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ABSTRACT

Objective There is growing interest in the relationship
between sedentary behaviour and mental distress among
adolescents, but the majority of studies to date have relied
on self-reported measures with poor validity. Consequently,
current knowledge may be affected by various biases. The
aim of this study was to investigate the cross-sectional
and longitudinal association between (1) objectively
measured sedentary time and (2) self-reported screen
time with mental distress among adolescents participating
in The Tromsg Study: Fit Futures, in order to see if the
association is dependent on mode of measurement of
sedentary behaviour.

Design Prospective study.

Setting Sample drawn from upper secondary school
students (mean age 16.3 years at baseline) from two
municipalities in Northern Norway participating in The
Tromsg Study: Fit Futures 1 and 2.

Participants 686 adolescents (54.5% female), with
complete self-reported and accelerometer data after
multiple imputation.

Primary outcome measures Mental distress assessed
via the Hopkins Symptom Checklist-10 (HSCL-10).
Results Minutes in sedentary behaviour measured by
accelerometer showed no significant relationship with
mental distress in neither crude, partly adjusted nor
multiple adjusted hierarchic linear regression analyses.
Self-reported screen time was positively associated

with mental distress in all analyses (multiple adjusted,
B=0.038, p=0.008, 95% CI 0.010 to 0.066). However, the
effect was small.

Conclusions Self-reported screen time was associated
with slightly elevated mental distress 2 years later,
whereas objectively measured minutes in sedentary
behaviour was not, indicating a discrepancy in the results
depending on measurement methods.

Mental disorders commonly arise during the
teenage years,' signifying that adolescence
may be a crucial period for preventing the
development of mental health problems.

,' Bente Morseth,? Bjorn-Helge Handegard,® Kjersti R Lillevoll,’

8,9

Strengths and limitations of this study

» Use of both objective measure of sedentary be-
haviour and self-reported screen time.

» A prospective study design across 2years in middle
and late adolescence.

» Analysis controlled for several relevant covariates,
for example, socioeconomic status, social network
and physical activity levels.

» No collected self-reported data on total volume and
different types of sedentary behaviour other than
screen time.

» Sample contains students from two municipalities
in, restricting the generalisability of the study.

The importance of prevention is increas-
ingly emphasised as more than 1 in 10 chil-
dren and adolescents suffer from a mental
disorder.” Interestingly, the onset of symp-
toms of depression and anxiety during the
adolescent period coincides with a decrease
in physical activity that also occurs during this
period.”

Physical activity is thought to play a signif-
icant role in protecting against poor mental
health in adolescents,4 % but also in chil-
dren,6 7 adults® and the elderly.9 The effect
of physical activity is theoretically explained
by positive physiological responses, such as
higher levels of norepinephrine, endorphins
and serotonin, and lower hormonal responses
from stress,'’ ' but could also be explained
by psychological responses, such as feelings of
mastery and control, higher self-esteem, and
distracting from stressors, negative thoughts
and rumination.'* 213 However, a review done
by Bailey et al'* concluded that even though
there are promising results indicating that
physical activity may have a treatment effect
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on mental distress, there are methodological weaknesses
that obstruct a clear understanding of the association.
In addition, other studies have not found an association
between physical activity and mental health.'>”

If there are physiological and psychological benefits
of physical activity, this could indicate that the opposite
of engaging in physical activity—sedentary behaviours
that involve sitting or resting—could potentially increase
symptoms of mental distress. However, high levels of
sedentary time do not necessarily correlate with low
levels of physical activity, and as such, physical activity and
sedentary behaviours are not necessarily mutually exclu-
sive.'® Because a person may be both physically active and
sedentary over a period, adjusting for physical activity is
essential when investigating the degree to which seden-
tary behaviour is an independent risk factor of mental
health problems among adolescents.

Until recently, research on the association between
sedentary behaviour and mental health has been
restricted to using self-reported measurements of seden-
tary behaviour. The majority of the existing studies on
the association between sedentary behaviour and mental
health have operationalised the term sedentary behaviouras
hours of self-reported screen time.'” In general, previous
studies based on self-report conclude that there is a
moderate positive association between screen time and
depressive symptoms.'** A recent study investigating the
effects of screen time on adolescent well-being (opera-
tionalised as high levels of well-being and low levels of
mental health problems) found a significant negative
association.”” However, screen time only accounted
for 0.4% of the variance in broadly defined well-being,
suggesting that screen time is associated with reductions
in well-being only to a very small extent. A recent Norwe-
gian study from 2019 also reported that screen time is
associated with slight increases in depression, behaviour
problems and alcohol use among adolescents.*

Despite screen time being the most common measure
of sedentary behaviour, the validity of the measure is
questionable. Several studies have shown that screen time
is a poor estimate of sedentary behaviour compared with
objective measures.”” This means that the evidence base
regarding the relationship between sedentary behaviour
and mental distress rests on an unreliable foundation.
Hamer et al”® investigated the association between objec-
tively assessed and self-reported sedentary time with
mental health in adults, and found that the highest tertile
of objectively assessed sedentary behaviour was associated
with adverse mental health, but that the context-specific
sedentary time, TV viewing, was far less consistently asso-
ciated. This may indicate that the statistical relation-
ship between sedentary behaviour and mental health
may depend on measurement issues, and having both
objectively measured and self-report data on sedentary
behaviours may provide important insight regarding the
association.

The current study aimed to investigate the cross-
sectional and longitudinal association between (1)

objectively measured sedentary time and (2) self-reported
screen time with mental distress among adolescents partic-
ipating in The Tromsg Study: Fit Futures, in order to see
if the association is dependent on mode of measurement
of sedentary behaviour. Objectively measured minutes in
moderate to vigorous physical activity (MVPA) will serve
as a covariate in the analyses, alongside demographic,
psychosocial and health-related covariates, to investigate
to which the degree sedentary behaviour is an indepen-
dent risk factor of mental distress among adolescents.
In the longitudinal analyses, baseline levels of mental
distress will be adjusted for, enabling the coefficients of
the analyses to be interpreted as indicators of change in
the outcome between baseline and 2years later.

METHOD

Study design and sample

The present study is based on data from a longitudinal
population-based general health study, The Tromsg
Study: Fit Futures, conducted in two waves, 2years apart.
In the first wave (T1, baseline) in 2010-2011, all first-level
upper secondary school students in two municipalities
were invited to participate. In total, 1117 students were
invited, and 1038 (92.9%) participated. The second wave
(T2, follow-up) was conducted in 2012-2013, where all T1
attendees and all students at the third level of the same
upper secondary schools as in T1 were invited to partic-
ipate. In total, 1129 students were invited, out of which
870 (77%) participated. Of these, 694 (67%) students
also participated at T1. The majority of the participating
sample was 15-17 years old at T1 (middle adolescence)
and 17-19 years old at T2 (late adolescence). The study is
described in detail elsewhere.*

The Fit Futures study included a web-based question-
naire, clinical examinations and interviews performed by
trained research nurses at the study site. All participants
aged 16 or older provided informed consent, as stated in
§17 in the Norwegian Health Research Act; for partici-
pants younger than age 16, consent was also given by a
guardian.

Patient and public involvement
No patients involved.

Measurements

Sedentary time and physical activity

Percentage of sedentary behaviour per valid day and
minutes in MVPA were measured using the ActiGraph
GT3X accelerometer at TI1. The participants were
instructed to wear the ActiGraph on their dominant hip
for 8days, and to only take it off when sleeping, show-
ering or swimming.

The ActiGraph measures acceleration in movement,
referred to as ‘counts’. The raw accelerometer files
was reduced to 10s epochs using the ActiLife software
owned by the manufacturer,” the 10s epochs was further
summed to 1 min. Due to the possible variation in physical
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activity during the period of measurement, participants
with at least 10-hour wear time for at least 4 out of 7days
were considered to have valid data. The activity variables,
minutes in sedentary behaviour per valid day and minutes
in MVPA per valid day for each participant, were based on
the cut-points by Freedson et al,” sedentary behavior <100
counts per minute and MVPA >1952 counts per minute.
The percentage of the day spent in sedentary behaviour
was used as the predictor variable, and minutes in MVPA
per valid day contributed as a covariate.

Estimated hours spent per day watching a screen
(PC, TV and DVD) outside of school time for weekdays
and weekends was reported in the general question-
naire (“How many hours per day do you spend by the
PC, watching TV, DVD etc outside school during week-
days/weekends?”). The response categories ranged from
‘none’ to ‘about 10hours or more’. These ordinal vari-
ables were recoded in order to approximate a continuous
variable and thus facilitate a more appropriate interpreta-
tion in the regression analyses (‘none’ was changed into
0, ‘about 0.5hours’ into 0.5, ‘about 1 to 1.5hours’ into
1.25, ‘about 2 to 3hours’ into 2.5, ‘about 4 to 6hours’
into 5, ‘about 7 to 9hours’ into 8, and ‘about 10 or more
hours’ into 10).

Mental distress

The Hopkins Symptom Checklist-10 (HSCL-10) was
included in the general questionnaire at T1 and T2, and
measures symptoms of anxiety (four items) and depres-
sion (six items) during the previous 7days. The internal
and external validity and reliability of the HSCL-10
has been found acceptable in a number of studies (eg,
previous works™ **), and correlates well with depression
diagnosed using diagnostic interview.”” Response catego-
ries were ‘none’ (1), ‘slightly’ (2), ‘much’ (8) and ‘very
much’ (4). The average for the scale was then calculated
and further standardised, and the standardised score at
T2 served as the outcome variable in the analyses. The
analysis controlled for the average score at T1.

Covariates

Several variables may have an impact on sedentary
behaviour and mental distress, and thus, we have
included demographic variables (eg, socioeconomic
status,” sex and age”), health variables (eg, smoking,*
chronic pain,® body mass index (BMI)*’ and sleep*') and
social variables (eg, social network®) as covariates in the
analyses.

Demography at T1

Sex was included in the analyses as a possible confounder.
Further, the respondents were asked to indicate the
highest level of completed education of their mother and
father, which served as a proxy for socioeconomic status
(high/low, with high education meaning higher than
secondary vocational education) in the analyses. As the
season of the year might significantly affect the level of
physical activity, a seasonal variable indicating the time of

ActiGraph measurement at T1 and T2 (summer: May to
June and September to October, or winter: November to
April) was included in the analyses as a covariate.

Health and psychosocial variables at T1

The respondents reported if they had persistent pain that
had lasted 3months or longer (yes/no), and rated their
overall perception of their own health, measured by a
five-point Likert type scale. A variable on social network
was made by a mean score of five items asking about the
degree to which the respondents find it hard to make
friends, have many friends, feel accepted among his/her
peers, feel liked among peers, and feel popular among
peers. Sleep delay was measured by asking the respon-
dents to indicate how long they normally lie awake before
falling asleep (sleep onsetlatency) on weekdays and week-
ends. Response categories ranged from ‘30 min or less’ to
‘3hours or more’. A sleep onset latency over 30 min on
more than 3days per week is considered a clinical marker
for insomnia.”® A dichotomous variable was created, with
a cut-off at spending more than 30min falling asleep
(O=sleep onset latency 30min or less, l=sleep onset
latency over 30 min). Weight and height were measured at
the examination site and BMI was calculated by dividing
the participants weight in kg by their height in metres
squared.

Treatment of missing data

Multiple imputation (IBM SPSS V.25 for windows) was
used to impute T1 ActiGraph data and socioeconomic
status of participants who had questionnaire data from
both T1 and 2years later at T2. These variables repre-
sented a high proportion of the missing data and was
imputed in order to maintain power and reduce possible
bias due to missing values. Of the participants who had
data on both T1 and T2, 464 (67%) had valid ActiGraph
data at T1, 505 (71%) had valid data on socioeconomic
status based on fathers’ education and 529 (74%) had
valid data on socioeconomic status based on mothers’
education. A predictive model consisting of all variables
included in the analyses was used to create 50 imputed
datasets that subsequently were pooled and analysed.
After imputations, 35% of the data on percentage of
sedentary behaviour per valid day, 35% of MVPA, 26%
of socioeconomic status of mother and 29% of socioeco-
nomic status of father were imputed. After imputation,
686 participants had complete data on all the variables
used in the analyses.

Data analysis

Descriptive statistics and Pearson product-moment
correlation analysis between percentage of sedentary
behaviour per valid day measured by accelerometer and
self-reported screen time, in addition to the hierarchical
linear regression analysis, were conducted using the statis-
tical software IBM SPSS V.25.** In order to investigate the
research questions of interest, two sets of hierarchical
linear regression analyses were conducted, analysing the
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degree to which percentage of sedentary behaviour (T1)
and self-reported screen time (T1) are cross-sectionally
(at T1/baseline) or longitudinally (change between T1
and T2) associated with mental distress. In the cross-
sectional analyses, percentage of sedentary behaviour or
self-reported screen time was entered alone in the first
model. In model 2, the demographic variables (sex, age,
socioeconomic status and season) were entered, whereas
health and psychosocial variables (BMI, sleep onset
latency, self-reported health, social network, chronic pain
and either percentage of sedentary behaviour or screen
time (depending on which serves as the predictor vari-
able in the analysis in question)) were entered as covari-
ates in model 3. The same procedure was followed for
the longitudinal analyses; however, in model 1, T1 symp-
toms of anxiety and depression were included in order
to investigate residualised change in mental distress in
relation to T1 percentage of sedentary behaviour and
screen time. Interaction effects between percentage of
sedentary behaviour and self-reported screen time were
investigated in the multiple adjusted models to see if the
relationship between percentage of sedentary behaviour
and mental distress was dependent on levels of screen
time, and vice versa, under the assumption that sedentary
behaviour and screen time relate to different constructs.
Interaction effects between sedentary behaviour/screen
time and sex, mental health at T1, MVPA, social network
and BMI was also investigated. In addition, the analyses
were also conducted on complete cases only.

RESULTS
Descriptive statistics
Descriptive statistics are shown in table 1. 86.6% of the
participants at T1 engaged in less MVPA than the recom-
mended 60min per day.45 On average, the adolescents
reported 4hours of screen time per day and were seden-
tary for more than 9hours per day. Almost 80% of the
accelerometer measurements occurred during winter-
time. 20.1% of the participants at T1 had a HSCL-10 score
over the cut-off of 1.85, identified as a threshold for indi-
cating the presence of an internalising mental disorder
among adolescents.”* At T2, 26.7% had a score over the
cut-off. Finally, a majority of the participants reported
that their mother and father had a low level of education
(see table 1).

The correlation between percentage of sedentary
behaviour per valid day measured by accelerometer and
self-reported screen time was 0.20, p=0.000.

Cross-sectional analysis

The results of the cross-sectional analyses showed no signif-
icant association between objectively measured percentage
of sedentary time and mental distress at baseline (table 2).
There was a significant relationship between self-reported
screen time and mental distress at baseline in the crude,
partially and fully adjusted model. Objectively measured

Table 1 Frequencies and percentages of T1 subject
characteristics
All (n=686)
Sex
Boys 312 (45.5%)

Chronic pain T1>3 months

Yes 165 (24.1%)
SES mother T1

High>Higher education 286 (41.7%)
SES father T1

High>Higher education 242 (35.3%)

Sleep onset latency (>30min) T1
Yes 249 (36.3%)

Using the ActiGraph in the winter

T1 546 (79.6%)
HSCL-10 T1

Over cut-off 138 (20.1%)
HSCL-10 T2

Over cut-off 183 (26.7%)
MVPA (min/day)

Under 60 min 594 (86.6%)
Age (years) 16.25 (0.94)
Self-reported mean screen time per day* 4.00 (2.30)
Objectively measured sedentary time per  9.58 (2.25)
day*

MVPA (minutes per day) 44.66 (18.06)
BMI (kg/m?) 22.27 (3.95)
Self-reported health (scale of 1-5) 3.94 (0.83)
Social network (scale of 1-4) 3.30 (0.48)

Time reported in hours per day.

BMI, body mass index; HSCL, Hopkins symptoms checklist;
MVPA, Moderate to vigorous physical activity; SES, socioeconomic
status; T1, baseline.

percentage of time spent in sedentary behaviour was not
significantly related to mental distress at baseline.

The longitudinal relationship between percentage of
sedentary behaviour and change in mental distress
Objectively assessed percentage of time in sedentary
behaviour at baseline showed no significant relation-
ship with change in mental distress between baseline and
follow-up in neither crude, partly adjusted nor multiple
adjusted analyses (table 3). Of the covariates, sex, mental
distress at baseline, minutes in MVPA, sleep onset latency,
chronic pain and screen time were significant predictors of
mental distress at T2.

Self-reported screen time at baseline was significantly asso-
ciated with increased mental distress after 2 years (table 4).
Of the covariates, sex, mental distress at baseline, minutes
in MVPA, sleep onset latency and chronic pain were signifi-
cant predictors of mental distress at follow-up.

4

Opdal IM, et al. BMJ Open 2020;10:6035549. doi:10.1136/bmjopen-2019-035549

"1ybuAdos Ag paroarold
"CINgG 11 Buebin Bap 416 18x8101|qI08S|9H T 0Z0Z ‘g sun( uo /wod fwg uadolwgy/:dny wouy papeojumod ‘0Z0zZ Arenigad ZT uo 6¥SSE0-6T0Z-uadolwag/9eTT 0T se paysiiand 1sii :uadO CNg


http://bmjopen.bmj.com/

Table 2 The cross-sectional association between baseline percentage of sedentary behaviour measured by accelerometer/
self-reported screen time and standardised HSCL-10 score at T1 investigated by multiple hierarchic linear regression

Objectively measured percentage of sedentary

behaviour* Self-reported screen timet
95% Cl 95% Cl
B Lower Upper P value B Lower Upper P value
Adjusted model Block 1
Predictor variable 0.013 -0.001 0.027 0.068 0.052 0.020 0.085 0.002
Adjusted model Block 2
Predictor variable 0.014 -3.521E-5 0.027 0.051 0.078 0.046 0.110 0.000
Sex -0.506 -0.654 -0.358 0.000 -0.578 -0.727 -0.429 0.000
Age 0.080 0.004 0.156 0.040 0.081 0.006 0.156 0.034
SES father 0.011 -0.166 0.188 0.902 0.028 -0.145 0.202 0.748
SES mother —-0.008 -0.180 0.163 0.923 0.014 -0.156 0.183 0.872
Season —-0.053 -0.284 0.177 0.648 -0.070 -0.299 0.158 0.546
Adjusted model Block 3
Predictor variable 0.011 -0.004 0.026 0.143 0.048 0.017 0.079 0.002
Sex -0.472 -0.612 -0.332 0.000 -0.472 -0.612 -0.332 0.000
Age 0.023 -0.048 0.093 0.526 0.023 —-0.048 0.093 0.526
SES father 0.016 -0.146 0.179 0.842 0.016 -0.146 0.179 0.842
SES mother 0.027 -0.130 0.183 0.739 0.027 -0.130 0.183 0.739
Season -0.047 -0.258 0.164 0.664 -0.047 -0.258 0.164 0.664
MVPA 0.005 0.000 0.009 0.043 0.005 0.000 0.009 0.043
BMI —-0.009 -0.027 0.008 0.294 -0.009 -0.027 0.008 0.294
Sleep onset latency 0.427 0.284 0.571 0.000 0.427 0.284 0.571 0.000
Social network -0.358 -0.5083 -0.212 0.000 -0.358 -0.503 -0.212 0.000
Self-reported health -0.122 -0.211 -0.034 0.007 -0.122 -0.211 -0.034 0.007
Chronic pain 0.423 0.264 0.583 0.000 0.423 0.264 0.583 0.000
Control variablet 0.048 0.017 0.079 0.002 0.011 -0.004 0.026 0.143

T1 (baseline) variables: age, SES mother/father (socioeconomic status>higher education), season (winter), sleep onset latency >30min,
social network, self-reported health, chronic pain>3 months.
*Predictor variable, percentage of day spent in sedentary behavior per valid day.
TPredictor variable, screen time—time reported in hours per day.
FScreen time for when sedentary time is predictor, and sedentary time when screen time is predictor.

BMI, body mass index; HSCL, Hopkins Symptoms Checklist; MVPA, moderate to vigorous physical activity.

Interaction effects between percentage of sedentary
time and self-reported screen time were investigated in the
multiple adjusted model in separate analyses, but there
were no significant effects. This was also true for the inter-
action effects independently between percentage of seden-
tary time/self-reported screen time and sex, mental health
at baseline, MVPA, social network and BMI. Additional
analyses investigating weekday and weekend screen time
as separate predictors of mental distress showed the same
result as mean weekday, and consequently, the results are
not shown.

Sensitivity analysis on original data

Participants dropping out between Tl and T2 did not
differ in terms of percentage of sedentary time, screen
time, MVPA or symptoms of anxiety or depression. The
results from the analyses on cases with complete data on

the variables in question showed no significant associa-
tion between percentage of sedentary time and change in
mental distress, see table 5. No significant association was
also found between screen time and change in mental
distress. The regression coefficients for percentage of seden-
tary behaviour per valid day were slightly lower, whereas the
coefficients for screen time were slightly higher in Block 2
and 3 in the analyses of the non-imputed data, compared
with the imputed data shown in tables 3 and 4.

DISCUSSION

Screen time at baseline (in middle adolescence) was a
significant predictor of increasing mental distress from
middle to late adolescence, after adjusting for mental
distress at baseline, whereas the association between
objectively measured percentage of sedentary time at
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Table 3 The association between baseline percentage of sedentary time per valid day measured by accelerometer and
standardised HSCL-10 score between baseline and T2, controlling for HSCL-10 at baseline, assessed by hierarchic linearly

regression
95% Cl
B Lower Upper P value R? R change
Adjusted model Block 1 0.341 0.341
Sedentary time* 0.004 -0.007 0.016 0.460
HSCL-10 T1 1.096 0.980 1.211 0.000
Adjusted model Block 2 0.354 0.014
Sedentary time* 0.005 —-0.007 0.016 0.399
HSCL-10 T1 1.047 0.927 1.167 0.000
Sex -0.233 —-0.360 -0.106 0.000
Age —-0.006 -0.071 0.058 0.848
SES father -0.016 -0.163 0.132 0.835
SES mother 0.044 -0.098 0.187 0.541
Season —-0.009 -0.198 0.180 0.925
Adjusted model Block 3 0.388 0.034
Sedentary time* 0.009 -0.004 0.023 0.189
HSCL-10 T1 0.870 0.732 1.008 0.000
Sex -0.289 -0.419 -0.160 0.000
Age —-0.009 -0.073 0.055 0.779
SES father —-0.024 -0.170 0.122 0.747
SES mother 0.046 -0.095 0.186 0.524
Season -0.017 -0.206 0.171 0.856
MVPA 0.005 0.000 0.009 0.032
BMI —-0.005 —-0.021 0.011 0.537
Sleep onset latency 0.246 0.114 0.379 0.000
Social network -0.121 -0.257 0.016 0.084
Self-reported health -0.010 -0.092 0.071 0.807
Chronic pain 0.198 0.050 0.347 0.009
Screen time 0.038 0.010 0.066 0.008

T1 (baseline) variables: age, SES mother/father (socioeconomic status>higher education), season (winter), sleep onset latency>30 min,

social network, self-reported health, chronic pain>3 months.
*Percentage of day spent in sedentary behaviour per valid day.

BMI, body mass index; HSCL, Hopkins Symptoms Checklist; MVPA, moderate to vigorous physical activity.

baseline and change in mental distress between middle
to late adolescence was not significant. Similar associa-
tions were found in the cross-sectional analyses on base-
line data, in which a significant relationship was found
only between self-reported screen time and mental
distress. This indicates that measurement methods may
be of importance in the statistical relationship between
sedentary behaviour and mental health, and that self-
reported screen time may not be a fitting proxy for seden-
tary behaviour. Researchers should therefore thoroughly
assess the validity and reliability of the chosen method
of measurement in relation to the concept they wish to
investigate.

The discrepancy in the results necessitates a discus-
sion regarding the use of self-reported screen time
measurements versus accelerometer measurements of

sedentary behaviour. The mean levels of screen time per
day (4hours) and sedentary time (9 hours) reported in the
present study reveal a large difference, which nonetheless
comply with mean levels shown in previous studies.* 7
Additionally, less than 15% of the adolescents were suffi-
ciently active, 60min of MVPA or more,48 a finding that
is also in compliance with results of previous studies.*®®
Self-reported measurements are prone to report bias, and
adolescents have been found to overreport time spent
in MVPA®! as well as to under-report minutes in seden-
tary behaviour™ compared with objective measurements.
One study found that self-reported screen time correctly
measured sedentary time in boys,”” whereas other studies
conclude that self-reported screen time shows poor
accuracy compared with objectively measured data.?’
This current study may contribute to the evidence that
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Table 4 The association between self-reported screen time at baseline and standardised HSCL-10 score between baseline

and follow-up, assessed by hierarchic linearly regression

95% Cl
B Lower Upper P value R? R change
Adjusted model Block 1 0.344 0.344
Screen time* 0.027 0.001 0.054 0.045
HSCL-10 T1 1.088 0.973 1.203 0.000
Adjusted model Block 2 0.362 0.018
Screen time* 0.042 0.014 0.069 0.003
HSCL-10 T1 1.024 0.903 1.144 0.000
Sex -0.278 -0.408 —-0.148 0.000
Age -0.003 -0.067 0.061 0.918
SES father -0.008 -0.154 0.137 0.911
SES mother 0.056 -0.086 0.198 0.438
Season -0.018 -0.206 0.170 0.852
Adjusted model Block 3 0.388 0.026
Screen time* 0.038 0.010 0.066 0.008
HSCL-10 T1 0.870 0.732 1.008 0.000
Sex -0.289 -0.419 -0.160 0.000
Age -0.009 -0.073 0.055 0.779
SES father -0.024 -0.170 0.122 0.747
SES mother 0.046 -0.095 0.186 0.524 T
Season -0.017 -0.206 0.171 0.856 g
MVPA 0.005 0.000 0.009 0.032 §
BMI —-0.005 -0.021 0.011 0.537 g
Sleep onset latency 0.246 0.114 0.379 0.000 8
Social network -0.121 -0.257 0.016 0.084 %
Self-reported health -0.010 -0.092 0.071 0.807 (S:
Chronic pain 0.198 0.050 0.347 0.009
Sedentary time 0.009 -0.004 0.023 0.189

T1 (baseline) variables: age, SES mother/father (socioeconomic status>higher education), season (winter), sleep onset latency>30 min,
social network, self-reported health, chronic pain>3 months, sedentary time—percentage of sedentary behaviour per valid day.

*Time reported in hours per day.

BMI, body mass index; HSCL, Hopkins Symptoms Checklist; MVPA, moderate to vigorous physical activity.

self-reported screen time is not a fitting proxy to seden-
tary time and that different types of measurements may
give different results. This may have implications for
further research on sedentary behaviour as researchers
should thoroughly assess what type of measurement is
suited to measure the behaviour. In addition, clinicians
may consider the complexity of the self-reported estima-
tion of sedentary behaviours, such as screen time, as it
may be influenced by a number of psychological factors
that may include depressive symptoms.

In general, studies of the association between seden-
tary behaviour and mental distress in adolescents have
mainly used selfreport measurements for sedentary
behaviour, and the results from these studies commonly
show sedentary behaviour to predict higher levels of
mental distress.” ' **% A review found only evidence for
a significant association between self-reported sedentary

time and depression among adolescents, while anxiety
and overall psychological distress was considered incon-
clusive.” However, it is important to point out that the
effect between screen time and mental health is gener-
ally small.” ** °7%® This is true also for the present study
as supplementary analysis showed that screen time at
baseline only accounts for 1.4% of the variance in mental
distress 2years later, before adjustment of possible
confounders. Orben and Przybylski®® have argued that
the observed effect of screen time on well-being among
adolescents is too small to justify any policy changes.

Our study is one of few who have examined the associ-
ation between objectively measured sedentary behaviour
and mental distress. Likewise, few studies of self-reported
or objectively measured physical activity have applied
longitudinal designs. The results of the few existing longi-
tudinal studies tend to vary—although most have reported
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3

Table 5 The association between baseline sedentary time measured by accelerometer/self-reported screen time and change
in mean score HSCL-10 between T1 and T2—complete cases, assessed by hierarchic linearly regression

Percentage of sedentary behaviour*

Screen timet

B 95% CI P value B 95% CI P value
Adjusted model Block 1%
Predictor variable 0.005 -0.009/0.019 0.464 0.020 -0.019/0.060 0.310
Adjusted model Block 2§
Predictor variable 0.005 -0.008/0.019 0.438 0.027 -0.013/0.067 0.188
Adjusted model Block 39|
Predictor variable 0.012 -0.005/0.029 0.151 0.029 -0.013/0.070 0.173

*Percentage of day spent in sedentary behaviour.
TTime reported in hours per day.
FBlock 1: model adjusted by HSCL-10 (T1).

§Block 2: model adjusted by variables in Block 1; demography-related variables: sex, age, socioeconomic status father (>higher
education T1), socioeconomic status mother (>higher educationT1), season (Winter T1), MVPA (T1), BMI (T1), sleep onset latency
(>30min T1), social network (T1) and screen time when sedentary time was predictor or sedentary time when screen time was predictor

(T1).

fBlock 3: model adjusted by variables in Block 1, Block 2 and health-related variables: self-reported health (T1) and chronic pain (T1).
BMI, body mass index; HSCL, Hopkins Symptoms Checklist; MVPA, moderate to vigorous physical activity; T1, baseline.

a significant, but small effect of self-reported sedentary
behaviour (eg, see previous works™ *" *"). Hamer et al®
compared the association between objectively assessed
and selfreported sedentary behaviour with mental
distress in adults in a cross-sectional study, and found that
sedentary behaviour, independent of assessment method,
was associated with adverse mental health. In contrast, a
study by Hume et al” investigating the association between
sedentary behaviour as measured by accelerometer, self-
reported time spent watching TV and depressive symp-
toms in adolescent boys and girls found no significant
association between sedentary behaviour or time spent
watching TV and depressive symptoms in neither a cross-
sectional nor a longitudinal design. However, girls who
were depressed at baseline spent significantly more time
watching TV at follow-up. As studies on adults® *’ show
a relationship between objectively measured sedentary
behaviour and mental distress, as opposed to the current
study and the study by Hume e al,'” it is reasonable to
question whether sedentary behaviour may have different
psychological impact on adults and adolescents. A study
by Zahl et al’ found that objectively measured sedentary
time among Norwegian children was not associated with
depression 2years later, further pointing to the potential
age-dependent effect of sedentary behaviour on mental
distress.

It is possible that the association between sedentary
behaviour and mental distress is more complex than
what our study was able to investigate. We lack informa-
tion regarding the context in which the adolescent is
sedentary, for instance, if he/she is alone or with friends,
playing online games with other players and so on. This
social component of sedentary behaviour may impact the
relationship with mental distress. Mentally active seden-
tary behaviour, such as office work or knitting/sewing,
shows a potential positive effect on mental well-being in

adults compared with passive sedentary behaviour.”' Hall-
gren et al’” found a 5% decreased risk of major depres-
sive disorder if 30 min of passive sedentary behaviour was
replaced with equal amounts of mentally active seden-
tary behaviour. Future studies should aim to identify
how specific modes of sedentary behaviour, such as time
spent with friends, school classes or screen time, relates
to mental distress. Studies that provide knowledge on
adolescents’ sedentary behaviour patterns and possible
effect modifiers such as self-esteem and well-being are
also required to fully understand the association between
sedentary behaviour and mental distress.

Methodological considerations

The results are based on data from a relatively large sample
with repeated measurements, making it possible to inves-
tigate the association between sedentary behaviour and
mental distress over time. A major strength is that the
study contains information on sedentary behaviour both
from accelerometer data and from self-reported screen
time. This enabled investigation of the effect of measure-
ment method on the relationship to mental distress, as
well as the validity of screen time as a proxy measure
of sedentary behaviour. In addition, the study included
adjustment for several potential confounders.

Despite these strengths, the results should be inter-
preted in light of certain methodological limitations.
Even though objective measurements of physical activity
and sedentary behaviour is considered more accu-
rate and unbiased than self-report, there are still some
validity issues that may have had an impact on the results.
One issue is that accelerometers lack the ability to reli-
ably register different types of activities such as rowing
and cycling because of its static position on the hip. In
addition, hip worn accelerometers have difficulty differ-
entiating between postures, such as standing, sitting or

8
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lying down.® In the current study, the inclinometer was
not included because of the validity issues, but including
posture in the analyses may have had a slight impact on
the results, although it is unlikely to be a great source of
bias. Reliably differentiating between sedentary time and
non-wear time may also be challenging, and potentially
lead to underestimation of sedentary time measured
by accelerometer.” Additionally, the study used data
collected over a short period of wear time (7days), and
it is possible that these data are not representative of the
participants’ typical level of physical activity. Yet, research
conducted on blinded and non-blinded participants
show that the awareness of wearing an accelerometer has
no effect on the pattern of physical activity in youth.”
Physical activity levels may vary by season, but almost
all participants were measured during winter. Prelimi-
nary analyses also showed that there was no significant
difference in levels of MVPA or sedentary behaviour for
participants measured in winter or summer (results not
shown). Another limitation of the study is that data on
screen time and mental distress were collected through
self-report. Self-reported data may be subject to response
bias, in that behaviour or characteristics valued as posi-
tive may be overreported, and negative characteristics
under-reported. Furthermore, a relatively large amount
of data was imputed, due to the high percentage of
missing values. To prevent biassed estimations in multiple
imputations, missing data must be missing at random.
There is always a chance that the missing variables are
not missing at random, as we do not know the reason for
why the data are missing. However, the degree to which
the participants with missing values differ from the partic-
ipants with valid data may give us an indication for ‘the
missing pattern’. In the current study, the two groups of
participants did not differ significantly from each other,
and the results of the hierarchical regression analyses on
the sample with complete data were in essence similar
to the analyses of the imputed sample. This suggests a
higher probability for missing at random and provides
confidence that the imputation provided unbiased esti-
mates, even with higher proportions of missing data.®
The single-item chronic pain assessment in this study
was rather high, at 24.1%. Nevertheless, similar results
have been shown in other studies.®” ® The social network
variable is not from a validated test battery, and as such,
the validity of the measure is uncertain. This needs to be
taken into account when interpreting the results. In addi-
tion, there may be other potential confounders that the
study fail to control for, such as, the difference between
passive and mentally active objectively measured seden-
tary behaviour, as research have shown that mentally
active sedentary behaviour may have a positive impact
on depression combined with light physical activity for
adults.”'

Finally, the findings may not be generalisable to
adolescents as a whole, because the participants in this
study were collected from only two municipalities in the
northern region of Norway. Nevertheless, the findings

of percentage of sedentary time and minutes in MVPA
resemble those from previous findings from national and
European samples, which suggests that the participants
are no more or less active or sedentary than other adoles-
cents. Still, Northern Norway’s long winter season and
polar nights may have affected the results, and caution
with generalising the findings is advised.

CONCLUSION

The study indicates a disparity in the results depending
on the type of measurement method; self-reported screen
time was associated with increased mental distress 2years
later, whereas objectively measured time in sedentary
behaviour was not. This calls for a thorough assessment
of the validity and reliability of the chosen method of
measurement in relation to the concept one wishes to
investigate.
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