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Summary
BACKGROUND: Maintaining physical activity throughout
life is crucial for overall health and wellbeing. Yet the age-
related decline in average physical activity, a natural phe-
nomenon also observed in animals, poses a challenge.
This study aimed to investigate whether participation in
organised sports supported by the Swiss Youth+Sports
(Y+S) programme is associated with sustaining or en-
hancing physical activity among children and adolescents
during 5 years of follow-up.

METHODS: The longitudinal study was nested in the pop-
ulation-based SOPHYA (Swiss children’s Objectively mea-
sured PHYsical Activity) cohort. Participants aged 6–16
years at SOPHYA1 (2014) with complete accelerometer
data from baseline and follow-up assessment (SOPHYA2,
2019) were included. The primary exposure was participa-
tion in organised sport during the follow-up period, calcu-
lated by linkage with the Y+S database as the number of
days with at least one activity in Y+S-offered programmes
for ages 5 to 20 years. The primary outcome was the cate-
gorisation of participants into physical activity “improvers”
or “worseners”. Improvers in the respective physical ac-
tivity categories – total activity counts per minute (CPM),
minutes in moderate-to-vigorous activity (MVPA), minutes
in light activity (LPA) and minutes in sedentary behaviour
(SB) – increased or maintained their active physical ac-
tivity during the 5 follow-up years. Information on con-
founders and effect modifiers (sex, age, body mass index
(BMI), language region, household income, education)
was obtained by self-report at baseline. Logistic regres-
sions examined the relationship between organised sport
participation and the probability of being a physical activity
improver in each physical activity intensity category sep-
arately. Covariates for the final models were selected
through a stepwise procedure based on the Bayesian in-
formation criterion from a maximal model containing all co-

variates as well as all two-way interactions with organised
sport and between them. All models were a priori adjust-
ed for technical variables (season of measurement; wear
time; duration of follow-up).

RESULTS: The analysis included 432 participants. There
was a strong CPM, MVPA and LPA decline from 2014 to
2019, but an increase in SB. Nevertheless, the prevalence
of improvers was 22.5% for CPM, 9.5% for MVPA, 26.9%
for LPA and 9.7% for SB. Engagement in organised sport
between 2014 and 2019 was positively associated with
CPM, MVPA and SB, but not with LPA improver status. For
30 additional days of participation in organised sport over
the five years of the study, the odds of being an improver
vs being a worsener increased by 4.0% for CPM (95%
CI: 0.13–7.69), 6.2% for MVPA (95% CI: 0.82–11.54) and
6.0% for SB (95% CI:−1.49–13.97).

CONCLUSION: The results provide supporting evidence
that organised sport in the context of the Swiss Y+S pro-
gramme may empower the young to maintain an active
lifestyle and even offset the age-related decline in physical
activity.

Introduction

Physical activity (PA) is crucial in maintaining overall
health and well-being throughout the lifespan [1, 2]. Regu-
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lar engagement in physical activity in children, adolescents
and adults has been consistently associated with broad
health benefits, including reduced risk of chronic diseases
[3], improved mental health [4, 5], enhanced quality of
life and improved cognitive function, including academic
achievement [6–8]. Promoting and sustaining physical ac-
tivity behaviour in the young is therefore a public health
priority. However, one of the most consistent findings of
physical activity research is that individuals, and youth in
particular, tend to become less physically active as they
age [9–12]. Accordingly, the age-related decline in average
physical activity, although a natural phenomenon also ob-
served in animals [13], poses a challenge for the attainment
of physical activity and health promotion goals.

The transitions from childhood to adolescence [14] and
from adolescence to young adulthood are critical periods
for establishing lifestyle behaviours [15]. A first relevant
research question is whether a child who is physically ac-
tive at a higher than average level remains comparatively
more active throughout adolescence and adulthood. The
concept of “tracking” relates to the persistence of physical
activity behaviour over time, and therefore to the longitudi-
nal stability of a particular behaviour or the maintenance of
an individual’s relative rank within a cohort [16]. Tracking
studies investigating the age-related or longitudinal devel-
opment of physical activity used various approaches: (a)
estimating inter-age correlations and reporting tracking co-
efficients [17–20], (b) assessing the likelihood of maintain-
ing the percentile rank of physical activity over time with-
in a peer group of the same age and sex [21–23] or (c)
employing group-based trajectory modelling as a statisti-
cal method to identify subgroups of individuals with high-
er or lower declines of physical activity over time [24, 25].
Longitudinal studies that assessed tracking of device-based
physical activity, with measurement intervals ranging from
2 to 6 years, have in general reported low to moderate sta-
bility of physical activity [18, 26, 27].

A second relevant research question is which modifiable
factors play a role in preventing age-related activity loss.
While the commonly observed age-related decline in phys-
ical activity behaviour is rooted in biological changes
while growing up [28], modifiable factors (e.g. psycholog-
ical, cognitive, emotional, behavioural, social and environ-
mental) also play a role in attenuating or accelerating this
decline [29]. Organised sports participation has emerged as
a potentially important modifiable factor for mitigating the
age-related physical activity decline. Participation in or-
ganised sport was positively associated with higher physi-
cal activity levels in both cross-sectional [31, 32] and lon-
gitudinal studies [33, 34]. Organised sport could provide
structured and social environments that support and facili-
tate ongoing motivation and skills acquisition. Notably, the
acquisition of motor skills through participation in organ-
ised sport was found to be associated with the maintenance
of physical activity levels [33].

Tracking studies published to date, including those study-
ing modifiable factors, investigated the longitudinal
change of physical activity relative to peers of the same
age and sex. They do not reveal the absolute within-subject
physical activity changes over time. In these previous stud-
ies, the absolute within-person changes could be small or
even negative despite the presence of moderate physical

activity tracking [18]. There is limited knowledge regard-
ing groups of young individuals who successfully avoid an
absolute decrease in physical activity as they grow up. On-
ly two group-based trajectory modelling studies, with one
accelerometry-based, pointed to the presence of individu-
als who maintained or increased their physical activity be-
haviour while growing up [24, 35].

The present study aimed to identify and characterise chil-
dren and adolescents who improved or maintained their
absolute physical activity level in different intensity cat-
egories and thus resisted the age-related decline in active
physical activity. In particular, we investigated whether
participation in Youth and Sport-supported organised sport
was associated with maintenance or improvement in the
absolute, accelerometer-assessed within-participant level
of active physical activity. Youth and Sport (Y+S) is the
Swiss Federal Government’s national sports promotion
programme. SOPHYA (Swiss children’s Objectively mea-
sured PHYsical Activity) [36], the first population-based
cohort in Switzerland assessing physical activity in youth
by accelerometery, provided the opportunity to investigate
physical activity development in children and adolescents
over a 5-year follow-up period and relate it to Y+S-sup-
ported organised sport participation.

Methods

Study population and procedure

The SOPHYA cohort study recruited participants based
on data from the national population registry. All children
born in Switzerland between 1998 and 2007 and registered
accordingly were eligible, with no children excluded. A
stratified random sampling procedure was applied, divid-
ing the population into 10 equivalent strata, each represent-
ing a birth year, to ensure balanced age groups. The re-
cruitment process and participation rate of SOPHYA1 have
been previously documented [37]. Briefly, of 4193 partic-
ipants included in the stratified random sample, 3108 par-
ticipated in the baseline interview. Of 3108 participants,
2341 expressed an interest in the accelerometry substudy,
of whom only 2032 were later reachable and completed the
SOPHYA1 baseline interview in 2014. Of these 2032 par-
ticipants, 1320 provided valid baseline accelerometer data.
Of those 1320 participants, 1111 had complete data for all
covariates and expressed their willingness to be recontact-
ed and were invited for a repeat assessment after five years
(SOPHYA2). Out of these 1111 children, 524 agreed to ac-
celerometry in SOPHYA2.

The participation rate of those approached for accelerome-
ter measurements in SOPHYA1 was 65% (1320 of 2032).
Of those who participated in accelerometer measurements
in SOPHYA1, the participation rate for follow-up ac-
celerometer measurements (SOPHYA2) was 47% (524 of
1111). A participant flowchart of SOPHYA1 and SO-
PHYA2 measurements is shown in figure 1.

At both measurement time points, contact with participants
was exclusively remote, by phone and post, as participants
lived in different parts of Switzerland.

As a first step in both SOPHYA waves, a telephone inter-
view about sports behaviour and sociodemographic factors
was conducted [38, 39]. The professional research institute
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LINK conducted the interviews. At the end of the inter-
view, the participants were asked if they were interested in
taking part in an accelerometry substudy as a second step.

As a second step in both SOPHYA waves, trained field-
workers of the SOPHYA team contacted participants in-
terested in the accelerometer assessment. Consenting par-
ticipants received accelerometers, questionnaires and study
instructions by post. They wore accelerometers for 1 week
and filled in a paper-based questionnaire that included a di-
ary for the measurement week and questions to self-report
height and weight for deriving body mass index (BMI). To
cover all seasons and because physical activity measure-
ments by accelerometry are time-consuming, data collec-
tion for SOPHYA1 and SOPHYA2 lasted more than one
year.

The SOPHYA study was conducted in three languages
as a collaboration between the Swiss Tropical and Public
Health Institute (Swiss TPH) in Basel, the lead partner re-
sponsible for the German- and Romansh-speaking study
regions; the University of Lausanne, responsible for the
French-speaking study region; and the Università della
Svizzera Italiana (USI), responsible for the Italian-speak-
ing study region.

For SOPHYA1, written informed consent was obtained
from a parent for a child’s participation. Adolescents aged
12 years or older filled in an additional consent form. In
SOPHYA2, for participants younger than 14 years, written
informed consent was obtain by a parent as a proxy; for
participants aged between 14 and 18 years, both one parent
and the participant provided written informed consent; for
participants aged over 18 years, only their written informed

Figure 1: Participant flowcharts for SOPHYA1 and SOPHYA2. Children were recruited for the SOPHYA study through two distinct sources.
Children born in 1998 to 2002 were recruited through the established Sport Switzerland study [39]. Children born between 2003 and 2007
were recruited by the SOPHYA study through a similar but notably shorter interview process.
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consent was sought. The local ethics review board of the
Canton of Basel and Northwestern and Central Switzer-
land, EKNZ (www.eknz.ch), approved this study (Project-
IDs: 147/13; EKNZ 2018-01786 and 2018-00549). The
study complied with the latest Helsinki Declaration.

An open science protocol for this study was not developed
and registered. In line with the ethical approval of SO-
PHYA, the datasets generated and analysed during the cur-
rent study are not publicly available, but are available from
the corresponding author upon reasonable request.

Device-based measured physical activity and sedentary
behaviour

A pre-programmed accelerometer and several question-
naires, including a time activity diary, were sent to partici-
pants by post and returned after the measurement week us-
ing a prepaid envelope. Instructions for accelerometer use
were included in the mailing and supplemented by instruc-
tions over the phone by trained SOPHYA fieldworkers.
All participants wore an Actigraph (ActiGraph, Pensacola,
Florida, USA) accelerometer model GT1M or GT3X for
seven consecutive days attached to their right hip with an
elastic band (of 1320 participants in SOPHYA1, 49 wore
a GT1M and 1271 wore a GT3X; of 432 participants in
SOPHYA2, 14 wore a GT1M and 418 wore a GT3X. The
GT1M only measures along the vertical axis, the GT3X
along all three. Since the vertical axis output is compatible
between the two devices [41], only the vertical axis was
considered. The accelerometers had to be removed for wa-
ter activities and during sleeping hours. The initialisation
of the devices, data transfer and analyses were conducted
using ActiLife 6.2 software (ActiGraph, Pensacola, Flori-
da, USA). Epoch length was set at 15 s, and non-wearing
time was defined as 60 min of consecutive 0 counts. A
measurement was considered valid if participants had at
least three weekdays with a daily minimum of 10 hours
of wear time and at least one weekend day with a daily
minimum of 8 hours. Mean daily minutes in moderate-
to-vigorous physical activity (MVPA), light physical ac-
tivity (LPA), sedentary behaviour (SB) and daily mean of
counts per minute (CPM) during the measurement week
were calculated as follows: First, mean minutes and mean
counts per minute were averaged separately over the week-
days and the weekend days with measurements. Second,
the weekday-averaged mean minutes and mean counts per
minute were multiplied by five. Third, the weekend-aver-
aged mean minutes and mean counts per minute were mul-
tiplied by two. Fourth, the results from step two and three
were summed and then divided by seven to obtain week-
and weekend-weighted mean minutes and mean counts per
minute.

For the definition of sedentary behaviour, the cut-off of
100 CPM was used [42]. MVPA was defined by the age-
dependent cut-offs defined by Freedson et al. 2005 [43]
with thresholds for moderate activity at 4 metabolic equiv-
alents (METs) [44]. LPA was defined as activity above
the sedentary cut-off of 100 CPM and below the cut-off
for moderate activity. To permit comparison of participants
aged over 18 during SOPHYA2, cut-off points by Freedson
et al. 2005 [43] for 18-year-olds were used.

Participation in organised sport

Y+S widely supports sports courses and camps for children
and young people aged 5–20 with a budget of approxi-
mately CHF 100 million per year covering 90 different
sports and disciplines and serving more than 600,000 par-
ticipants per year [45]. Y+S supports sports clubs finan-
cially by providing contributions per participant and ac-
tivity, if the coaches have completed a Y+S education.
Activities supported by Y+S are various sports clubs, vol-
untary school sports and scouts and include training, com-
petition and camp days.

Every single sports activity of a child or adolescent fi-
nancially supported by Y+S is registered in the national
Y+S database. The proportion of Y+S-supported organised
sport in the total number of sports offerings in organised
sport is not known. As approximately 65% of the total
Swiss population of children aged 12–13 take part in Y+S,
the coverage of Y+S can be assumed to be quite high [45].
Therefore the continuous data on the frequency and regu-
larity of participation in organised sport supported by Y+S
and provided by the Y+S database, can be considered a
good predictor of participation in organised sport. Based
on the approval of a formal linkage request to Y+S, Y+S
attendance entries between January 2008 and July 2020
were extracted and could be linked to 1111 SOPHYA1 ac-
celerometry participants. SOPHYA participants’ name, ad-
dress and date of birth were used for linkage with the Y+S
database. Personal information was consistently separated
from SOPHYA data and information on organised sport by
using a unique anonymised user ID for matching records.
The linkage was not validated. Participants who were not
found in the Y+S database were considered non-partici-
pants in organised sport.

Measures

Primary outcome

The primary outcome was the categorisation of each par-
ticipant as an “improver” or “worsener”’ for each physical
activity intensity category. To determine this outcome, we
calculated the difference in physical activity as PASOPHYA2

− PASOPHYA1 for each individual and for each physical
activity intensity category, namely MVPA, LPA, SB and
CPM. A difference with a non-negative sign reflects im-
provement or maintenance of physical activity in the MV-
PA, LPA and CPM categories, while improvement or
maintenance of SB is reflected by a non-positive differ-
ence. Accordingly, these differences were used to create
physical activity intensity-specific binary variables of “im-
provers” and “worseners”. While “improvers” in MVPA,
LPA or CPM increased or maintained their minutes from
SOPHYA1 to SOPHYA2, “improvers” in SB maintained
or decreased their minutes sitting during follow-up. Thus,
an “improver” is anyone who maintained or improved ac-
tive behaviour.

Main exposure

The primary exposure was participation in Y+S-supported
organised sport during the follow-up period. We calculated
the number of days with at least one organised sport ac-
tivity while participants were within the Y+S sports age (5
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to 20 years). We restricted the total number of days to the
period 2014–2019 to represent participation in Y+S dur-
ing the follow-up period from SOPHYA1 to SOPHYA2.
For 14 participants aged over 20 in 2019 and therefore no
longer eligible to participate in Y+S, we assigned 0 days in
Y+S to their follow-up time spent at the non-eligible age,
thus ignoring any time actually spent in organised sport.
Participants without a match in the Y+S database were as-
signed 0 days with at least one activity in organised sport.

Covariates

A set of covariates, selected a priori, were investigated as
confounders or effect modifiers:

1. Sociodemographic characteristics at baseline in SO-
PHYA1: Age (years), sex (male; female), parental ed-
ucation (up to secondary level; tertiary education),
household income (CHF <9000; CHF ≥9000; no in-
formation provided) and residential language region
(German including Romansh; French; Italian).

2. BMI at baseline in SOPHYA1: Participants self-report-
ed their height and weight through the paper-based
survey at baseline. For the sensitivity analysis, BMI-
for-age percentiles were calculated from the BMI per-
centile curves updated by Cole and Lobstein et al.
2012 [40].

3. Technical variables at the time point of accelerometry:
Season of measurement (spring, summer, autumn,
winter) for SOPHYA1 and SOPHYA2; accelerometer
wear time (minutes, continuous) for SOPHYA1 and
SOPHYA2; measurement interval between SOPHYA1
and SOPHYA2 (years, continuous).

Statistical analysis

For all analyses, Stata 16.1 and R 4.3.3. were used.

Participants included in the analysis were required to have
consent and complete accelerometer data for both mea-
surement time points; for the a priori selected covariates
at SOPHYA1: age, sex, parental education, household in-
come, residential language region, BMI percentiles (con-
tinuous); and for the technical variables for both measure-
ment points (season of measurement; accelerometer wear
time; follow-up duration).

One participant was excluded from the analysis due to sus-
piciously high accelerometer data. If the BMI of a partici-
pant was missing at SOPHYA1 (n = 8), it was imputed by
regressing it on the BMI value available from SOPHYA2
while adjusting for age, sex and time interval between the
two time points.

We used logistic regression models to examine the asso-
ciation between the primary predictor participation in or-
ganised sport (total number of days between 2014 and
2019) and the binary outcome (improvers versus worsen-
ers). Separate models were run for each of the four bina-
ry outcome variables (SB, LPA, MVPA and CPM). Results
are reported as estimated coefficients and 95% confidence
intervals (CIs) on the logit scale.

Separately for each outcome, the final model used in the
analysis was chosen through a model-selection procedure,
searching for the smallest Bayesian information criterion
(BIC) between a maximal and a minimal model. The max-

imal model contained the main effects of the technical
variables (season [spring, summer, autumn, winter], ac-
celerometer wear time [continuous] and measurement in-
terval [continuous]), the main effects of the covariates of
interest (baseline physical activity, age, sex, parental edu-
cation, household income, residential language region) and
all two-way interactions among covariates of interest, in
order to account for possible effect modification. The min-
imal model contained all the main effects of the techni-
cal variables regardless of their statistical significance. The
set of main effects and interactions included in the final
model was selected using BIC as a criterion. To visualise
the main associations of interest, we used marginal plots
to show the association between participating in organised
sport and being an improver.

A sensitivity analysis was performed to investigate the role
of BMI as a potential confounder or effect modifier in the
association between participating in organised sport and
being a physical activity improver. The four final models
were fitted again, including BMI percentiles as an addi-
tional adjusting covariate, and the changes in the coeffi-
cients of the other covariates were inspected.

We investigated the possible presence of attrition bias, i.e.
the possibility that those who dropped out, and participat-
ed in SOPHYA 1 but not in SOPHYA2 and in this cur-
rent analysis, differed substantially in some of the covari-
ates used in our models from those who participated on
both occasions and therefore contributed to the estimation
of such models, so potentially biasing our conclusions. Out
of the 1111 children with valid measurements and covari-
ates of SOPHYA1 who gave consent to be contacted again
for SOPHYA2, 679 children participated in SOPHYA1 but
were lost to follow-up, and 432 children participated in
SOPHYA1 and SOPHYA2 and had valid data (figure 1).

To check whether any of the covariates included in our
models were strong predictors of non-participation, we im-
plemented a logistic model with “Non-participation in SO-
PHYA2” as a binary response (1 = non-participation in SO-
PHYA2 [n = 679]; 0 = participation in both SOPHYA1
and SOPHYA2 [n = 432]) and all the variables used in
our analysis as covariates. In particular, the final model
was selected by a bi-directional (both backward and for-
ward) stepwise procedure, using BIC as the selection crite-
rion, which sought the best model between a minimal mod-
el without interactions containing only main effects (age,
sex, parental education, household income, residential lan-
guage region, physical activity in all intensity categories at
SOPHYA1, organised sport participation and the technical
variables season of measurement and accelerometer wear
time at SOPHYA1) and a maximal model containing the
same main effects plus all two-way interactions between
them.

Results

The analysis included 432 participants with valid longitu-
dinal physical activity and organised sport participation da-
ta and valid covariate information from the baseline assess-
ment (figure 1). Among the 432 participants, successful
linkage with the Y+S database was found for 275 (64%)
participants, whereas 157 (36%) non-linked participants
were assumed to have never participated in Y+S.
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In the sample of 432 participants (aged 6–16 at SO-
PHYA1), when looking at physical activity intensity cate-
gories descriptively, mean daily CPM decreased between
2014 and 2019 from 574.4 (standard deviation [SD] 181.7)
to 450.5 (SD 161.8); mean daily minutes in MVPA from
84.9 (SD 37.7) minutes to 47.7 (SD 22.6) minutes; mean
daily minutes in LPA from 233.7 (SD 40.1) to 204.7 (SD
51.4). Mean daily minutes in SB increased from 473.8 (SD
86.5) to 580.2 (SD 80.7).

The prevalence of improvers and worseners for the differ-
ent physical activity intensity categories are descriptively
described in table 1: The prevalence of CPM improvers
was descriptively higher (n = 97, 22.5%) than the preva-
lence of MVPA improvers (n = 41, 9.5%) and SB im-
provers (a decrease in SB from baseline to follow-up) (n =
42, 9.7%). Descriptively, the highest number of improvers
was found in LPA (n = 116, 26.9%).

Table 1 also presents the distribution of improver/worsener
status according to socioeconomic characteristics descrip-
tively. Improvers descriptively had a higher age at base-
line. Youth with a higher educational level descriptively
were more often improvers for CPM, MVPA and SB. Chil-
dren and adolescents from French- or Italian-speaking re-

gions descriptively were more often improvers in CPM and
MVPA than youth from German-speaking regions.

Table S1 in the appendix shows the distribution of socioe-
conomic factors and physical activity at baseline according
to participation in organised sport (no participation = no
days in organised sport from 2014 to 2019; participation =
minimum 1 day in organised sport from 2014 to 2019).

Table 2 presents the descriptive averages of total CPM
or mean daily minutes in physical activity intensity cate-
gories, respectively, in SOPHYA1 and SOPHYA2 as well
as organised sport participation during follow-up (number
of days in organised sport from 2014 to 2019), stratified by
improvers and worseners in the respective intensity catego-
ry (see appendix table S2 for the comprehensive overview
of averages of activities in all intensity categories accord-
ing to improver status based on all intensity categories).
Descriptively, improvers exhibited less favourable activity
parameters at baseline in SOPHYA1 than worseners. Im-
provers in CPM, MVPA and LPA descriptively had more
organised sport activities during the follow-up compared
to worseners. In contrast, improvers in SB (i.e. less SB)
descriptively had slightly fewer organised sport activities
than SB improvers.

Table 1:
Distribution of socioeconomic factors at baseline across physical activity improver status in different intensity categories (CPM, MVPA, LPA and SB).

CPM MVPA LPA SB

n = 432 n = 432 n = 432 n = 432

Worseners Improvers Worseners Improvers Worseners Improvers Worseners Improvers

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

All 335 (77.5%) 97 (22.5%) 391 (90.5%) 41 (9.5%) 316 (73.2%) 116 (26.8%) 390 (90.3%) 42 (9.7%)

Age Mean (SD) 9.7 (2.3) 11.1 (3.0) 9.7 (2.4) 12.3 (2.6) 9.9 (2.4) 10.3 (3.0) 9.7 (2.3) 12.5 (3.1)

Sex Male 163 (78.0%) 46 (22.0%) 192 (91.9%) 17 (8.1%) 153 (73.2%) 56 (26.8%) 189 (90.4%) 20 (9.6%)

Female 172 (77.1%) 51 (22.9%) 199 (89.2%) 24 (10.8%) 163 (73.1%) 60 (26.9%) 201 (90.1%) 22 (9.9%)

Household income CHF <9000 161 (77.8%) 46 (22.2%) 187 (90.3%) 20 (9.7%) 147 (71.0%) 60 (29.0%) 185 (89.4%) 22 (10.6%)

CHF ≥9000 140 (76.5%) 43 (23.5%) 166 (90.7%) 17 (9.3%) 139 (76.0%) 44 (24.0%) 166 (90.7%) 17 (9.3%)

No indication 34 (81.0%) 8 (19.0%) 38 (90.5%) 4 (9.5%) 30 (73.4%) 12 (28.6%) 39 (92.9%) 3 (7.1%)

Highest education of parents Secondary level 184 (80.7%) 44 (19.3%) 212 (93.0%) 16 (7.0%) 173 (75.9%) 55 (24.1%) 211 (92.5%) 17 (7.5%)

Tertiary education 151 (74.0%) 53 (26.0%) 179 (87.7%) 25 (12.3%) 143 (70.1%) (61 (29.9%) 179 (87.8%) 25 (12.2%)

Language region German 240 (79.5%) 62 (20.5%) 278 (92.0%) 24 (8.0%) 218 (72.2%) 84 (27.8%) 275 (91.1%) 27 (8.9%)

French 67 (72.8%) 25 (27.2%) 82 (89.1%) 10 (10.9%) 72 (78.3%) 20 (21.7%) 79 (85.9%) 13 (14.1%)

Italian 28 (73.7%) 10 (26.3%) 31 (81.6%) 7 (18.4%) 26 (68.4%) 12 (31.6%) 36 (94.7%) 2 (5.3%)

CPM: mean counts per minute; LPA: mean minutes in light activity per day; MVPA: mean minutes in moderate-to-vigorous activity per day; SB: mean minutes in sedentary be-
haviour per day; SD: standard deviation.

Table 2:
Distribution of physical activity intensity categories (SOPHYA1; SOPHYA2) and participation in organised sports (SOPHYA1 to SOPHYA2), stratified by physical activity improver
status.

CPM MVPA LPA SB

n = 432 n = 432 n = 432 n = 432

Worseners Improvers Worseners Improvers Worseners Improvers Worseners Improvers

n = 335 n = 97 n = 391 n = 41 n = 316 n = 116 n = 390 n = 42

Mean counts per minute (SD) Mean minutes in moderate-to-
vigorous activity per day (SD)

Mean minutes in light activity
per day (SD)

Mean minutes in sedentary
behaviour per day (SD)

Mean counts per minute (CPM)
or minutes of physical activity in
the respective intensity catego-
ry (MVPA, LPA, SB) per day

SOPHYA1 607.7 (179.3) 459.4 (138.3) 88.9 (36.9) 46.4 (19.4) 240.3 (38.4) 215.5 (39.3) 462.4 (79.3) 580.4 (78.0)

SOPHYA2 418.9 (136.1) 559.6 (194.1) 47.0 (22.8) 54.7 (19.0) 187.4 (41.9) 251.9 (45.0) 586.0 (79.3) 525.8 (73.6)

Mean days in organised
sports*

Mean days in organised
sports*

Mean days in organised
sports*

Mean days in organised
sports*

Mean days in organised sports* SOPHYA1 –
SOPHYA2

156.3 (207.2) 189.8 (253.5) 155.9 (207.6) 239.3 (297.0) 156.1 (209.7) 185.0 (240.8) 165.9 (212.6) 144.5 (269.9)

CPM: mean counts per minute; LPA: mean minutes in light activity per day; MVPA: mean minutes in moderate-to-vigorous activity per day; SB: mean minutes in sedentary be-
haviour per day; SD: standard deviation.

* continuous from 2014 to 2019, calculated for those within the Y+S age range (5–20 years).
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Table 3 presents the results of the physical activity inten-
sity-specific models for estimating the adjusted associa-
tions of days engaging in organised sport from baseline
to follow-up with the physical activity improvements sta-
tus. Given the model-selection procedure described in the
“Statistical analysis” section, the variables included in the
model vary by physical activity intensity category. Organ-
ised sport engagement was not found to interact with any
covariate in any of the models. The results of the sepa-
rate models are summarised in the paragraphs below and
graphically in figures 2A–D (see supplementary figures
S1–S3 for a graphical summary of outcome model-specific
statistically significant interactions between covariates).

With regard to CPM, the number of days engaged in or-
ganised sport activities during follow-up was positively
and statistically significantly associated with being an im-
prover in CPM. This association suggests that, for 30 ad-
ditional days of participation in organised sport within the
five years of the study, the odds of being an improver vs
being a worsener increased by a factor of exp(0.0013 × 30)
= 1.0396, i.e. the odds of being an improver are about 4.0%
greater than that of being a worsener. Age and CPM at SO-
PHYA1, as well as their interaction were statistically sig-
nificantly associated with being an improver, in a positive
direction for the main effects and in a negative direction
for the interaction term. The negative coefficient for the in-
teraction term suggests that the impact of baseline physi-
cal activity on the odds of being an improver depends on
age. For younger individuals, higher baseline physical ac-
tivity was associated with decreased odds of being an im-
prover, but with increasing age at baseline this inverse as-
sociation became weaker. Being female decreased the odds
of being an improver vs being a worsener by a factor of
exp(−0.7962) = 0.4511, meaning for girls the odds of be-

ing an improver was 54.9% lower than for boys, indepen-
dently of their participation in organised sport. Individuals
with parents having a tertiary education had approximately
80.3% higher odds of achieving CPM improver status than
individuals of parents with a lower education. Household
income and language region were not associated with CPM
improver status.

With regard to MVPA, the number of days engaged in or-
ganised sport between 2014 and 2019 was also positively
and statistically significantly associated with being an im-
prover in MVPA. For 30 additional days of participation in
organised sport within the five years of the study, the odds
of being an MVPA improver vs a worsener increased by a
factor of exp(0.0020 × 30) = 1.0622, i.e. the odds of be-
ing an improver vs a worsener increased by about 6.2%.
Baseline MVPA was negatively associated with being an
improver in MVPA. The odds of being an MVPA improver
vs a worsener decreased by a factor of exp(−0.0774) =
0.9256. For each minute increase in baseline MVPA, the
odds of being an MVPA improver vs a worsener decreased
by about 7.4%. Contrary to CPM endpoint, sex, age and
parental education were not associated with being an im-
prover in MVPA. Consistent with CPM, household income
and language region were not associated with MVPA im-
prover status.

With regard to LPA, the number of days engaged in organ-
ised sport during the five follow-up years was not associat-
ed with improver status. Baseline LPA was negatively as-
sociated with being an improver in LPA. The odds of being
an LPA improver vs a worsener decreased by a factor of
exp(−0.0263) = 0.9741. This means that for every minute
increase in baseline LPA, the odds of being an improver
in LPA decrease by about 2.6%. Sex, parental education,

Table 3:
Adjusted associations of days spent in organised sports with being an improver in mean counts per minute (CPM), in moderate-to-vigorous activity (MVPA), in light physical ac-
tivity (LPA) and in sedentary behaviour (SB). All models were adjusted for season of measurement, accelerometer wear time and measurement interval between SOPHYA1 and
SOPHYA2. Additional covariates were retained in the model according to model-selection procedures applied to each outcome separately, explaining differences between the
covariates included in the intensity-specific models.

Log odds (95% CI) of being im-
prover in:

Mean counts per minute (CPM) Moderate-to-vigorous activi-
ty*(MVPA)

Light activity*(LPA) Sedentary behaviour* (SB)

Intercept −4.56 (−11.48; 2.34) 5.28 (−3.27; 14.23) 1.66 (−3.44; 6.79) 17.58 (5.75; 30.93)

Number of days in organised
sports**

1.29 × 10−3 (0.04 × 10-3; 2.56 ×
10−3)

2.01 × 10−3 (0.27 × 10-3; 3.84 ×
10−3 )

0.37 × 10−3 (0.74 × 10-3; 1.48 ×
10−3)

1.96 × 10-3 (−0.50 × 10−3; 4.65 ×
10−3)

Age 0.66 (0.26; 1.07) 0.08 (−0.19; 0.36) −0.10 (−0.26; 0.05) −0.46 (−0.90; −0.05)

Sex Male (ref.)

Female −0.80 (−1.38; −0.22) −0.71 (−1.60; 0.17) −0.25 (−0.75; 0.25) −11.36 (−18.09; −5.66)

Language re-
gion

German (ref.)

French 0.11 (−0.58; 0.78) −0.60 (−1.83; 0.52) −0.47 (−1.15; 0.18) −0.08 (−1.35; 1.14)

Italian −0.12 (−1.11; 0.80) 0.88 (−0.44; 2.14) 0.04 (−0.90; 0.494) −2.12 (−5.51; 0.41)

Household in-
come

CHF <9000 (ref.)

CHF ≥9000 0.28 (−0.32; 0.88) 0.28 (−0.62; 1.19) −0.32 (−0.86; 0.22) −0.86 (−2.32; 0.48)

No indication 0.14 (−0.90; 1.09) 0.80 (−0.72; 2.18) −0.13 (−1.02; 0.70) −1.84 (−4.63; 0.52)

Parental educa-
tion

Lower education
(ref.)

Higher education 0.59 (0.02; 1.17) 0.86 (1.84 × 10–3; 1.75) 0.51 (–0.47 × 10–3; 1.03) −0.08 (−1.67; 1.47)

Baseline physical activity*** 4.65 × 10–3 (–3.34 × 10–3; 0.01) −0.08 (−0.11; −0.05) −0.03 (−0.04; −0.02) 0.04 (0.03; 0.06)

Age: Baseline physical activity* –1.35 × 10–3 (–2.19 × 10–3; –0.52
× 10–3)

– – –

Age: Sex – – – 0.78 (0.33; 1.30)

Sex: Parental education – – – 3.03 (0.74; 5.63)

* Refers to mean minutes in the respective physical activity category.

** Number of days in organised sports refers to the average days in organised sports between SOPHYA1 and SOPHYA2, for those within the Y+S age range (5–20 years).

*** Baseline physical activity refers to the physical activity category of the respective model, CPM, MVPA, LPA and SB.
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household income and language region did not show an as-
sociation with being an improver in LPA.

With regard to SB, the number of days engaged in organ-
ised sport during the five years were associated with SB
improver status, but not as strong as with CPM and MV-
PA improver status. For 30 additional days of participation
in organised sport within the five years of the study, the
odds of being an SB improver vs a worsener increased by
a factor of exp(0.0020 × 30) = 1.0605; i.e. the odds of be-
ing an improver vs a worsener increased by about 6.0%.
Sex exhibited a statistically significant interaction with age
and with parental education with regard to the odds of
being an SB improver, suggesting that the impact of age
and parental education on the odds of reducing sedentary
time differs between the two sexes. In particular, older ages
have a larger positive effect on the odds of being an im-
prover in SB among females than among males; similar-
ly, the positive effect of higher parental education on such
odds is stronger for females than for males. Language re-
gion and household income were not associated with a re-
duction in sedentary time.

Results of the sensitivity analyses with additional adjust-
ment of the above models for BMI percentiles are pre-
sented in table S3 in the appendix. No association of BMI
percentiles with being an improver in each of CPM, MV-
PA, LPA or SB was observed. The additional BMI adjust-
ment did not materially modify the association of organ-
ised sport activity with being an improver in the respective
physical activity intensity category.

As for the assessment of attrition bias, table S4 in the ap-
pendix shows the result of the final logistic model cho-
sen by the selection procedure described in the “Statistical
analysis” section for assessing the association of partici-
pation at follow-up with baseline characteristics. No two-
way interactions were included in the final model. There is
limited evidence for attrition bias: only one variable, age,
turned out to be a statistically significant predictor of non-
participation in SOPHYA2, while parental education had a
marginally significant effect on non-participation. Partici-
pation at follow-up was not associated with physical activ-
ity at baseline.

Figure 2: Association of the number of days in organised sports (OS) with the logit of the probability of being an improver in (A) mean counts
per minute (CPM) (B) moderate-to-vigorous activity (MVPA), (C) light physical activity and (D) sedentary behaviour.
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Discussion

The results of this study confirm epidemiological evidence
that as children and adolescents age, their physical activity
generally decreases in all intensity categories while their
SB tends to increase. These results are in line with previous
research [9–12].

Of public health relevance are the identified groups of
youth who were able to overcome this age effect: the
22.5% of individuals who maintained or increased their
physical activity in terms of CPM; the 9.5% who main-
tained or increased their MVPA; the 26.9% who main-
tained or increased their LPA; and the 9.7% who reduced
SB over the course of five years. To the best of our knowl-
edge, the approach of modelling the odds of sustaining or
increasing CPM, MVPA and LPA or decreasing SB is nov-
el.

Our study is in agreement with a potentially important
role of participation in a broad range of sports activities
organised by the Swiss national Y+S programme in im-
proving CPM and MVPA activities and reducing SB at
an absolute level. Previous studies also investigated the
longitudinal associations between sports club participation
and device-based physical activity, but either modelled the
change of MVPA or explored whether organised sport pre-
dicts physical activity instead of investigating whether or-
ganised sport can maintain physical activity.

Results of previous studies were inconsistent in showing a
longitudinal benefit of sports participation on physical ac-
tivity. Ikeda et al. 2022 [46] reported a (non-significant)
trend for the association between self-reported participa-
tion in organised sport and the subsequent change in MV-
PA. Basterfield et al. 2011 [47] found that sports club par-
ticipation at the age of 9 did not predict MVPA or SB at
the age of 12. Brooke et al. 2014 [48] found no associa-
tion between self-reported participation in organised sport
and subsequent change in physical activity, despite con-
sidering the variety and frequency of organised sport. Or-
ganised sport in these studies was self-reported at a sin-
gle time point. In contrast to these studies, in the SOPHYA
cohort we could rely on continuous data on participation
in organised sport extending from the study start to the
second measurement. Objectively obtained data on con-
tinuous participation in organised sport is likely to have
smaller measurement errors in assessing participation in
organised sport compared to self-reported information
from only a single time point at baseline, as drop-outs, re-
entries and the intensity of sports club participation are
considered.

Studies more similar to ours in obtaining the same infor-
mation on sports activities over time also found positive
associations with high physical activity and low SB. Yang
et al. 2022 [49] identified three self-reported organised
sport trajectories in a longitudinal study over nine years in
youth aged 9–18 and found that sustained participation in
organised sport predicted high MVPA and low SB. Shull
et al. 2020 [34] assessed sustained self-reported participa-
tion in community or school sports teams, and the develop-
ment of accelerometer-measured physical activity and SB
in children from middle to high school. They also found
that sustainable sports participation was consistently asso-
ciated with higher levels of average physical activity, and

also with lower levels of average SB, even though physi-
cal activity declined during the transition from 7th to 9th
grade. In the SOPHYA cohort, the association between
participation in organised sport and reduction in sedentary
time was less strong than for the improvement of CPM and
MVPA, but still visible.

We are unaware of any studies investigating the associa-
tion between participation in organised sport and the devel-
opment of LPA. LPA has only recently become the focus
of physical activity research and has been shown to be lon-
gitudinally associated with depressive symptoms [50]. The
authors suggest that increasing LPA and decreasing SB
during adolescence could be an important target for pub-
lic health interventions aimed at reducing the prevalence
of depression. We found no association between participa-
tion in organised sport and being an improver in LPA. This
lack of association may be attributed to organised sport po-
tentially affecting higher-intensity activities such as MVPA
or reducing lower-intensity activities such as SB, and LPA
might be less affected.

While organised sport was important in independently im-
proving CPM and MVPA and reducing SB as youth aged,
it is of interest to note that higher baseline physical activity
in all intensity categories and lower baseline SB decreased
the odds of being an improver in the respective intensity
category in models adjusting for organised sport and other
covariates. In the case of CPM, this adverse association
was stronger in children with a younger age at baseline. We
can only speculate about the reasons, one of which might
be that any beneficial effect of high physical activity on not
decreasing physical activity with ageing is captured by the
organised sport participation of active children. This im-
plies that it is not just any form of physical activity, but
rather structured and organised physical activity, like or-
ganised sport, that is particularly effective in counteracting
the age-related physical activity decline. Growth and mat-
uration could also play a role in younger children who may
experience a greater drop in physical activity when going
through a developmental transition as the association be-
tween the physical activity and the timing of maturation
might vary in children of the same chronological age [51].

In addition to evaluating sustained organised sport as a pre-
dictor of improver status, we additionally studied the in-
dependent predictive value of personal characteristics in
maintaining or improving physical activity and SB behav-
iour, irrespective of organised sport participation. The re-
sults confirm the general observation that boys and chil-
dren raised in families with higher parental education are
generally more likely to be active, but also point to impor-
tant interactions. We found that female participants were
less likely to be improvers in CPM. We also observed an
association between parental education and being an im-
prover in CPM. The impact of age and parental education
on the odds of reducing SB time differed between girls and
boys, where older age and a higher parental education had
a larger positive effect on the odds of being an improver in
SB among girls compared to boys. On average, girls and
young women are less likely to engage in physical activ-
ity and more likely to exhibit SB behaviour [11, 52, 53].
This difference was also observed at the SOPHYA baseline
accelerometer study [36]. Studies investigating socioeco-
nomic factors in relation to accelerometer-based physical
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activity often report no significant sociodemographic dif-
ferences in physical activity [54, 55], a finding consistent
with the SOPHYA1 study [37]. Of interest to our results is
the fact that a) the observed sex, age and education differ-
ences persist after adjustment for organised sport partici-
pation and b) the covariates do not interact with organised
sport. Future studies need to better understand the organ-
ised sport-independent pathways that explain why, for ex-
ample, boys are more likely to be improvers.

In Switzerland, there is an increase in organised sport from
11–12; however, after the age of 12, drop-outs increase
and entries decrease [38]. Thus, preventing drop-outs and
reducing barriers to entry into organised sport could help
young people benefit more from the potential effect of par-
ticipation in organised sport in counteracting the age-relat-
ed decline in physical activity behaviour.

Strengths and limitations

The strength of our study is the longitudinal design, includ-
ing device-based physical activity measurement, a contin-
uous and objective recording of participation in organised
sport financially supported by Y+S and a stringent ap-
proach to statistical model building. Longitudinal studies
investigating the association between organised sport and
the development of device-based physical activity are still
rare. Another strength of our study is the novel approach of
identifying improvers of CPM, MVPA, LPA and SB. This
approach is different to tracking studies that mainly used
the development of ranking among peers because it looks
at the actual individual change and not only the within-
individual difference compared to peers. Examining what
factors influence the odds of being an improver may be
more sensitive for assessing the benefit of sustained organ-
ised sport participation.

Our study also has some limitations. First, given the ob-
servational nature of the study the reported association is
consistent with the hypothesis that organised sport par-
ticipation supported by the Swiss Y+S programme can
prevent the age-related decline in physical activity, but it
is not proof of a cause-effect relationship. Second, as in
any cohort the study encountered losses to follow-up. But
the careful assessment of potential attrition bias suggests
that it is likely to be of little concern. We decided not
to take any specific action to counteract the risk of at-
trition bias, considering that, since the association of age
with non-participation is positive (i.e. older children have
a slightly higher probability of non-participation in SO-
PHYA2) and the association of age with being an improver
in all physical activity intensity categories is also positive
(i.e. older children have a higher probability of being im-
provers, see table 3), then attrition bias, if present, would
act in the direction of attenuating the results found in our
models, and therefore such results would be confirmed,
and strengthened, in analyses that explicitly took selec-
tion bias into consideration (e.g. applying inverse proba-
bility weighting). In addition, physical activity at baseline
was not associated with follow-up participation, further de-
creasing the likelihood of substantial attrition bias. Third,
our measure of participation in organised sport was re-
duced to sports courses that were financially supported by
Y+S. The fact that we found an association of organised
sport supported by Y+S with being an improver in CPM

and MVPA, even though our variable does not capture
sports activities not financially supported by Y+S, speaks
for the strength of the true association which we more like-
ly underestimated by focusing on Y+S only. The same ap-
plies to the fact that accelerometers were not worn dur-
ing water-based activities whereas organised sport includes
swimming courses. Again, if water-related organised sport
was influential in the association of organised sport with
improver status, our study may underestimate any true as-
sociation by not capturing water-based physical activity.
Fourth, as in most physical activity studies we did not con-
sider the compositional nature of our physical activity out-
comes, namely time spent in MVPA, time spent in LPA
and time spent in SB, which always adds up to 100% of
the wear time. This means for example that if LPA is in-
creased, it will be at the expense of time in either MVPA
or SB. This may have contributed to not finding an associ-
ation of organised sport with LPA improver status. Future
studies should also focus on compositional data [56] to ac-
count for these changes in intensity categories and better
understand the nature of PA development. Finally, in the
absence of detailed information on children’s health status,
we cannot assess the generalisability of the results to sub-
groups of children with specific health conditions. Similar-
ly, in the absence of detailed information on types of or-
ganised sport we cannot assess the generalisability of the
observed associations to subgroups of specific sports activ-
ities.

Conclusion

Participation in organised sport in the context of the na-
tional Y+S programme appears to be associated with pre-
vention of the age-related decline of PA and the age-related
increase in SB from childhood to adolescence and from
adolescence to young adulthood. In the SOPHYA study,
the group of youths who could maintain or improve physi-
cal activity, particularly in the MVPA category, was small.
If a potentially beneficial effect of specific Y+S sports pro-
grammes in increasing this youth group was confirmed,
this would be of substantial public health relevance.

Further research in larger longitudinal samples should in-
vestigate the association of specific sports activities sup-
ported or non-supported by the Y+S programme on the
maintenance of physical activity over time. These studies
need to take into consideration who enters and who stays
in the respective sports programmes.
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Appendix  
 

 

Figure S1. Interactive effects of baseline mean counts per minute (CPM) and age with the logit of the probability of 
being an improver in mean CPM. 
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Figure S2. Interactive effects of age and sex on the logit of the probability of being an improver in sedentary 
behaviour. 
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Figure S3. Interactive effects of parental education and of sex with the logit of the probability of being an improver 
in sedentary behaviour.
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Table S1. Distribution of socioeconomic factors at baseline by category of participation in organised sport. 

 

 Participation in organised sport * 

Non–participation Participation  

n (%) n (%) 

All 157 (36.3%) 275 (63.7%) 

Age, mean (SD) Years 9.4 (2.1) 10.4 (2.7) 

Sex  Male  68 (32.5%) 141 (67.5%) 

Female 89 (39.9%) 134 (60.1%) 

Household income  CHF <9000  68 (32.9%) 139 (67.1%) 

CHF ≥9000  66 (36.1%) 117 (63.9%) 

No indication 23 (54.8%) 19 (45.2%) 

Highest education of parents Secondary level  77 (33.8%) 151 (66.2%) 

Tertiary level  80 (39.2%) 124 (60.8%) 

Language region German 102 (33.8%) 200 (66.2%) 

French 41 (44.6%) 51 (55.4%) 

Italian 14 (36.8%) 24 (63.2%) 

Mean (SD) CPM or minutes (SD) of 
physical activity in the respective intensity 
category (MVPA, LPA,  SB) per day at 
SOPHYA1 

CPM  570.4 (158.6) 576.7 (193.9) 

MVPA  87.2 (35.4) 83.5 (39.0) 

LPA  237.6 (36.7) 231.4 (41.9) 

SB 459.3 (286.7) 482.1 (92.8) 

CPM: mean counts per minute; LPA: mean minutes in light activity per day; MVPA: mean minutes in moderate–to–vigorous activity per day; SB: mean minutes in sedentary 
behaviour per day; SD: standard deviation. 

* Non–participation: no days in organised sports from 2014 to 2019; Participation: minimum 1 day in organised sports from 2014 to 2019. 
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Table S2. Distribution of physical activity intensity categories (SOPHYA1; SOPHYA2) and mean days in organised sports (between SOPHYA1 and SOPHYA2), stratified by 
physical activity improvement status in different intensity categories, n = 432.  

 CPM MVPA LPA SB 

Worseners Improvers Worseners Improvers Worseners Improvers Worseners Improvers 

Time–varying variables Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Mean counts per 
minute (CPM) per day 

SOPHYA1 607.7 (179.3) 459.4 (138.3) 593.0 (178.1) 397.5 (105.8) 580.8 (166.4) 557.1 (217.8) 588.5 (180.7) 443.5 (133.8) 

SOPHYA2 418.9 (136.1) 559.6 (194.1) 441.2 (150.3) 538.9 (230.7) 423.4 (141.1) 524.2 (190.1) 445.5 (150.9) 496.8 (238.2) 

Mean minutes in 
MVPA per day 

SOPHYA1 91.08 (36.8) 63.5 (32.9) 88.9 (36.9) 46.4 (19.4) 86.7 (36.5) 80.1 (40.8) 87.6 (37.3) 59.4 (31.8) 

SOPHYA2 44.8 (20.6) 57.7 (26.1) 47.0 (22.8) 54.7 (19.0) 46.2 (21.7) 51.8 (24.5) 48.5 (22.5) 40.6 (22.4) 

Mean minutes in LPA 
per day 

SOPHYA1 239.1 (38.4) 214.7 (40.5) 237.2 (38.5) 200.1 (40.5) 240.3 (38.4) 215.5 (39.3) 237.8 (38.0) 194.8 (39.4) 

SOPHYA2 200.3 (49.8) 220.0 (54.3) 205.4 (51.3) 198.6 (52.4) 187.4 (41.9) 251.9 (45.0) 204.4 (50.6) 208.2 (58.7) 

Mean minutes in SB 
per day 

SOPHYA1 460.1 (80.9) 521.3 (88.5) 465.4 (82.3) 554.6 (84.4) 468.8 (81.7) 487.4 (97.3) 462.4 (79.3) 580.4 (78.0) 

SOPHYA2 584.8 (81.1) 564.2 (77.6) 578.3 (81.8) 598.4 (67.0) 589.5 (78.2) 554.7 (82.0) 586.0 (79.3) 525.8 (73.6) 

Mean days in 
organised sports* 

SOPHYA1 to 
SOPHYA2 

156.3 (207.2) 189.8 (253.5) 155.9 (207.6) 239.3 (297.0) 156.1 (209.7) 185.0 (240.8) 165.9 (212.6) 144.5 (269.9) 

CPM: mean counts per minute; LPA: mean minutes in light activity per day; MVPA: mean minutes in moderate–to–vigorous activity per day; SB: mean minutes in sedentary 
behaviour per day; SD: standard deviation. 

* from 2014 to 2019; were calculated for those within the Y+S age range (5–20 years). 
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Table S3. Associations of days spent in organised sports with being an improver in mean counts per minute (CPM), in moderate–to–vigorous activity (MVPA), in light 
physical activity (LPA) and in sedentary behaviour (SB) – Sensitivity analysis additionally adjusting for Body Mass Index percentiles.  

Log odds of being 
improver in 

Mean counts per minute  
CPM (95% CI) 

Moderate to vigorous activitya MVPA 
(95% CI) 

Light activitya  
LPA (95% CI) 

Sedentary behavioura  
SB (95% CI) 

Intercept –4.46 (–11.38; 2.45) 5.14 (–3.39; 14.07) 1.65 (–3.45; 6.79) 18.78 (6.62; 32.5) 
Number of days in OSc 0.05×10–1 (–0.05×10–1; 

0.15×10–1) 
0.07×10–1 (–0.08×10–1; 0.02×10–1) 0.64×10–3 (–0.01; 0.01)  0.01 (–0.01; 0.03) 

BMI percentiles 0.01(0.01; –0.45×10–2) 0.05×10–1(–0.45×10–2; 0.15×10–1) 0.64×10–3 (–0.83×10–2; 

0.95×10–2) 
0.97×10–2 (–0.01; 0.03) 

Age 0.66 (0.26; 1.07) 0.10 (–0.18; 0.37) –0.10 (–0.26; 0.05) –0.46 (–0.91; –0.06) 
Sex     

Male (ref.)     
Female –0.78 (–1.37; –0.21) –0.67 (–1.57; 0.21) –0.25 (–0.75; 0.25) –11.44 (–18.10; –5.79) 

Language Region     
German (ref.)     
French 0.12 (–0.57; 0.79)  0.56 (–1.79; 0.56) –0.47 (–1.15; 0.18) –0.04 (–1.31; 1.18) 
Italian –0.12 (–1.11; 0.80) 0.88 (–0.44; 2.13) 0.03 (–0.90; 0.94) –2.25 (–5.68; 0.33) 

Household income     
Below 9'000 (ref.)     
9'000 and more 0.29 (–0.31; 0.90) 0.31 (–0.60; 1.22) –0.31 (–0.86; 0.23) –0.79 (–2.27; 0.58) 
No indication 0.14 (–0.91; 1.10) 0.82 (0.71; 2.21) –0.14 (–1.02; 0.70) –1.95 (–4.78; 0.45) 

Parental education     
Lower education (ref.) 0.60 (0.03; 1.18) 0.89 (0.03; 1.78) 0.51 (0.26×10–3; 1.03) –0.01 (–1.61; 1.56) 
Higher education  0.01 (–0.03×10–1; 0.12×10–1) –0.08 (–0.11 v –0.05) –0.03 (–0.04; –0.02) 0.04 (0.03; 0.06) 

Baseline PAb 0.01×10–1 (0.03×10–3; 
0.03×10–1) 

0.02×10–1 (0.03×10–3; 0.04×10–1) 0.37×10–3 (0.74×10–3; 
1.48×10–3) 

1.97×10–3(–0.48×10–3; 
4.65×10–3) 

Age: Baseline PAa –0.01×10–1 (–0.02×10–1; –
0.01×10–1) 

–   

Age: Sex    0.80 (0.35; 1.31) 
Sex: Parental education    2.95 (0.63; 5.57) 
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CPM: mean counts per minute; LPA: mean minutes in light activity per day; MVPA: mean minutes in moderate–to–vigorous activity per day; SB: mean minutes in sedentary 
behaviour per day. 

a Refers to mean minutes in the respective physical activity intensity category.  

b Number of days in organised sports refers to the average days in organised sports between SOPHYA1 and SOPHYA2, for those within the Y+S age range (5–20 years).  

All models were adjusted for season of measurement, accelerometer wear time and measurement interval between SOPHYA1 and SOPHYA2, and Body Mass Index 
percentiles. Additional covariates were retained in the model according to model–selection procedures applied to each outcome separately in the absence of Body Mass 
Index percentiles, explaining differences between the covariates included in the intensity–specific models. 

c Baseline physical activity refers to the physical activity category of the respective model, CPM, MVPA, LPA and SB. 
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Table S4. Assessment of attrition bias. Logistic regression results for participation in SOPHYA2 (follow–up) and inclusion in the current analysis. Dependent variable: 
Participation in SOPHYA2 and inclusion in this analysis (0 = participation in both SOPHYA1 and SOPHYA2 [n = 432]; 1 = non–participation in SOPHYA2 and non–inclusion in 
this analysis [n = 679]). Associations of individual characteristics and technical variables* with the log odds of not participating at the follow–up in 2019 (SOPHYA2). 

 Log odds of not participating at SOPHYA2 Standard error p–value 

Intercept 0.715 1.055 0.498 
Age 0.128 0.053 0.016 
Sex Male (ref.)    

Female –0.207 0.138 0.135 
Language region German (ref.)    

French –0.017 0.162 0.915 
Italian 0.330 0.217 0.130 

Household income CHF <9000 (ref.)    
CHF ≥9000  –0.170 0.142 0.232 
No indication 0.029 0.219 0.896 

Parental education Secondary education (ref.)    
Tertiary education  –0.240 0.134 0.074 

Baseline physical activity CPM 0.394 × 10–3 0.001 0.704 
Baseline physical activity MVPA –0.004 0.006 0.503 
Baseline physical activity SB –0.001 0.0020 0.499 
Number of days in organised sports** 0.115 × 10–3 0.287 × 10–3 0.689 

CPM: mean counts per minute; LPA: mean minutes in light activity per day; MVPA: mean minutes in moderate–to–vigorous activity per day; SB: mean minutes in sedentary 
behaviour per day. 

* All models were adjusted for the technical variables season of measurement and accelerometer wear time. 

** Number of days in organised sports refers to the average days in organised sports between SOPHYA1 and SOPHYA2, for those within the Y+S age range (5–20 years). 
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Table S5. STROBE Statement: a checklist of items that should be included in reports of observational studies. An Explanation and Elaboration article discusses each checklist 
item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the websites of PLoS Medicine (www.plosmedicine.org), Annals of Internal Medicine (www.annals.org) and Epidemiology (www.epidem.com). Information on 
the STROBE Initiative is available at www.strobe–statement.org.   

 Item 
no 

Recommendation Page no Relevant text from manuscript 

Title and abstract 1a Indicate the study’s design with a 
commonly used term in the title or the 
abstract 

Title p. 1  Participation in organised sports and longitudinal 
development of physical activity in Swiss youth: the SOPHYA 
cohort. 

1b Provide in the abstract an informative and 
balanced summary of what was done and 
what was found 

Abstract 
p. 2–3 

Objective, Method, Results, Conclusion informative and 
coherent. 

Introduction Background/rationale 2 Explain the scientific background and 
rationale for the investigation being 
reported 

p. 4–5 Background explains: relevance of maintaining physical 
activity across lifetime; natural decline in physical activity 
with ageing; tracking of physical activity and ways to 
measure; relevance of organised sports in attenuating 
decline; lack of evidence on its role in preventing physical 
activity decline at the level of individual youth. 

Objectives 3 State specific objectives, including any 
prespecified hypotheses 

p. 5 Last paragraph of background section clearly describes the 
objective of assessing whether participation in organised 
sport is associated with maintaining or improving active 
physical activity in different domains over a follow–up period 
of 5 years. 

Methods Study design 4 Present key elements of study design early 
in the paper 

p. 1–12 Study design is part of the title, the abstract, the objective 
statement in the last paragraph of the Introduction section, 
and is described in detail as part of the Methods section. 

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 

p. 6 Methods section provides all relevant details. 
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recruitment, exposure, follow–up, and data 
collection 

Participants 6a Cohort study – Give the eligibility criteria, 
and the sources and methods of selection 
of participants. Describe methods of 
follow–up 

p. 6 Eligibility criteria at all levels of the cohort are provided – 
including in figure 1. 

Case–control study – Give the eligibility 
criteria, and the sources and methods of 
case ascertainment and control selection. 
Give the rationale for the choice of cases 
and controls 

Cross–sectional study – Give the eligibility 
criteria, and the sources and methods of 
selection of participants 

6b Cohort study – For matched studies, give 
matching criteria and number of exposed 
and unexposed 

 NA 

Case–control study – For matched studies, 
give matching criteria and the number of 
controls per case 

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if 
applicable 

p. 9–10 Outcomes, main predictors and confounders/effect 
modifiers clearly identified and described 

Data sources / 
measurement 

8* For each variable of interest, give sources 
of data and details of methods of 
assessment (measurement). Describe 

p. 6–10 Source and details of all variables used provided 
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comparability of assessment methods if 
there is more than one group 

Bias 9 Describe any efforts to address potential 
sources of bias 

p. 19–20 Sources of bias addressed in limitation section. Attrition bias 
due to non–participation assessed in separated analysis 
(Online table 2 ((what is meant by ‘online table 2’? ‘Table 2’ 
or ‘table S2’?)) ) 

Study size 10 Explain how the study size was arrived at p. 22 Study size explained in detail in figure 1.  

Quantitative variables 11 Explain how quantitative variables were 
handled in the analyses. If applicable, 
describe which groupings were chosen and 
why 

p. 9–10 Handling of variables explained in detail in Measures section 
and in Statistical analysis section. 

Statistical methods 12a Describe all statistical methods, including 
those used to control for confounding 

p. 11–12 Statistical analysis section provides all relevant details, 
including approach to covariate selection. 

12b Describe any methods used to examine 
subgroups and interactions 

p. 11–12 Methods to assess interactions described in Statistical 
analysis section. 

12c Explain how missing data were addressed p. 6 Complete case approach described in Methods section. 

12d Cohort study – If applicable, explain how 
loss to follow–up was addressed 

p. 12 Attrition bias due to loss to follow–up investigated and 
addressed. 

Case–control study – If applicable, explain 
how matching of cases and controls was 
addressed 

Cross–sectional study – If applicable, 
describe analytical methods taking account 
of sampling strategy 
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12e Describe any sensitivity analyses p. 16 Sensitivity analysis (assessing confounding/effect 
modification by Body Mass Index) described and results 
presented. 

Results Participants 13*a Report numbers of individuals at each stage 
of study – e.g. numbers potentially eligible, 
examined for eligibility, confirmed eligible, 
included in the study, completing follow–
up, and analysed 

p. 22 Figure 1 provides relevant numbers. 

13b Give reasons for non–participation at each 
stage 

p. 22 Figure 1 provides reasons for non–participation. 

13c Consider use of a flow diagram p. 22 Figure 1 is the flow diagram. 

Descriptive data 14*a Give characteristics of study participants 
(e.g. demographic, clinical, social) and 
information on exposures and potential 
confounders 

p. 23–24 Descriptive information characterising participants according 
to outcome and primary predictor status presented in two 
tables. 

14b Indicate number of participants with 
missing data for each variable of interest 

p. 22 Figure 1 provides this information. 

14c Cohort study – Summarise follow–up time 
(e.g., average and total amount) 

p. 23 Follow–up time is summarised. 

Outcome data 15* Cohort study – Report numbers of outcome 
events or summary measures over time 

p. 24, 
table 2 

Outcome indicators (physical activity) described over time. 

Case–control study – Report numbers in 
each exposure category, or summary 
measures of exposure 
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Cross–sectional study – Report numbers of 
outcome events or summary measures 

  

Main results 16a Give unadjusted estimates and, if 
applicable, confounder–adjusted estimates 
and their precision (e.g., 95% confidence 
interval). Make clear which confounders 
were adjusted for and why they were 
included 

p. 23–25 Confounder–adjusted estimates are provided and their 
selection is described; 95% confidence intervals are 
presented in tables and figures. 

16b Report category boundaries when 
continuous variables were categorised 

p. 6–10 Category boundaries are described in the Methods section 
on measures. 

16c If relevant, consider translating estimates 
of relative risk into absolute risk for a 
meaningful time period 

p. 25, 
table 3 

Effect estimates are presented in an interpretable manner, 
albeit on a relative scale as appropriate for this manuscript. 

Other analyses 17 Report other analyses done – e.g. analyses 
of subgroups and interactions, and 
sensitivity analyses 

p. 16 All analyses conducted are described. 

Discussion Key results 18 Summarise key results with reference to 
study objectives 

p. 16–17 Key results are summarised in the context of the objectives. 

Limitations 19 Discuss limitations of the study, taking into 
account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias 

p. 19–20 Limitations of the study (bias; generalisability of results) are 
included in the discussion section. 

Interpretation 20 Give a cautious overall interpretation of 
results considering objectives, limitations, 
multiplicity of analyses, results from similar 
studies, and other relevant evidence 

p. 20 Results are discussed in the context or results from other 
studies – the uniqueness of our approach is presented in the 
light of gaps in other studies. 
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Generalisability 21 Discuss the generalisability (external 
validity) of the study results 

p. 20 Limitations in generalisability are part of limitation section of 
the Discussion section. 

Other 
information 

Funding 22 Give the source of funding and the role of 
the funders for the present study and, if 
applicable, for the original study on which 
the present article is based 

p. 21 Source of funding is provided. 

 

* Give information separately for cases and controls in case–control studies and, if applicable, for exposed and unexposed groups in cohort and cross–sectional studies. 

 


