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ARTICLE INFO ABSTRACT

Keywords: It is unclear if different types of sedentary behaviour during the adolescence are differentially associated with

Physical activity psychological distress during adolescence and adulthood. It is also unknown what may mediate this potential

Il\)/[eprgssmn proposed association. The current study aimed to analyse the association of mentally-active and mentally-passive
00!

sedentary behaviours during adolescence (16y) with subsequent psychological distress during adulthood (42y),
and to examine the role of potential mediators (42y). Data from the 1970 British Cohort Study was used (N =
1787). At age 16y participants reported time and frequency in mentally-passive (TV-viewing and watching
movies) and mentally-active (reading books, doing homework and playing computer games) sedentary behav-
iours, psychological distress and organized sports participation. At 42y, participants reported cognition (vo-
cabulary test), TV-viewing, psychological distress, self-rated health, body mass index and employment status.
Education was collected throughout the follow-up years. Logistic regression and mediation models assessed
associations. Multiple imputation using chained equations was used to assess the impact of missing data.
Mentally-passive sedentary behaviour in adolescence was a risk factor for psychological distress during adult-
hood in complete-cases analysis [OR:1.44(95%CI:1.09-1.90)], which was confirmed by the model with multiple
imputation. Mentally-active sedentary behaviour at 16y was not associated with psychological distress at 42y.
Adult TV-viewing during weekends (24.7%), and self-rated health (19.0%) mediated the association between
mentally-passive sedentary behaviour during adolescence and psychological distress during adulthood. However,
the mediation was not clear in the models with multiple imputation. Mentally-passive sedentary behaviour
during adolescence was associated with elevated psychological distress during adulthood and this association
was mediated TV-viewing and self-rated health in adulthood.

1. Introduction

Depression is highly prevalent and is estimated to affect 4.4% of
global population (Ferrari et al., 2013). Moreover, depressive symptoms
are associated an reduced life expectancy (Chang et al., 2011), including
the development of cardiovascular disease among patients with
depression (Correll et al., 2017). There is large variation in the under-
lying risk and protective factors for depression, and there has been

increased attention on lifestyle behaviours as potential modifiable fac-
tors for prevention, management and treatment of common mental
disorders (Kohler et al., 2018). Psychological distress is related to
depressive symptoms and therefore is of interest in mental health
research for the prevention of depression (Bell et al., 2015; Rutter et al.,
1970). Low physical activity is associated with increased incidence of
depression, especially among adults (Schuch et al., 2018).

Also, sedentary behaviour during adolescence has been associated
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with later depressive symptoms (Hamer et al., 2016; Kandola et al.,
2020). Inflammation has been suggested as a biological mechanisms
linking sedentary behaviour and depressive symptoms among adults
(Endrighi et al., 2016). However, it is plausible that mentally active
sedentary behaviours may provide stimulation and other protective
benefits that may not be achieved through mentally passive sedentary
behaviours. Thus the type of sedentary behaviour, as opposed to dura-
tion of time spent sedentary, which is of primary interest for physical
chronic diseases, is of particular interest for mental health outcomes
(Hallgren et al., 2020; Hallgren et al., 2018; Kikuchi et al., 2014).

Indeed, previous studies found that the association between seden-
tary behaviour and depressive symptoms is possibly domain-dependent.
Specifically, mentally-passive (e.g. watching TV) sedentary behaviours
were associated with depressive symptoms, while mentally-active (e.g.
reading, working) sedentary behaviours had no association or were
protective of depressive symptoms (Hallgren et al., 2019; Hallgren et al.,
2018). However, previous studies have primarily emerged from adult
samples and the association between different types of sedentary
behaviour during adolescence and mental health in adulthood is still
unclear. This is highlighted due to the importance of adolescence for the
long-term adoption of health behaviours (Hayes et al., 2019), and a
longer period presenting higher sedentary behaviour can be differently
associated with the outcome, considering the higher latency period.
Also, the onset of mental disorders as depression occurs during adoles-
cence, which can be a critical period for the development of health be-
haviours (Kessler et al., 2007).

Considering that sedentary behaviour, especially in mentally-passive
activities, is independently associated with depressive symptoms
(Hallgren et al., 2018), previous research also has identified several
potential physical, psychological and behavioural mediators of the as-
sociation between overall sedentary behaviour and depressive symp-
toms (Stubbs et al., 2018). However, mediators of mentally-active and
mentally-passive sedentary behaviours have not been examined and
may differ because mentally-active and mentally-passive sedentary be-
haviours have potential distinct associations with health indicators
(Hallgren et al., 2018).

Considering tracking of sedentary behaviour (Busschaert et al.,
2015), it is possible that higher levels of sedentary behaviour during
adolescence may be associated with higher levels of sedentary behav-
iour during adulthood, and consequently associated with adult depres-
sive symptoms (Hamer et al., 2016; Vancampfort et al., 2017). Similarly,
sedentary behaviour can also be associated with other risk behaviours
such as physical inactivity (Koyanagi et al., 2018), which is also asso-
ciated with depressive symptoms and could be potential mediators of the
association between in the association between sedentary behaviours
and psychological distress (Stubbs et al., 2018; Werneck et al., 2019).
Considering that mentally-passive sedentary behaviour is associated
with minimal cognitive demands, cognition can also be a potential
mediator of the association between mentally-passive sedentary
behaviour and psychological distress (Horowitz-Kraus and Hutton,
2018; Kaser et al., 2017). In addition, sedentary behaviour is associated
with self-rated health (Rosenkranz et al., 2013), which is a general
perception of health and is closely associated with several indicators of
physical health as chronic diseases and mobility that can also be influ-
enced by higher sedentary behaviour (Gyasi and Phillips, 2018; Man-
tyselka et al., 2003) and seld-rated health can be associated with
depressive symptoms, acting as a potential mediator (Uchino et al.,
2019).

Therefore, we aimed to examine the association between mentally-
passive and mentally-active sedentary behaviours during adolescence
with psychological distress during adulthood and investigate the role of
potential mediators in the association between adolescent sedentary
behaviours and adult psychological distress.
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2. Methods
2.1. Cohort design and sample

The 1970 British Birth Cohort (BCS70) is a multidisciplinary longi-
tudinal study (Elliott and Shepherd, 2006). Initially, BCS70 was
designed as the British Births Survey and included all individuals from
England, Scotland, Wales and Northern Ireland who were born in a
specific week of 1970 (Elliott and Shepherd, 2006). The sample was
followed-up in 1975 (5y), 1980 (10y), 1986 (16y), 1996 (26y), 2000
(30y), 2004 (34y), 2008 (38y), 2012 (42y) and 2016 (46y). The present
study analysed data from 1986 and 2012 waves. All questionnaire data
were collected through face-to-face interviews, including self-reported
questions. All procedures contributing to this work comply with the
ethical standards of the relevant national and institutional committees
on human experimentation and with the Helsinki Declaration of 1975,
as revised in 2008. All procedures involving human subjects/patients
were approved by a internal committee for the 1986 wave and London-
Central MREC (11/L0/1560) for the 2012 wave. Participants provided
informed consent and all procedures.

The initial study sample included 17,284 people (at 1970). However,
there are substantial missing data in the adolescence wave (1986-16
years), due to a teacher’s strike; 6350 participants did not complete the
self-completion module during adolescence, with 4393 adolescents with
valid data for the main exposures. When also considering the 2012
wave, our final sample was composed of 1787 participants with com-
plete data (706 men).

2.2. Exposures: sedentary behaviour during adolescence

Mentally-active and mentally-passive sedentary behaviours were
used as our main exposures. Sedentary behaviour during adolescence
was assessed using questions covering several domains. Questions about
time spent in sedentary behaviour during the previous day were asked
regarding reading books, doing homework, watching films, playing
computer games and TV-viewing. For all these questions, possible an-
swers were: a) not at all, b) less than 1 h, ¢) more than 1 h, d) more than
2 h, e) more than 3 h or f) more than 4 h.

Sedentary behaviours were divided into two sub-groups, mentally-
passive sedentary behaviour (TV-viewing and watching movies) and
mentally-active sedentary behaviours (reading books, doing homework
and playing computer games) as per previous research (Hallgren et al.,
2019; Hallgren et al., 2018) (Supplementary Fig. A). We then summed
the number of hours reported watching TV and movies (for mentally-
passive sedentary behaviour) and the number of hours reported
reading books, doing homework and playing computer games (for
mentally-active sedentary behaviour) and dichotomised using the cut-
off point of more than 3 h was used as in previous studies (high: >3
h/day and low: <3 h/day) (Rezende et al., 2016). Magazine and
newspaper reading were also assessed, but we were unable to include in
our indicators as they were on a different scale.

2.3. Outcome: adult psychological distress

Psychological distress was evaluated using the Malaise Inventory at
both time-points, which asks questions regarding depressive moods, lack
of energy, anxiety and stress (Rutter et al., 1970). During adolescence,
the 24-item scale was used, excluding the “rheumatism and fibrosis” and
“nervous breakdown” questions. A score of 15 or higher was considered
as elevated. During adulthood, the 9-item version was applied. A score
of 4 or more was considered as elevated, as adopted in previous analyses
(Ploubidis et al., 2017). Aiming to improve the comparability between
the measures, we also considered the same 9 items of the adult scale in
the adolescent measurement, with a score of 4 or more considered as
elevated. The Malaise inventory of 24 items presented good reliability
(Cronbach alpha = 0.80) in a previous study among the UK adult
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population (Rodgers et al., 1999) and the 9-item version have a high
correlation with the 24-item questionnaire (Ploubidis et al., 2017).
However, the reliability among adolescents is unknown.

2.4. Potential mediators

Potential mediators were identified from the existing evidence base
(Hamer et al., 2016; Kaser et al., 2017; Koyanagi et al., 2018; Stubbs
et al., 2018; Vancampfort et al., 2017; Werneck et al., 2019). Cognition
was estimated using the vocabulary test, which used 20 words and
cohort members were asked to select which of the five words next to it
had a similar meaning to the original word. Vocabulary test was cate-
gorized according the mean (below mean and equal or superior to
mean). Self-rated health was also assessed using a 5-item Likert scale;
responses “good”, “very good” and “excellent” were considered as
“good” self-rated health. During adulthood, participants were asked
about the time spent watching television during weekdays and week-
ends. Possible answers were a) none, b) less than an hour, ¢) between 1
and 3 h, d) between 3 and 5 h and e) 5 h or more. More than 3 h of TV-
viewing, considering the weighted average of TV-viewing during
weekdays and weekends, was considered as elevated as used in previous
studies (Rezende et al., 2016). For physical activity assessment during
adulthood, participants were asked about the frequency of physical
exercise participation; participants who reported at least 5 days/week
were considered as active, based on proposed threshold from the World
Health Organization (World Health Organization, 2010). We used self-
rated health and physical activity at 34 years as mediators for a post-
hoc analysis, aiming to explore the temporal sequence in the associa-
tion. The question for self-rated health at 34y was similar to the question
at 42y, while physical activity at 34y was assessed through a question
regarding the frequency of physical exercise practice and we adopted
the cut-off point of 5 days/week.

2.5. Covariates

Education and employment status were inserted as covariates given
their well-known associations with depressive symptoms (Bjelland et al.,
2008; Perreault et al., 2017). Education (highest qualification achieved)
was categorized into three groups: None (no formal education or
incomplete secondary education), at least high school and more than
high school. Employment status was assessed during adulthood (having
a full-time job versus not having a full time job). Physical activity during
adolescence was evaluated through two questions asking about the
frequency of sports participation on the street/park or in a club/sports
centre. Possible answers were a) Rarely/never, b) Less than once a week,
c) once aweek or d) More than once a week. Participants that answered
“More than once a week” were considered as active. Also, body mass
index during adulthood was estimated through self-reported stature and
body mass and classified using the cut-off points of 25 kg/m? for over-
weight and 30 kg/m? for obesity.

2.6. Statistics

Frequencies and logistic estimated 95% confidence intervals were
used to describe the sample. Chi-square test and Cramer’s V were used
for the comparison between included and excluded sample in the
attrition analysis. Logistic regression models, reporting odds ratio (OR)
were used to analyse the association between different types of seden-
tary behaviour during adolescence and psychological distress.

Dependent on finding an association between types of sedentary
behaviour (16y) and psychological distress (42y), the potential media-
tion of cognition, physical activity, sedentary behaviour and self-rated
health in adulthood (42y) was tested using the methods proposed by
Valeri and Vanderweele (Valeri and VanderWeele, 2013). For this, the
total effect was decomposed into total effect (i.e. the effect of types of
sedentary behaviour on psychological distress), controlled direct effects
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(i.e. the effect of types of sedentary behaviour on psychological distress
that was not explained by the mediators), reference interaction (i.e. the
effect of types of sedentary behaviour due to the interaction with the
mediators), mediated interaction (i.e. the effect of types of sedentary
behaviour due to both mediation and interaction with the mediators),
and pure indirect effects (i.e. mediation effect). We created separate
models for each mediator and we used command “med4way” on Stata
15.1 to undertake these analyses. All models were adjusted for the other
type of sedentary behaviour (e.g. mentally-active sedentary behaviour
for mentally-passive sedentary behaviour analysis), organized sports
practice and psychological distress symptoms (Malaise Inventory with 9
items) at 16y, education, body mass index and employment status at
42y. As post-hoc analysis, we created models with self-rated health and
physical activity at 34y, aiming to explore the temporal sequence in the
association. The bias of potential unobserved/unmeasured confounders
in the main analyses was estimated through the “E-value” (VanderWeele
and Ding, 2017), which is defined as the minimum strength of associa-
tion (risk ratio scale) that an unmeasured confounder would need to
have with both exposure and the outcome to fully explain the specific
exposure-outcome association, conditional on the measured covariates.
The proposed theoretical model of mediation in the association between
type of sedentary behaviour and psychological distress is presented on
Fig. 1.

2.7. Missing data

There was a high number of missing observations for all variables
along the follow-up of the BCS70. Specifically for the present analyses,
the wave of 16y was problematic due to a teacher’s strike, which
affected the collection of data independently of sociodemographic fac-
tors as gender, social class and region of residency. For example,
considering the participants with valid data for mentally-passive and
mentally-active sedentary behaviour at 16y and participants with
missing data, the basics sociodemographic data from the initial wave
were similar: Age of mother at birth: Included: 26.1 + 5.3 vs. excluded:
25.9 + 5.6; Father’s social class (manual work): Included: 42.2% vs.
excluded: 45.0%; Country of residency (England): Included: 83.1% vs.
Excluded: 81.5%; Region of residency (Southeast): Included: 27.6% vs.
Excluded: 29.7%. However, in the posterior waves (34y and 42y), there
was a classical pattern of missing data, with a collected sample
composed of participants with higher education, women and from other
regions than Southeast (Mostafa and Wiggins, 2014). To handle missing
data, we conducted sensitivity analysis with multiple imputation.
Considering that there was no clear pattern of missing at 16y, and the
lack of strong predictors of mentally-active and mentally-passive

42 and 34 years
Self-rated health

42 and 34 years
Physical activity

16 years
Types of sedentary behaviour

\ rrm—

Cognition

42 years
Psychological distress

42 years
TV-viewing during weekdays

42 years
TV-viewing during weekends

Fig. 1. Theoretical model. Note. SB, sedentary behaviour.
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sedentary behaviours that could guide the imputations, we considered
the initial sample of 4393 adolescents conducted multiple imputation
methods for the mediators and outcomes at 34y and 42y, using chained
equations with 20 imputations to optimize the validity of the findings.
Considering missing data for the initial wave (social class, age of mother
and sex were used to guide the multiple imputation models), 4043 were
included in the analysis with imputed values. The logistic regression
models were conducted in each of the 20 imputed dataset and the mean
of the estimated from each imputed datasets was calculated for the
overall odds ratio.

3. Results

From the initial sample, 1787 participants composed the final sample
(706 men, 40%). Characteristics of the sample are presented in Table 1.
The prevalence of at least 3 h/day of mentally-passive sedentary
behaviour was 53.8%, while the prevalence of at least 3 h/day of
mentally-active sedentary behaviour was 16.4%. Also, the prevalence of
elevated psychological distress during adulthood was 15.3%. Attrition
analysis of variables measured at 42 years according to included and
excluded sample at 16 years are presented in Table 2. There were slight
differences, especially regarding education, in which included sample
presented higher prevalence of participants with more than high school.

Cross-sectional and longitudinal associations between adolescent
mentally-active and mentally-passive sedentary behaviours and psy-
chological distress during adolescence and adulthood, respectively are
presented on Table 3. In cross-sectional analyses, neither mentally-
active and mentally-passive sedentary behaviour were associated with
psychological distress. Participants reporting greater mentally-passive
sedentary behaviour during adolescence were 44% [OR: 1.44 (95%ClL:
1.09 to 1.90)] more likely to present elevated psychological distress
during adulthood, independent of mentally-active sedentary behaviour,
organized sports practice and psychological distress symptoms (Malaise
Inventory with 9 items) at 16 years, education, body mass index and
employment status at 42 years. This model had an e-value of RRR: 1.69,
suggesting that for a potential mediator to fully mediate this association
is necessary to have relative risk of 1.69 with both mentally-passive
sedentary behaviour during adolescence and psychological distress
during adulthood. However, potential mediators reduced the associa-
tion between mentally-passive sedentary behaviour and psychological
distress when inserted in the model.

Table 1
Characteristics of the sample (n = 1787).

% (95%CI)

16 years

Sex (female)
Mentally-active sedentary behaviour (at least 3 h/day)
Mentally-passive sedentary behaviour (at least 3 h/day)
Organized sports practice at club (more than once a week)
Elevated psychological distress (malaise inventory - 22
items)
Elevated psychological distress (malaise inventory - 9 items)
42 years
Screen time at weekdays (at least 3 h/day)
Screen time at weekends (at least 3 h/day)
Elevated psychological distress symptoms (malaise
inventory)
Cognition (below average vocabulary test)
Physical activity (at least 5 days/week)
Self-rated health (regular to poor)
Employment status (yes)
Education
None
Up to high school
More than high school

60.7 (58.4 t0 62.9)
53.8(51.5t056.1)
16.4 (14.7 t0 18.2)
17.4(15.7 t0 19.2)
14.5(13.0t016.3)

52.7 (50.3 to 55.0)

20.4 (18.6 t0 22.4)
41.7 (39.2t0 43.8)
15.3(13.7t017.1)

40.5(38.3t0 42.8)
19.7 (17.9 to 21.6)
34.9(32.7t037.2)
75.4(73.3t077.3)

16.6 (14.9t018.4)
45.4 (43.1t0 47.8)
38.0(35.7 to 40.3)

Note. Values are presented in frequencies (estimated 95% confidence interval).

p-values refers to the chi-square test. *n = 1577.
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Table 2
Attrition analysis of variables measured at 42 years according to complete data
at 16 years.

Included (n Excluded (n p-value Cramer’s
=1787) = 6125) v
Sex (male) 60.7 50.8 <0.001  0.083
Education <0.001 0.163
None 16.6 30.1
Up to high school 45.4 47.0
More than high school 38.0 23.0
Elevated psychological 15.3 18.8 0.001 0.038
distress (malaise
inventory)
TV-viewing during 20.5 27.3 <0.001 0.064
weekdays (at least 3 h/
day)
TV-viewing during 41.7 47.5 <0.001 0.049
weekends (at least 3 h/
day)

Note. Values are presented in frequencies.

Table 3

Association between sedentary behaviour at adolescence and elevated psycho-
logical distress symptoms (Malaise Inventory) at adolescence (cross-sectional)
and adulthood (prospective).

Psychological distress (malaise inventory)

16 years 42 years
22 items 9 items 9 items
OR (95%CI) OR (95%CI) OR (95%CI)
Base model
Mentally-active SB 0.99 (0.69 to 1.11 (0.86 to 1.09 (0.76 to
1.42) 1.44) 1.57)
Mentally-passive 0.97 (0.74 to 1.15 (0.95 to 1.44 (1.09 to
SB 1.27) 1.40) 1.90)
Cognition
Mentally-active SB - - 1.15 (0.79 to
1.66)
Mentally-passive - - 1.42 (1.07 to

SB 1.87)
Lifestyle potential mediators

Mentally-active SB — - 1.12 (0.77 to
1.61)

Mentally-passive - - 1.33 (1.00 to

SB 1.77)

Self-rated health

Mentally-active SB — - 1.07 (0.74 to
1.56)

Mentally-passive - - 1.37 (1.03 to

SB 1.82)

Note. Base model: adjusted for sex, other sedentary behaviour pattern (e.g.
mentally-active SB adjusting the model of mentally-passive SB) (for 16 years
analysis) plus employment status, education, weight status and psychological
distress symptoms at 16 years (with 9 items) for 42 years analysis. Cognition
model: Base model + vocabulary test (below average vocabulary). Lifestyle
potential mediators: Base model + physical activity and TV-viewing during
weekdays and weekends. Physical and psychological potential mediators: Base
model + self-rated health. OR, odds ratio. 95%CI, 95% confidence interval. SB,
sedentary behaviour.

Table 4 shows the cross-sectional and longitudinal associations be-
tween adolescent mentally-active and mentally-passive sedentary be-
haviours and psychological distress during adolescence and adulthood
with multiple imputation for missing values at 34y and 42y. Similar to
the complete-cases analysis, mentally-passive was prospectively asso-
ciated with higher psychological distress at 42y in all models. However,
differently from the complete-cases analysis, cognition, lifestyle be-
haviours or self-rated health did not changed the association between
mentally-passive sedentary behaviour and psychological distress, high-
lighting a direct association.



A.O. Werneck et al.

Table 4

Association between sedentary behaviour at adolescence and elevated psycho-
logical distress symptoms (Malaise Inventory) at adolescence (cross-sectional)
and adulthood (prospective), using chained multiple imputation for missing
values at 34y and 42y (n = 4043).

Psychological distress (malaise inventory)

16 years 42 years
22 items 9 items 9 items
OR (95%CI) OR (95%CI) OR (95%CI)
Base model
Mentally-active SB 0.90 (0.62 to 0.90 (0.59 to 1.01 (0.76 to
1.32) 1.37) 1.35)
Mentally-passive SB 1.26 (0.96 to 1.01 (0.73 to 1.25 (1.02 to
1.67) 1.39) 1.53)
Potential mediators at 42 years
Cognition
Mentally-active - - 1.04 (0.77 to
SB 1.40)
Mentally-passive - - 1.24 (1.01 to
SB 1.51)
Lifestyle potential mediators
Mentally-active - - 1.08 (0.81 to
SB 1.45)
Mentally-passive - - 1.39 (1.11 to
SB 1.74)
Self-rated health
Mentally-active — - 1.04 (0.77 to
SB 1.39)
Mentally-passive - - 1.30 (1.04 to
SB 1.63)
Potential mediators at 34 years
Physical activity
Mentally-active - - 1.01 (0.76 to
SB 1.35)
Mentally-passive - - 1.25 (1.02 to
SB 1.53)
Self-rated health
Mentally-active - - 1.02 (0.76 to
SB 1.37)
Mentally-passive - - 1.24 (1.01 to
SB 1.52)

Note. Base model: adjusted for sex, other sedentary behaviour pattern (e.g.
mentally-active SB adjusting the model of mentally-passive SB) (for 16 years
analysis) plus employment status, education, weight status and psychological
distress symptoms at 16 years (with 9 items) for 42 years analysis. Cognition
model: Base model + vocabulary test (below average vocabulary). Lifestyle
potential mediators: Base model + physical activity and TV-viewing during
weekdays and weekends. Physical and psychological potential mediators: Base
model + self-rated health. OR, odds ratio. 95%CI, 95% confidence interval. SB,
sedentary behaviour.

Results of mediation models, considering the complete-cases anal-
ysis, for the association between mentally-passive sedentary behaviour
during adolescence and psychological distress during adulthood are
presented in Table 5. TV-viewing during weekends and self-rated health

Table 5
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at 42 years mediated the association between mentally-passive seden-
tary behaviour during adolescence and psychological distress during
adulthood, explaining 24.7% (TV-viewing during weekends) and 19.0%
(self-rated health) of the association. In the sensitivity analysis including
self-rated health and physical activity at 34y as mediators of the asso-
ciation between mentally-passive sedentary behaviour during adoles-
cence (16y) and psychological distress during adulthood (42y), we
found that self-rated health at 34 years mediated 26.0% of the associa-
tion (Table 6).

4. Discussion

The main findings of the present study were that adolescent
mentally-passive sedentary behaviour was associated with elevated
psychological distress during adulthood. This association was mediated
by adult TV-viewing during weekends and self-rated health during
adulthood in complete-cases analysis, but the evidence of mediation was
not supported in the analysis with multiple imputation procedures for
missing data. Adult cognition, physical activity and TV-viewing during
weekdays did not emerge as mediators. Adolescent mentally-active
sedentary behaviour was not associated with adult psychological
distress. Our findings confirm previous research that different types of
sedentary behaviour can have different associations with health out-
comes (Hallgren et al., 2018).

Sedentary behaviour has been reported to be consistently negatively
associated with depressive symptoms during adolescence (Vancampfort
et al., 2018), however, previous studies have adopted single indicators
of sedentary behaviour such as total sitting time, screen time or TV-
viewing (Hoare et al., 2016; Vancampfort et al., 2018) and have not
examined both mentally-active and mentally-passive sedentary

Table 6

Mediation models of physical activity and self-rated health at 34 years of the
association between between mentally-passive sedentary behaviour at adoles-
cence (16 years) and elevated psychological distress at adulthood (42 years) (n
= 1577).

Potential Total Controlled Reference Mediated Pure
mediators effect direct effect interaction interaction indirect
effect
Physical 0.38 0.42 (—0.05 —-0.05 0.01 -0.01
activity (—0.03 to 0.89) (-0.27 to (—0.03 to (-0.02to
to 0.79) 0.18) 0.18) 0.02)
Self-rated 0.37 0.30 (—0.08 —0.02 —-0.01 0.10
health (—0.04 to 0.68) (-0.19 to (-0.10 to (0.01 to
to 0.78) 0.15) 0.08) 0.18)

Note. Values are presented in B (95% confidence interval). Adjusted for
mentally-active SB, organized sports practice and psychological distress symp-
toms (Malaise Inventory with 9 items) at 16 years, education and employment
status at 42 years. % mediated was only estimated for significant indirect effects.
% of mediation: Self-rated health: 26.0%.

Mediation models of lifestyle potential mediators and physical / psychological potential mediators of the association between mentally-passive sedentary behaviour at
adolescence and elevated psychological distress symptoms at adulthood (Malaise Inventory).

Potential mediators Total effect

Controlled direct effect

Reference interaction Mediated interaction Pure indirect effect

Cognition

Cognition (vocabulary test)
Lifestyle potential mediators

Physical activity

TV-viewing during weekdays

TV-viewing during weekends
Self-rated health

Self-rated health

0.44 (0.04 to 0.84)
0.44 (0.04 to 0.84)
0.44 (0.04 to 0.84)
0.44 (0.04 to 0.84)

0.44 (0.04 to 0.84)

0.41 (—0.03 to 0.85)
0.36 (—0.06 to 0.78)
0.46 (0.04 to 0.87)

0.43 (—-0.01 to 0.86)

0.38 (0.01 to 0.83)

0.01 (—0.24 to 0.26)
0.08 (—0.09 to 0.26)
—0.06 (—0.20 to 0.08)
—0.06 (—0.29 to 0.16)

—0.04 (—0.30 to 0.23)

0.01 (—0.05 to 0.05)

—0.01 (—0.05 to 0.02)
—0.05 (-0.17 to 0.07)
—0.04 (-0.17 to 0.09)

—0.01 (—0.05 to 0.04)

0.02 (—0.01 to 0.06)
0.01 (—0.01 to 0.03)
0.09 (—0.01 to 0.19)
0.11 (0.01 to 0.20)

0.08 (0.01 to 0.15)

Note. Values are presented in  (95% confidence interval). Adjusted for mentally-active sedentary behaviour, organized sports practice and psychological distress
symptoms (Malaise Inventory with 9 items) at 16 years, education, body mass index and employment status at 42 years. % of mediation: TV-viewing during weekends:

24.7%; Self-rated health: 19.0%.
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behaviours as done here. A possible explanation for the non-association
between mentally-active sedentary behaviour during adolescence and
psychological distress during adulthood is that mentally-active seden-
tary activities increase cognitive demand and brain connectivity
(Blacker and Curby, 2013; Horowitz-Kraus and Hutton, 2018), making it
plausible that more time spent in mentally-active activities could be
associated with better cognitive development (Blacker and Curby, 2013;
Sullivan and Brown, 2015), which is associated with mental health
(Orchard and Reynolds, 2018). Moreover, as studying is a common
behaviour during adolescence, more reading could indicate a higher
satisfaction with school environment and relationships, which are also
associated with mental health (Oberle, 2018). Conversely, mentally-
passive sedentary behaviours could present lower cognitive demand
and possibly need a higher latency period for exhibiting associations
with psychological distress.

To our knowledge, this is the first study to assess the association
between mentally-passive and mentally-active sedentary behaviours
during adolescence and psychological distress during adulthood. Our
results agree with previous studies conducted among adults in that
mentally-passive sedentary behaviours were negatively associated with
psychological distress, while mentally-active sedentary behaviours were
unlikely to have harmful effects (Hallgren et al., 2019; Hallgren et al.,
2018). Using the same cohort, Hamer et al. (2016) found no association
between total screen time during adolescence and psychological distress
during adulthood, possibly due the inclusion of playing computer games
(which is considered a mentally-active behaviour in our study as pre-
vious research found that playing games presents an elevated brain
stimulation and can improve cognition (Blacker and Curby, 2013;
Richlan et al., 2017)) in the score. The exact pathways of effect are
unknown, but this finding may suggest a cognition pathway, in which
more mentally-passive sedentary behaviour is associated with a lower
activation of brain functional connectivity (Horowitz-Kraus and Hutton,
2018), which could be associated with depression in the long-term (Scult
etal., 2017). However, we only found that cognition did not mediate the
association between mentally-passive sedentary behaviour during
adolescence and psychological distress during adulthood.

We explored potential mediation pathways between mentally-
passive sedentary behaviour and psychological distress in adulthood
and we found that TV-viewing during weekends as well as self-rated
health during adulthood mediated the association. It is possible that
TV-viewing during weekends may be more detrimental for mental
health than weekday TV-viewing as there is usually more discretionary
time at weekends so the absolute exposure to TV-viewing may be higher
than on weekdays (Khouja et al., 2019). It is also possible that choosing
to watch TV rather than participating in other, potentially more ‘active’
behaviours could be associated with psychological distress through a
lack of motivation and energy (Firth et al., 2016). In addition, this
finding indicates a possible association of mentally-passive sedentary
behaviour maintenance on psychological distress. Sedentary behaviour
during adolescence can predict self-rated health in adulthood (Burdette
et al., 2017), which can consequently affect mental health (Uchino et al.,
2019). Moreover, self-rated health can be influenced by the presence of
other chronic diseases such as cardiovascular disease which can also be
promoted by highly sedentary lifestyles and can also be associated with
depressive symptoms (Correll et al., 2017). However, we highlight that
the mediation analysis should be inferred with caution, considering the
we did not found that lifestyle behaviours or self-rated health reduced
the association between mentally-passive sedentary behaviour and
psychological distress in the models with multiple imputation for
missing values.

Limitations of the present study should be recognized. Firstly, the
number of missing data at 16 years was high; when including data from
both 16 years and 42 years, the number of missing data is even more
substantial, presenting a potential bias and precluding further stratified
analyses. Also, attrition analysis revealed slight differences in the
included sample when comparing with the excluded sample, especially
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concerning education. For this, multiple imputation was used to reduce
the bias caused by the differential dropout considering specific socio-
demographic factors. All measures were self-reported, which can pre-
sent potential recall bias as well as limited reliability and validity,
although our exposures were based on contexts of sedentary behaviour
and our outcome was psychological distress, which we currently still do
not have an objective measure. Moreover, the measure of sedentary
behaviour was different during adolescence and adulthood, separate
domains of mentally-active and mentally-passive behaviour were not
available in adulthood. Also, there were no time-points between 16
years and 42 years at which sedentary behaviour data were measured.
However, sensitivity analysis using self-rated health and physical ac-
tivity at 34 years as mediator confirmed our main results (with self-rated
health and physical activity at 42 years). It is also plausible that part of
the adolescents TV-viewing could be watching educational programs,
which can be a mentally-active activity, stimulating coginition. Despite
the limitations, to our knowledge, this is the first study to prospectively
investigate the association between adolescent mentally-passive and
mentally-active sedentary behaviours with sedentary behaviour and
mental health in mid-adulthood, and also to explore potential mediators.

Mentally-passive sedentary behaviour during adolescence was
associated with psychological distress during adulthood, while
mentally-active sedentary sedentary behaviour during adolescence was
not associated with psychological distress during adulthood. The asso-
ciation between mentally-passive sedentary behaviour during adoles-
cence and psychological distress during adulthood was mediated by TV-
viewing and self-rated health in adulthood. Potential interventions tar-
geting sedentary behaviours could focus on reducing mentally-passive
sedentary behaviours instead of total sitting time. Future studies could
investigate this association with more time-points and could explore a
greater range of potential mediators.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ypmed.2021.106436.

Funding

André Werneck is supported by Sao Paulo Research Foundation
(process 2018/19183-1). Brendon Stubbs is supported by a Clinical
Lectureship (ICA-CL-2017-03-001) jointly funded by Health Education
England (HEE) and the National Institute for Health Research (NIHR).
Brendon Stubbs is part funded by the NIHR Biomedical Research Centre
at South London and Maudsley NHS Foundation Trust. Brendon Stubbs
is also supported by the Maudsley Charity, King’s College London and
the NIHR South London Collaboration for Leadership in Applied Health
Research and Care (CLAHRC) funding. The work of Kirsten Corder and
Esther van Sluijs was supported by the Medical Research Council [Unit
Programme number MC_UU_12015/7], and undertaken under the aus-
pices of the Centre for Diet and Activity Research (CEDAR), a UKCRC
Public Health Research Centre of Excellence. Funding from the British
Heart Foundation, Cancer Research UK, Economic and Social Research
Council, Medical Research Council, the National Institute for Health
Research, and the Wellcome Trust, under the auspices of the UK Clinical
Research Collaboration, is gratefully acknowledged [087636/Z/08/Z;
ES/G007462/1; MR/K023187/1]. This paper presents independent
research. The views expressed in this publication are those of the authors
and not necessarily those of the acknowledged institutions.

Availability of data

Cohort data comply with ESRC data sharing policies, readers can
access data via the UK Data Archive (www.data-archive.ac.uk).

Ethics approval and consent to participate

Ethical approval was given for all waves, including internal review of
London Multi-Centre Research on 1970, 1975, 1980, 1986, 1996 and


https://doi.org/10.1016/j.ypmed.2021.106436
https://doi.org/10.1016/j.ypmed.2021.106436
http://www.data-archive.ac.uk

A.O. Werneck et al.

2004 waves and approval from London MREC (98/2/120) for the 2000
wave, Southampton & South West Hampshire (08/H0504/144) for the
2008 wave and London-Central (11/LO/1560) for the 2012 wave.
Informed consent was obtained for all waves.

Consent for publication

Not applicable.

Conflict of interests

None.
Author contribution

AOW: Analysis, interpretation of data and writing. KC and EH:
Interpretation of data and writing. BS and EMFvS: Revision of the draft
with substantial improvements.

Acknowledgments

We thank the Centre for Longitudinal Studies (CLS), UCL Institute of
Education, for the use of these data and the UK Data Service for making
them available. Neither CLS nor the UK Data Service bear any re-
sponsibility for the analysis or interpretation of these data.

References

Bell, S., Russ, T.C., Kivimaki, M., Stamatakis, E., Batty, G.D., 2015. Dose-response
association between psychological distress and risk of completed suicide in the
general population. JAMA Psychiatry 72, 1254-1256.

Bjelland, L., Krokstad, S., Mykletun, A., Dahl, A.A., Tell, G.S., Tambs, K., 2008. Does a
higher educational level protect against anxiety and depression? The HUNT study.
Soc. Sci. Med. 66, 1334-1345.

Blacker, K.J., Curby, K.M., 2013. Enhanced visual short-term memory in action video
game players. Attent. Percept. Psychophys. 75, 1128-1136. https://doi.org/
10.3758/513414-013-0487-0.

Burdette, A.M., Needham, B.L., Taylor, M.G., Hill, T.D., 2017. Health lifestyles in
adolescence and self-rated health into adulthood. J. Health Soc. Behav. 58, 520-536.
https://doi.org/10.1177/0022146517735313.

Busschaert, C., Cardon, G., Van Cauwenberg, J., Maes, L., Van Damme, J., Hublet, A., De
Bourdeaudhuij, I., De Cocker, K., 2015. Tracking and predictors of screen time from
early adolescence to early adulthood: a 10-year follow-up study. J. Adolesc. Health
56, 440-448. https://doi.org/10.1016/j.jadohealth.2014.11.016.

Chang, C.-K., Hayes, R.D., Perera, G., Broadbent, M.T.M., Fernandes, A.C., Lee, W.E.,
Hotopf, M., Stewart, R., 2011. Life expectancy at birth for people with serious mental
illness and other major disorders from a secondary mental health care case register
in London. PLoS One 6, €19590. https://doi.org/10.1371/journal.pone.0019590.

Correll, C.U., Solmi, M., Veronese, N., Bortolato, B., Rosson, S., Santonastaso, P., Thapa-
Chhetri, N., Fornaro, M., Gallicchio, D., Collantoni, E., Pigato, G., Favaro, A.,
Monaco, F., Kohler, C., Vancampfort, D., Ward, P.B., Gaughran, F., Carvalho, A.F.,
Stubbs, B., 2017. Prevalence, incidence and mortality from cardiovascular disease in
patients with pooled and specific severe mental illness: a large-scale meta-analysis of
3, 211,768 patients and 113,383,368 controls. World Psychiatry 16, 163-180.
https://doi.org/10.1002/wps.20420.

Elliott, J., Shepherd, P., 2006. Cohort profile: 1970 British birth cohort (BCS70). Int. J.
Epidemiol. 35, 836-843. https://doi.org/10.1093/ije/dyl174.

Endrighi, R., Steptoe, A., Hamer, M., 2016. The effect of experimentally induced
sedentariness on mood and psychobiological responses to mental stress. Br. J.
Psychiatry 208, 245-251. https://doi.org/10.1192/bjp.bp.114.150755.

Ferrari, A.J., Charlson, F.J., Norman, R.E., Patten, S.B., Freedman, G., Murray, C.J.L.,
Vos, T., Whiteford, H.A., 2013. Burden of depressive disorders by country, sex, age,
and year: findings from the global burden of disease study 2010. PLoS Med. 10,
€1001547 https://doi.org/10.1371/journal.pmed.1001547.

Firth, J., Rosenbaum, S., Stubbs, B., Gorczynski, P., Yung, A.R., Vancampfort, D., 2016.
Motivating factors and barriers towards exercise in severe mental illness: a
systematic review and meta-analysis. Psychol. Med. 46, 2869-2881. https://doi.org/
10.1017/50033291716001732.

Gyasi, R.M., Phillips, D.R., 2018. Gender, self-rated health and functional decline among
community-dwelling older adults. Arch. Gerontol. Geriatr. 77, 174-183. https://doi.
org/10.1016/j.archger.2018.05.010.

Hallgren, M., Owen, N., Stubbs, B., Zeebari, Z., Vancampfort, D., Schuch, F., Bellocco, R.,
Dunstan, D., Trolle Lagerros, Y., 2018. Passive and mentally-active sedentary
behaviors and incident major depressive disorder: a 13-year cohort study. J. Affect.
Disord. 241, 579-585. https://doi.org/10.1016/j.jad.2018.08.020.

Hallgren, M., Nguyen, T.-T.-D., Owen, N., Stubbs, B., Vancampfort, D., Lundin, A.,
Dunstan, D., Bellocco, R., Lagerros, Y.T., 2019. Cross-sectional and prospective

Preventive Medicine 145 (2021) 106436

relationships of passive and mentally active sedentary behaviours and physical
activity with depression. Br. J. Psychiatry 1-7. https://doi.org/10.1192/
bjp.2019.60.

Hallgren, M., Dunstan, D.W., Owen, N., 2020. Passive versus mentally active sedentary
behaviors and depression. Exerc. Sport Sci. Rev. 48, 20-27. https://doi.org/
10.1249/JES.0000000000000211.

Hamer, M., Yates, T., Sherar, L.B., Clemes, S.A., Shankar, A., 2016. Association of after
school sedentary behaviour in adolescence with mental wellbeing in adulthood.
Prev. Med. 87, 6-10. https://doi.org/10.1016/j.ypmed.2016.02.021.

Hayes, G., Dowd, K.P., MacDonncha, C., Donnelly, A.E., 2019. Tracking of physical
activity and sedentary behavior from adolescence to young adulthood: a systematic
literature review. J. Adolesc. Health 65, 446-454. https://doi.org/10.1016/j.
jadohealth.2019.03.013.

Hoare, E., Milton, K., Foster, C., Allender, S., 2016. The associations between sedentary
behaviour and mental health among adolescents: a systematic review. Int. J. Behav.
Nutr. Phys. Act. 13 https://doi.org/10.1186/512966-016-0432-4.

Horowitz-Kraus, T., Hutton, J.S., 2018. Brain connectivity in children is increased by the
time they spend reading books and decreased by the length of exposure to screen-
based media. Acta Paediatr. 107, 685-693. https://doi.org/10.1111/apa.14176.

Kandola, A., Lewis, G., Osborn, D.P.J., Stubbs, B., Hayes, J.F., 2020. Depressive
symptoms and objectively measured physical activity and sedentary behaviour
throughout adolescence: a prospective cohort study. Lancet Psychiatry 7, 262-271.
https://doi.org/10.1016/52215-0366(20)30034-1.

Kaser, M., Zaman, R., Sahakian, B.J., 2017. Cognition as a treatment target in depression.
Psychol. Med. 47, 987-989.

Kessler, R.C., Amminger, G.P., Aguilar-Gaxiola, S., Alonso, J., Lee, S., Ustiin, T.B., 2007.
Age of onset of mental disorders: a review of recent literature. Curr. Opin. Psychiatry
20, 359-364. https://doi.org/10.1097/YCO.0b013e32816ebc8c.

Khouja, J.N., Munafo, M.R., Tilling, K., Wiles, N.J., Joinson, C., Etchells, P.J., John, A.,
Hayes, F.M., Gage, S.H., Cornish, R.P., 2019. Is screen time associated with anxiety
or depression in young people? Results from a UK birth cohort. BMC Public Health
19, 82. https://doi.org/10.1186/512889-018-6321-9.

Kikuchi, H., Inoue, S., Sugiyama, T., Owen, N., Oka, K., Nakaya, T., Shimomitsu, T.,
2014. Distinct associations of different sedentary behaviors with health-
relatedattributes among older adults. Prev. Med. 67, 335-339.

Kohler, C.A., Evangelou, E., Stubbs, B., Solmi, M., Veronese, N., Belbasis, L.,

Bortolato, B., Melo, M.C.A., Coelho, C.A., Fernandes, B.S., Olfson, M., Ioannidis, J.P.
A., Carvalho, A.F., 2018. Mapping risk factors for depression across the lifespan: an
umbrella review of evidence from meta-analyses and Mendelian randomization
studies. J. Psychiatr. Res. 103, 189-207. https://doi.org/10.1016/j.
jpsychires.2018.05.020.

Koyanagi, A., Stubbs, B., Vancampfort, D., 2018. Correlates of sedentary behavior in the
general population: a cross-sectional study using nationally representative data from
six low- and middle-income countries. PLoS One 13, e0202222. https://doi.org/
10.1371/journal.pone.0202222.

Mantyselka, P.T., Turunen, J.H.O., Ahonen, R.S., Kumpusalo, E.A., 2003. Chronic pain
and poor self-rated health. JAMA 290, 2435-2442.

Mostafa, T., Wiggins, D., 2014. Handling Attrition and Non-response in the 1970 British
Cohort Study. Institute of Education, University of London, London.

Oberle, E., 2018. Early Adolescents’ emotional well-being in the classroom: the role of
personal and contextual assets. J. Sch. Health 88, 101-111. https://doi.org/
10.1111/josh.12585.

Orchard, F., Reynolds, S., 2018. The combined influence of cognitions in adolescent
depression: biases of interpretation, self-evaluation, and memory. Br. J. Clin.
Psychol. 57, 420-435. https://doi.org/10.1111/bjc.12184.

Perreault, M., Toure, E.H., Perreault, N., Caron, J., 2017. Employment status and mental
health: mediating roles of social support and coping strategies. Psychiatry Q. 88,
501-514.

Ploubidis, G.B., Sullivan, A., Brown, M., Goodman, A., 2017. Psychological distress in
mid-life: evidence from the 1958 and 1970 British birth cohorts. Psychol. Med. 47,
291-303. https://doi.org/10.1017/50033291716002464.

Rezende, L.F.M., S4, T.H., Mielke, G.1., Viscondi, J.Y.K., Rey-Lopez, J.P., Garcia, L.M.T.,
2016. All-cause mortality attributable to sitting time. Am. J. Prev. Med. 51, 253-263.
https://doi.org/10.1016/j.amepre.2016.01.022.

Richlan, F., Schubert, J., Mayer, R., Hutzler, F., Kronbichler, M., 2017. Action video
gaming and the brain: fMRI effects without behavioral effects in visual and verbal
cognitive tasks. Brain Behav. 8, e00877 https://doi.org/10.1002/brb3.877.

Rodgers, B., Pickles, A., Power, C., Collishaw, S., Maughan, B., 1999. Validity of the
malaise inventory in general population samples. Soc. Psychiatry Psychiatr.
Epidemiol. 34, 333-341. https://doi.org/10.1007/5001270050153.

Rosenkranz, R.R., Duncan, M.J., Rosenkranz, S.K., Kolt, G.S., 2013. Active lifestyles
related to excellent self-rated health and quality of life: cross sectional findings from
194, 545 participants in the 45 and up study. BMC Public Health 13, 1071. https://
doi.org/10.1186/1471-2458-13-1071.

Rutter, M., Tizard, J., Whitmore, K., 1970. Education, Health and Behaviour. Longmans,
London.

Schuch, F.B., Vancampfort, D., Firth, J., Rosenbaum, S., Ward, P.B., Silva, E.S.,
Hallgren, M., Ponce De Leon, A., Dunn, A.L., Deslandes, A.C., Fleck, M.P.,
Carvalho, A.F., Stubbs, B., 2018. Physical activity and incident depression: a meta-
analysis of prospective cohort studies. Am. J. Psychiatr. 175, 631-648. https://doi.
org/10.1176/appi.ajp.2018.17111194.

Scult, M.A., Paulli, A.R., Mazure, E.S., Moffitt, T.E., Hariri, A.R., Strauman, T.J., 2017.
The association between cognitive function and subsequent depression: a systematic
review and meta-analysis. Psychol. Med. 47, 1-17. https://doi.org/10.1017/
S0033291716002075.


http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0005
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0005
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0005
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0010
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0010
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0010
https://doi.org/10.3758/s13414-013-0487-0
https://doi.org/10.3758/s13414-013-0487-0
https://doi.org/10.1177/0022146517735313
https://doi.org/10.1016/j.jadohealth.2014.11.016
https://doi.org/10.1371/journal.pone.0019590
https://doi.org/10.1002/wps.20420
https://doi.org/10.1093/ije/dyl174
https://doi.org/10.1192/bjp.bp.114.150755
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1017/S0033291716001732
https://doi.org/10.1017/S0033291716001732
https://doi.org/10.1016/j.archger.2018.05.010
https://doi.org/10.1016/j.archger.2018.05.010
https://doi.org/10.1016/j.jad.2018.08.020
https://doi.org/10.1192/bjp.2019.60
https://doi.org/10.1192/bjp.2019.60
https://doi.org/10.1249/JES.0000000000000211
https://doi.org/10.1249/JES.0000000000000211
https://doi.org/10.1016/j.ypmed.2016.02.021
https://doi.org/10.1016/j.jadohealth.2019.03.013
https://doi.org/10.1016/j.jadohealth.2019.03.013
https://doi.org/10.1186/s12966-016-0432-4
https://doi.org/10.1111/apa.14176
https://doi.org/10.1016/S2215-0366(20)30034-1
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0105
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0105
https://doi.org/10.1097/YCO.0b013e32816ebc8c
https://doi.org/10.1186/s12889-018-6321-9
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0120
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0120
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0120
https://doi.org/10.1016/j.jpsychires.2018.05.020
https://doi.org/10.1016/j.jpsychires.2018.05.020
https://doi.org/10.1371/journal.pone.0202222
https://doi.org/10.1371/journal.pone.0202222
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0135
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0135
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0140
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0140
https://doi.org/10.1111/josh.12585
https://doi.org/10.1111/josh.12585
https://doi.org/10.1111/bjc.12184
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0155
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0155
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0155
https://doi.org/10.1017/S0033291716002464
https://doi.org/10.1016/j.amepre.2016.01.022
https://doi.org/10.1002/brb3.877
https://doi.org/10.1007/s001270050153
https://doi.org/10.1186/1471-2458-13-1071
https://doi.org/10.1186/1471-2458-13-1071
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0185
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0185
https://doi.org/10.1176/appi.ajp.2018.17111194
https://doi.org/10.1176/appi.ajp.2018.17111194
https://doi.org/10.1017/S0033291716002075
https://doi.org/10.1017/S0033291716002075

A.O. Werneck et al.

Stubbs, B., Vancampfort, D., Firth, J., Schuch, F.B., Hallgren, M., Smith, L., Gardner, B.,
Kahl, K.G., Veronese, N., Solmi, M., Carvalho, A.F., Koyanagi, A., 2018. Relationship
between sedentary behavior and depression: a mediation analysis of influential
factors across the lifespan among 42,469 people in low- and middle-income
countries. J. Affect. Disord. 229, 231-238. https://doi.org/10.1016/j.
jad.2017.12.104.

Sullivan, A., Brown, M., 2015. Reading for pleasure and progress in vocabulary and
mathematics. Br. Educ. Res. J. 41, 971-991. https://doi.org/10.1002/berj.3180.

Uchino, B.N., Landvetter, J., Cronan, S., Scott, E., Papadakis, M., Smith, T.W., Bosch, J.
A., Joel, S., 2019. Self-rated health and inflammation: a test of depression and sleep
quality as mediators. Psychosom. Med. 1 https://doi.org/10.1097/
PSY.0000000000000683.

Valeri, L., VanderWeele, T.J., 2013. Mediation analysis allowing for exposure-mediator
interactions and causal interpretation: theoretical assumptions and implementation
with SAS and SPSS macros. Psychol. Methods 18, 137-150. https://doi.org/
10.1037/a0031034.

Preventive Medicine 145 (2021) 106436

Vancampfort, D., Firth, J., Schuch, F.B., Rosenbaum, S., Mugisha, J., Hallgren, M.,
Probst, M., Ward, P.B., Gaughran, F., De Hert, M., Carvalho, A.F., Stubbs, B., 2017.
Sedentary behavior and physical activity levels in people with schizophrenia, bipolar
disorder and major depressive disorder: a global systematic review and meta-
analysis. World Psychiatry 16, 308-315. https://doi.org/10.1002/wps.20458.

Vancampfort, D., Stubbs, B., Firth, J., Van Damme, T., Koyanagi, A., 2018. Sedentary
behavior and depressive symptoms among 67,077 adolescents aged 12-15 years
from 30 low- and middle-income countries. Int. J. Behav. Nutr. Phys. Act. 15 https://
doi.org/10.1186/512966-018-0708-y.

VanderWeele, T.J., Ding, P., 2017. Sensitivity analysis in observational research:
introducing the E-value. Ann. Intern. Med. 167, 268-274.

Werneck, A.O., Oyeyemi, A.L., Szwarcwald, C.L., Stubbs, B., Silva, D.R., 2019. Potential
influence of physical, psychological and lifestyle factors on the association between
television viewing and depressive symptoms: a cross-sectional study. Gen. Hosp.
Psychiatry 60, 37-43. https://doi.org/10.1016/j.genhosppsych.2019.07.005.

World Health Organization, 2010. Global Recommendations on Physical Activity for
Health. World Health Organization, Geneva, Switzerland.


https://doi.org/10.1016/j.jad.2017.12.104
https://doi.org/10.1016/j.jad.2017.12.104
https://doi.org/10.1002/berj.3180
https://doi.org/10.1097/PSY.0000000000000683
https://doi.org/10.1097/PSY.0000000000000683
https://doi.org/10.1037/a0031034
https://doi.org/10.1037/a0031034
https://doi.org/10.1002/wps.20458
https://doi.org/10.1186/s12966-018-0708-y
https://doi.org/10.1186/s12966-018-0708-y
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0230
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0230
https://doi.org/10.1016/j.genhosppsych.2019.07.005
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0240
http://refhub.elsevier.com/S0091-7435(21)00020-7/rf0240

	Associations between mentally-passive and mentally-active sedentary behaviours during adolescence and psychological distres ...
	1 Introduction
	2 Methods
	2.1 Cohort design and sample
	2.2 Exposures: sedentary behaviour during adolescence
	2.3 Outcome: adult psychological distress
	2.4 Potential mediators
	2.5 Covariates
	2.6 Statistics
	2.7 Missing data

	3 Results
	4 Discussion
	Funding
	Availability of data
	Ethics approval and consent to participate
	Consent for publication
	Conflict of interests
	Author contribution
	Acknowledgments
	References


