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ABSTRACT
Objectives  To investigate the associations between 
physical activity pattern, sports participation, screen time 
and mental health in Swedish adolescents.
Design, setting and participants  A total of 1139 
Swedish adolescents (mean age 13.4) from 34 schools 
participated in the cross-sectional study ‘Physical Activity 
for Healthy Brain Functions in School Youth’ in 2019.
Methods  Time spent sedentary and in moderate-to-
vigorous physical activity (MVPA) was measured using 
accelerometers for seven consecutive days. Screen time 
and sports participation were self-reported. Anxiety and 
health-related quality of life (HRQoL) were assessed using 
a Short version of the Spence Children’s Anxiety Scale and 
Kidscreen-10.
Results  MVPA was positively associated (95% CI 0.01 
to 0.05 in girls and 0.02 to 0.07 in boys) whereas screen 
time on weekdays was inversely associated with HRQoL 
(−4.79 to –2.22 in girls and −2.66 to –0.41 in boys). The 
largest effect sizes were observed between the high/
low MVPA group in boys (Cohen’s d=0.51) and screen 
time groups in girls (Cohen’s d=0.59 on weekdays). With 
regards to anxiety, high compared with lower time spent 
in MVPA during leisure time on weekdays was associated 
with lower anxiety scores (95% CI −0.13 to –0.05 in girls 
and −0.07 to –0.01 in boys). Gender differences were 
observed, boys who participated in organised sports had 
low anxiety scores (95% CI −3.49 to –0.13) whereas girls 
who reported 5 hours or more of screen time had high 
scores (95% CI 1.94 to 6.18 on weekdays and 1.39 to 
5.29 on weekend days).
Conclusions  This study showed that MVPA was 
associated with better mental health, whereas the opposite 
was seen for screen time. These associations were not 
consistently significant throughout all time domains, 
between the genders and mental health outcomes. Our 
results could create a paradigm for future studies to 
decide which types of PA patterns and time domains to 
target in intervention studies with the aim improve mental 
health among adolescents.

INTRODUCTION
The WHO describes health as ‘a state of 
complete physical, mental and social well-
being and not merely the absence of disease 

or infirmity’.1 Thus, mental health is an 
important component of health and includes 
both positive indicators (eg, well-being) and 
negative indicators (eg, psychiatric symp-
toms). Poor mental health among youth is 
a global public health concern with major 
consequences for both individuals and 
society.2 Mental disorders at an early age 
have been associated with stigma, decreased 
academic achievements, increased risk of 
physical disorders in adulthood and prema-
ture death.3 The age of onset for approxi-
mately half of the mental disorders occurs 
before or during adolescence,4 with anxiety 
being the most common mental disorder 
with a prevalence of 6.5%.5 Therefore, it is 
important to investigate how modifiable life-
style factors are associated with mental health 
in this population.

Physical activity (PA) has been found to be 
a protective factor for emotional problems6 
and high levels of PA have cross-sectionally 
been associated with better mental health 
outcomes.7–10 Studies have also shown a 
lower prevalence of depressive symptoms in 
those engaging in organised sports compared 
with those being active on their own,11 12 
suggesting that the context of activity could 
be important. However, the majority of 
adolescents do not meet the PA recommen-
dations of 60 min of moderate-to-vigorous 
physical activity (MVPA) per day.13 A study on 
Swedish adolescents (11–18 years old) found 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Physical activity and sedentary time were assessed 
using accelerometers.

	⇒ The study included both positive and negative indi-
cators of mental health.

	⇒ Due to the cross-sectional design causation or the 
direction of these associations cannot be studied.
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that only 23% of girls and 43% of boys met the recom-
mendations.14 In addition, sedentary behaviours, espe-
cially screen time have been associated with poor mental 
health.15 16

Although these associations have been studied before, 
most studies rely on self-reported PA,10 which has shown 
to have low validity in this population.17 A more robust 
measure is device-measured PA that provides a more 
detailed estimate of PA and sedentary time (SED). There 
is also a lack of studies that include both positive and 
negative indicators of mental health, with a tendency to 
focus on mental health disorders or symptoms. In this 
study, we chose health-related quality of life (HRQoL) 
as a positive indicator and anxiety as a negative indi-
cator. Anxiety (rather than depression) was selected as 
it is the most common psychiatric problem in this age 
group (13–14 years), and because anxiety tends to have 
an earlier mean age of onset compared with for example 
depression, which typically has onset in late adolescence.

The objective of the study was therefore to examine 
cross-sectional associations between device-measured PA 
patterns (MVPA, SED), sports participation, screen time 
and mental health (anxiety and HRQoL) in Swedish 
adolescents.

METHODS
Sample
This study is part of the larger cross-sectional study Phys-
ical Activity for Healthy Brain Functions in School Youth 

performed between September and December 2019. A 
sample size of 1000 students was estimated to provide 
a representative sample of students from schools with 
varying sizes, geographic locations and parental socioeco-
nomic backgrounds. The Swedish school system is deregu-
lated and has implemented the free choice reform which 
allows parents to choose which schools (independent and 
public) their children should attend. The schools follow a 
voucher system and the parents do not have to pay tuition 
fees.18 In the current study, 11 (32%) were independent 
schools and 23 (68%) were public schools. Figure 1 shows 
an overview of the participating schools and students. 
A total of 34 schools participated, the provided reasons 
for the schools that declined or dropped out were time 
constraints. From these schools, 1139 students partic-
ipated (73% response rate), 49% boys and 51% girls, 
the recruitment process is described in more detail else-
where.19 The characteristics of the students are shown in 
table 1.

The students participated in the measurements at 
the Swedish School of Sport and Health Sciences, GIH 
and during the visit, they were provided with an accel-
erometer, which they used for the following 7 days. The 
students received a 300 SEK (€30) gift card as compensa-
tion for their participation.

Patient and public involvement
The students were not involved in the design, conduct, 
reporting or dissemination plans of our research, 
however, the participating schools, students and their 
parents received a summary of the results from the study.

Measures
Mental health
HRQoL was assessed using Kidscreen-10. The scale 
includes 10 items of how often the students have felt 
during the last week, for example, ‘sad’, ‘lonely’ or ‘fit and 
well’. The answers range from never/not at all to always/
extremely on a 5-point scale. The scores are summed up 
according to the handbook provided by the Kidscreen 
group, with higher values indicating greater well-being. 
To compare these values to a reference population, Rasch 
person-parameters were estimated by transforming the 
data into a T-score with a mean of 50 and SD of 10 using 
the provided syntax from the Kidscreen group.20

Anxiety was measured using a Short version of the 
Spence Children’s Anxiety Scale (SCAS-S), a tool used 
to assess self-reported anxiety symptoms in children and 
adolescents. The questionnaire includes 19 items, for 
example, ‘I worry about things’. Each item is rated on a 
4-point scale ranging from ‘never’ to ‘always’. The scores 
are summed up with higher values reflecting more anxiety 
symptoms.21 The cut-off for elevated anxiety symptoms 
was set at 1 SD above the mean and the cut-off for high 
anxiety symptoms was set at 1.5 SD above the mean with 
separate cut-offs for girls and boys, respectively.

These two measures have been validated towards the 
longer versions and provide a global score for anxiety/

Figure 1  Participation of schools and students.
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Table 1  Descriptive characteristics of the study sample by gender (mean±SD unless otherwise specified)

n Missing All n Girls n Boys

Sig.

P value

Total 1139 (100) 580 (51.0) 558 (49.0)

Age (year) 1139 0 13.4±0.3 13.4±0.3 13.4±0.4 0.147

Parental education, >12 years n (%) 1102 37 730 (66.2) 371 (65.9) 358 (66.5) 0.483

Student country of birth, Sweden n (%) 1129 10 967 (85.7) 490 (84.9) 476 (86.4) 0.758

BMI status* 1135 4 580 554 0.203

 � Underweight n (%) 89 (7.8) 38 (6.6) 51 (9.2)

 � Normal weight n (%) 815 (71.8) 430 (74.1) 384 (69.3)

 � Overweight n (%) 179 (15.8) 89 (15.3) 90 (16.2)

 � Obese n (%) 52 (4.6) 23 (4.0) 29 (5.2)

BMIsds† 1134 5 0.36±1.23 580 0.45±1.11 554 0.26±1.35 0.012

Sedentary time (min)

 � SED (average week) 903 236 602.0±66.6 490 608.9±62.65 413 593.7±70.2 <0.001

 � SED bouts over 10 min 903 236 122.7±63.6 490 132.8±63.2 413 110.7±62.2 <0.001

 � SED leisure time (weekdays) 1054 85 324.8±69.3 548 330.0±63.5 506 319.2±74.7 0.011

 � SED leisure time (weekend) 916 223 539.4±84.7 497 533.8±80.0 419 546.1±89.6 0.029

 � SED school time 1054 85 291.9±37.5 548 301.7±35.7 506 281.2±36.5 <0.001

MVPA time (min)

 � MVPA (average week) 903 236 52.0±19.0 490 49.5±17.7 413 54.9±20.1 <0.001

 � MVPA leisure time (weekdays) 1054 85 31.6±15.0 548 30.9±13.8 506 32.3±16.1 0.145

 � MVPA leisure time (weekend) 916 223 37.9±25.3 497 36.8±23.3 419 39.1±27.4 0.156

 � MVPA school time 1054 85 26.5±11.2 548 23.2±9.6 506 30.1±11.7 <0.001

 � Reached the MVPA recommendations n (%) 903 236 273 (30.2) 490 121 (24.7) 413 152 (36.8) <0.001

Accelerometer wear time 903 236 490 413

 � Wear time (average week) 792.6±60.8 796.0±58.1 788.5±63.8 0.067

 � Total included valid days (average week) 6.0±1.1 6.2±1.0 5.8±1.1 <0.001

Organised sports

Participated in organised sports n (%) 1094 45 788 (72.0) 396 (71.4) 391 (72.7) 0.626

Screen time (weekdays) 1126 13 575 550 0.842

 � ≤2 hours n (%) 360 (32.0) 179 (31.1) 180 (32.7)

 � 3–4 hours n (%) 515 (46.0) 267 (46.4) 248 (45.1)

 � ≥5 hours n (%) 251 (22.3) 129 (22.4) 122 (22.2)

Screen time (weekend) 1123 16 576 546 <0.001

 � ≤2 hours n (%) 178 (15.9) 70 (12.2) 108 (19.8)

 � 3–4 hours n (%) 412 (36.7) 238 (41.3) 173 (31.7)

 � ≥5 hours n (%) 533 (47.5) 268 (46.6) 265 (48.5)

Mental health

 � SCAS-S 1073 66 13.7±7.9 547 16.6±8.0 525 10.6±6.6 <0.001

 � Kidscreen-10 1097 42 39.6±5.4 562 38.3±5.2 534 41.0±5.3 <0.001

 � Kidscreen-10‡ 1097 42 49.6±9.0 562 47.3±7.5 534 51.9±9.8 <0.001

*BMI status according to, IOTF 2012.
†BMIsds according to a Swedish reference standard.
‡International T-values based on Rasch person parameter.
BMI, body mass index; BMIsds, body mass index SD score; MVPA, moderate-to-vigorous physical activity; SCAS-S, Short version of the 
Spence Children’s Anxiety Scale; SED, sedentary time.
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HRQoL rather than a subscore for each domain of 
HRQoL or cluster of anxiety symptoms.21 22

Physical activity patterns and screen time
Physical activity patterns (time spent in MVPA and 
SED) were measured using a hip-worn accelerometer 
(Actigraph GT3X). The students were told to wear the 
monitor at all waken times for seven consecutive days 
(not counting the distribution day), except during 
water-based activities. Afterward, the monitors were sent 
back by the teachers in prepaid envelopes. Acceleration 
was measured at 30 Hz. The accelerometer data were 
processed in Actilife (V.6.13.3) as uniaxial data using 
epoch time intervals of 5 s. To define non-wear time, 
60 min of zero counts and no spike tolerance was used. 
Further, an individual time filter was created based on the 
participant’s reported wake/sleep time (extracted from 
the questionnaire). A second time filter for school time 
was created by extracting the times from the school sched-
ules. The criteria for a valid day were at least 500 min of 
wear time. The criteria for a valid measure were at least 
three valid days (including 1 weekend day) for analysis of 
the whole week, at least two valid weekdays for analysis of 
school-time or weekday leisure time, and at least one valid 
weekend day for analysis of weekends. The data were cate-
gorised into intensities using counts: SED (0–100 counts/
min) and MVPA (≥2296 counts/min).23 The first day was 
excluded to minimise measurement bias.17

Participation in organised sports was self-reported by 
the students using the following question: ‘Are you active 
in any sports club/organization? (eg, football, swimming, 
dancing, scouts, gym)?’.

Screen time was self-reported by the students using the 
following question for weekdays and weekends. ‘During a 
normal weekday/weekend day, approximately how much 
time do you spend using a screen (not included school-
work) including a cell phone, TV, computer, iPad? (For 
example, to play games, watch TV, chat, watch serials, 
YouTube, Snapchat, and Instagram)’. The answers were 
arranged from no time to 7 hours or more, and were 
later categorised into 2 hours and below, 3–4 hours, and 
5 hours or above.

Background Characteristics
Parental education was collected using register data from 
Statistics Sweden. The parent with the highest level of 
education was used and the variable was dichotomised 
into ≤12 years and >12 years. Information about school 
type (independent or public) were collected from the 
National Agency for Education. Gender and country of 
birth were self-reported by the student. As the gender 
group, ‘other’ only included one student, this observa-
tion was excluded in the models stratified by gender. 
Country of birth were dicotomized into Sweden and 
outside Sweden. Bodyweight and height were measured 
using standardised procedures and rounded to the 
closest 0.1 kg or mL. BMI status was defined according to 

the International Obesity Task Force24 and BMIsds were 
calculated according to a Swedish reference standard.25

Statistical analysis
Data were analysed using STATA/SE V.17.0. Descriptive 
statistics are presented using mean, SD and proportions. 
To compare the difference between boys and girls inde-
pendent t-tests were used for numerical variables and χ2 
for categorical variables. To investigate the associations 
between PA patterns, sports participation screen time (as 
predictors) and mental health (as dependent variables) 
multi-level mixed linear regression models were used to 
account for the clustering of students within schools. Two 
levels were modelled, level 1 for school and level 2 for 
the individual student, and a random intercept for each 
school was applied. We explored both unstandardised and 
standardised beta-coefficients for the continuous predic-
tors. The assumptions for mixed models were tested, and 
as data displayed heteroskedasticity (Breusch-Pagan test 
p>0.05) robust estimates were used.

Based on previous studies, parental education and body 
mass index SD score (BMIsd, ie, BMI adjusted for age 
and gender) were tested as confounders. As BMIsds were 
not significant in any of the models, this covariate was 
excluded from the final models. The final models were 
adjusted for parental education, and the models including 
accelerometer measured PA were adjusted for wear-time. 
The models with sports participation were also adjusted 
for time spent in MVPA. Only students with complete 
data on the mental health scales were included in the 
analyses. All models were stratified by gender as the PA 
and mental health outcomes were significantly different 
between boys and girls. However, we also explored if 
gender moderated the associations by running the same 
models with all subjects and adding an interaction term. 
Only significant interaction results are presented in the 
text. Crude models are included intable 1-2 in online 
supplemental material 1.

To analyse the effect size in SCAS-S and Kidscreen-10, 
standardised mean differences (Cohen’s d) were calcu-
lated between the low/high tertiles of MVPA, screen time 
and participants/non-participants in organised sports. 
The level of statistical significance was set at α<0.05, 95% 
CIs, p values and beta values are bold to indicate statistical 
significance.

RESULTS
In total, 1072 students (94%) completed all items on 
SCAS-S. Girls reported significantly higher anxiety scores 
compared with boys (16.6 vs 10.6, mean difference of 
6.0, t(1070)=13.44, p<0.01). In girls, 82 (15%) had a 
score  >1 SD above the mean (elevated anxiety) and 50 
(9%) had a score >1.5 SD above the mean (high anxiety). 
In boys, the corresponding values were 75 (14%) students 
and 42 (8%) students. Boys to parents with low educa-
tion had significantly higher anxiety symptoms (mean 
difference 1.6, t(505)= 2.7, p<0.01) compared with boys 

https://dx.doi.org/10.1136/bmjopen-2022-061929
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with high parental education. This difference was not 
observed in girls or for HRQoL.

A total of 1096 (96%) students completed all items on 
the Kidscreen-10 questionnaire where girls had signifi-
cantly lower scores of HRQoL (mean difference of 2.63, 
t(1094)=−8.29, p<0.01) compared with boys. The Cron-
bach alpha for Kidsscreen-10 was 0.78 and 0.85 for SCAS-S, 
indicating acceptable to good internal consistency.

For the PA measurements, 903 students (79%) had valid 
accelerometer readings for the whole week, 1054 students 
(93%) for weekdays and 916 (80%) on weekends. There 
were no significant differences in mean values of SCAS-S 
or Kidscreen-10 between those who had a valid acceler-
ometer reading and those who did not.

On an average day, boys spent significantly more time in 
MVPA. However, when breaking down the MVPA between 
domains, this difference was only significant during 
school time (mean difference of 6.9 min, t(1052)=−10.57, 
p<0.01). Students who participated in organised sports 
had 11.3 more minutes per day in MVPA compared to 
those who did not participate t(874)=−8.10, p<0.01. Simi-
larly, the group who reported low screen time (≤2 hours) 
on weekends spent 15 more minutes in MVPA compared 
to those who reported 5 hours or more t(566)=6.32, 
p<0.01. Table  2 shows the associations between anxiety 
(SCAS-S) and HRQoL (Kidscreen-10) and predictors 
using multi-level mixed linear regression models.

Associations between PA patterns, screen time and anxiety 
(SCAS-S)
A significant inverse association between time spent in 
MVPA during leisure time on weekdays and anxiety was 
seen in girls and boys. There was a significant interaction 
of gender in this association (<0.01), such that the asso-
ciation was stronger in girls compared with boys. Time 
spent in MVPA over the whole week was only signifi-
cantly associated with anxiety in girls, none of the other 
MVPA measures was significantly associated with anxiety 
among girls or boys. Boys who participated in organised 
sports also had a significantly lower prevalence of anxiety, 
compared with boys who did not participate. This associa-
tion was not significant in girls.

In girls, time spent in SED during leisure time on week-
days was positively associated with anxiety. None of the 
other SED measures was significantly associated with 
anxiety in girls or boys.

With regards to screen time, significant associations were 
only found in the group of girls who reported ≥5 hours 
screen time on weekdays or weekends. These groups had 
significantly higher anxiety scores compared with those 
who reported up to 2 hours. When controlling for MVPA, 
this association remained significant (B=3.39, 95% CI 
1.33 to 5.46) for weekdays and (B=2.53, 95% CI 0.27 
to 4.80) for weekends. Further, there was a significant 
interaction of gender in the association between screen 
time on weekdays and anxiety with a stronger association 
among girls compared with boys (p=0.03) in the group 
who reported ≥5 hours screen time.

Associations between PA pattern, screen time and HRQoL 
(Kidsscreen-10)
There was a positive association between time spent in 
MVPA during the whole week, during leisure time on 
weekdays, on weekends, and HRQoL in girls and boys. 
There was a positive association between sports participa-
tion and HRQoL in boys, however, the significance disap-
peared after controlling for time spent in MVPA.

Inverse associations were seen between all SED time 
domains and HRQoL in both boys and girls, except SED 
during school time. There was a significant interaction of 
gender in the association between time spent in SED on 
weekends and HRQoL (p=0.04) with a stronger associa-
tion in boys compared with girls.

Girls and boys who reported ≥5 hours screen time on 
weekdays had significantly lower HRQoL, compared 
with those who reported 2 hours or less. The results 
remained significant also after adjusting for time spent 
in MVPA (B=−3.32, 95% CI −4.50 to –2.14 in girls, and 
B=−1.65, 95% CI −2.70 to –0.61 in boys). A significant 
association between screen time on weekends and 
HRQoL was only found in girls who reported ≥5 hours 
of screen time.

Figure 2 shows the unadjusted mean anxiety (SCAS-S) 
scores and HRQoL (Kidscreen-10) scores between 
students reporting different levels of screen time on 
weekdays.

To assess the clinical significance, we calculated effect 
sizes (Cohen’s d) in mental health scores between 
participants/non-participants in organised sports, low/
high screen time and low/high tertiles of MVPA. The 
average time (minutes) for MVPA in the lowest tertile 
was 32 and 34, and in the highest tertile 70 and 78 for 
girls and boys, respectively. Regarding anxiety, the effect 
sizes between low/high MVPA groups were 0.18 in girls 
(95% CI −0.05 to 0.40) and 0.31 in boys (0.07 to 0.56). 
The effect sizes between participants/non-participants in 
organised sports were 0.13 (95% CI −0.07 to 0.31) in girls 
and 0.31 (95% CI 0.12 to 0.51) in boys. The effect sizes 
between groups with low/high screen time on weekdays 
were −0.47 in girls (95% CI −0.70 to –0.23) and −0.18 in 
boys (95% CI −0.42 to 0.05) and on weekends −0.36 in 
girls (95% CI −0.64 to –0.09) and −0.17 (95% CI −0.40 
to 0.06) in boys.

For HRQoL, the results showed that the effect sizes 
between low/high MVPA groups were −0.28 in girls (95% 
CI −0.50 to –0.06) and −0.51 in boys (95% CI −0.75 to 
–0.26) and between participants/non-participants in 
organised sports −0.01 (95% CI −0.20 to 0.18) in girls and 
−0.28 (95% CI −0.47 to –0.08) in boys. Between groups 
with high/low screen time on weekdays, the effect sizes 
were 0.59 in girls (95% CI 0.36 to 0.83) and 0.35 in boys 
(95% CI 0.12 to 0.59) and on weekends 0.50 (95% CI 
0.23 to 0.77) and 0.14 (95% CI −0.09 to 0.36) for girls and 
boys, respectively (these results can be found in online 
supplemental material table 3).

https://dx.doi.org/10.1136/bmjopen-2022-061929
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DISCUSSION
In this cross-sectional study, the associations between PA 
patterns, sports participation, screen time and mental 
health (anxiety and HRQoL) were investigated in Swedish 
adolescents. MVPA was positively associated with HRQoL 
whereas time spent in SED or using screens on weekdays 
was inversely associated. Although the effect sizes gener-
ally were small, the largest effect sizes were observed 
between the high/low MVPA group in boys and between 
the high/low screen time group in girls. With regards to 
anxiety, high MVPA during leisure time on weekdays was 
associated with low anxiety scores. Some gender differ-
ences were observed, boys participating in organised 
sports had low anxiety scores whereas girls who reported 
5 hours or more of screen time had high anxiety scores.

The mean Kidscreen-10 score in our sample was 38.3 
in girls and 41.0 in boys, which corresponds to a T-score 
of 47.3 in girls and 51.9 in boys. A suggested threshold 
to classify the values as ‘normal’ is ½ SD above or below 
the reference value.20 This indicates that our sample was 
within this range of the Swedish reference population 
(12–18 years old) with a T-score of 49.2 for girls and 52.4 
for boys, as well as the overall European T-score based 
on 11 countries (48.6 for girls and 49.5 for boys).20 The 
current sample also had similar PA levels (on average 
52 min in MVPA per day) and demographic charac-
teristics (66% had parents with ≥12 years of education, 
86% were born in Sweden and 21% had overweight or 
obesity) compared with a nationally representative study 
in Swedish adolescents which reported on average 53 min 
in MVPA per day, 61% with high parental education, 88% 
born in Sweden, 21% with overweight or obesity.14

The most common limitation in previous studies is 
the lack of detailed measures of PA. The current study 
used device-measured PA and could confirm many find-
ings based on self-reported PA. One example is a review 
that found PA to be positively associated with HRQoL 
and a high proportion of SED to be associated with lower 
HRQoL.26 In general, the effect sizes in the current 
study were small, which is not uncommon in these types 
of studies. A previous study by Gopinath et al found 
similar mean differences in HRQoL between the high/
low group of PA and screen time.27 However, this study 
did not stratify the analysis by gender. In our study, we 

found the largest effect sizes when comparing the lowest 
and highest tertiles of MVPA for boys (Cohen’s d=0.51), 
and screen time for girls (Cohen’s d=0.50 on weekends) 
and (Cohen’s d=0.59 on weekdays). Our findings suggest 
that the strengths of the associations to HRQoL could be 
different for boys and girls and these gender differences 
should be considered when designing future intervention 
studies to improve HRQoL.

Regarding screen time, this study found high screen 
time during weekdays to be associated with lower HRQoL 
which confirms the findings of a review that concluded 
moderate evidence for the association between screen 
time and HRQoL. In the current study, we found a signif-
icant difference in MVPA between the low/high screen 
time group. Interestingly, after controlling for time spent 
in MVPA screen time was still significantly associated with 
HRQoL independently of MVPA in both genders. As 
previously mentioned, we found the effect size of screen 
time to be larger in girls. These findings are similar to a 
study from the UK which concluded that the association 
between screen time and mental health was stronger in 
girls. The same study also found that the dose of screen 
time associated with problematic mental health was lower 
for girls (>2 hours) compared with boys (>5 hours).28 
This was also evident in the current study, where screen 
time >3 hours were associated with lower HRQoL in girls, 
whereas for boys this association was significant only for 
the group reporting ≥5 hours.

A strength of this study is the inclusion of both a posi-
tive and a negative indicator of mental health, which 
shows that the type of PA pattern and screen time associ-
ated with each measure differs. Fewer measures of the PA 
pattern and screen time were significantly associated with 
anxiety compared with HRQoL. MVPA during leisure 
time on weekdays was inversely associated with anxiety 
in both genders. These results are consistent with those 
reported previously using self-reported PA.29 30 However, 
we only found sports participation to be associated with 
lower anxiety in boys. These findings were different from 
a study in 14-year-olds that found sports participation to 
be significantly associated with lower anxiety and higher 
well-being in both genders.31 Potential explanations for 
this could be that the study did not control for time spent 
in MVPA and that sports participation was lower (33%) 
compared with 72% in our study. Another study in older 
youth found that the significant association between sports 
participation and anxiety disappeared after controlling 
for time spent in MVPA.12 Previous studies have also 
suggested that the strength of the association could vary 
between genders. A review found a weak negative correla-
tion between sports participation and anxiety, but in 
samples with a higher proportion of boys, the correlation 
was stronger.32 One potential explanation for the gender 
differences observed in the current study could be related 
to the context and sports environment. Where girls have 
reported a higher incidence of teasing during sports 
participation and participation in sports common to girls 
(aesthetic sports such as dance or gymnastics) have been 

Figure 2  Unadjusted mean anxiety (SCAS-S) scores and 
health related quality of life (Kidscreen-10) scores, between 
screen time groups, mean comparisons analysed using an 
analysis of variance and Bonferroni post hoc test. ***p<0.001; 
**p<0.01. SCAS-S, Short version of the Spence Children's 
Anxiety Scale
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associated with body image concerns and disordered 
eating.33 This indicates that depending on the sports 
culture the association between sports participation and 
mental health could differ between genders, this should 
be investigated further in future research.

About screen time, this study found that girls 
reporting ≥5 hours of screen time on weekdays and week-
ends had higher levels of anxiety compared with those 
who reported  ≤2 hours. This association was not seen 
in boys. These findings were consistent with a study in 
Icelandic adolescents, that found screen time  <5 hours 
to be associated with fewer symptoms of anxiety and 
depression.30 However, the results were not stratified by 
gender. Although not investigated in the current study, 
one suggested explanation for the gender differences 
is the type of screen time activity. A review found social 
media use to be associated with anxiety, with a stronger 
association in girls34 future studies should further investi-
gate these associations. With regards to screen time, it is 
important to acknowledge the methodological challenges 
of measuring screen time, and that there is no consensus 
of how to best capture these behaviours. In this study, self-
reported screen time was used with broad questions that 
included all types of screen devices and activities, except 
schoolwork. When comparing self-reported screen time 
to more objective measures (using an app for example) 
some under-reporting is evident, although total daily 
duration was more accurately reported compared with 
number of phone use.35 In the current study, self-report 
was used to decrease participant burden and privacy 
invasion, but it is worth noting that the screen time dura-
tion acquired in this study should not be considered an 
exact dose but rather interpreted as a proxy for high/low 
screen users.

There is a lack of studies that investigate the association 
between device-measured SED and mental health and 
many studies rely on screen time as a proxy for SED. In 
the current study, stronger associations were seen in the 
standardised beta coefficients for the SED measurements 
(especially during leisure time weekdays), compared 
with MVPA. This was seen in both genders for HRQoL 
and for anxiety in girls. A review concluded that seden-
tary behaviours were associated with an increased risk of 
anxiety, with the strongest associations found in sitting.36 
However, it is important to note that causation or the 
direction of these associations cannot be studied in cross-
sectional studies. Interestingly, a randomised controlled 
trial (RCT) showed significantly higher anxiety levels 
in the intervention group after a 1-week intervention 
of increased SED and eliminated PA compared with 
the control group, which continued their normal PA 
routine.37 These findings suggest that reducing SED 
could be a strategy to improve mental health among 
adolescents, although this should be investigated further 
in larger RCT studies.

A limitation of the current study was the lack of ques-
tions concerning functioning to further understand if the 
group with low mental health experienced impairment 

in their daily lives. However, including a positive and 
negative measure still provides a better understanding 
of the students’ overall mental health compared with 
studies that only focus on symptoms of mental illness. 
Moreover, other measures not included in this article 
such as academic attainment and cognition could be 
important in this association. Another limitation was the 
cross-sectional design, which makes it impossible to study 
the direction or cause of these relationships. A strength 
was the detailed PA measure (accelerometer) with indi-
vidual time filters, which enabled comparisons between 
different time domains. Furthermore, the relatively 
large sample size and a high participation rate (73%), 
which resulted in a non-homogenous study population 
of adolescents with different PA levels and mental health 
scores. As our population were within the range of the 
European norm values for HRQoL it is plausible that our 
findings could be generalised to other European adoles-
cent populations. However, as our questionnaires were 
in Swedish, immigrant adolescents with a low proficiency 
in Swedish could not participate, neither did we have a 
representation of adolescents with physical impairments. 
Therefore, future studies should ensure that these groups 
are represented as well to enhance the generalisability of 
the findings.

CONCLUSIONS
This cross-sectional study showed that MVPA was associ-
ated with better mental health, whereas SED or screen 
time was associated with lower mental health. However, 
these associations were not significant throughout 
all time domains and some gender differences were 
observed. Although this cross-sectional study cannot 
conclude causation or direction the relationship, our 
results suggest that adolescents with worse mental health 
scores also spend less time being physically active and 
more time being sedentary or using screens. Therefore, 
it is important in future research and school efforts to 
consider how to reach this group, as they might be the 
ones most in need of an intervention. Our results could 
create a paradigm for future studies to decide which types 
of PA patterns and time domains to target in interven-
tion studies with the aim improve mental health among 
adolescents.
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