ING'S
OPEN (5 ACCESS College
LONDON

King’s Research Portal

DOI:
10.1192/bjp.2019.60

Document Version
Peer reviewed version

Link to publication record in King's Research Portal

Citation for published version (APA):

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 relationships of passive and mentally active sedentary
behaviours and physical activity with depression. The British journal of psychiatry : the journal of mental science,
1-7. https://doi.org/10.1192/bjp.2019.60

Citing this paper

Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volumel/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.

General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.

*Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
*You may not further distribute the material or use it for any profit-making activity or commercial gain
*You may freely distribute the URL identifying the publication in the Research Portal

Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 06. Oct. 2023


https://doi.org/10.1192/bjp.2019.60
https://kclpure.kcl.ac.uk/portal/en/publications/c15d277b-4fdb-42a3-92e9-3f386e8337a7
https://doi.org/10.1192/bjp.2019.60

g ~AOWN PR

~

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28
29

30

Abstract = 287

Words = 4,382

Figures = 0, Tables =3
Supplementary Tables =1

Cross-sectional and prospective relationships of passive and mentally-active sedentary
behaviours and physical activity with depression

Submission to: the British Journal of Psychiatry

Mats Hallgren®, Thi-Thuy-Dung Nguyen, Neville Owen,
Brendon Stubbs, Davy Vancampfort, Andreas Lundin, David Dunstan,

Rino Bellocco & Ylva Trolle Lagerros

*Address for correspondence:
Mats Hallgren, Karolinska Institutet, Solnavdgen 1le, level 6, 113 65 Solna; mats.hallgren@Ki.se.



mailto:mats.hallgren@ki.se

31

32
33
34
35
36
37
38
39

40
41
42
43
44
45
46

47
48
49
50
51
52
53
54
55
56
57

58
59

60

61
62

ABSTRACT

Background: Sedentary behaviour (time spent sitting, as distinct from lack of physical
activity) can be associated with poor mental health, but it remains unclear whether all types of
sedentary behaviour have equivalent detrimental effects. Prospective studies utilizing
clinician-diagnoses of depression can reduce such misclassification bias, but are scarce. The
primary aim was to model the potential impact on depression of replacing passive (e.g., TV-
viewing) with mentally-active sedentary behaviours (e.g., desk-based office work), and with
light and moderate-to-vigorous physical activity. An additional aim was to explore these
relationships using both self-report data and clinician-diagnoses of depression.

Method: In 1997, 43,863 Swedish adults were initially surveyed and their responses linked to
patient registers until 2010. The isotemporal substitution method was used to model the
potential impact on depression of replacing 30-minutes of passive sedentary behaviour with
equivalent durations of mentally-active sedentary behaviour, light physical activity, or
moderate-to-vigorous physical activity. The outcomes were self-reported frequent symptoms
of depression (cross-sectional analyses) and clinician-diagnosed incident major depressive

disorder (MDD; prospective analyses).

Results: Of 24,060 participants with complete data (mean age=49.2 years, SD=15.8, 66%
female), 1,526 (6.3%) reported having frequent symptoms of depression at baseline. There
were 416 (1.7%) incident cases of MDD during the 13-year follow-up. Modelled cross-
sectionally, replacing 30-minutes/day of passive sedentary behaviour with 30-minutes/day of
mentally-active sedentary behaviour, light physical activity, and moderate-to-vigorous
activity reduced the odds of having frequent symptoms of depression by 5% (OR=0.95, 95%
C1=0.94-0.97), 13% (OR=0.87, 95% CI=0.76-1.00) and 19% (OR=0.81, 95% CI1=0.93-0.90),
respectively. Modelled prospectively, substituting 30-minutes/day of passive with 30-
minutes/day of mentally-active sedentary behaviour reduced the risk of MDD by 5%
(HR=0.95, 95% CI1=0.91-0.99); no other prospective associations were statistically

significant.

Conclusions: Substituting passive with more mentally-active sedentary behaviours, light
activity or moderate-to-vigorous activity may reduce the risk of depression in adults.

Declaration of interest: None.

Keywords: Sedentary behaviour, physical activity, depression, isotemporal substitution

modelling.Relevance statement (93/100 words):
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Practicing psychiatrists require updated information concerning factors that may be
considered when dealing with patients suffering from depression. Large amounts of time
spent sitting and physical inactivity are attributes of depression. Our new findings highlight
potentially clinically-relevant relationships of passive and mentally-active sitting time and
physical activity with depression. Specifically, they suggest that treatment outcomes for
depression may be enhanced by encouraging patients to replace periods of time spent in
passive sedentary behaviours (such as TV-viewing) with mentally-active sedentary
behaviours (e.g., reading) and preferably with physical activity of a light or moderate

intensity.

1. INTRODUCTION
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Low levels of physical activity are consistently associated with an elevated risk of
depression,* while structured forms of physical activity and exercise programs can be
effective in the treatment of mood disorders.? When adults are not being physically active,
they can spend a great deal of their time in sedentary behaviours (sitting). Those with
depression spend significantly more time sitting than do their non-depressed counterparts.
Conceptually and practically, sitting time may be considered to be distinct from being
physically inactive (i.e., engaging in less than 150 minutes of moderate-intensity physical
activity per week), with the term sedentary behaviour referring to any waking activity
characterized by an energy expenditure of <1.5 metabolic equivalents in a seated or reclining
posture.* Examples of these ubiquitous daily behaviours include TV-viewing, office work,
driving, etc. Extended periods of time spent in sedentary behaviour have been linked to
increased risk of diabetes, cardiovascular disease, and premature mortality,> © and these
associations have been observed after controlling for time spent in leisure-time moderate-to-
vigorous physical activity.” There are also relationships of sedentary behaviour with adverse
mental health outcomes. In a meta-analysis, the risk of depression from sedentary behaviour
was 31% higher over 13 cross-sectional studies, and 14% higher over 11 prospective studies.®
Two recent trials demonstrated that experimentally-induced sedentary behaviour can have
adverse effects on mood and depression.® 1 In one trial, a 32 minute/day increase in sedentary
behaviour over two weeks resulted in mood disturbances that were independent of changes in

physical activity.1

However, it remains unclear whether all types of sedentary behaviour can have equivalent
detrimental effects on mental health. Some sedentary behaviours are characterized by
cognitive effort (e.g., desk-based office work), whereas others primarily involve more-passive
mental activity (e.g., TV-viewing). This distinction has been made previously!! but not in the

context of depressive symptoms or disorders. Given the nature of depression, which is
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associated with cognitive deficits, behavioural inactivation, and higher than average durations
of physical inactivity,'? it is plausible that some sedentary behaviours — particularly those that
are passive — may increase the risk of depression more than others. In a 2-year prospective
study examining associations of TV-viewing, internet use and reading with mental health,
TV-viewing time at baseline (> 6 vs. <2 h) was associated with more depressive symptoms
and worse global cognitive functioning, while internet use and reading were associated with
less depressive symptoms.*® Using the same data reported here, we previously examined
longitudinal relationships of passive and mentally-active sedentary behaviours with incident
major depressive disorder in 37,504 adults.** After adjustment for relevant co-variates
including physical activity, engaging in mentally-active sedentary behaviours for >3
hours/day (compared to < 3 hours/day) was associated with significantly reduced hazards of
developing a depressive illness over 13-years. Conversely, a non-significant inverse (i.e.,
detrimental) association was found for time spent in passive sedentary behaviours, suggesting
possible differential effects on depression. Although our previous findings on associations of
sedentary behaviours with depression are informative, they do not identify specifically the
benefits that might arise if other activities are substituted. While several studies have
independently shown the harms associated with too much sitting.> ¢ in the context of
depression, none have examined the effects of replacing passive with mentally-active
sedentary behaviours. Revealing the intricacy of these relationships could have public health

and clinical relevance.

Additional prospective studies utilizing clinician-diagnoses of depression are needed to
reduce the misclassification bias that arises when depression is self-rated. Equally, however,
self-report questionnaires are relevant as they may capture sub-threshold symptoms which are
perceived as distressing and could precede the onset of major depression. Thus, comparing

self-reported symptoms of depression with clinician-diagnoses may provide a more complete
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and clinically-relevant picture of these relationships. Our aim was to model the potential
impact on depression of substituting short (30 minute) durations of passive sedentary
behaviour with equivalent durations of mentally-active sedentary behaviour; light physical
activity, and moderate-to-vigorous activity. The primary outcomes were self-reported frequent
symptoms of depression (cross-sectional analyses) and clinician-diagnosed incident major
depressive disorder (MDD; prospective analyses). Associations were examined using both

cross-sectional and longitudinal data.

2. METHOD
2.1 Participants

Data originate from the Swedish National March Cohort (http://ki.se/en/meb/the-swedish-

national-march-cohort-nmc),*® a four-day national fundraising event arranged by the Swedish

Cancer Society in some 3600 Swedish cities and villages in September 1997. In total, 43,863
participants completed a 36-page survey with detailed questions about health behaviours and
lifestyle, including specific questions on physical activity habits (type, frequency and
duration). Reliability and validity findings for the activity questionnaire has been published
previously, and the survey has been used extensively.!® Exclusion criteria included:
participants who were younger than 18 years at the beginning of the follow-up (n=1,741),
those who emigrated (n=465) or died (n=8), or that had a primary diagnosis of any mental
disorder (ICD-8: 290-315; ICD-9 290-319; ICD-10; FO0-F99) (n=1,089) before the beginning
of the follow-up. After removing these cases, the sample eligible for follow-up was 40,569
participants. For the current analyses, only complete cases were included, where participants
provided data for all exposures and co-variates (n=24,060). In prospective analyses, to
examine only incident cases, we further excluded 1,526 participants based on the presence of
self-reported frequent symptoms of depression at baseline (n=22,534). The authors assert that

all procedures contributing to this work comply with the ethical standards of the relevant
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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 The Research Ethics Vetting Board in Stockholm. Verbal informed consent

was obtained from all participants (witnessed and formally recorded).

2.2 Study outcomes: Self-reported frequent symptoms of depression and clinician-
diagnosed major depressive disorder (MDD).

Depression was assessed in two ways: in cross-sectional analyses, baseline depression was
assessed using the self-rated question, “How often do you feel sad, low-spirited, depressed?’
where the last two response alternatives (never, sometimes, often, always) were categorized as
having frequent symptoms of depression (for brevity, also referred to as ‘symptoms of
depression’). For prospective analyses, the occurrences of incident MDD (ICD codes: F32.0,
F32.1, F32.2, F32.8, F32.9, F33.0, F33.1, F33.2, F33.4, F33.8, F33.9) during the 13-year
follow-up to 31% December 2010 were ascertained through linkages to existing nationwide,
complete and continuously updated specialist medical registers, including inpatient and
outpatient records. All diagnoses were made by a specialist clinician, often a psychiatrist or
clinical psychologist. Accurate linkages - and thus essentially complete follow-up were
attained using the individually unique National Registration Numbers (NRNs), assigned to all
Swedish residents as identifiers both in the baseline questionnaire and in all registers.
Currently, there is no nationwide primary healthcare register in Sweden.

2.3 Exposures: sedentary behaviours and physical activity

Four categories were assessed: (1) passive sedentary behaviours, (2) mentally-active
sedentary behaviours, (3) light physical activity, and (4) moderate-to-vigorous physical
activity. The last two activity categories were obtained from separate questions within the
baseline questionnaire, as described below. For prospective analyses, total activity was

calculated by summing time spent in these four activities, as described below. To facilitate
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interpretation of the results, and in line with previous studies,'® 1" we examined the
associations with depression of replacing 30-minutes of passive sedentary behaviour with
equivalent durations of mentally-active sedentary behaviour, light physical activity, and
moderate-to-vigorous physical activity (defined below). This duration (30 minutes) was also
chosen for practical reasons; longer duration changes in activity could have stronger effects,

but may not be feasible for most people.

Two questions assessed participation in passive and mentally-active sedentary behaviours.
Both were prefaced with the following: How physically active are you on an ordinary
weekday? Specifically, how much time per day/night do you devote to activities that require
effort similar to: (a) Watching TV, listening to music, sitting in the bathtub? (passive
sedentary behaviours); and (b) Office work, sitting in a meeting, knitting/sewing? (mentally-
active sedentary behaviours). Each activity category was illustrated with a relevant visual
image. For each question, eight response alternatives were provided to estimate the amount of
time typically spent in each activity (in minutes): 0-4, 5-9, 10-19, 20-39, 40-89, 90-179, 180-
359, and 360-720. The mid-point of each response was calculated and added to determine a

continuous sedentary behaviour score for each activity.

The average weekly duration of moderate-to-vigorous physical activity was estimated by
asking participants how much time per week they usually spent in ‘exercise, athletics, and
sports’, including: (1) walking; (2) strenuous exercise (e.g. jogging, swimming); and (3) hard
training/competition; each rated separately. The question implied that these activities were
undertaken in a purposeful or structured manner; thus, walking was included in the definition
of moderate-to-vigorous physical activity, as previously recommended.'® For each question,
there were six response alternatives: 0, 0-1, 2, 3, 4, and >5 hours per week. Ratings were

made separately for summer and winter and then averaged. Hours per week were converted
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into minutes: 0, 30, 120, 180, 240, and 300 minutes, respectively. After adding the total
number of moderate-to-vigorous physical activity minutes, participants were categorized as
‘below’ (0-149 minutes), ‘achieving’ (150-299 minutes) or ‘exceeding’ (=300 minutes) the
World Health Organization (WHO) recommended durations. The last category is
recommended for attaining additional health benefits from physical activity,® but has rarely
been assessed in previous studies. The method used to calculate moderate-to-vigorous
physical activity is comparable to recent studies using METs-minutes.'® Both the physical
activity and the sedentary behaviour questions have been validated and used extensively in

previous studies.1® 202

2.4 Covariates
Based on previous evidence of association with sedentary behaviour and/or depression,® the
following variables were included in the statistical models:

Body mass index (BMI): was calculated from self-reported weight and height (kg/m?) then

categorised according to the WHO’s BMI classification for adults; not overweight (<25),
overweight (25-<30), and obese (>30). Due to the small number of observation for
underweight (1.3%), this group was collapsed with the first category.

Education: was assessed by a question about the kind of education/school attended,
Participants were grouped into 4 categorises: Compulsory school (year 9); Upper-secondary
(years 10-12), Tertiary; Vocational and other.

Smoking status: was assessed by asking participants if they had ever smoked cigarettes for six

months or more. Those answering yes were coded as ‘ever smoked’.

Comorbidities: were assessed based on whether or not the following twelve self-reported

conditions had been treated by a medical doctor; asthma, heart attack, high blood pressure,

angina pectoris, angina pectoris in legs (claudication), lipid disturbance, stroke, rheumatoid
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arthritis, tuberculosis (TB), cancer, diabetes, multiple sclerosis. A total score was determined
by adding each condition.

Age and Sex: Age was categorized into three groups based on the distribution of data; <45,
45-59 and >60 years. Sex was considered a confounder due to the reported gender differences

in depression.

2.5 Statistical analyses

Baseline characteristics were calculated using descriptive statistics (mean, median, SD).
Isotemporal substitution modelling (ISM)? has been used previously to estimate the effects of
replacing different durations of physical activity on body weight and the risk of chronic
disease.?>?* Compared with conventional regression modelling, 1ISM can provide a more
accurate estimation of the potential effects of different activities. Within total waking hours,
time spent in one type of activity usually occurs at the expense of time engaged in related
activities; ISM uniquely enables examination of the potential impact on depression of
substituting one type of activity with another. Given these advantages, ISM was used to assess
the associations with depression of replacing 30-minutes of passive sedentary behaviour with
30-minutes of (a) mentally-active sedentary behaviour, (b) light physical activity, and (c)
moderate-to-vigorous physical activity. Associations were examined cross-sectionally using
self-reported frequent symptoms of depression at baseline, and longitudinally using clinician-
diagnosed major depressive disorder (MDD) as outcome. For cross-sectional analyses,
logistic regression was used to calculate odds ratios (ORs), 95% confidence intervals (CIs)
and p-values. For longitudinal analyses, Cox proportional hazards regression analyses were
used to calculate hazard ratios (HRs) and associated Cls. Survival time was censored at the
date of death from all causes or at the end of the follow-up for those who did not have MDD.
For both sets of analyses, three models are reported; single, partition, and substitution models.

The three models are briefly explained below using logistic regression as an example. The
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same principles were applied for Cox regression models. For brevity, we use PA for physical
activity and SB for sedentary behaviour in these equations.

Single models assessed the association of each type of activity with depression (as defined
previously), adjusting for confounders: Log (odds depression) = Bo + B1*Passive SB +
B2*Covariates.

Partition models assessed the association between each type of activity and depression

adjusting for confounders, while keeping other activities constant: Log (odds depression) = Bo
+ Bi1*Passive SB + B2*Mentally-active SB + Bs*Light PA + B4* Moderate-to-vigorous PA +
Bs*Covariates. As total activity is not controlled in the partition model, the beta-coefficient of
each activity represents the additive effect of these activities on depression, not the

substitutive effects.

Substitution models assessed the effect of replacing 30-minutes of passive sedentary
behaviour with 30-minutes of mentally-active sedentary behaviour, light physical activity, and
moderate-to-vigorous physical activity: Log (odds depression) = Bo + B2*Mentally active SB
+ Bs*Light PA + B4* Moderate-to-vigorous PA + Bs*Total activity + Be*Covariates. In the
substitution models, passive sedentary behaviour is dropped, but total activity (that is, all
sedentary behaviour and physical activity) is retained. Because total activity is held constant,
a 30 minute increase in mentally-active sedentary behaviour results in an equivalent decrease
in activities not included in the model (i.e. passive sedentary behaviours), Thus, the beta
coefficients Bz, B3, and B4 can be interpreted as the effect on depression of replacing 30-
minutes of passive sedentary behaviour with the equivalent duration of mentally-active
sedentary behaviour, light physical activity, and moderate-to-vigorous physical activity,
respectively. Before running the prospective models (Cox regression), we used Schoenfeld
residuals to test the assumption of proportional hazards for each covariate adjusting for other

covariates in the model. There was no evidence for a violation of the assumption.
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3. RESULTS

3.1 Participant characteristics

Participant characteristics are shown in Table 1. Sixty-six percent were female (mean age =
49.2 years; SD = 15.8) and 30% had a tertiary education. Thirty-nine percent of participants
were overweight or obese; 39% reported having ever smoked cigarettes (> 6 months) and
30% had >1 co-morbidity. Participants reported approximately 5.5 hours/day in total
sedentary behaviours, and 37 minutes/day in light physical activity and moderate-to-vigorous
activity combined. Of the total sample, 6.3% reported having frequent symptoms of
depression at baseline, and 1.7% was diagnosed with MDD over the 13-year follow-up.
Among the 22,534 participants who did not report symptoms of depression at baseline, 320
(1.4%) developed MDD during the course of follow-up. There was a significant inverse
association between the passive and mentally-active sedentary behaviours (Spearman’s rho =
-0.071, p<0.01). There were some differences between the analytic and excluded sample (i.e.
those with missing data on covariates). Specifically, the excluded sample included more
participants that were: male, elderly, obese, smoked, had > 1 co-morbidity, less formal
education, and spent more time in passive sedentary behaviours. A detailed comparison is

available in Supplementary Table 1.

Insert Table 1 here

3.2 Cross-sectional associations with self-reported frequent symptoms of depression
Table 2 shows associations between self-reported symptoms of depression, with sedentary
behaviours, light physical activity and moderate-to-vigorous physical activity. The single
models indicate the association between each type of activity and symptoms of depression
adjusting for confounders (listed above). Passive sedentary behaviours significantly increased

the odds of reporting depressive symptoms. A 30-minute increase in light physical activity
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and moderate-to-vigorous activity reduced the odds of having symptoms of depression by
23% (OR=0.87, 95% CI1=0.77-0.99), and 28% (OR=0.82, 95% C1=0.74-0.91), respectively. In
the partition model, a 30-minute increase in passive sedentary behaviour increased the odds of
depressive symptoms by 6% (OR=1.06, 95% CI=1.04-1.07); conversely, and a 30-minute
increase in mentally-active sedentary behaviour reduced the odds of depressive symptoms by
14% (OR=0.86, 95% CI=0.77-0.95). In the substitution model, replacing 30 minutes of
passive sedentary behaviour with 30 minutes of mentally-active sedentary behaviour, light
physical activity, and moderate-to-vigorous activity significantly reduced the odds of
depressive symptoms by 5% (OR=0.95, 95% CI=0.94-0.97), 13% (OR=0.87, 95% CI=0.76-
1.00), and 19% (OR=0.81, 95% CI1=0.93-0.90) respectively. Thus, there was a dose-response
relationship where substituting passive sedentary behaviours with higher-intensity activities

had a greater benefit on depressive symptoms.

3.3 Prospective associations with clinician-diagnosed MDD

In prospective analyses (Table 3) using substitution models, replacing 30-minutes of passive
sedentary behaviour with 30 minutes of mentally-active sedentary behaviour reduced the risk
of clinician-diagnosed MDD by 5% (HR=0.95, 95% C1=0.91-0.99). No other prospective

associations were statistically significant.

Insert Tables 2 and 3 here

4. DISCUSSION

In the context of emerging research demonstrating links between sedentary behaviour and
mood disorders,>?’ this is the first study to examine the potential impact on depression of
replacing passive with mentally-active sedentary behaviours. In both cross-sectional and

prospective analyses, substituting 30-minutes of passive sedentary behaviour with 30-minutes
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of mentally-active sedentary behaviour reduced the odds of depressive symptoms and
clinician-diagnosed MDD by 5%, respectively. Cross-sectionally, compared to replacement
with mentally active sedentary behaviours (5%), larger magnitude effects on depressive
symptoms were observed when replacing passive sedentary behaviours with light physical
activity (23% lower odds), and moderate-to-vigorous activity (28% lower odds). Consistent
with our previous work, these findings suggest that passive sedentary behaviours may
heighten the risk of depression in adults. The current study adds the observation that
substituting common passive sedentary behaviours with mentally-active sedentary behaviours,
or (preferably) with light physical activity or moderate-to-vigorous activity, may reduce

depressive symptoms in adults.

Previous longitudinal studies have consistently shown beneficial relationships of moderate-to-
vigorous physical activity with lower risk of depression.! Unlike the cross-sectional results,
no significant associations were found with moderate-to-vigorous activity in the prospective
substitution models. Differences between the cross-sectional and prospective models may be
attributable to several factors, including the relatively low incidence rate of MDD in the
current study. Diagnoses were obtained from specialist inpatient and outpatient healthcare
registers, not from primary care, where some individuals with mildly severe depression (yet
still meeting the criteria for MDD) could initially seek treatment. Thus, the incidence rate of
MDD may have been underestimated slightly, making it less likely to observe an association
where one may exist. An alternative interpretation could be that the beneficial substitution
effects seen here do not occur at higher ‘thresholds’ of depression; in this case MDD
diagnosed by a specialist clinician. Despite these inconsistencies, the cross-sectional self-
report data offers a relevant perspective by taking into account self-rated symptoms of
depression, which are prevalent in the general population and frequently precede the onset of

major depression.?® Thus, the cross-sectional findings could be particularly relevant from a
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376  prevention perspective. Although the associations of replacing passive sedentary behaviours
377  with moderate-to-vigorous physical activity were not statistically significant in longitudinal
378  analyses, the direction of these relationships was as predicted (i.e. beneficial). Moreover, there
379 isevidence from previous prospective studies and controlled trials indicating the benefits of
380  moderate-intensity physical activity on both depression and somatic health generally.? 2
381  Taken together, and seen in the context of existing research, these findings suggest potential
382  mental health benefits of replacing passive sedentary behaviours with moderate-to-vigorous
383  physical activity.

384

385  Our findings are consistent with recent studies demonstrating beneficial associations of light
386  physical activity and lower levels of sedentary behaviour with depression.® *° Two previous
387  studies have used ISM to explore relationships of sedentary behaviour with depression. In a
388  recent cross-sectional study involving 276 older adults, and using objective measures of
389 activity, Yasunaga et al. (2018) found that replacing 30-minutes/day of sedentary behaviour
390  with 30-minutes/day of light physical activity was negatively associated with self-rated

391  depression (B=-0.131, 95%CI -0.260 to -0.002)*". Mekary et al. (2013) prospectively

392  examined the associations of different activities with various activity displacements and

393  depression risk among 32,900 US women over ten years?’. An isotemporal substitution

394  gradient was found for TV-viewing, such that replacing 60-minutes/day of this activity with
395  60-minutes/day of brisk walking was associated with lower depression risk. However, a

396  similar ‘protective’ association was not seen when TV-viewing was replaced with slow

397  walking, which could indicate that a minimum physical activity ‘dose’ is required to elicit
398 these effects.?” In the current study, similar beneficial associations with self-reported

399  symptoms of depression were seen for replacing passive sedentary behaviours with walking.

400
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There are several plausible explanations for the differential effects of passive and mentally-
active sedentary behaviours on depression. One explanation relates to the context of these
activities. Office work and ‘sitting in a meeting’ (both assessed here) usually occur in work
environments. Employment is linked to better mental health, even when it involves sedentary
behaviour, as it can promote a sense of autonomy, belonging, and achievement. Work can
also foster supportive social relationships. Thus, the negative mood states associated with
passive sedentary behaviours could potentially heighten the risk of depression more than
mentally-active sedentary behaviours, despite equivalent energy expenditure. We also
speculate that substituting passive with mentally-active sedentary behaviours might reduce
negative rumination which, in turn, may counteract the vicious cycle of maladaptive
cognitions often seen in depressed individuals. Other physiological mechanisms could also
underlie these relationships; sedentary behaviours impact adversely on glycemic control, and
evidence suggests that glycemic variability may influence brain health and cognition.!
However, it remains to be seen whether or not this variability is linked to different types of

sedentary behaviour.

Substituting passive sedentary behaviour with light or moderate physical activity could reduce
depression through several related mechanisms. Physical activity has been shown to
upregulate monoamine neurotransmission in the animal brain; changes which may be linked
to mood disorders in humans.3? Exercise also appears to regulate the hypothalamo-pituitary-
adrenal (HPA\) axis, leading to reductions in glucocorticoid stress hormones.®® Research
supports the role of inflammation, oxidative and nitrogen stress, and neurotrophins as key
mediators in the pathogenesis of mood disorders.* Some studies suggest that higher doses of
physical activity are needed to elicit these biological mechanisms. However, in a recent 12-
week community-based randomized controlled trial of exercise for mild-to-moderate

depression in adults, we observed equivalent magnitude effects of light, moderate, and
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vigorous exercise on self-rated depression severity.*® The largest absolute improvement in
depressive symptoms was seen in the light exercise group,®® suggesting that low-intensity
exercise can also have beneficial effects on depressive symptoms. Psychosocial factors are
also relevant; exercise can act as a distraction from stressful life events, improve self-esteem,

and may reduce negative attentional biases.

Our distinction between passive and mentally-active sedentary behaviours is relatively new,
though its importance has been recognized in at least one previous study.* Kikuchi et al.
(2014) examined cross-sectional relationships of passive (TV-time, listening or talking while
sitting, and sitting around) and mentally-active (computer-use and reading books or
newspapers) leisure-time activities in older Japanese adults. Higher passive sedentary time
was associated with greater odds of being overweight and engaging in lower levels of
physical activity. Conversely, higher mentally-active sedentary time was associated with
lower odds of low physical activity.'* Psychological outcomes were also examined. Higher
passive sedentary time increased the odds of psychological distress (Kessler K6 scale), but not
after adjustment for MVVPA. Other categories of sedentary behaviour have been explored. A
meta-analysis examined possible differential effects of TV-viewing and Computer or internet
use on depression. Both outcomes were associated with a similar increased risk of depression.
Unlike these previous investigations, the current study did not assess computer or mobile
phone use which - although certainly relevant - could involve both passive and mentally-

active behaviours.

This study has notable strengths. The analyses are based on a large participant sample, and the
comprehensive baseline survey enabled relevant covariates to be included in the fully-
adjusted models. The physical activity questionnaire has been validated in previous studies,®

20 and importantly, included separate items assessing passive and mentally-active sedentary
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behaviours. The analytic approach (ISM) might also be considered an advantage, as it enables
substitution effects to be examined. Some potential limitations are also acknowledged. The
exposure was self-reported which may overestimate physical activity levels generally. One of
the study outcomes (frequent symptoms of depression) was self-rated, based on a single item
that has not been validated for this purpose, and cannot be regarded as equivalent to a
clinician diagnosis of major depression. The cohort displayed some characteristics which may
not reflect the general Swedish adult population; for example, participants were more
overweight than adults surveyed in national health surveys.®” Our reliance on clinician
diagnoses of depression is a potential strength as it reduces misclassification bias, but as
noted, the true incidence of MDD may have been underestimated slightly in prospective
analyses. However, the specialist registers are widely used in Sweden for longitudinal
research, including studies within psychiatry. To address the issue of reverse-causality, those
with indications of frequent depressive symptoms at baseline were removed from the
prospective analyses. Mental ill-health exists on a continuum and major depression is an
episodic disorder; thus, our analytic approach could limit the generalizability of our findings
to some degree. Finally, due to the age of the baseline data (1997), some relevant sedentary

behaviours were not assessed (e.g. internet and smart phone use).

In sum, these findings suggest that substituting passive with mentally-active sedentary
behaviours, light physical activity or moderate-to-vigorous activity may reduce feelings of
depression in adults, which in turn could lower the risk of developing major depression. In the
context of research showing that depressed adults are more sedentary than age-gender
matched controls,*? and studies indicating detrimental links between sedentary behaviour and
depression,? these results are also clinically relevant. They reinforce the notion that clinical
interventions for adults reporting symptoms of depression may be enhanced by screening

physical activity habits and promoting increased activity when levels fall below recommended



479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

19

guidelines.® Such interventions should aim to increase total daily physical activity while also
reducing sedentary behaviours, particularly those which are passive.® 1* Currently, there is
active discussion in the scientific literature regarding the optimal format of physical activity

interventions and their structure within psychiatric settings.3 4°

There is an opportunity for future research to further elucidate the relationships that we have
identified. Detrimental effects of sedentary behaviours on cardiovascular disease and
mortality have been established, and emerging evidence of negative mental health
consequences points to the need for further research in this context. Epidemiological
investigations combining objective measurements of total sedentary time with self-report
methods to identify which components are passive and mentally-active would be informative.
Intervention trials comparing the effects on depression of reducing passive sedentary
behaviours, versus increasing structured exercise would also be informative, as would trials in
which physical activity is increased specifically by reducing both types of sedentary

behaviour.



Table 1: Characteristics of participants

Characteristic (n=24,060) n %*
Female 15,773 65.6
Age; mean (SD), median 49.2 (15.8), 50.5 -
Age group
18- 44 9,096 37.8
45 - 64 8,116 33.7
>65 6,848 28.5
Educational level
Compulsory (9 years) 11,194 46.5
Upper-secondary (10-12 years) 5,442 22.6
Vocational and other 201 0.8
Tertiary 7,223 30.0
BMI (kg/im?)
Not overweight (<25) 14,593 60.7
Overweight 7,706 32.0
Obese (>30) 1,761 7.3
Ever smoked
No 14,698 61.1
Yes 9,362 38.9
>1 co-morbidity 7,102 29.5
Passive SB minutes/day; mean (SD), median 133 (85.6), 135
Mentally active SB minutes/day; mean (SD), median 204 (206.8), 135
Light PA minutes/day; mean (SD), median 21.9(12.9) 214
Moderate-to-vigorous PA minutes/day; mean (SD), median 15.0 (16.7), 8.6
Total PA minutes/day; mean (SD), median 374.2 (217.0), 319.1
Frequent symptoms of depression at baseline 1,526 6.3
Cumulative incidence MDD 416 1.7
*Total could be over/below 100% due to rounding. SB - sedentary behaviour; PA - physical activity; MDD - major depressive
disorder.
505
506
507
508
509
510
511
512
513
514

515
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Table 2: Odds ratios (ORs) for self-reported depression when substituting 30 minutes of passive sedentary behaviour (SB) with other types of activity

(n=24,060; cases=1,526)

Method

Passive SB

Mentally active SB

Light activity

Moderate-to-
vigorous PA

Total activity

OR 95% ClI

OR 95% ClI

OR 95% ClI

OR 95% ClI

Substitution models (A)

Partition models (B)

Single models

0.95***  0.94-0.97

1.01 1.00-1.01

Model D*

0.87* 0.76-1.00

0.92 0.81-1.05

Model E®

0.81***  0.73-0.90

0.86** 0.77-0.95

Model F®

1.06***  1.04-1.07

Model G’

1.01 1.00-1.01

0.87* 0.77-0.99

0.82***  0.74-0.91

1.01***  1.01-1.02

(A) Substituting Passive SB with other activities: 'Log (odds depression symptom) = B0 + B2*Mentally active SB + B3*Light activity + B4*Moderate-to-vigorous activity + B5*Total activity + B6*Covariates
(B) Additive effect of each activity on depression holding other activities constant:
2L og (odds depression symptom) = BO + B1*Passive SB + B2*Mentally active SB + B3*Light activity + B4*Moderate-to-vigorous activity + B6*Covariates

(C-G): Single effect of each activity on depression
3Log (odds depression symptom) = BO + B1*Passive SB + B6*Covariates

“Log (odds depression symptom) = BO + B2*Mentally active SB + B6*Covariates

SLog (odds depression symptom) = B0 + B3*Light activity + B6*Covariates

®Log (odds depression symptom) = B0 + B4*Moderate-to-vigorous activity + B6*Covariates

"Log (odds depression symptom) = BO + B5*Total activity + B6*Covariates)

*p<0.05, **p<0.01, ***p<0.001
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Table 3: Hazard ratios (HRs) for incident major depressive disorder when substituting 30 minutes of passive sedentary behaviour (SB) with other

types of activity (n=22,534; cases=320)

Moderate-to-

Method Passive SB Mentally active SB Light activity vigorous PA Total activity
HR 95% ClI HR 95% ClI HR 95% ClI HR 95% ClI HR 95% ClI
Substitution models (A) - - 0.95* 0.91-0.99 1.04 0.79-1.37 0.83 0.66-1.04 1.03 0.99-1.07
Partition models (B) 1.03 0.99-1.07 0.98 0.97-1.00 1.07 0.82-1.40 0.86 0.69-1.08 - -
: Model C? Model D* Model E® Model F® Model G’
Single models
1.03 1.00-1.07 0.98 0.97-1.00 1.05 0.81-1.37 0.87 0.70-1.08 0.99 0.97-1.01

(A) Substituting Passive SB with other activities: *h(t) = hy(t) exp (B2*Mentally active SB + B3*Light activity + B4*Moderate-to-vigorous activity + B5*Total activity + B6*Covariates)

(B) Additive effect of each activity on depression holding other activities constant:

2h(t) = ho(t) exp (B1*Passive SB + B2*Mentally active SB + B3*Light activity + B4*Moderate-to-vigorous activity + B6*Covariates)

(C-G): Single effect of each activity on depression

3n(t) = ho(t) exp (B1*Passive SB + B6*Covariates)

4h(t) = ho(t) exp (B2*Mentally active SB + B6*Covariates)

Sh(t) = ho(t) exp (B3*Light activity + B6*Covariates)

®h(t) = ho(t) exp (B4*Moderate-to-vigorous activity + B6*Covariates)
h(t) = ho(t) exp (B5*Total activity + B6*Covariates)

*p<0.05



23

AUTHOR DETAILS

Mats Hallgren PhD, Assistant Professor, Department of Public Health Sciences, Karolinska
Institutet, Solna 171 77, Sweden.

Thi-Thuy-Dung Nguyen MSc, Research Assistant, Department of Public Health Sciences,
Karolinska Institutet, Solna 171 77, Sweden.

Neville Owen PhD, Professor and Head of the Behavioural Epidemiology Laboratory, Baker Heart &
Diabetes Institute, and Swinburne University of Technology, Melbourne , Australia.

Brendon Stubbs PhD, Clinical Lecturer, Physiotherapy Department, South London and Maudsley
NHS Foundation Trust, Denmark Hill, London SE5 8AZ, United Kingdom, and Department of
Psychological Medicine, Institute of Psychiatry, Psychology and Neuroscience, King's College
London, De Crespigny Park, London, Box SE5 8AF, United Kingdom.

Davy Vancampfort PhD, Lecturer, Department of Rehabilitation Sciences, University of Leuven,
Belgium, and University Psychiatric Center KU Leuven, Leuven-Kortenberg, Belgium.

Andreas Lundin PhD, Project Coordinator, Department of Public Health Sciences, Karolinska
Institutet, Solna 171 77, Sweden.

David Dunstan PhD, Professor and Head of the Physical Activity Laboratory, Baker Heart &
Diabetes Institute, and Mary MacKillop Institute for Health Research, Australian Catholic
University, Melbourne, Australia.

Rino Bellocco PhD, Professor, Department of Medical Epidemiology and Biostatistics, Karolinska
Institutet, Sweden, and the Department of Statistics and Quantitative Methods, University of Milano
Bicocca, Milan, Italy.

Ylva Trolle Lagerros MD, PhD, Professor, Department of Medicine, Clinic of Endocrinology,
Metabolism and Diabetes, Karolinska University Hospital Huddinge, Stockholm, Sweden, and the
Department of Medicine, Clinical Epidemiology Unit, Karolinska Institutet, 171 77 Solna, Sweden.



24

REQUIRED STATEMENTS
Declaration of interest: none.

Funding: This work was supported by ICA AB; Telefonaktiebolaget LM Ericsson; the Swedish
Cancer Society [Grant CAN 2012/591]; a Karolinska Institutet Distinguished Professor Award
[2368/10-221 to HOA]; and funds from the regional agreement on medical training and clinical
research between Stockholm County Council and Karolinska Institutet [YTL]. The funders played no
role in the design of the study, the data collection or the analysis, or in the decision to publish or the
preparation of the manuscript.

Acknowledgements: We thank Statistics Sweden for scanning the questionnaires. We would also
like to thank the Swedish Cancer Society and the volunteers who were involved in data collection.

Author contribution: MH conceived the study and wrote the first draft; TTDN performed statistical
analyses; all co-authors made substantive contributions to the interpretation of data and multiple
revisions of the manuscript; RB and YTL are project leaders for the SNMC.

Data availability: MH, TTDN, RB and YTL had access to the data during preparation of this
manuscript.



25

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Schuch FB, Vancampfort D, Firth J, Rosenbaum S, Ward PB, Silva ES, et al. Physical
Activity and Incident Depression: A Meta-Analysis of Prospective Cohort Studies. Am J
Psychiatry 2018; 175: 631-648.

Cooney GM, Dwan K, Greig CA, Lawlor DA, Rimer J, Waugh FR, et al. Exercise for
depression. Cochrane Database Syst Rev 2013; 12: doi: 10.1002/14651858.CD004366.pub6.
Vancampfort D, Firth J, Schuch FB, Rosenbaum S, Mugisha J, Hallgren M, et al. 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 2017;
16: 308-315.

Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, et al.
Sedentary Behavior Research Network (SBRN) - Terminology Consensus Project process and
outcome. Int J Behav Nutr Phys Act 2017; 14: doi: 10.1186/s12966-017-0525-8.

Young DR, Hivert MF, Alhassan S, Camhi SM, Ferguson JF, Katzmarzyk PT, et al.
Sedentary Behavior and Cardiovascular Morbidity and Mortality A Science Advisory From
the American Heart Association. Circulation. 2016; 134: E262-E279.

Dempsey PC, Owen N, Yates TE, Kingwell BA, Dunstan DW. Sitting Less and Moving
More: Improved Glycaemic Control for Type 2 Diabetes Prevention and Management. Curr
Diab Rep. 2016; 16: 114.

Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, et al.
Does physical activity attenuate, or even eliminate, the detrimental association of sitting time
with mortality? A harmonised meta-analysis of data from more than 1 million men and
women. Lancet. 2016; 388: 1302-1310.

Zhai L, Zhang Y, Zhang D. Sedentary behaviour and the risk of depression: a meta-analysis.
Br J Sports Med 2014; 49:705-9

Edwards MK, Loprinzi PD. Effects of a Sedentary Behavior-Inducing Randomized
Controlled Intervention on Depression and Mood Profile in Active Young Adults. Mayo Clin
Proc 2016; 91: 984-998.

Endrighi R, Steptoe A, Hamer M. The effect of experimentally induced sedentariness on
mood and psychobiological responses to mental stress. Br J Psychiatry. 2016; 208: 245-251.
Kikuchi H, Inoue S, Sugiyama T, Owen N, Oka K, Nakaya T, et al. Distinct associations of
different sedentary behaviors with health-related attributes among older adults. Prev Med
2014; 67: 335-359

Schuch F, Vancampfort D, Firth J, Rosenbaum S, Ward P, Reichert T, et al. Physical activity
and sedentary behavior in people with major depressive disorder: A systematic review and
meta-analysis. J Affect Disord 2017; 210:139-150.

Hamer M, Stamatakis E. Prospective study of sedentary behavior, risk of depression, and
cognitive impairment. Med Sci Sports Exerc 2014; 46: 718-723.

Hallgren M, Owen N, Stubbs B, Zeebari Z, Vancampfort D, Schuch F, et al. Passive and
Mentally-Active Sedentary Behaviors and Incident Major Depressive Disorder: a 13-Year
Cohort Study. J Affect Disord 2018; 241: 579-585.

Lagerros YT, Hantikainen E, Mariosa D, Ye WM, Adami HO, Grotta A, et al. Cohort Profile:
The Swedish National March Cohort. Int J Epidemiol 2017; 46:795-795e.

Lagerros YT, Bellocco R, Adami HO, Nyren O. Measures of physical activity and their
correlates: the Swedish National March Cohort. Eur J Epidemiol 2009; 24: 161-1609.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sedentary+Behavior+Research+Network+(SBRN)+-+Terminology+Consensus+Project+process+and+outcome.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

26

Yasunaga A, Shibata A, Ishii K, Koohsari J, Oka K. Cross-sectional associations of sedentary
behaviour and physical activity on depression in Japanese older adults: an isotemporal
substitution approach. BMJ Open; 8: doi: 10.1136/bmjopen-2018-022282.

WHO. Global Recommendations on Physical Activity for Health; World Health Organization
Guidelines Approved by the Guidelines Review Committee; WHO 2010: ISBN 978 92 4 159
997 9.

McDowell CP, Dishman RK, Vancampfort D, Hallgren M, Stubbs B, MacDonncha C, et al.
Physical activity and generalized anxiety disorder: results from The Irish Longitudinal Study
on Ageing (TILDA). Int J Epidemiol 2018; 47:1443-1453.

Lagerros YT, Mucci LA, Bellocco R, Nyren O, Balter O, Balter KA. Validity and reliability
of self-reported total energy expenditure using a novel instrument. Eur J Epidemiol 2006; 21:
227-236.

Bellocco R, Jia C, Ye W, Lagerros YT. Effects of physical activity, body mass index, waist-
to-hip ratio and waist circumference on total mortality risk in the Swedish National March
Cohort. Eur J Epidemiol 2010; 25: 777-788.

Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal Substitution Paradigm for Physical
Activity Epidemiology and Weight Change. Am J Epidemiol 2009; 170: 519-527.

Healy GN, Winkler EAH, Owen N, Anuradha S, Dunstan DW. Replacing sitting time with
standing or stepping: associations with cardio-metabolic risk biomarkers. Eur Heart J 2015;
36: 2643-2649.

Ryan CG, Wellburn S, McDonough S, Martin DJ, Batterham AM. The association between
displacement of sedentary time and chronic musculoskeletal pain: an isotemporal substitution
analysis. Physiotherapy 2017; 103: 471-477.

Hamer M, Stamatakis E. Sedentary behavior and risk of future depression and cognitive
decline in the English Longitudinal Study of Ageing. Psychol Health 2013; 28: 32-32.
Teychenne M, Ball K, Salmon J. Sedentary behavior and depression among adults: a review.
Int J Behav Med 2010; 17: 246-254.

Mekary RA, Lucas M, Pan A, Okereke OI, Willett WC, Hu FB, et al. Isotemporal
Substitution Analysis for Physical Activity, Television Watching, and Risk of Depression. Am
J Epidemiol 2013; 178: 474-483.

Horwath E, Johnson J, Klerman GL, Weissman MM. Depressive Symptoms as Relative and
Attributable Risk-Factors for 1st-Onset Major Depression. Arch Gen Psychiatry 1992; 49:
817-823.

Schuch FB, Vancampfort D, Firth J, Rosenberg S, Ward PB, Silva ES, et al. Physical activity
and incident depression: A meta-analysis of prospective cohort studies. Am J Psychiatry 2018
175: 631-648.

Loprinzi PD. Objectively measured light and moderate-to-vigorous physical activity is
associated with lower depression levels among older US adults. Aging Ment Health 2013; 17:
801-805.

Wheeler MJ, Dempsey PC, Grace MS, Ellis KA, Gardiner PA, Green DJ, et al. Sedentary
behavior as a risk factor for cognitive decline? A focus on the influence of glycemic control
in brain health. Alzheimers Dement (N Y) 2017; 3: 291-300.

Dishman RK. Brain monoamines, exercise, and behavioral stress: animal models. Med Sci
Sports Exerc 1997; 29: 63-74.

Portugal EMM, Cevada T, Monteiro RS, Guimaraes TT, Rubini ED, Lattari E, et al.
Neuroscience of Exercise: From Neurobiology Mechanisms to Mental Health.
Neuropsychobiology 2013; 68: 1-14.

Moylan S, Eyre HA, Maes M, Baune BT, Jacka FN, Berk M. Exercising the worry away:
How inflammation, oxidative and nitrogen stress mediates the beneficial effect of physical
activity on anxiety disorder symptoms and behaviours. Neurosci Biobehav Rev 2013; 37 573-
584.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sedentary+behavior+as+a+risk+factor+for+cognitive+decline%3F+A+focus+on+the+influence+of+glycemic+control+in+brain+health.

35.

36.

37.

38.

39.

40.

27

Hallgren M, Helgadottir B, Herring MP, Zeebari Z, Lindefors N, Kaldo V, et al. Exercise and
internet-based cognitive-behavioural therapy for depression: multicentre randomised
controlled trial with 12-month follow-up. Br J Psychiatry 2016; 209: 416-422.

Helgadottir B, Hallgren M, Ekblom O, Forsell Y. Training fast or slow? Exercise for
depression: A randomized controlled trial. Prev Med 2016; 91:123-131.

WHO. Sweden Physical Activity Factsheet. . World Health organization, 2014

Hallgren M, Stubbs B, Vancampfort D, Lundin A, Jaakallio P, Forsell Y. Treatment
guidelines for depression: Greater emphasis on physical activity is needed. Eur Psychiatry
2016; 40: 1-3.

Richardson CR, Faulkner G, McDevitt J, Skrinar GS, Hutchinson DS, Piette JD. Integrating
physical activity into mental health services for persons with serious mental illness. Psychiatr
Serv 2005; 56: 324-331.

Vancampfort D, Stubbs B, Ward PB, Teasdale S, Rosenbaum S. Integrating physical activity
as medicine in the care of people with severe mental illness. Aust N Z J Psychiatry 2015; 49:
681-682.



