB).22,24,27,29,30,33–35,41 Four studies were coded as
having a low risk of detection bias.27,33,34,40 Detection bias was
rated as unclear for the other studies, as validity and reliability
information was either not reported at all (n = 5/13),22,24,31,41,42

based on a measure with a different reference period (n = 2/13),29,30

based on an adult sample (n = 1/13)35 or reported for overall PA
but not for the specific domain (n = 1/13).23 In terms of selection
bias, six studies were coded as low ROB.23,24,33,34,40,41 Five stud-
ies were deemed to have a high risk of bias, due to the exclusion
of population segments (e.g. rural areas) (n = 3/13),22,27,29 the use
of purposive/convenience sampling (n = 1/13),42 or an inadequate
sampling frame (n = 1/13).30 Two studies were considered to have
an unclear risk of selection bias because inadequate information
was provided in the article.31,35 When longitudinal results are lim-
ited to studies with a low ROB, most studies reported an increasing
(n = 1/2)40 or stable (n = 1/2)33 pattern in childhood, an increasing
(n = 2/3)33,34 pattern in the transition to adolescence, and no change
during adolescence (n = 1/1).40 ROB ratings for all included studies
are provided in Supplementary Appendix E.

The studies that reported longitudinal data for the organized
PA domain had measured participation in organized sports activi-
ties (n = 5/9)7,26,32,38,41 and/or sports club PA (n = 5/9).7,25,36,37,39 As
shown in Table 2, most studies of this domain reported a significant
increase during childhood (n = 3/5),32,39,41 followed by an increas-
ing (n = 2/4)7,37 or stable pattern (n = 2/4)7,36 in the transition to
adolescence, and no change (n = 2/3)7,38 or decline (n = 2/3)7,25

during adolescence. Significant declines were more common dur-
ing late-adolescence, as two  studies that reported declines had a
final follow-up at approximately 18 years.7,25 One study only sam-
pled girls and reported participation in organized non-competitive
activities (e.g. aerobics) and sports club membership.7 Participa-

tion in non-competitive activities increased in the transition to
adolescence and remained stable thereafter, whereas sports club
membership remained stable in the transition to adolescence and
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193 full-text articles reviewed

5517 articles identified 
5515 through  databa se 
sea rching
2 from reference lists

5324 excluded based on title/abstract
5313 did not meet inclusion criteria
10 con feren ce proceed ing s /  resea rch dige sts
1 err ata/reiss ue

23 articles included  in the  review

170 excluded based on review of full-text:
75: Participation in PA domain(s) not reported
46: Duration/frequency data for PA participation were not 

reported for multiple time-points during 5-18 years
20: Results not reported for the same respondents over 

time 
10:  Not  a longitud ina l de sign:  cross-sequen tial (5), 

retrospective (2), review paper (2), cross-sectional (1),
5: Interven tion  study
5: Reporting stratified by another variable such as PA level 

(2), smoking status (2) or PA ability (1) with no totals 
given

3:  Sample selected  on  ba sis of PA  status (2) or health 
condition (1)

3:  Data repo rted  in othe r included  articles
2: Participation measured using different reference periods 

at baseline & follow-up
1: Le ss than  12 mon ths be tween ba seline  & f ina l f oll ow-up

Fig. 1. Flowchart of search results and selection process.

Table 2
Summary of longitudinal changes in domains of PA, by age period.

Domain Trend in participation Number of studies

References

Within childhood
(5–12 years)

Transition from
childhood to adolescence

Within adolescence
(13–18 years)

Active
transport

Number of studies in category 6 8 2
Significant increase 3 2 –

24,40,41 33,a ,b ,34

No significant change 2 5 1
33,42 27,29,30,33,a ,c ,35 40

Significant decline 1 2 1
22 23,31 30

Organized PA

Number of studies in category 5 4 3
Significant increase 3 2 –

32,39,41 7,c ,d ,e ,37, f

No significant change 2 2 2
26,36b 7,c ,d ,g ,36,b 7,c ,d ,e ,38,h

Significant decline – 1 2
25 7,c ,d ,g,25

Non-organized
PA

Number of studies in category 0 2 2
Significant increase – – –
No  significant change – 1 2

7,c 7,c ,38 a,c ,h

Significant decline – 1 1
37,f 38,a ,b ,h

Active chores

Number of studies in category 0 1 1
Significant increase – 1 –

9h

No significant change – – 1
10

Significant decline – – –

a Study is counted twice in this category due to differing results for boys and girls (no total provided).
b Boys only.
c Girls only.
d Eime et al.7 is counted twice in this category due to differing results for competitive and non-competitive organized PA (no total provided).
e Non-competitive organized PA.
f ‘Young cohort’ only.
g Sports club membership.
h Numeric values were not stated in the article text. The reviewers agreed on trends based on visual inspection of Figure. 3 in van Mechelen et al.38/Figure 1 in Brooke

et  al.9
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hen declined. The full details of all studies in the organized PA
omain can be found in Supplementary Appendix F.

Only two of the studies that reported longitudinal trends in
rganized PA were considered to have a low ROB.26,37 Detec-
ion bias had the least number of studies coded as low ROB
n = 1/9).37 All other studies had an unclear risk of detection bias,
s validity and reliability information was either not reported at
ll (n = 7/9)25,26,32,36,38,39,41 or reported for overall PA but not for
he specific domain (n = 1/9).7 In terms of attrition bias, two  stud-
es were coded as low ROB.26,38 Seven studies had more than 30%
f data missing (high ROB).7,25,32,36,37,39,41 Six studies were coded
s having a low risk of selection bias.7,26,32,37,39,41 The other studies
ere deemed to have a high risk of bias due to the use of con-

enience sampling (n = 1/9),36 exclusion of population segments
e.g. rural areas) (n = 1/9)25 or a statement within the article text
bout a lack of representativeness (n = 1/9).38 The studies that were
eemed low ROB reported no change in organized PA during child-
ood 26 and an increase in participation during the transition to
dolescence.25

The three studies that reported longitudinal data for the non-
rganized PA domain measured participation in non-organized
A,7 non-organized sport38 and leisure-time sports outside of
ports clubs.37 Studies reported either no change (n = 1/2)7 or
ecline (n = 1/2)37 in non-organized PA between childhood and
dolescence (see Table 2). One study only sampled girls and
eported no change in participation,7 while another study did not
tratify results by sex and reported a decline.37 Studies conducted
uring adolescence reported no change among girls (n = 2/2)7,38

nd a decline among boys (n = 1/2).38 The full details of all studies
n this domain can be found in Supplementary Appendix G.

Only one of the studies of non-organized PA was  considered
o have a low ROB.37 This one study had a low risk of detection
ias and all other studies were rated as unclear, as validity and
eliability information was either not reported at all (n = 1/3)38 or
eported for overall PA but not for the specific domain (n = 1/3).7

n terms of attrition bias, one study was coded as low ROB38 and
he remaining studies had more than 30% of data missing (high
OB).7,37 Two  studies were coded as having a low risk of selection
ias.7,37 The other study was deemed to have a high risk of bias
ue to a statement about a lack of representativeness in-text.38

he one study with an overall low ROB rating reported a decline in
on-organized PA between childhood and adolescence.37

Two studies reported longitudinal data for active chores.9,10

hese studies reported an increase in participation in active chores
rom childhood to adolescence (n = 1/1)9 and no change in par-
icipation within adolescence (n = 1/1)10 (see Table 2). No studies
ere identified that reported longitudinal data for occupational PA

active work). The full details of these studies can be found in Sup-
lementary Appendix H. Neither of the included studies had a low
OB. Both studies had a high risk of attrition bias due to having more
han 30% of data missing.9,10 The risk of detection bias was regarded
s unclear in both studies because reliability/validity information
as either reported only for overall PA (n = 1)9 or not stated at all

n = 1).10 Both studies were deemed to have a low risk of selection
ias.9,10

The results of this review have generally been presented by PA
omain. However, results may  also be presented by age span to
ighlight changes during each developmental stage (see Supple-
entary Appendix I).

. Discussion
This study reviewed longitudinal changes in four domains
f PA during childhood and adolescence. Most studies of active
ransport reported an increase in participation during childhood
dicine in Sport 22 (2019) 695–701 699

(n = 3/6), no change in the transition to adolescence (n = 5/8) and
no change (n = 1/2) or decline (n = 1/2) during adolescence. The
majority of studies of organized PA reported an increase during
childhood (n = 3/5), an increasing (n = 2/4) or stable (n = 2/4) pat-
tern in the transition to adolescence, and no change (n = 2/3) or
decline (n = 2/3) during adolescence. There was limited evidence
for non-organized PA but it appears that this domain was  more
likely to remain stable among adolescent girls (n = 2/2) and decline
among adolescent boys (n = 1/2). For active chores, there was  lim-
ited evidence showing an increase in participation in the transition
to adolescence (n = 1/1) followed by a plateau (n = 1/1).

Most studies of active transport during childhood reported an
increase in participation. This supports the notion that parents
become more confident in their child’s ability to travel indepen-
dently as they age.43 Furthermore, most studies reported a stable
trend between childhood and adolescence. This might reflect the
dominance of studies conducted in Europe in this review, as adoles-
cents in parts of Europe (such as The Netherlands) are among the
most likely in the world to participate in active transport.44 The
studies in the present review reported a stable or declining trend
during adolescence. Climate may  be a factor in this difference, as
the stable trend occurred in Australia,33 while the decline occurred
in the United Kingdom.30 This is supported by a recent cross-
sequential study in Canada which also reported a decline in active
transport during adolescence.43 Finally, it is worth noting that a
previous systematic review14 also reported secular changes in the
frequency of active transport, such as an increase among 5–15 year
olds in the USA (between 1995 and 2001)45 and a decrease among
9–13 year olds in Australia (between 1985 and 2001).46 Therefore,
future systematic reviews of PA should adopt inclusion criteria
based on the year of publication, as was  done in the current review.

In the present review, the majority of studies of organized PA
reported an increase during childhood but no change or decline
during adolescence. This trend is similar to the most common tra-
jectory models of a previous large-scale cross-sequential study.47

Various factors have been linked to age-related changes in orga-
nized PA participation during childhood and adolescence, including
the educational environment,48,49 social norms48,50 and biologi-
cal changes.51 In particular, girls48 and lower-skilled students49

may  feel alienated by a greater emphasis on competition and per-
formance during adolescence.50 Some adolescents may  also be
dissuaded from organized PA due to their experiences during Phys-
ical Education (PE) classes at school.48,49 Girls may  particularly
choose to refrain from organized sports due to self-consciousness
and a fear of appearing too masculine or aggressive.48 However,
these gender differences may  also be prone to secular changes.14

For example, a Swedish study reported that sports club member-
ship increased between 1974–1995 among 16 year old girls (+9%)
but not boys (±0%).52 However, other studies reported secular
declines in organized PA among both genders in Australia53 and
Switzerland.54

Relatively few studies of non-organized PA were included in the
present review. Non-organized PA tended to remain stable among
adolescent girls and decline among adolescent boys, which is in
line with the cross-sequential findings of Findlay et al.55 According
to a previous systematic review, the overall PA of boys declines
at a faster rate during late adolescence than that of girls5 which
suggests that this domain may  be a contributor to that decline.4

Additional research is warranted to investigate this relationship in
detail.

Participation in active chores was only reported by two  studies
in this review.9,10 According to these studies, this domain increased

in the transition to adolescence and then stabilized. This pattern
was similar to the quadratic trajectory in a study of youth from age
8–18 in the USA.56
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Information about changes in PA participation by domain is
seful to support the development of targeted PA promotion
trategies.11 In particular, longitudinal trends in PA domains could
e used to inform market segmentation strategies within a social
arketing framework.57 Market segmentation may  be used to

evelop targeted strategies for particular groups, such as ado-
escents who are inclined to drop out of particular PA domains.
egmentation strategies are commonly supported by data anal-
sis techniques such as cluster analysis (e.g. Leech et al.58) to
dentify the characteristics of individuals who share similar pat-
erns of behavior. Further information about the relationship
etween domain-specific changes and the overall decline in PA
ould assist in determining the priority segments to be targeted.
espite these opportunities, the use of segmentation strategies in
A interventions appears relatively scant.59,60 Therefore, market
egmentation may  be an appropriate means of developing more
ailored approaches to PA promotion among children and adoles-
ents.

To the authors’ knowledge, this is the first systematic review
o report age-related changes in the prevalence of PA domains dur-
ng childhood and adolescence. This approach offers the capacity to
evelop a more nuanced understanding of PA changes during mat-
ration. In addition, the review included four domains of PA which
rovides a more holistic picture of behavior than one domain in

solation. This review also employed rigorous selection criteria by
nly including studies that reported data for the same respondents
ver time.

However the review is also subject to some limitations. Few
tudies in this review were deemed to have a low risk of bias (6/23
tudies), mainly due to high attrition rates and insufficient report-
ng of validity and reliability. Studies were also rarely compatible
n terms of PA domain measurement (e.g. data type, reference
eriod) which prevented aggregate data analysis. Instead, data syn-
hesis focused on the significance and direction of change rather
han magnitude. Also, few studies reported separate trends for in-
chool and out-of-school PA, so it was not possible to discuss these
rends. It should also be noted that the participants of some stud-
es spanned more than one age category (n = 8),7,10,25,32,34,35,37,42

lthough the extent of the overlap was generally only one year
n = 6/8).7,25,32,34,35,37 Although this review aimed to be as com-
rehensive as possible, it may  have also been limited by a lack of

 consistent nomenclature (e.g. interchangeable use of ‘domain’,
mode’, ‘context’, etc). The search terms were intentionally broad
o encompass as many studies as possible, although consistent ter-

inology is encouraged in future studies. Finally, most studies in
his review were conducted in Europe which may  affect the gener-
lizability of the findings to other regions. However, an effort was
ade to account for this by highlighting regional variations in the

ext.

. Conclusion

Despite the diversity of the included studies, this review has
ighlighted some overall trends in the domains of PA among youth.
ost studies of active transport reported an increase during child-

ood (n = 3/6), a plateau in the transition to adolescence (n = 5/8)
nd no change (n = 1/2) or decline (n = 1/2) during adolescence. The
ajority of studies of organized PA reported an increase during

hildhood (n = 3/5), an increasing (n = 2/4) or stable (n = 2/4) pat-
ern in the transition to adolescence, and no change (n = 2/3) or
ecline (n = 2/3) during adolescence. Non-organized PA participa-

ion tended to vary by sex — remaining stable among adolescent
irls (n = 2/2) and declining among adolescent boys (n = 1/2). Active
hores increased during the transition to adolescence (n = 1/1)
nd then stabilized (n = 1/1). Potential strategies for PA promo-

1

1

dicine in Sport 22 (2019) 695–701

tion among youth may  include targeting non-organized PA among
adolescent boys or organized PA among late adolescent boys and
girls. Such strategies may  have positive implications for over-
all PA and health in adulthood. However, additional high-quality
studies of participation in PA domains are required, particularly
non-organized PA and active chores.
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