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Background: Increased engagement in screen-based behaviors may contribute to decreased physical activity (PA) participation
and is associated with mental health among adolescents. Yet, there remain knowledge gaps in how types and duration of screen-
based behaviors may moderate the associations between PA, psychological distress, internalizing, and externalizing symptoms.
This population-based study aimed to examine this relationship. Methods: Longitudinal data were obtained from the Millennium
Cohort Study and adolescents were followed up from the 14-year to 17-year waves. Data on device-based moderate to vigorous
PA (MVPA), screen-based behaviors (watching videos and playing videogames), internalizing (emotional and peer problems)
and externalizing symptoms (hyperactivity and conduct problem), and psychological distress were analyzed using negative
binomial regression (stratified by gender) with interaction terms of continuous device-based PA and categorical screen-based
behaviors being applied. Results: The final sample included 3397 adolescents (mean age =13.8, 54% girls). Device-based
MVPA was associated with a lower incidence of emotional problems (boys [incidence rate ratio (IRR)=0.97], and girls
[IRR =0.98]), peer problems (IRR =0.97), and psychological distress (girls only, IRR =0.98). Video watching for >2 hours per
day was associated with a higher incidence of conduct problem in boys (IRR = 1.20) and videogames playing =2 hours per day
was associated with all internalizing and externalizing symptoms in girls (IRR range 1.10-1.21). A buffering effect of MVPA on
various symptoms among those spent <2 hours per day on screen-based behaviors was observed. Conclusions: Reducing screen-
based behaviors may help maximize the benefits of MVPA on mental health outcomes in adolescents therefore implementing
interventions targeting screen-based behaviors reduction should be recognized as first-line priority.
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Key Points

* Moderate-to-vigorous physical activity is linked to fewer emotional, peer, and psychological distress symptoms, especially
in girls.
» Screen time over 2 hours daily is associated with increased internalizing and externalizing problems, particularly among

girls who play videogames.
* Moderate-to-vigorous physical activity appears most beneficial for mental health when screen-based behaviors are kept

under 2 hours per day.

There are growing concerns around the mental health of
young people including adolescents.! Recent reports indicate
how adolescents’ mental distress has increased sharply in the last
decades which has been expedited by the coronavirus disease
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2019 (COVID-19) pandemic.?3 Given that at least 50% of
mental health conditions first develop in adolescence and early
intervention at this critical period is key, there is an urgent need
to identify modifiable factors (typically referring to risk and/or
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protective factors) which could help develop effective preven-
tive measures.

Among the protective factors for better mental health and a
reduced risk of mental illness, regular engagement in physical
activity (PA) has been increasingly recommended by researchers
and health professionals.*¢ Specifically, PA is widely recog-
nized for its benefits, both for physical health and for mental
well-being.”-3 For example, previous studies indicated that
engagement in PA is associated with less stress, pain, and sleep
complaints, as well as with lower depressive symptoms in people
with or without mental illness.>® Among adolescents with sub-
threshold mood disorders, exercise can improve mental health,
possibly through changes in the gut microbiome and key struc-
tural changes in the brain.!%!! However, maintaining a high
PA level is becoming increasingly challenging for adolescents,
with social barriers reported, such as feeling self-conscious, a
lack of time to dedicate to PA, lack of availability of interesting
sports in their area, or preference for other types of leisure
activities.!?13

Simultaneously to such barriers, a dramatic increase in screen-
based behaviors or activities has been documented over the last
years'* and potentially acts as a potential risk factor for low PA
among adolescents. Although screen-based behaviors can be per-
formed while sedentary or physically active, most of screen-based
behaviors are predominantly sedentary.!> Consistent with the
Displacement Theory,'® current evidence supports the idea that
the increased amount of time spent on sedentary behaviors or
activities may displace time spent on PA. For example, a study on
the association between screen-based activities and PA among
adolescents found that participants who spent less time on TV/
movie streaming and playing electronic games had significantly
higher odds of participating in PA,!” and a study on US youth
found a trend in increased screen time, while adherence to PA
guidelines seemed to decrease,'®!° highlighting a need for public
health efforts to reduce screen time and promote PA among
adolescents.

Furthermore, hours of screen time were observed to negatively
link to lower well-being, higher anxiety and depression in adoles-
cents.?? Total screen use has shown a longitudinal association with
a higher risk of self-harm and suicidal behavior in young people,?!
although relationship seems to be complex and influenced by
variables, such as type of device?? and specific characteristics
of sedentary behavior such as cognitively active versus passive
sedentary behaviors.?? For example, there is evidence of moder-
ation for screen-type on the association between screen-based
sedentary behaviors, symptoms of depression and anxiety in
adolescents.?* Overall, this suggests that while the relationship
between device-based PA and mental health is well-established,
the moderating role of screen-based behaviors in this relationship
needs to be further investigated. Therefore, this study aims to
analyze the moderating role of screen-based behaviors on the
prospective association between device-based moderate to vigor-
ous PA (MVPA) and internalizing and externalizing symptoms in
adolescents.

Methods
Design and Sample

The present research used data from the Millennium Cohort Study,
which is a prospective cohort including a nationally representative
sample of children born between September/2000 and January/
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2002 in the United Kingdom.?> Considering potential higher
sample losses, children from lower socioeconomic backgrounds
and ethnic minority areas were oversampled. Considering that
device-based PA was assessed at the 14-year wave for the first
time during adolescence among participants of the Millennium
Cohort Study, we included data from the 14-year (2015), and 17-
year (2018) waves. Our study initially included 18,818 participants
in the cohort. However, 11,276 families took part in the 14-year
wave. Considering that there were not enough accelerometers for
all the cohort members, a random subsample including 81% of the
eligible cohort members in England was created, while all the
eligible participants living in Wales, Scotland, and Northern Ire-
land were invited to take part in the accelerometer study. From the
11,276 families included in the 14-year wave, 10,337 cohort
members were eligible for using the accelerometers. However,
devices were worn by in 1153 participants (the main reason was
due to refusal), 2448 devices were not returned, and 503 devices
were broken or returned with no data. Considering the 6233 cohort
members that have returned the devices, data were not processed in
1122 (most cases because data were not collected for the specified
days), 307 participants did not present one valid day with at least 10
valid hours, and 645 presented only one valid day. Therefore, 4159
participants presented valid data on device-based PA. Of those,
3397 also presented valid data on mental health-related outcomes at
17 years of age. Ethical approval for all procedures was obtained
from the Northern and Yorkshire Multi-Center Research Ethics
Committee of the National Health Service, and informed consent
was secured from all participating families.

Internalizing and Externalizing Symptoms at 17 Years

Internalizing and externalizing symptoms were estimated using the
Strengths and Difficulties Questionnaire (SDQ),?¢ self-reported by
the cohort member. The SDQ, includes 2 subscales related to
internalizing symptoms (ie, emotional and peer problems) and 2
related to externalizing symptoms (ie, hyperactivity and conduct
problems), comprising five 3-point Likert scale items each. Clinical
cut-off scores for total score and each subscale have been proposed:
total score > 17, emotional > 5, peer problems >4, hyperactivity >
7, and conduct problems >4.27 The 6-item Kessler Psychological
Distress Scale was used to estimate psychological distress.?® The
scale asks the frequency of which the respondent experience dif-
ferent feelings (ie, nervousness, hopelessness, lack of energy,
depressive mood, restlessness, and worthlessness), in a S-item
Likert scale. Total scores ranged from 0 to 24, with higher scores
indicating worse symptoms.

MVPA and Screen-Based Behaviors at 14 Years

MVPA was estimated using the triaxial GENEActiv accelerometer
(ActivInsights Ltd). The device was used on the nondominant wrist
for 2 days, including a weekday, and one weekend day. Previous
validation study found that the GENEActiv monitor was able to
predict more than 70% of the measured oxygen consumption in
different activities and there was agreement with an ActiGraph
device.?® Data were downloaded using the GENEActiv software
and raw data was treated using the DDIR package in R. An epoch of
5 seconds was adopted and the analysis included all days with at
least 10 hours of valid data, and we included participants with 2
valid days. PA was estimated using the Euclidean Norm Minus
One. The cutoff point of Euclidean Norm Minus One 2100 mg was
adopted in each epoch for MVPA.30
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We assessed time watching videos and playing videogames as
screen-based behaviors. Watching videos was estimated through
the question: “On a normal week day during term time, how many
hours do you spend watching television programs or films? Please
remember to include time spent watching programs or films on a
computer, or mobile device, as well as on a TV, DVD, etc. Please
also include time spent before school as well as time after school”
Videogame use was assessed through the following question: “On
a normal week day during term time, how many hours do you
spend playing electronic games on a computer or games systems,
such as Wii, Nintendo D-S, X-Box or PlayStation? Please remem-
ber to include time before school as well as time after school.”
Possible answers for each question were: “None,” “Less than half
an hour,” “Half an hour to less than 1 hour,” “1 hour to less than
2 hours,” “2 hours to less than 3 hours,” “3 hours to less than
5 hours,” “5 hours to less than 7 hours,” or “7 hours or more.”
Although these specific questions were not previously validated,
they are widely used and previous studies using similar question-
naires found good reproducibility.?! We categorized watching
videos and playing videogames using the cut-off point of 2 hours
based on the Canadian 24-Hour Movement Guidelines,3? by consi-
dering the computing of each category.

Potential Confounders

We selected potential confounders based on existing evidence.33-34
Maternal education, ethnicity, maternal psychological distress, age,
season of accelerometer use (for MVPA analysis), accelerometer
wear time (for MVPA analysis), and strength and difficulties
questionnaire (total difficulties) at 14 years were adopted as
potential confounders. Age was used as a continuous variable.
Ethnicity was self-reported by the main caregiver, and classified as
White, Mixed (ie, multiple ethnic backgrounds), Indian, Pakistani
or Bangladeshi, Black or Black British, or other. Parent’s education
was assessed considering the highest academic achievement. Parent’s
psychological distress was assessed using the Kessler psychological
distress scale.”® Total accelerometer wear time was derived from the
mean time of the valid accelerometer days. The season of accelerome-
ter use was computed based on the first valid day of accelerometer use.
Total difficulties derived from the SDQ questionnaire were estimated
using the main caregiver report of the SDQ at 14 years.

Statistical Analysis

We used values of mean or relative frequency, along with their
respective 95% Cls, to describe the characteristics of the sample.
Considering the nature of the outcomes, which presented over-
dispersion (ie, variance-to-mean ratio > 1), we used negative bino-
mial regression for the main associations. Initially, we tested the
individual associations of device-based MVPA, watching videos,
and playing videogames at 14 years old with internalizing and
externalizing symptoms at 17 years old, stratified by gender. To test
the potential moderation of screen-based behaviors in the associa-
tion of MVPA with internalizing and externalizing symptoms, we
included interaction terms of continuous MVPA, and categorical
time spent watching videos and playing videogames in the models.
We also conducted analyses of the association between device-
based MVPA at 14 years old and internalizing and externalizing
symptoms at 17 years old, stratified by screen-based behaviors. The
analyses were adjusted for maternal education, ethnicity, maternal
psychological distress, age, season of accelerometer use (for
MVPA analysis), accelerometer wear time (for MVPA analysis),

and SDQ (total difficulties) score at 14 years old. For ease of
interpretation, MVPA was standardized in units of 30 minutes.
Incidence rate ratio (IRR) and 95% CI were reported. We consid-
ered the cluster sampling design structure in all the analyses by
using appropriate sample weights.?3 All analyses were conducted
using Stata 18 software.

Results

The current study, included a total of 3397 adolescents (mean
age=13.8; 95% CI, 13.7-13.8), including 1828 girls and 1569
boys, with a majority from a White ethnic background. MVPA time
of our sample was 129 minutes per day with a slightly longer mean
MVPA time among boys (mean = 136 min/d) than girls (mean=
124 min/d). Our sample on average scored 7 on the SDQ at age 14,
but the total difficulties score increased to 11 at age 17. Table 1
presents detailed characteristics of our sample.

Association Between Device-Based MVPA,
Screen-Based Activities at Age 14 and
Internalizing and Externalizing Problems
at Age 17

Among boys, after adjusting for confounders, higher device-based
MVPA was associated with a lower incidence of emotional pro-
blems (IRR =0.97; 95% CI, 0.95-0.99), but a higher incidence of
hyperactivity (IRR =1.02; 95% CI, 1.01-1.04). Watching videos
more than 2 hours per day was associated with a higher incidence of
conduct problems (IRR=1.20; 95% CI, 1.06-1.35), compared
with watching videos for less than 2 hours per day (Table 2).

Among girls, in the adjusted model, higher device-based
MVPA was associated with a lower incidence of peer problems
(IRR=0.97;95% CI, 0.96-0.99), emotional problems (IRR =0.98;
95% CI, 0.97-0.99), and psychological distress (IRR =0.98; 95%
CI, 0.97-0.99), but a higher incidence of hyperactivity IRR =1.01;
95% CI, 1.01-1.02). Playing videogames for more than 2 hours per
day, on the other hand, was associated with a higher incidence of all
internalizing and externalizing problems (peer problem: IRR =
1.14, 95% CI, 1.03—1.27; emotional problems: IRR=1.12, 95%
CI, 1.05-1.21; hyperactivity: IRR=1.10, 95% CI, 1.03-1.18;
conduct problems: IRR =1.21, 95% CI, 1.07-1.37; psychological
distress: IRR=1.10, 95% CI, 1.02-1.19), as well as total difficul-
ties IRR=1.13; 95% CI, 1.07-1.19), compared with playing
videogames for less than 2 hours per day (Table 3).

Moderation of Screen-Based Behaviors
in the Association of Device-Based MVPA
and Internalizing and Externalizing Problems

Table 4 presents the association between device-based MVPA at
age 14, and internalizing and externalizing problems at age 17,
moderated by 2 screen-based behaviors at age 14 (ie, watching
videos and playing videogames). Among boys, there was an
interaction between watching videos and MVPA at 14 years, with
MVPA promoting a higher protection against total difficulties at
17 years (IRR =0.96, 95% CI, 0.94-0.99) in the group with lower
screen-based behaviors, without significant associations in the
stratified analyses. In the stratified analyses, MVPA at 14 years
was associated with lower peer and emotional problems at 17 years
in the group with lower time watching videos, but was associated
with higher hyperactivity and conduct problems among those with
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Variable Category or measure

Whole sample (N = 3397)

Girls (n =1828)

Boys (n = 1569)

Score

NVQ Level 1, %
NVQ Level 2, %
NVQ Level 3, %
NVQ Level 4, %
NVQ Level 5, %
Overseas qualification only, %
None of these, %
White, %

Mixed, %

Indian, %
Pakistani, %
Bangladeshi, %
Black Caribbean, %
Black African, %
Other, %

min/d

Mother’s psychological distress
Mother’s education

Ethnicity

MVPA
Accelerometer wear time h/d

<2 h/d, %
>2 h/d, %
<2 h/d, %
>2 h/d, %
Spring, %

Watching videos

Playing videogame

Season of assessment
Summer, %
Autumn, %
Winter, %
Total difficulties at age 14 (SDQ) Score

Internalizing and externalizing symptoms at 17 y

Peer problem Score
Emotion Score
Hyperactivity Score
Conduct Score
Total difficulties Score
Psychological distress® Score

3.78 (3.58 to 3.96)
5.0 (4.1 to0 6.1)
25.7 (23.3 to 28.3)
13.2 (11.8 to 14.9)
35.8 (33.3 to 38.4)
12.9 (10.9 to 15.1)
2.2 (1.6 t0 2.9)
52 (4.3 to 6.4)
88.2 (85.6 to 90.4)
3.7 (2.9 to 4.5)
1.7 (1.2 to 2.5)
2.3 (1.5 to 3.6)
0.8 (0.4 to 1.5)
0.4 (0.2 t0 0.7)
1.2 (0.7 to 2.1)
1.7 (1.1 to 2.5)

129.2 (126.2 to 132.1)

22.2 (22.1 to 22.3)
34.5 (32.3 to 36.8)
65.5 (63.2 to 67.7)
62.3 (59.9 to 64.7)
37.7 (35.3 to 40.1)
343 (31.5 to 37.1)
33.5 (30.8 to 36.3)
17.0 (15.1 to 19.0)
15.3 (13.2 to 17.6)
7.12 (6.86 to 7.39)

2.10 (2.02 to 2.18)
3.58 (3.47 to 3.68)
3.90 (3.78 to 4.01)
1.55 (1.48 to 1.63)

11.12 (10.86 to 11.39)

7.30 (7.06 to 7.52)

3.97 (3.76 to 4.17)
4.1 3.1 to0 5.4)
26.6 (23.4 to 30.0)
13.7 (11.9 to 15.9)
33.2 (30.2 to 36.3)
13.9 (11.7 to 16.4)
2.6 (1.8 to 3.7)
59 (4.7 to 7.5)
88.4 (85.6 to 90.8)
33 (24 to 4.4)
1.5 (0.9 to 4.4)
2.5 (1.6 to 3.9)
0.8 (0.4 to 1.4)
0.6 (0.3 to 1.2)
1.1 (0.6 to 2.0)
1.8 (1.1 to 2.8)

3.55 (3.26 to 3.85)
6.0 (4.5 to 7.8)
24.7 (21.5 to 28.2)
12.7 (10.6 to 15.1)
38.8 (35.2 to 42.5)
11.7 (8.4 to 16.1)
1.7 (1.1 to 2.8)
4.4 (33 t0 5.9)
87.9 (85.0 to 90.3)
4.1 3.1 to0 5.4)
2.0 (13 t0 5.4)
2.1 (1.3 to 3.4)
0.9 (0.4 to 2.1)
0.2 (0.1 to 0.4)
1.3 (0.6 to 2.7)
1.6 (0.9 to 2.7)

123.6 (119.3 to 128.0) 135.5 (131.9 to 139.0)

22.4 (22.2 to 22.5)
32.5 (29.8 to 35.4)
67.5 (64.6 to 70.2)
83.0 (80.9 to 84.9)
17.0 (15.1 to 19.1)
33.4 (30.3 to 36.6)
34.4 (31.2 to 37.8)
17.1 (14.9 to 19.7)
15.1 (12.5 to 18.0)
6.95 (6.64 to 7.25)

2.13 (2.03 to 2.24)
4.33 (4.18 to 4.48)
3.77 (3.63 to 3.90)
1.38 (1.30 to 1.45)

22.0 (21.9 to 22.2)
36.8 (33.2 to 40.5)
63.2 (59.5 to 66.8)
40.6 (36.4 to 45.0)
59.4 (55.0 to 63.6)
35.2 (31.2 to 39.5)
32.5 (29.0 to 36.2)
16.8 (14.5 to 19.4)
15.5 (13.0 to 18.3)
7.32 (6.92 to 7.72)

2.06 (1.95 to 2.18)
2.73 (2.60 to 2.87)
4.04 (3.87 to 4.22)
1.75 (1.62 to 1.88)

11.60 (11.27 to 11.94) 10.59 (10.20 to 11.00)

8.23 (7.93 to 8.53)

6.23 (5.95 to 6.51)

Abbreviations: MVPA, moderate to vigorous Physical activity; NVQ, National Vocational Qualifications; SDQ, the Strengths and Difficulties Questionnaire. Note: Values
are presented as mean or relative frequency as well as their corresponding 95% CI. P values <.05 are marked in bold.

“Measured by the 6-item Kessler psychological distress scale.

higher time watching videos. Regarding time playing videogame,
there was a significant interaction with MVPA at 14 years in the
associations with emotional problem (IRR =0.93, 95% CI, 0.88—
0.98), conduct problems (IRR=0.93, 95% CI, 0.87-0.99), total
difficulties (IRR=0.96, 95% CI, 0.93-0.99), and psychological
distress IRR=0.94, 95% CI, 0.91-0.98) at 17 years, with all of
them indicating a lower risk for each outcome, related with MVPA
among the group with lower time playing videogame. Stratified
analyses found that MVPA at 14 years was associated with lower
emotional problem and psychological distress in the group with
lower time playing videogame, but a higher risk for hyperactivity
and conduct problems in those with greater time playing videogame.
In the stratified analysis, MVPA at 14 years was associated with
lower emotional problems and psychological distress at 17 years in

the group with lower time playing videogames, while MVPA was
associated with higher hyperactivity and conduct problems in the
group with higher time playing videogame.

Among girls, there was an interaction between watching
videos and device-based MVPA, with a higher protection against
emotional problems (IRR =0.95, 95% CI, 0.91-0.99) and psycho-
logical distress (IRR =0.95, 95% CI, 0.91-0.99) at 17 years, with a
higher protection in the group with<2 hours per day. In the
stratified analysis, higher MVPA was associated with lower peer
problems, emotional problems, total difficulties, and psychological
distress in the group spent <2 hours per day watching videos, as
well as associated with lower peer problems in those who spent
more time watching videos. Among those with higher time playing
videogames, although there were no significant interactions,
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Table 2

Individual Associations of MVPA, Watching Videos, and Playing Videogame at 14 Years With
Internalizing and Externalizing Symptoms at 17 Years Among Boys

Peer problem
IRR (95% CI)

Emotional
problems
IRR (95% CI)

Hyperactivity
IRR (95% CI)

Conduct
problems
IRR (95% CI)

Total
difficulties
IRR (95% CI)

Psychological
distress
IRR (95% CI)

Crude
MVPA, 30 min®
Watching videos
>2 h/d (ref : <2 h/d)
Playing videogame
22 h/d (ref : <2 h/d)
Adjusted
MVPA, 30 min
Watching videos
22 h/d (ref : <2 h/d)
Playing videogame
22 h/d (ref : <2 h/d)

0.97 (0.94-1.00)

1.10 (0.98-1.24)

1.17 (1.05-1.31)

0.98 (0.95-1.01)

1.07 (0.96-1.19)

1.11 (1.00-1.21)

0.96 (0.94-0.99)

0.94 (0.85-1.04)

1.12 (1.02-1.23)

0.97 (0.95-0.99)

0.94 (0.85-1.03)

1.09 (0.99-1.19)

1.02 (1.01-1.03)

1.09 (1.01-1.18)

1.03 (0.93-1.13)

1.02 (1.01-1.04)

1.08 (1.00-1.16)

1.00 (0.91-1.09)

1.02 (0.99-1.05)

1.23 (1.07-1.40)

1.05 (0.89-1.24)

1.02 (1.00-1.05)

1.20 (1.06-1.35)

1.01 (0.87-1.16)

1.00 (0.98-1.01)

1.07 (1.00-1.15)

1.08 (1.00-1.18)

1.00 (0.98-1.01)

1.05 (0.99-1.13)

1.04 (0.97-1.13)

0.98 (0.96-0.99)

1.02 (0.93-1.11)

1.06 (0.98-1.15)

0.98 (0.96-1.00)

1.01 (0.93-1.10)

1.03 (0.95-1.11)

Abbreviations: IRR, incidence rate ratios; MVPA, moderate to vigorous physical activity. Note. Adjusted for maternal education, ethnicity, maternal psychological distress,
age, season of accelerometer use (for MVPA analysis), accelerometer wear time (for MVPA analysis), and strength and difficulties questionnaire (total difficulties) at
14 years. P values <.05 are marked in bold.
“Standardized in units of 30 minutes.

Table 3

Individual Associations of MVPA, Watching Videos, and Playing Videogame at 14 Years With
Internalizing and Externalizing Symptoms at 17 Years Among Girls

Peer problem
IRR (95% CI)

Emotional
problem
IRR (95% CI)

Hyperactivity
IRR (95% ClI)

Conduct
problems
IRR (95% CI)

Total
difficulties
IRR (95% CI)

Psychological
distress
IRR (95% CI)

Crude
MVPA, 30 min®
Watching videos
22 h/d (ref : <2 h/d)
Playing videogame
>2 h/d (ref : <2 h/d)
Adjusted
MVPA, 30 min
Watching videos
>2 h/d (ref : <2 h/d)
Playing videogame
22 h/d (ref : <2 h/d)

0.97 (0.95-0.99)

1.10 (0.99-1.22)

1.25 (1.11-1.39)

0.97 (0.96-0.99)

1.05 (0.95-1.16)

1.14 (1.03-1.27)

0.98 (0.97-0.99)

1.08 (0.99-1.17)

1.18 (1.10-1.27)

0.98 (0.97-0.99)

1.05 (0.97-1.14)

1.12 (1.05-1.21)

1.02 (1.01-1.02)

1.06 (0.98-1.16)

1.16 (1.08-1.25)

1.01 (1.01-1.02)

1.04 (0.95-1.13)

1.10 (1.03-1.18)

0.99 (0.97-1.01)

1.10 (0.99-1.22)

1.32 (1.17-1.48)

0.99 (0.98-1.01)

1.05 (0.94-1.17)

1.21 (1.07-1.37)

0.99 (0.98-1.00)

1.08 (1.00-1.16)

1.20 (1.14-1.27)

0.99 (0.99-1.00)

1.05 (0.98-1.12)

1.13 (1.07-1.19)

0.98 (0.97-0.99)

1.09 (1.00-1.18)

1.18 (1.09-1.27)

0.98 (0.97-0.99)

1.05 (0.98-1.14)

1.10 (1.02-1.19)

Abbreviations: IRR, incidence rate ratios; MVPA, moderate to vigorous physical activity. Note: Adjusted for maternal education, ethnicity, maternal psychological distress,
age, season of accelerometer use (for MVPA analysis), accelerometer wear time (for MVPA analysis), and strength and difficulties questionnaire (total difficulties) at

14 years. P values <.05 are marked in bold.
“Standardized in units of 30 minutes.

stratified analyses indicate a significant association between higher
MVPA and lower peer problems, emotional problems, and psy-
chological distress among those spent less time playing video-
games, and lower peer problems in those with greater time playing
videogames.

Discussion

Adolescence is a critical phase marked by an increased suscepti-
bility to both internalizing and externalizing problems,3¢ with

increased level of screen-based sedentary behaviors but drama-
tically decreased PA level following COVID-19 being particu-
larly evident.3”-3® The current study observed a longitudinal
impact of device-based MVPA level at 14 years on internalizing
and externalizing problems, such as emotional problems, and
hyperactivity among adolescents at 17 years. Spending more time
watching videos at 14 years was associated with an increased risk
for conducted problems at 17 years among boys, playing video-
game for more than 2 hours per day was longitudinally associated
with increased risk for all internalizing and externalizing

JPAH Vol. 22, No. 9, 2025

Unauthenticated | Downloaded 04/01/26 04:00 AM UTC



Physical Activity and Mental Health in Adolescents

Table 4 Association Between MVPA at 14 Years and Internalizing/Externalizing Symptoms, Stratified
by Watching Videos and Playing Videogame as Well as Their Corresponding Interaction

Peer problem
IRR (95% CI)

Emotional
problem
IRR (95% CI)

Hyperactivity
IRR (95% CI)

Conduct
problems
IRR (95% CI)

Total
difficulties
IRR (95% CI)

Psychological
distress
IRR (95% CI)

Boys
Watching videos
<2 h/d
>2 h/d
Multiplicative interaction
Playing videogame
<2 h/d
>2 h/d
Multiplicative interaction
Girls
Watching videos
<2 h/d
>2 h/d
Multiplicative interaction
Playing videogame
<2 h/d
22 h/d
Multiplicative interaction

0.95 (0.90-0.99)
0.99 (0.95-1.02)
0.96 (0.90-1.02)

0.97 (0.94-1.02)
0.98 (0.94-1.02)
0.98 (0.93-1.04)

0.94 (0.89-0.99)
0.98 (0.96-0.99)
0.96 (0.91-1.02)

0.97 (0.96-0.99)
0.97 (0.92-1.02)
1.00 (0.95-1.05)

0.95 (0.91-0.99)
0.98 (0.95-1.01)
0.95 (0.90-1.01)

0.93 (0.90-0.97)
0.99 (0.96-1.03)
0.93 (0.88-0.98)

0.93 (0.89-0.97)
0.99 (0.98-1.00)
0.95 (0.91-0.99)

0.98 (0.97-0.99)
0.98 (0.95-1.01)
1.00 (0.97-1.04)

1.02 (1.00-1.05)
1.02 (1.01-1.04)
0.99 (0.96-1.02)

1.01 (0.98-1.04)
1.03 (1.01-1.05)
0.98 (0.95-1.01)

0.99 (0.94-1.03)
1.02 (1.01-1.03)
0.98 (0.94-1.02)

1.02 (1.01-1.03)
1.00 (0.96-1.05)
1.01 (0.97-1.06)

0.98 (0.93-1.04)
1.04 (1.01-1.06)
0.94 (0.89-1.00)

0.97 (0.92-1.03)
1.05 (1.02-1.08)
0.93 (0.87-0.99)

1.00 (0.94-1.06)
0.99 (0.98-1.01)
1.01 (0.95-1.07)

0.99 (0.98-1.01)
1.01 (0.94-1.08)
0.97 (0.91-1.04)

0.98 (0.96-1.01)
1.01 (0.99-1.02)
0.96 (0.94-0.99)

0.98 (0.95-1.00)
1.02 (1.00-1.03)
0.96 (0.93-0.99)

0.96 (0.92-0.99)
1.00 (0.99-1.01)
0.96 (0.93-1.00)

0.99 (0.99-1.00)
0.99 (0.97-1.01)
1.00 (0.98-1.03)

0.97 (0.94-1.01)
0.99 (0.96-1.01)
0.98 (0.93-1.02)

0.95 (0.92-0.98)
1.00 (0.98-1.03)
0.94 (0.91-0.98)

0.94 (0.90-0.98)
0.99 (0.96-1.00)
0.95 (0.91-0.99)

0.98 (0.97-0.99)
0.95 (0.92-0.99)
1.03 (0.99-1.07)

Abbreviations: IRR, incidence rate ratios; MVPA, moderate to vigorous physical activity. Note: Adjusted for maternal education, ethnicity, maternal psychological
distress, age, season of accelerometer use (for MVPA analysis), accelerometer wear time (for MVPA analysis), and strength and difficulties questionnaire (total
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difficulties) at 14 years. P values <.05 are marked in bold.

problems among girls at 17 years. Additionally, there was an
interaction between watching videos and device-based MVPA at
14 years, amplifying the association of MVPA with total diffi-
culties and emotional problems at 17 years for boys and girls
spending less time on watching videos, respectively.

Our findings on the impact of device-based MVPA and screen-
based behaviors on internalizing and externalizing problems are
consistent with existing literature. Another longitudinal research*3°40
reported higher incidences of internalizing and externalizing
problems among adolescents who had lower PA but spent more
time on computers and videogames during their childhood. The
positive impact of PA on mental health among adolescents is
widely acknowledged*!#?; therefore, it is not surprising that
engaging in higher device-based MVPA was beneficial for reduc-
ing emotional problems for both sexes in this study. It is important
to note that, in our study, adolescents on average scored below the
clinical cut-offs for all internalizing and externalizing subscales, as
well as total difficulties. Therefore, our findings may be more
reflective of subclinical variations in psychological difficulties
rather than clinically diagnosed conditions. Previous studies link-
ed low level of PA but high screen-based sedentary behaviors
to increased psychosocial difficulties,** and the impact of high
device-based MVPA on peer problems was particularly evident
among girls in this study. PA not only provides social opportu-
nities for establishing peer relationships and collaboration,** pre-
vious evidence also suggests a positive effect of PA on prosocial
behaviors* and social competences.*® Although adolescent girls
engage in lower PA than boys in general,*” which we also con-
firmed in this study, they benefit more from social aspects of PA.*8
This may therefore explain our finding that engaging in regular

device-based MVPA had a more pronounced impact on peer
problems for girls than boys.

In this study, spending more time playing videogames was
associated with all internalizing and externalizing problems for gitls.
Evidence suggests a higher vulnerability for internalizing problems
in adolescent girls engaging in screen-based sedentary behaviors
than boys,?* and girls tend to spend more time on social media,
general computer use, and watching TV rather than videogaming.*°
It has been suggested previously that online environment could be
more hostile for girls than boys,>° negative contents from video-
games, for example, violence and sexual themes therefore may had a
greater impact on girls who engaged in more frequent gaming
than boys.

Different types of TV programs, or films, and videogames may
affect the risk of internalizing and externalizing problems in ado-
lescents. Certain forms could be more detrimental and exhibit
different relationships with internalizing and externalizing symp-
toms, respectively. For example, violent TV programs and video-
games may include stress- and anxiety-provoking content®! therefore
have a more negative impact on one’s emotional well-being>? and
contribute to aggression and behaviors such as self-harm.>3 On the
other hand, more recreational screen-based behaviors with a socially
interactive format, for example multiplayer games, could instead
promote mood and encourage social participation and therefore bring
social health benefits.>* Preferred types of screen-based behaviors
between boys and girls may also play a part in the varying association
between screen-based behaviors and internalizing and externalizing
problems. Compared with boys, young girls may prefer unhealthy
screen-based behaviors characterized by components of screen
entertainment and social interactions, for example, watching TV,
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texting, social media use,>-° rather than videogame playing. This
may further explain why playing videogames was significantly
associated with all internalizing and externalizing symptoms among
girls who spent a large amount of time on videogames, and this trend
was not observed among boys. Future studies may want to further
explore potential gender differences in the relationship of various
screen-based behaviors forms with distinct contents (eg, violent vs
casual) and internalizing and externalizing problems, which may
further help identify the unique vulnerabilities of young boys and
girls who engage in regular screen-based behaviors.

Previous studies support a relationship between lower PA,
greater engagement in screen-based behaviors and higher incidence
of internalizing and externalizing problems.>® The current study
extends beyond current understanding and discovers a protective
effect of device-based MVPA on a range of internalizing and
externalizing symptoms at 17-year-old boys and girls, especially
among those engaged in less video watching and videogame
playing at 14 years, suggesting that the association of regular
device-based MVPA engagement with mental health may be
amplified by screen-based behaviors. Previous meta-analysis®*
illustrates that PA may impact the magnitude of the associations
between screen-based behaviors and internalizing symptoms, par-
ticularly depression, although the evidence was inconsistent. Our
study may otherwise suggest a moderating role played by the
amount of time adolescents engage in screen-based behaviors.
Replacing screen-based behaviors with adequate MVPA, for
example aerobic training like running and muscle strengthening
training, could have a positive impact on children and adolescents’
mental health,*! but our results suggest that simply encouraging
adolescents who engage a significant number of screen-based
behaviors to participate MVPA may not be sufficient. Children
and adolescents tend to prefer screen-based behaviors, for example
TV viewing, even when a wide range of PA are available.3” A more
targeted approach to screen-based behaviors, such as interventions
involving family, and behavioral intervention could therefore be
first implemented before encouraging MVPA participation.>3->°

Our findings suggest a potential path of additive interaction,
where the benefits of increased PA combine with those of reduced
screen-based behaviors time to prevent/reduce internalizing and
externalizing symptoms. Both factors may share mechanisms, as
higher PA and reduced sedentary behavior are associated with
lower inflammation levels.®®© Both excessive screen exposure
and low PA are also linked to poorer sleep quality.®'-°> Additionally,
lower PA and higher sedentary behavior might reduce opportunities
for social interactions, increasing feelings of isolation.63-64

The current study demonstrated benefits from including a large
nationally representative sample in the United Kingdom and con-
trolling for a wide range of confounding factors. Its longitudinal
nature allowed us to investigate the direction of the relationship
from screen-based behaviors and device-based MVPA to internal-
izing and externalizing symptoms. Previous studies indicate a
bidirectional relationship between screen-based behaviors, depres-
sion, and anxiety over time among adolescents®; therefore, we also
speculate a reciprocal relationship between these factors. High
internalizing and externalizing symptoms may facilitate a higher
level of screen-based behaviors and concurrently lower PA level,
which may lead to further exacerbation of both symptoms among
adolescents. The findings should be interpreted with the consider-
ation of its limitations. First, the majority of our sample were White
therefore limiting the generalizability of our findings to children and
adolescents with an ethnic minority background. Second, psycho-
logical distress was not assessed at the 14-year wave. Although we

adjusted our analysis for the SDQ, which may indicate emotional
and behavioral disturbances, residual confounding may still exist in
the analysis. Third, screen-based behaviors were measured using
self-reported questionnaires, hence could introduce recall and re-
porting bias. Given the current study only investigated 2 types of
screen-based behaviors, the impacts of other types (eg, social media
use and website browsing) and overall screen-based behaviors on
MVPA, internalizing and externalizing symptoms warrant further
investigation. In particular future research should consider not only
the duration of other screen-based behaviors, but also the ways in
which they are used, including the type of content engaged with.
Despite that this study utilized a device-based indicator for PA, the
accelerometer wear-time was only 2 days and a minimal 4 days of
valid data were recommended by a previous systematic review to
ensure data reliability.®® Additionally, specific types of MVPA were
not explored in detail. The interplay between MVPA types, gender,
and internalizing and externalizing symptoms could be complex,
with differential relationship between MVPA types and internaliz-
ing and externalizing problems being moderated by gender. For
example, previous literature suggests a lower risk of internalizing
problems among boys who engaged in PA that was facilitated by a
coach, on the other hand, this was only observed among girls who
participated PA without a coach.3® This further suggests a need to
tailor available MVPA programs to meet specific needs of
adolescents.

This study provides evidence supporting a protective effect of
device-based MVPA participation on preventing internalizing and
externalizing problems for adolescents who spend less time on
screen-based behaviors. This finding highlights the importance of
implementing interventions targeting screen-based behaviors
reduction as first-line priority in order to maximize the effective-
ness of MVPA in modifying mental health and behavioral pro-
blems at a later stage.
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