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displacement in adolescence: A prospective cohort study
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Abstract

Background: This paper determines longitudinal changes in the time Spanish adolescents devote to moderate-to-vigorous
physical activity (MVPA) and screen media activity (SMA). Moreover, it examines the displacement hypothesis between time
spent on SMA and MVPA.

Methods: A cohort of 755 adolescents participated in a prospective cohort study over a three-year period. Repeated measures
ANOVA to highlight interaction effects among all variables and Structural Equation Modeling (SEM) techniques were
employed.

Results: Age and gender-related variations in longitudinal changes in time spent on MVPA and SMA evolved in the inverse
direction (decreased on MVPA/increased on SMA) according to the ANOVA. The potential displacement between time
spent on SMA and MVPA from Wave I to Wave II was analysed via SEM. The first model, estimated in the overall
sample, showed no evidence for the displacement hypothesis. Subsequently, a multigroup sequence of panel models was
performed and a partial displacement was observed only in boys. Hence, boys who spent more time on SMA were more
likely to devote less time to MVPA three years later.

Conclusion: This study confirms the opposite trend on the time spent on MVPA and SMA over a three-year period, being
clearly higher in SMA. Further SEM analyses reveal a deferred displacement hypothesis between SMA and MVPA only in
boys. This partial gendered displacement may be linked to the different uses adolescents make of screen media. The
incursion of new technological devices (smartphones or tablets) and their wide range of possibilities for social networking
or gaming could explain this displacement

Keywords: Youth, media, gender, exercise, competing hypothesis

Highlights

e The displacement hypothesis between time spent on screen media activities and physical activities during adolescence is
still controversial.

¢ Moderate-to-vigorous physical activity and screen media activities evolve in the inverse direction among Spanish
adolescents over a three-year period.

e A deferred displacement hypothesis between time spent on screen media activities and moderate-to-vigorous physical
activity in boys, but not in girls, is observed.

e The partial displacement of time from moderate-to-vigorous physical activity towards screen media activities indicates that
both types of activities coexist and occupy different spaces in adolescents’ leisure-time.

The time adolescents engage in moderate-to-vigor- prevalence of sedentary behaviour in youth (Jongen-
ous physical activity (MVPA) and in screen media elis, Scully, Morley, Pratt, & Slevin, 2018). These
activity (SMA) is a current public health concern conducts are related to several health problems such

(Mitchell & Byun, 2014). Low levels of MVPA and as obesity, metabolic and cardiovascular disease,
high SMA in adolescents point towards a high and low self-esteem (Decelis, Jago, & Fox, 2014).
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Otherstudies also indicate that too much time spent
on SMA contributes to acquiring unhealthy habits,
like smoking, alcohol and/or drug consumption
(NCI, 2008). Conversely, being active has been
linked to healthy changes in the percentage of body
fat, systolic blood pressure, self-esteem and diet
(Strauss & Pollack, 2003).

A growing health concern in youth refers to the
‘displacement hypothesis’ between time spent on
physical activity (PA) and SMA during adolescents’
leisure time (Marques, Calmeiro, Loureiro, Fras-
quilho, & de Matos, 2015; Taveras et al., 2007).
According to this hypothesis, the time adolescents
devote to SMA displaces the time they participate
in PA. Albeit this hypothesis was originally studied
on television displacement of other leisure activities
over fifty years ago (Mutz, Roberts, & Vuuren,
1993), it is nowadays extended to the SMA.
However, recent studies show contradictions. Some
studies support the displacement hypothesis (Motl,
McAuley, Birnbaum, & Lytle, 2006; Wong et al.,
2010), while others provide weak or no evidence for
this displacement (Taveras et al., 2007; Xie, Scott,
& Caldwell, 2018). According to some studies, it
may depend on the type of media used (Marshall,
Biddle, Gorely, Cameron, & Murdey, 2004). These
contradictions also appear in studies focused on the
displacement between time spent on MVPA and on
SMA (Borraccino et al., 2009; Devis-Devis, Peiro-
Velert, Beltran-Carrillo, & Tomas, 2012). Variations
of both times according to sociodemographic vari-
ables indicate that time devoted to MVPA decreases
with age, whereas time spent on SMA increases as
adolescents get older (Gebremariam et al., 2012).
Differences by gender denote that girls spend less
time than boys on MVPA and SMA, although the
time spent on SMA depends on the type of media.
For instance, while boys use videogames and compu-
ters for playing, girls tend to use mobile phones and
computers to communicate (Rosenberg et al., 2018;
Sanchez-Martinez & Otero, 2009). However, TV
use is similar for both girls and boys (Rey-Lopez
et al., 2011). Regarding socioeconomic status, some
studies indicate that adolescents belonging to families
with a lower socioeconomic status spend less time on
MVPA than on SMA because they can more easily
access media devices than sports equipment
(Tandon et al., 2012).

A limitation of the evidence reviewed is at the
research designs, most of them being cross-sectional
studies. This type of study designs precludes us
from delving into behavioural changes in the different
stages of adolescence over a long period of time.
Studies focused on MVPA and different types of
SMA over extended periods are scarce. Therefore,
the purpose of this paper is twofold. First, to

determine longitudinal changes in the time Spanish
adolescents devote to MVPA and SMA as a function
of sociodemographic variables, with special interest
in analysing the variation of the interactions among
them. Second, to examine the displacement hypoth-
esis between time spent on SMA and on MVPA
over a three-year period.

Methods
Sample

A prospective cohort study was designed to examine
changes and potential displacements in the time ado-
lescents spent on moderate-to-vigorous physical
activity (MVPA) and screen media activity (SMA),
according to gender and socioeconomic status. Par-
ticipants belonged to 13 secondary schools (7 state
and 6 private) from six geographical areas that
included all Spain (North, South, Centre, North-
East, East and Canary Islands). These areas had
been employed in prior studies (Peir6-Velert et al.,
2014; Serra et al., 2003). The cohort consisted of
those students aged 11-16 who had participated in
a previous cross-sectional representative study in
Fall 2010 (Wave I) and who were still enrolled in
these schools three years later, in Fall 2013, at the
age of 14-19 years (Wave II) (Devis-Devis et al.,
2017). Using the same variables and surveying the
same participants three years later allowed us to
assess the potential changes at two different
moments of adolescence. In order to analyse these
changes in more detail, we divided the cohort into
two groups: a younger group (aged 11-13 in Wave I
and 14-16 in Wave II) and an older group (aged
14-16 in Wave I and 17-19 in Wave II), according
to AACAP (2008).

From the original cohort of 1776 students that par-
ticipated in Wave I, 1139 remained as the potential or
accessible cohort for Wave II, since 637 (35.87%)
failed to continue. This group of students was lost
for various reasons, such as dropping out from
schooling or moving to a different school. From the
1139 students, only 755 students completed the
second measurement and the remaining 345 students
did no assist to the data collection date for unknown
reasons. Therefore, a final sample of 755 adolescents
(348 boys and 407 girls) represented 66.29% of the
accessible cohort, which means an attrition rate of
33.71%, close to the best rate range reported in longi-
tudinal studies (Fischer, Dornelas, & Goethe, 2001;
Gustavson, von Soest, Karevold, & Reaysamb,
2012). The mean age of the adolescents from Wave
I was 12.92 (SD 0.89), ranging between 11 and 16,
and 16.26 (SD 1.22), ranging between 14 and 19
from Wave II.
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Measures

Two self-reported instruments were used to measure
daily time spent on MVPA and SMA. The Seven-
Day Physical Activity Recall (7D-PAR) was
employed to assess the information related to differ-
ent intensities of PA (light, moderate, vigorous and
moderate-to-vigorous) (Sallis et al., 1985). For the
present study, the average time of MVPA from the
previous seven days was used (hours per day).

To assess the time spent on daily sedentary beha-
viours, including screen media activities, the Adoles-
cent Sedentary Activity Questionnaire (ASAQ) was
employed (Hardy, Bass, & Booth, 2007a). An intra-
class correlation coefficient range of 0.76-0.90
showed an acceptable reliability (Hardy et al., 2007a)
and a correspondence with accelerometer-determined
sedentary time in adolescent girls showed good validity
plus test-retest reliability (Hardy, Booth, & Okely,
2007b). For the purpose of this paper, time spent on
TV/video/DVD viewing, computer and video game
use (both for playing and communicating) was taken
from the ASAQ. Variables like mobile phone use (for
playing and communicating) were added in order to
update the questionnaire. All of them were gathered
under the overall measure of time (hours per day)
spent on SMA.

Socioeconomic status was calculated by using the
Family Affluence Scale II (FAS II) (Currie et al.,
2008). Based on Borraccino et al. (2009), this vari-
able can be categorised in three groups (low,
middle and high), but due to the small percentage
of participants belonging to a low socioeconomic
status, only two categories (low-middle and high
SES) were created.

Finally, two age groups were defined to assess in
more detail the potential changes in the study vari-
ables (MVPA and SMA), considering a younger
group of our cohort (aged 11-13 in Wave I and 14—
16 in Wave II; »=538) and an older group (aged
14-16 in Wave I and 17-19 in Wave II; n=217).

Materials and procedures were previously
approved for the fieldwork by the individual
schools, the school districts and the Ethics Commit-
tee of Research on Humans from Universitat de
Valéncia. Written informed consent forms were
obtained from parents for those under 18 and directly
from participants aged 18 years or over.

Data collection and analysis

Two members of the research team were in charge of
collecting data in classrooms and a protocol guided
the questionnaire administration. Only participants
that returned the written consent form were included
in the study.

Statistical analyses were performed using software
SPSS version 22.0 (SPSS Inc., Chicago, IL, USA)
with alpha set at p<0.05. The assumption of
normal distribution was checked (Kolmogorov-
Smirnoff test). Since the main variables showed posi-
tive skewness, the values were transformed for the
ANOVA by calculating the square root.

A 2(activity) x 2(gender) x 2(age group) x 2(socio-
economic status) x 2(wave) ANOVA with repeated
measures on the first and last factors was calculated
to determine whether the main effects and inter-
actions showed significant effects. The activity
factor refers to time spent on MVPA and SMA.
When this factor interacts with wave (time) it allows
to test for the main hypothesis of the analysis: the dis-
placement hypothesis. This analysis aimed to study
the interaction that highlighted potential longitudinal
changes and, therefore, a potential displacement of
time between SMA and MVPA, and this can only
be done if time spent on both activities (MVPA and
SMA) is simultaneously studied in both waves. Mul-
tiple comparisons were performed via Bonferroni
corrections. Partial eta-squares for all effects were
calculated.

Additional to the ANOVA, Structural Equation
Models (SEM), and specifically autoregressive
panel models with the original values (without
square root transformation, given that structural
models may better handle non-normal variables via
robust corrections), were also applied in order to
further investigate the displacement hypothesis
between time spent on MVPA and SMA in a three-
year period. Given the non-normality of the observed
data, Maximum Likelihood with Robust corrections
(MLR) was used for estimation. The overall fit of
the SEM was assessed using several fit statistics and
indexes with different rationales: a) the chi square
statistic; b) Goodness-of-fit index (GFI); ¢) Com-
parative fit index (CFI); d) Root mean squared
error of approximation (RMSEA); and e) Standard
root mean residual (SRMR). EQS 6.1 program was
used for estimation and testing of the SEM.

Results
Descriptive statistics

Descriptive statistics for all individual level variables
are presented in Table I. The mean time both the
younger and older age group of girls spent on moder-
ate-to-vigorous physical activity (MVPA) was the
lowest in Wave II (41 and 27 min/day, respectively).
The younger boys from Wave II showed the highest
average time spent on the overall screen media
activity (SMA) (4h50 min/day). Moreover, the
mean time that younger and older boys from both
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Table I. Descriptive statistics for time engaged in moderate-to-vigorous physical activity and screen media activity, and socioeconomic status

by group and wave

Younger group (7 =538)

Older group (n=217)

Early stage (Wave I)

Middle stage (Wave II)

Middle stage (Wave I) Late stage (Wave II)

Girls Boys Girls Boys Girls Boys Girls Boys

n=287 n=251 n=287 n=251 n=120 n=97 n=120 n=97
MVPA 0.80(0.52) 1.16(0.58) 0.68(0.48) 0.93(0.56) 0.77(0.51) 1.21(0.67) 0.45(0.39) 0.66(0.42)
SMA 2.83(1.52) 3.09(1.56) 4.21(2.05) 4.59(1.97) 3.13(1.45) 3.43(1.74) 3.93(1.93) 4.19(1.97)
TV_video 1.56(0.98) 1.57(0.94) 1.55(0.88) 1.72(0.96) 1.47(0.86) 1.58(1.03) 1.42(0.84) 1.67(0.99)
Comp 1.03(0.88) 0.98(0.81) 0.52(0.67) 0.76(0.91) 1.34(0.84) 1.19(0.90) 0.50(0.74) 0.74(1.06)
Vgames 0.09(0.21) 0.45(0.63) 0.04(0.16) 0.58(0.81) 0.03(0.12) 0.56(0.76) 0.04(0.15) 0.35(0.57)
Mobile 0.15(0.33) 0.10(0.21) 2.11(1.56) 1.53(1.24) 0.29(0.34) 0.13(0.29) 1.99(1.49) 1.43(1.17)
SES (%)
(low-middle) 34.41 32.50 34.41 32.50 27.23 30.70 27.23 30.70
(high) 65.59 67.50 65.59 67.50 72.24 69.30 72.24 69.30

Abbreviations: MVPA, Moderate-to-Vigorous Physical Activity; SMA, Screen Media Activity; Comp, Computer; Vgames, Videogames.

SES, Socio-Economic Status.

Note: All variables expressed in mean and (standard deviation) of hours/day. Wave I, 2010 collected data; Wave II, 2013 collected data,

except SES which is expressed as a percentage.

waves spent on two particular screen media (TV and
videogames) was the highest, except for mobile
phone and computer usage. The mean time the
younger and older girls spent on mobile phone
three years later (Wave II) was the highest, ranging
from the minimum of 1.99 h per day (119 min/day)
to a maximum of 2.11 (126 min/day). Regarding
computer usage, the younger and older girls and
boys in Wave I appeared to score the highest
average time spent on it. Time devoted to MVPA
decreased and SMA increased in the two age
groups of adolescents three years later.

Longitudinal changes

Main effects and interaction effects of the 2 X 2 X 2 x
2 X 2 (activity, gender, group, socioeconomic status,
wave) repeated measures ANOVA are shown in
Table II. Considering changes in activity factor, ado-
lescents invested less time in SMA in Wave I (M=

3.04, SD =1.56) than in Wave II (M =4.29, SD =
2.00) while they spent more time on MVPA in
Wave I (M =0.97, SD =0.59) compared to Wave II
M=0.73, SD=0.52). Socioeconomic status
showed no effects in this study.

Regarding significant interaction effects, it must be
noted that Table II only shows those that were stat-
istically significant. First, the interaction between
activity and gender indicated that girls showed a
lesser decrease of time spent on MVPA from Wave
I to Wave II (Wave I: M =0.80, SD =0.52; Wave
II: M=0.61, SD=0.47) than boys (Wave I. M=
1.17, SD=0.61; Wave II: M=0.86, SD =0.54).
Also, girls showed a lesser increase of time devoted
to SMA from Wave I to Wave II (Wave I: M=
2.91, SD=1.50); Wave II:. M=4.13, SD =2.02)
than boys (Wave I. M=3.19, SD =1.62; Wave II:
M=4.48, SD =1.98) (see graphic a) in Figure 1).
Second, the interaction between activity and group
indicated that the younger group showed a lesser
decrease of time in MVPA from Wave I to Wave II

Table II. Main effects and interaction effects of 2 X 2 X 2 X 2 X 2 repeated measures ANOVA

F daf df (error) P n
Gender 47.36 1 720 0.01* 0.062
SES 1.69 1 720 0.19 0.002
Group 4.18 1 720 0.04* 0.006
Wave 22.09 1 720 0.01* 0.030
Activity 518.12 1 720 0.01* 0.77
Activity*gender 5.65 1 720 0.02* 0.008
Activity*group 5.41 1 720 0.02* 0.007
Activity*wave 249.49 1 720 0.01* 0.257

Note: F, power observed; df, degrees of freedom; p, significance level; 52, effect size, p < 0.05.
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Figure 1. Interaction effects: a) Activity*gender, b) Activity*group, and c) Activity *wave.

(Wave I. M=0.97, SD =0.58; Wave II: M =0.80,
SD =0.53) than the older group (Wave I: M =0.97,
SD =0.63; Wave II: M=0.54, SD =0.42). More-
over, the younger group showed a greater increase
of time in SMA between waves (Wave I: M =2.95,
SD =1.54; Wave II: M =4.39, SD =2.02) than the
older group (Wave I: M =3.27, SD=1.59; Wave
II: M=4.05, SD=1.95) (see graphic b) in Figure
1). Finally, the interaction effect between activity
and wave revealed a lesser decrease of time spent
on MVPA from Wave I to Wave II (Wave I. M=
0.97, SD=0.59; Wave II: M=0.73, SD=0.52)
compared to the greater increase of time in SMA
from Wave I to Wave II (Wave I: M =3.04, SD =
1.56; Wave II: M =4.29, SD =2.00) (see graphic c)
in Figure 1). This time-related variation between
the two activities under study may indicate a possible
displacement of time spent on MVPA towards time
adolescents devoted to SMA.

Displacement hypothesis

In order to offer additional evidence for the displace-
ment hypothesis suggested in the previous analysis,
structural equation models (SEM) were applied. The
a priori SEM had two waves and two variables that pre-
dicted each other. Autoregressive effects were also con-
sidered. This model establishes longitudinal effects
between time spent on MVPA and SMA. The panel
model showed an almost perfect fit (y* (1) =0.881,
$<0.001, CFI=0.99, GFI=0.99, RMSEA =0.01).
In this model, estimated in the overall sample, only
autoregressive effects were statistically significant
which led to discarding the displacement hypothesis
(see Figure 2). That is, neither the amount of time
spent on MVPA in Wave I predicted time spent on
SMA nor the other way round. Therefore, in the
overall sample there was no evidence for the displace-
ment hypothesis.
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To further test for the displacement hypothesis, the
overall sample was divided into boys and girls, and
this hypothesis was statistically tested separately in
these two groups by means of multigroup routine.
Accordingly, a multigroup sequence of panel
models was performed. As a first step, the previous
model was separately estimated and tested for both
boys and girls. This model fitted the data well in
both samples (girls: x* (1) =0.022, p<0.001, CFI
=0.99, GFI=0.99, RMSEA =0.01; boys: y* (1) =
2.19, p<0.001, CFI=0.96, GFI =0.99, RMSEA =
0.06). Then a multigroup model was tested in
which the samples were considered together but par-
ameters were unconstrained (freely estimated in each
separate sample). This model serves as the baseline
model against which to compare the fit of more con-
strained models. This baseline model also showed a
good fit (y* (1) =1.89, p<0.001, CFI=0.99, GFI
=0.99, RMSEA =0.01). Then, a fully constrained
model was tested. This model tests for moderation
effects of gender: if the fit of this model is similar to
the baseline model, it supports no moderation
effects of gender. However, this constrained model
had a worse fit to the data (y* (1)=20.15, p<
0.001, CFI=0.87, GFI=0.98, RMSEA=0.01),
pointing at differences between the two groups (mod-
eration effects). Accordingly, some constraints were
released after considering the size and significance
of the Lagrange Multiplier Test (LM). The definitive
model finally fitted the data as well as the baseline
model (¢ (1) =3.28, p<0.001, CFI=0.99, GFI =
0.99, RMSEA =0.01). This final model indicated
two main effects (see Figure 2). First, autoregressive
effects appeared in MVPA and SMA, being the
former moderated by gender and showing a positive
effect both on girls and boys. However, the effect
on girls was stronger than on boys. Thus, the more
time girls spent on MVPA in Wave I, the more they
spent in Wave II. Second, a longitudinal effect was
observed from SMA in Wave I to time spent on
MVPA in Wave II, but it was only significant and
negative on boys, indicating a possible displacement

of time devoted to MVPA in Wave II by SMA in
Wave I only for boys.

Discussion

This is the first study to examine longitudinal changes
in moderate-to-vigorous physical activity (MVPA)
and screen media activity (SMA), and the displace-
ment hypothesis between both variables in Spanish
adolescents. This study also adds new evidence of
the different variations of the time devoted to both
activities depending on the stage of adolescence, as
found in some international studies (AACAP, 2008;
Nelson, Neumark-Stzainer, Hannan, Sirard, &
Story, 2006).

Longitudinal changes

Previous studies have found that longitudinal
changes of time spent on SMA variate in the opposite
direction to MVPA (Gebremariam et al., 2012;
Hardy et al., 2007a). Consistent with these studies,
our findings reveal that adolescents most biologically
mature spend more time on SMA (250 min/day
approximately) and less time on MVPA (around
40 min per day) compared to those in earlier stages
of adolescence (180 and 60 min/day, respectively).
This scenario is particularly striking in the time boy
and girl adolescents spend on mobile phone when
they transition to an older stage of adolescence. Our
findings show a substantial increase of 117 min/day
in girls when they advance from an early to a
middle stage and a rise of 102 min per day from a
middle to a late stage. This rise in SMA in the adoles-
cents of our study three years later may be a conse-
quence of the escalating penetration of mobile
phones and their impact on Spanish adolescents’
daily lives in the last few years (Ditrendia, 2016).
This is further accentuated with the advent of a new
generation of Smartphones and tablets (Telefénica,
2015) that allow a ubiquitous access to different
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screen activities, such as watching audiovisual
content, which was previously limited to traditional
screen devices such as TV or computer, as well as
the use of new free social networks applications,
such as ‘“Whatsapp’ and ‘Instagram’ that favour an
immediate and permanent virtual interconnectedness
with friends and access to their daily lives (Rubio &
Perlado, 2015). In this current rapidly growing
environment that fosters greater time involvement
in screen activities, efforts should be focused on
changing or moderating the use of them in the
earlier stages of adolescence before the period in
which the increase of time devoted to the screen
activities becomes more significant.

Alternatively, when examining the evolution of the
longitudinal changes in overall SMA regarding the
younger and the older groups, we found age-related
variations revealing a greater increase in the time
the younger group spent on SMA over a period of
three years (86 min/day) compared to the increase
of time spent by the older group of adolescents
(47 min/day). Similar results were found in another
longitudinal study (Dumith, Totaro-Garcia, da Silva,
Baptista, & Hallal, 2012) that indicated a lesser
increase in SMA in greater biological development
stages of adolescence. In our study, this increment in
SMA reveals that younger generations are keener
with the use of media technology and this is probably
due to the easier access to technology nowadays and
its attractiveness that, as pointed out by Dumith
et al. (2012), have created a local culture of technology
consumption in adolescents with the subsequent
increase of time engaging in sedentary activities.
Nevertheless, we should be cautious since differences
in socialisation in the use of screen media of certain
groups still exist in developed societies (Brown &
Bobkowski, 2011; Hargittai, 2010).

As regards to MVPA, the substantial age-related
decrease in time spent on MVPA (from 58 min/day
to 32 min/day) in the group of older adolescents is
consistent with previous longitudinal studies that indi-
cate a lesser growth of time spent on MVPA in adoles-
cents most biologically mature (Basterfield et al.,
2010). However, new social demands (relationships,
shopping or going out with friends), family responsi-
bilities, part-time jobs and academic load, emerge as
new ways of spending leisure time, especially among
older adolescents, and may help to understand these
study results (Devis-Devis, Beltran-Carrillo, &
Peiro-Velert, 2015). In a similar way as it was found
in longitudinal research from other countries
(Kjonniksen, Torsheim, & Wold, 2008), in our
study girls report less hours on MVPA than boys (48
and 70 min/day, respectively). Regarding the evol-
ution of MVPA and SMA over the three-year period
as a function of gender, in our study girls show a

more stable pattern of MVPA behaviour than boys,
reporting a lesser decrease of time (11 min/day com-
pared to 18 min/day, respectively). A major change
occurs when referring to SMA since boys show an
increase of more than 95 min per day and girls
report a more than an hour in their daily engagement
in screen media activities three years later. In the
present study, as in preceding research (Garcia-Con-
tinente, Pérez-Giménez, Espelt, & Nebot, 2013;
Tandon et al., 2012), socioeconomic status did not
emerge as a significant factor affecting the time spent
on MVPA and SMA.

Partial displacement

Interestingly, in our study, the longitudinal variations
in SMA and MVPA among adolescents, the increase/
decrease of time of both activities from Wave I to
Wave II, indicate that adolescents are likely to take
time from MVPA, and some other activities (e.g. aca-
demic duties), in order to gain time in SMA. There-
fore, this finding suggests a possible displacement of
time spent on MVPA towards time adolescents
devote to SMA, as recently indicated by Basterfield
et al. (2010) in children in the USA, albeit still
unclear from which activities they take this time.
Nevertheless, the subsequent structural equation
modeling analyses in our study indicate that the dis-
placement hypothesis needs to be discarded for the
whole sample because only autoregressive effects
were statistically significant. Therefore, time spent
on SMA does not necessarily interfere with adoles-
cents being physically active or inactive, as previous
studies reveal (Borraccino et al., 2009; Taveras
et al., 2007). According to these findings, time spent
on MVPA and SMA may coexist or occupy different
leisure-time spaces (Owen, Leslie, & Salmon, 2000).
Notwithstanding, the multigroup analysis devel-
oped by gender suggests a deferred displacement
hypothesis between time spent on SMA and MVPA
in boys but not in girls. Hence, boys who spend
more time on SMA are more likely to devote less
time to MVPA three years later. This partial displace-
ment may be connected to the different use of media
as a function of gender that indicates videogames are
more used by boys and mobile phone by girls, as
some research shows (Koezuka et al.,, 2006;
Sanchez-Martinez & Otero, 2009). Looking closely
to the different activities the adolescents of our
study are engaged in, we observe that boys spend a
substantial time on the four forms of screen activities
but, compared to girls, videogaming is the activity
that they engage in a considerable higher time.
Although girls show a heavily use of the mobile
phone, the flexibility and portable aspect of this
screen media do not necessarily contribute to the
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displacement of PA, but may facilitate to simul-
taneously be engaged in a mild-to-moderate PA
while using them, as it has been recently suggested
by Fanning, Mullen, and McAuley (2012). Consider-
ing the deferred displacement and the longitudinal
increasing time boys spend on SMA, it is crucial to
implement future interventions targeting boys and
assisting them with the development of strategies
and skills that could reduce the sedentary time used
on screen activities and foster active and healthier
lifestyles. Previous research has shown the impor-
tance of developing initiatives where adolescents
become active agents in the construction of their
active lifestyles (Dierx et al., 2015). This form of
interventions should provide participatory method-
ologies that help adolescents to be aware of their
own reality, to identify the health assets in their con-
texts and to develop tailored and relevant actions.

Some potential limitations of this study need to be
considered. First, data were based on self-reported
measures of PA, screen media activities, and family
socioeconomic status that may raise some concern
about their reliability and accuracy. The popularisa-
tion of new portable media devices, such as tablets
and smartphones, making them easier to use in differ-
ent contexts, hinders an accurate measurement of
time devoted to SMA. Despite plausible breaks
during sedentary behaviour have been shown to alle-
viate health problems related to this behaviour
(Rutten, Savelberg, Biddle, & Kremers, 2013), it
was not considered in the present study. Neverthe-
less, ASAQ and FAS II have previously been
proved to be reliable and valid (Currie et al., 2008;
Hardy et al., 2007a), and have been widely used
with the adolescent population (Borraccino et al.,
2009; Peiro-Velert et al., 2014). The 7D-PAR has
also been validated and used for children and adoles-
cents from different nationalities in several studies
(Bélanger et al., 2015).

The two waves used are suitable for the purpose of
our study to understand adolescence lifestyles,
because they overcome causal inference problems of
cross-sectional studies (Marshall, Biddle, Sallis,
McKenzie, & Conway, 2002). Nevertheless, the use
of two waves of measurement in this study shows
weak longitudinal effects to assess changes on a
long-term basis. Particularly, our study examines
the effect of time spent on SMA and MVPA during
adolescence, and the displacement hypothesis over
a three-year period, but probably the follow-up was
not long enough to find stronger longitudinal
relationships among the main variables of the study.
Moreover, this study does not include other seden-
tary pursuits beyond the SMA, such as listening to
music or commuting. Therefore, it may affect the
partial displacement identified in this study, requiring

further studies that include other sedentary variables
to overcome such limitation. Since screen activities
are characterised by a high degree of multi-tasking
uses (gaming, watching videos or social networking),
future research should also focus on the time spent on
the wide variety of screen uses and the development
of them across different cohorts along several time
periods.

In conclusion, this study provides a deeper under-
standing of the longitudinal changes in MVPA and
SMA across the adolescent years. It also reveals the
opposite variation of time spent on MVPA and
SMA in a three-year time period; the trend towards
the lesser decrease in time spent by girls on MVPA
and their lesser increase on SMA compared to
boys, as well as the decrease in time spent on
MVPA and the increase on SMA as adolescents get
older. However, the change in the time of engage-
ment is clearly higher in the second activity (SMA),
probably due to the increasing rise of mobile usage
among Spanish adolescents during the last few
years, stimulated also by the appearance of a new gen-
eration of mobile phones and tablets. The longitudi-
nal variations in SMA and MVPA from Wave I to
Wave II suggest a potential displacement between
the time spent in both activities in adolescents.
Nevertheless, structural equation modeling (SEM)
analyses only reveal a deferred displacement hypoth-
esis between SMA and time spent on MVPA in boys,
but not girls. This partial displacement may be linked
to the different uses of screen media as a function of
gender.

Therefore, this study shows the complex relation-
ships between sedentary activities and PA settling
the need for a deeper understanding of such relation-
ships. Further research will assist in suggesting accu-
rate promotional strategies for healthy lifestyles in
Spanish adolescents.

Acknowledgments

We thank all the participating students, as well as tea-
chers and headmasters who have helped us conduct
this study.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was partially supported by the Ministerio de Ciencia e
Innovacion (Spain) under [grant EDU2009-13664]; and the Gen-
eralitat Valenciana (Spain) under [grant number ACIF/2013/214]
which corresponds to Jorge Lizandra VALi+d predoctoral
contract.



694 ¥. Lizandra et al.

References

American Academy of Child and Adolescent Psychiatry (AACAP).
(2008). Retrieved from http://www.aacap.org/publications/
factsfam/develop.htm.

Basterfield, L., Adamson, A. J., Frary, J. K., Parkinson, K. N.,
Pearce, M. S., & Reilly, J. J. (2010). Longitudinal study of phys-
ical activity and sedentary behavior in children. Pediatrics, 121,
e24—e30. doi:10.1542/peds.2010-1935

Bélanger, M., Sabiston, K. M., Barnett, T. A., O’Loughlin, E.,
Ward, S., Contreras, G., & O’Loughlin, J. (2015). Number of
years of participation in some, but not all, types of physical
activity during adolescence predicts level of physical activity in
adulthood: Results from a 13-year study. International Fournal
of Behavioral Nutrition and Physical Activity, 12(76), doi:10.
1186/s12966-015-0237-x

Borraccino, A., Lemma, P., Iannotti, R. J., Zambon, A., Dalmasso,
P., Lazzeri, G., ... Cavallo, F. (2009). Socioeconomic effects on
meeting physical activity guidelines: Comparisons among 32
countries. Medicine and Science in Sports and Exercise, 41, 749—
756. doi:10.1249/MSS.0b013e3181917722

Brown, J. D., & Bobkowski, P. S. (2011). Older and newer media:
Patterns of use and effects on adolescents’ health and well-
being. Fournal of Research on Adolescence, 21, 95-113. doi:10.
1111/5.1532-7795.2010.00717.x

Currie, C., Molcho, M., Boyce, W., Holstein, B., Torsheim, T., &
Richter, M. (2008). Researching health inequalities in adoles-
cents: The development of the health behaviour in school
aged children (HBSC) family affluence scale. Social Science
and Medicine, 66, 1429-1436. doi:10.1016/j.socscimed.2007.
11.024

Decelis, A., Jago, R., & Fox, K. R. (2014). Objectively assessed
physical activity and weight status in Maltese 11-12 year-olds.
European Fournal of Sport Science, 14(1), S257-S8266. doi:10.
1080/17461391.2012.691113

Devis-Devis, J., Beltran-Carrillo, V. J., & Peir6-Velert, C.
(2015). Exploring socio-ecological factors influencing active
and inactive Spanish students in years 12 and 13. Spor,
Education and Society, 20, 361-380. doi:10.1080/13573322.
2012.754753

Devis-Devis, J., Lizandra, J., Valencia-Peris, A., Pérez-Gimeno,
E., Garcia-Masso, X., & Peiro-Velert, C. (2017).
Longitudinal changes in physical activity, sedentary behavior
and body mass index in adolescence: Migrations towards differ-
ent weight cluster. PLoS One, 12(6), €0179502. doi:10.1371/
journal.pone.0179502

Devis-Devis, J., Peir6-Velert, C., Beltran-Carrillo, V. J., & Tomas,
J. M. (2012). Brief report: Association between socio-demo-
graphic factors, screen media usage and physical activity by
type of day in Spanish adolescents. Journal of Adolescence, 35,
213-218. doi:10.1016/j.adolescence.2010.11.009

Dierx, J., Detaille, S., Boonekamp, G., Peters, V., Cuperus, J., van
Hove, L., & Vaandrager, L. (2015). Tripple-I method empow-
ers professional vocational education students in mobilizing
their assets. European Fournal of Public Health, 25(3), doi:10.
1093/eurpub/ckv172.037

Ditrendia. (2016). Informe ditrendia: Mobile en Espafia y en el
Mundo 2016. Ditrendia. Retrieved from http:/www.amic.
media/media/files/file_352_1050.pdf.

Dumith, S. C., Totaro-Garcia, L. M., da Silva, K. S., Baptista, A.
M., & Hallal, P. C. (2012). Predictors and health consequences
of screen-time change during adolescence—1993 Pelotas
(Brazil) birth cohort study. Fournal of Adolescent Health, 51,
S16-S21. doi:10.1016/j.jadohealth.2012.06.025

Fanning, J., Mullen, S. P., & McAuley, E. (2012). Increasing phys-
ical activity with mobile devices: A meta-analysis. Fournal of
Medical Internet Research, 14, ¢161. doi:10.2196/jmir.2171

Fischer, E. H., Dornelas, E. A., & Goethe, J. W. (2001).
Characteristics of people lost to attrition in psychiatric follow-
up studies. Fournal of Nervous and Mental Disease, 189, 49-55.
do0i:10.1097/00005053-200101000-00009

Garcia-Continente, X., Pérez-Giménez, A., Espelt, A., & Nebot,
M. (2013). Factors associated with media use among adoles-
cents: A multilevel approach. European Fournal of Public
Health, 8, 1-6. doi:10.1093/eurpub/ckt013

Gebremariam, M. K., Totland, T. H., Andersen, L. F., Bergh, 1.
H., Bjelland, M., Grydeland, M., ... Lien, N. (2012). Stability
and change in screen-based sedentary behaviours and associ-
ated factors among Norwegian children in the transition
between childhood and adolescence. BMC Public Health, 12,
1-9. doi:10.1186/1471-2458-12-104

Gustavson, K., von Soest, T., Karevold, E., & Rgysamb, E. (2012).
Attrition and generalizability in longitudinal studies: Findings
from a 15-year population-based study and a Monte Carlo
simulation study. BMC Public Health, 12, 918. do0i:10.1186/
1471-2458-12-918

Hardy, L. L., Bass, S. L., & Booth, M. L. (2007a). Changes in
sedentary behavior among adolescent girls: A 2.5-year prospec-
tive cohort study. Fournal of Adolescent Health, 40, 158-165.
doi:10.1016/j.jadohealth.2006.09.009

Hardy, L. L., Booth, M. L., & Okely, A. D. (2007b). The reliability
of the adolescent sedentary activity questionnaire (ASAQ).
Preventive Medicine, 45, 71-74. doi:10.1016/j.ypmed.2007.03.014

Hargittai, E. (2010). Digital Na(t)ives? Variation in internet skills
and uses among members of the “net generation”. Sociological
Inquiry, 80, 92-113. d0i:10.1111/j.1475-682X.2009.00317.x

Jongenelis, M. 1., Scully, M., Morley, B., Pratt, I. S., & Slevin, T.
(2018). Physical activity and screen-based recreation:
Prevalences and trends over time among adolescents and bar-
riers to recommended engagement. Preventive Medicine, 106,
66-72. doi:10.1016/j.ypmed.2017.10.006

Kjonniksen, L., Torsheim, T., & Wold, B. (2008). Tracking of
leisure-time physical activity during adolescence and young
adulthood: A 10-year longitudinal study. International Fournal
of Behavioral Nutrition and Physical Activity, 5, 69. doi:10.
1186/1479-5868-5-69

Koezuka, N., Koo, M., Allison, K. R., Adlaf, E. M., Dwyer,
J. J. M, Faulkner, G., & Goodman, J. (2006). The relationship
between sedentary activities and physical inactivity among ado-
lescents: Results from the Canadian community health survey.
FJournal of Adolescent Health, 39, 515-522. do0i:10.1016/j.
jadohealth.2006.02.005

Marques, A., Calmeiro, L., Loureiro, N., Frasquilho, D., & de
Matos, M. G. (2015). Health complaints among adolescents:
Associations with more screen-based behaviours and less phys-
ical activity. Fournal of Adolescence, 44, 150-157. doi:10.1016/j.
adolescence.2015.07.018

Marshall, S. J., Biddle, S. J. H., Gorely, T., Cameron, N., &
Murdey, I. (2004). Relationships between media use, body
fatness and physical activity in children and youth: A meta-
analysis. International Fournal of Obesity, 28, 1238-1246.
doi:10.1038/sj.1j0.0802706

Marshall, S. J., Biddle, S. J. H., Sallis, F. J., McKenzie, T. L., &
Conway, T. L. (2002). Clustering of sedentary behaviors and
physical activity among youth: A cross-national study.
Pediatric Exercise Science, 14, 401-417.

Mitchell, J. A., & Byun, W. (2014). Sedentary behavior and health
outcomes in children and adolescents. American Fournal of
Lifestyle Medicine, 8, 173-199. doi:10.1177/1559827613498700

Motl, R. W., McAuley, E., Birnbaum, A. S., & Lytle, L. A. (2006).
Naturally occurring changes in time spent watching television
are inversely related to frequency of physical activity during
early adolescence. FJournal of Adolescence, 29, 19-32. doi:10.
1016/j.adolescence.2005.01.005


http://www.aacap.org/publications/factsfam/develop.htm
http://www.aacap.org/publications/factsfam/develop.htm
https://doi.org/10.1542/peds.2010-1935
https://doi.org/10.1186/s12966-015-0237-x
https://doi.org/10.1186/s12966-015-0237-x
https://doi.org/10.1249/MSS.0b013e3181917722
https://doi.org/10.1111/j.1532-7795.2010.00717.x
https://doi.org/10.1111/j.1532-7795.2010.00717.x
https://doi.org/10.1016/j.socscimed.2007.11.024
https://doi.org/10.1016/j.socscimed.2007.11.024
https://doi.org/10.1080/17461391.2012.691113
https://doi.org/10.1080/17461391.2012.691113
https://doi.org/10.1080/13573322.2012.754753
https://doi.org/10.1080/13573322.2012.754753
https://doi.org/10.1371/journal.pone.0179502
https://doi.org/10.1371/journal.pone.0179502
https://doi.org/10.1016/j.adolescence.2010.11.009
https://doi.org/10.1093/eurpub/ckv172.037
https://doi.org/10.1093/eurpub/ckv172.037
http://www.amic.media/media/files/file_352_1050.pdf
http://www.amic.media/media/files/file_352_1050.pdf
https://doi.org/10.1016/j.jadohealth.2012.06.025
https://doi.org/10.2196/jmir.2171
https://doi.org/10.1097/00005053-200101000-00009
https://doi.org/10.1093/eurpub/ckt013
https://doi.org/10.1186/1471-2458-12-104
https://doi.org/10.1186/1471-2458-12-918
https://doi.org/10.1186/1471-2458-12-918
https://doi.org/10.1016/j.jadohealth.2006.09.009
https://doi.org/10.1016/j.ypmed.2007.03.014
https://doi.org/10.1111/j.1475-682X.2009.00317.x
https://doi.org/10.1016/j.ypmed.2017.10.006
https://doi.org/10.1186/1479-5868-5-69
https://doi.org/10.1186/1479-5868-5-69
https://doi.org/10.1016/j.jadohealth.2006.02.005
https://doi.org/10.1016/j.jadohealth.2006.02.005
https://doi.org/10.1016/j.adolescence.2015.07.018
https://doi.org/10.1016/j.adolescence.2015.07.018
https://doi.org/10.1038/sj.ijo.0802706
https://doi.org/10.1177/1559827613498700
https://doi.org/10.1016/j.adolescence.2005.01.005
https://doi.org/10.1016/j.adolescence.2005.01.005

Screen time and moderate-to-vigorous physical activity changes and displacement in adolescence 695

Mutz, D. C., Roberts, D. F., & Vuuren, D. P. (1993).
Reconsidering the displacement hypothesis: Television’s influ-
ence on children’s time use. Communication Research, 20, 51—
75. doi:10.1177/009365093020001003

National Cancer Institute. (2008). The role of the media in promoting
and reducing tobacco use. Tobacco control monograph n° 19.
Bethesda, MD: U.S. Department of Health and Human
Services, National Institutes of Health, National Cancer Institute.

Nelson, M. C., Neumark-Stzainer, D., Hannan, P. J., Sirard, J. R.,
& Story, M. (2006). Longitudinal and secular trends in physical
activity and sedentary behavior during adolescence. Pediatrics,
118, €1627-e1634. doi:10.1542/peds.2006-0926

Owen, N., Leslie, E., & Salmon, J. (2000). Environmental deter-
minants of physical activity and sedentary behavior. Exercise
and Sport Sciences Reviews, 28, 165-170.

Peiro-Velert, C., Valencia-Peris, A., Gonzalez, L. M., Garcia-
Masso, X., Serra-Ano, P., & Devis-Devis, J. (2014). Screen
media usage, sleep time and academic performance in adoles-
cents: Clustering a self-organizing maps analysis. PLoS One,
9, €99478. doi:10.1371/journal.pone.0099478

Rey-Lopez, J. P., Tomas, C., Vicente-Rodriguez, G., Gracia-
Marco, L., Jiménez-Pavon, D., Pérez-Llamas, F. ... Moreno,
L. A. (2011). Sedentary behaviours and socio-economic status
in Spanish adolescents: The AVENA study. European Journal
of Public Health, 21, 151-157. doi:10.1093/eurpub/ckq035

Rosenberg, M., Houghton, S., Hunter, S. C., Zadow, C., Shilton,
T., Wood, L., & Lawrence, D. (2018). A latent growth curve
model to estimate electronic screen use patterns amongst ado-
lescents aged 10 to 17 years. BMC Public Health, 18(1), 332.
doi:10.1186/s12889-018-5240-0

Rubio, J., & Perlado, M. (2015). El fendmeno WhatsApp en el
contexto de la comunicacion personal: una aproximacion a
través de los jovenes universitarios. Revista ICONO14 Revista
Cientifica De Comunicacion Y Tecnologias Emergentes, 13(2), 73—
94. doi.org/10.7195/ri14.v13i2.818

Rutten, G. M., Savelberg, H. H., Biddle, S. J. H., & Kremers,
S. P. J. (2013). Interrupting long periods of sitting: Good
STUFEF. International Journal of Behavioral Nutrition and
Physical Activiry, 10(1), 1. doi:10.1186/1479-5868-10-1

Sallis, J. F., Haskell, W. L., Wood, P. D., Fortmann, S. P., Roder, T.,
Blair, S. N., & Paffenbarger, R. S. (1985). Physical activity

assessment methodology in the five-city project. American
Journal  of  Epidemiology, 121, 91-106. doi:10.1093/
oxfordjournals.aje.al 13987

Sanchez-Martinez, M., & Otero, A. (2009). Factors associated
with cell phone use in adolescents in the community of
Madrid (Spain). Cyberpsychology Behavior, 12, 131-138.
doi:10.1089/cpb.2008.0164

Serra, L., Ribas, L., Aranceta, J., Pérez, C., Saavedra, P., & Pefia,
L. (2003). Obesidad infantil y juvenil en Espana. Resultados del
Estudio en Kid (1998-2000). Medicina Clinica, 121, 725-732.
doi:10.1016/S0025-7753(03)74077-9

Strauss, R. S., & Pollack, H. A. (2003). Social marginalization of
overweight children. Archives of Pediatrics and Adolescent
Medicine, 157, 746-752. doi:10.1001/archpedi.157.8.746

Tandon, P. S., Zhou, C., Sallis, J. F., Cain, K. L., Frank, L.. D., &
Saelens, B. E. (2012). Home environment relationships with
children’s physical activity, sedentary time, and screen time by
socioeconomic status. International Fournal of Behavioral
Nuzrition and Physical Activity, 9, 88. doi:10.1186/1479-5868-
9-88

Taveras, E. M., Field, A. E., Berkey, C. S., Rifas-Shiman, S.
L., Frazier, A. L., Colditz, G. A., & Gillman, M. W.
(2007). Longitudinal relationship between television
viewing and leisure-time physical activity during adoles-
cence. Pediatrics, 119, 314-318. doi:10.1542/peds.2005-
2974

Telefonica. (2015). La sociedad de la Informacion en Espafia. S.A. Ed
Ariel. Retrieved from http://www.fundaciontelefonica.com/
arte_cultura/publicaciones-listado/pagina-item-publicaciones/?
itempubli=323. Accessed September 17.

Wong, B. Y. M., Cerin, E., Ho, S. Y., Mak, K. K., Lo, W. S., &
Lam, T. H. (2010). Adolescents’ physical activity:
Competition between perceived neighborhood sport facili-
ties and home media resources. International Fournal of
Pediarric  Obesity, 5(2), 169-176. doi:10.3109/1747716090
3159432

Xie, H., Scott, J. L., & Caldwell, L. L. (2018). Urban adolescents’
physical activity experience, physical activity levels, and use of
screen-based media during leisure time: A structural
model. Frontiers in Psychology, 8, 2317. doi:10.3389/fpsyg.
2017.02317


https://doi.org/10.1177/009365093020001003
https://doi.org/10.1542/peds.2006-0926
https://doi.org/10.1371/journal.pone.0099478
https://doi.org/10.1093/eurpub/ckq035
https://doi.org/10.1186/s12889-018-5240-0
https://doi.org/.org/10.7195/ri14.v13i2.818
https://doi.org/10.1186/1479-5868-10-1
https://doi.org/10.1093/oxfordjournals.aje.a113987
https://doi.org/10.1093/oxfordjournals.aje.a113987
https://doi.org/10.1089/cpb.2008.0164
https://doi.org/10.1016/S0025-7753(03)74077-9
https://doi.org/10.1001/archpedi.157.8.746
https://doi.org/10.1186/1479-5868-9-88
https://doi.org/10.1186/1479-5868-9-88
https://doi.org/10.1542/peds.2005-2974
https://doi.org/10.1542/peds.2005-2974
http://www.fundaciontelefonica.com/arte_cultura/publicaciones-listado/pagina-item-publicaciones/?itempubli=323
http://www.fundaciontelefonica.com/arte_cultura/publicaciones-listado/pagina-item-publicaciones/?itempubli=323
http://www.fundaciontelefonica.com/arte_cultura/publicaciones-listado/pagina-item-publicaciones/?itempubli=323
https://doi.org/10.3109/17477160903159432
https://doi.org/10.3109/17477160903159432
https://doi.org/10.3389/fpsyg.2017.02317
https://doi.org/10.3389/fpsyg.2017.02317

	Abstract
	Methods
	Sample
	Measures
	Data collection and analysis

	Results
	Descriptive statistics
	Longitudinal changes
	Displacement hypothesis

	Discussion
	Longitudinal changes
	Partial displacement


	Acknowledgments
	Disclosure statement

	References

