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Abstract

Objective: Assessment of sitting has been challenging and nuances in the length of

sitting are often missed.

Methods: The present study assessed total, short and prolonged sitting time, and
number of breaks from sitting, and their association with anxiety, depression, and
health-related quality of life (HRQoL). Adults (M=59.1 years) in three studies
(n=1,574) wore the activPAL accelerometer (thigh) to obtain a measure of sitting,
and the Actigraph accelerometer (hip) for estimating moderate-to-vigorous physical
activity (MVPA). Anxiety and depression were assessed using the Hospital Anxiety
and Depression Scale, and HRQoL using the EQ-5D-5L (for health state and utility

scores). Generalised linear modelling tested associations.

Results: Total and prolonged sitting were associated with higher depression [total: 8
=0.132 (0.010, 0.254); prolonged: 8 = 0.178 (0.053, 0.304)] and worse HRQoL
health state scores [(total: 8 = -0.985 (-1.471, -0.499); prolonged: 8 =-0.834 (-1.301,
-0.367)] and utility scores [(total: 8 =-0.008 (-0.012, -0.003); prolonged: B =-0.008 (-
0.012, -0.004], after controlling for covariates. MVPA was associated with better
HRQoL health state and utility scores [health state: 8 =0.554 (0.187, 0.922); utility: 8
=0.001 (0.001, 0.002)]. Total and prolonged sitting were associated with a 14%
increased odds of being in the borderline/abnormal category for depression. No
interactions were observed between MVPA status (active vs. inactive) and total or

prolonged sitting. Anxiety was unrelated to any sitting variable.

Conclusion: Device-based measures of both total and prolonged sitting time were

associated with depression and health-related quality of life, but not anxiety.

Key words: accelerometer, activPAL, Actigraph, sedentary, physical activity.
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Introduction

Sedentary behaviour has been defined as sitting, lying, or reclining with low energy
expenditure during waking hours ', and has been the subject of growing interest and
research over the past decade or so 2. This interest has developed as a result of
growing awareness of ‘sedentary lifestyles’ in contemporary society, reflected in
trends such as the ubiquitous use of home-based entertainment, new technology,
increasing car use, and the growth of seated occupations and computers in the
workplace. Prevalence from studies using accelerometers to estimate sedentary time
show that middle-to-older adults are sedentary for about 9-11 hours each day,
reflecting 58-82% of device wear time 3. Economic costs of physical inactivity (low
levels of physical activity and not just sedentary time) are considerable, as

demonstrated by Ding et al. # in their analysis of 142 countries.

Initial epidemiological data showed associations between self-reported
sedentary behaviour and various health outcomes, such as greater risk for all-cause
mortality >7. Moreover, evidence has shown that reducing or breaking up prolonged

sitting time can be beneficial for cardiometabolic health &10.

Sedentary behaviour research has focused mainly on physical health
outcomes, although an increasing interest has been shown in mental health. For
example, two meta-analyses have been published on sedentary behaviour and
depression ! 12, Both analyses report higher levels of sedentary behaviour being
significantly associated with higher depression. However, only two studies (<10%) in
Zhai et al's meta-analysis and none in Huang et al. included studies using wearable
devices for the assessment of sedentary time. A meta-analysis concerning sedentary
behaviour and risk of anxiety also synthesised primarily self-reported sedentary

behaviour 3. Only one study used accelerometers. The overall association between
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sedentary behaviour and risk of anxiety was positive, significant, but small. These
systematic reviews show that further work is needed to test such associations using
device-based assessment rather than reported behaviours, with the latter having

significant issues concerning recall bias and validity.

The evidence linking sedentary behaviour with health-related quality of life
(HRQoL) has also relied on reported measures of sedentary behaviour or sitting
time. HRQoL measures will include assessments of mental health, such as anxiety
and depression. However, generic perceptions of life quality, including functional
status, are also assessed. This might be important in the context of sedentary
behaviour. For example, intervention studies that have reduced sitting in the
workplace have reported improvements in some domains of musculo-skeletal health
and quality of life ' 5. Similarly, a prospective cohort study from Spain has shown
higher scores on health-related quality of life for older adults with lower levels of self-
reported leisure-time sitting '®. It is important, therefore, to assess both psychological

and broader quality of life constructs in research on sedentary behaviour.

In addition to possible links between health and the amount of sedentary time,
researchers have also suggested that breaking up sedentary time might be
important. This can be assessed using device-based measures of sedentary breaks
or interruptions, and the number of ‘sit-to-stand transitions’. Okely et al. 17, for
example, found in one of three cohorts studied that more sit-to-stand transitions were
associated with lower depression symptoms. Hallgren et al. '8, using self-reported
data from a large sample of Swedish adults, found that more frequent interruptions to
sedentary time were associated with lower odds of symptoms of depression and

anxiety.
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There has been some debate concerning the distinction between sedentary
behaviour and physical activity, and how best to account for both behaviours in
analyses '°. While it has been agreed that not meeting physical activity guidelines
(low physical activity or ‘inactivity’) is not the same as time spent in low energy sitting
(‘sedentary behaviour’), the two behaviours may interact in respect of health
outcomes. For example, in an analysis of harmonised data, premature mortality risk
was greater for those with higher levels of sitting. But this was much less evident for
those with very high levels of MVPA 20, Although many studies statistically control for
MVPA in their analyses of physical and mental health effects of sedentary behaviour,
it is important to also test whether MVPA is an effect modifier. That is, do the
associations between sedentary time and outcome measures, such as depression,
differ by different levels of MVPA? In an analysis of nearly 9,000 women who
reported sitting time and physical activity from the Australian Longitudinal Study on
Women'’s Health, it was found that physical activity clearly attenuated the risk of
depression that was associated with sitting 2'. The likelihood of depressive
symptoms in women who sat more than 7 hours/day and did no physical activity was
triple that of women who sat 4 or more hours/day and met physical activity
guidelines. It is important, therefore, to assess both sedentary behaviour and
physical activity, and to test for effect modification.

The main purpose of the present study, therefore, is to assess the association
between sitting time, assessed by the activPAL accelerometer, and indices of mental
health and HRQoL in adults, and whether associations are modified by levels of
MVPA. We tested four aspects of sitting: total sitting time, prolonged sitting time,
short sitting time, and number of breaks in sitting as well as MVPA time, and three

measures of mental health and perceptions of well-being: anxiety, depression, and
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health-related quality of life. Findings may help guide preventive intervention work

and personalised treatments.
Method

Participants and recruitment

Data from three studies were combined for the present analyses. This
included baseline data from Project STAND, collected in 2010 %223, 36 month follow
up data from Walking Away from Diabetes, collected in 2013-14 2425 and baseline
data from PROPELS 28, collected in 2013-14. All have been described in detail
elsewhere, as cited. Participants deemed to be at a high risk of developing type 2
diabetes (T2DM) were the target group for all three projects, although the inclusion

criteria varied slightly between studies. All were ambulatory adults.

Project STAND. General Practice (GP) databases in the counties of

Leicestershire and Northamptonshire, UK, were searched for adults aged 18-40
years with baseline BMI in the obese range (230kg/m?;227.5kg/m? for South Asians)
or, if they were in the overweight range (225kg/m?; 223kg/m? for South Asians), they
were required to have one or more additional risk factors for diabetes. These
included i) family history of diabetes or cardiovascular disease in a first degree
relative, ii) previous gestational diabetes, iii) polycystic ovarian syndrome, iv) HbA1c
25.8%, and v). impaired glucose tolerance and/or impaired fasting glucose. The
study was approved by the Nottingham National Health Service (NHS) Research

Ethics Committee.

Walking Away from Diabetes. Ten GP databases within Leicestershire, UK,

were searched using a modified version of the automated Leicester Risk Score 2’

and ranked individuals for diabetes risk using predefined weighted variables. Adults
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aged 30-75 years scoring in the 90" percentile within each GP database were
invited. The study was approved by the Nottingham NHS Research Ethics

Committee.

PROPELS: GP databases within Leicestershire and Cambridge, UK, were
searched for adults aged 40-74 years for white European, or aged 25-74 years for
South Asian, who had a previous blood glucose or HbA1c result recorded in the
prediabetes range 22 within the last 5 years. In Cambridge, existing research
databases were also used to identify eligible individuals. The study was approved by

the NHS East Midlands Research Ethics Committee.

All interested participants across studies were invited to a measurement

session where the study was explained and informed consent was taken.

Demographics and anthropometric measures

Age, sex, ethnicity, smoking status, medical history and medication were
assessed by a healthcare professional via a short interview. Height (Leicester Height
Measure), body weight and body fat (both Tanita, West Drayton, UK), and waist
circumference (midpoint between the lower costal margin and iliac crest) were
measured to the nearest 0.5cm, 0.1 kg, 0.1%, and 0.5 cm, respectively. Body mass
index (BMI) was calculated by the Tanita scales as kg/m?. Three measurements of
arterial blood pressure were taken in the sitting position (Omron Healthcare,

Henfield, UK); the average of the last two measurements was used.
Device-measured sedentary behaviour and physical activity

The activPAL accelerometer (PAL Technologies, Glasgow, UK) was used to
assess sitting (total sitting time, short sitting time of accumulated bouts lasting <30

minutes, and prolonged accumulated time in bouts lasting =230 minutes), standing,
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and stepping time. The activPAL has been shown to be highly accurate in measuring
these behaviours 2°31. The device was worn on the thigh, using a 24hr wear
protocol, for 10 days in Project STAND and 7 days in Walking Away from Diabetes
and PROPELS. Default settings were used for initialisation of devices. To separate
valid waking hours data from everything else, a validated algorithm was applied to
the data 32. Heat maps of processed data were created 33 to visually check the
processed valid and invalid data. Any occasions where the algorithm appeared to
incorrectly code data as valid/invalid, sleep/wear diaries were checked against the
heat maps and data were corrected if necessary. Data were considered valid if a day
consisted of 210 hours of waking wear data, 2500 step events (i.e., 1000 steps) and
<95% spent in any one behaviour (e.g., sitting, standing, or stepping) 2. Participants

were required to have at least one valid day to be included in the present study.

To assess moderate-to-vigorous physical activity (MVPA), participants wore
the Actigraph accelerometer (ActiGraph LLC, Pensacola, FL, USA ) on their waist
during waking hours on the same days as the activPAL device was worn. All data
were reintegrated into 60 second epochs for processing. Non-wear was defined as
=60 minutes of consecutive zero counts with no allowance for counts greater than
zero, and data were considered valid if a day consisted of =10 hours of waking wear
data. MVPA was derived using a threshold of 21952 counts/min 34. Data were
processed using a commercially available package (KineSoft version 3.3.76,

Loughborough, UK).
Anxiety and depression

Anxiety and depression were assessed using the Hospital Anxiety and
Depression Scale (HADS) 3. This includes 14 domains: seven for anxiety (e.g., “I
feel tense or wound up”) and seven for depression (e.g., ‘I feel cheerful”), with each

8
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item scored on a 4-point scale from 0-3 (e.g., 0="not at all’; 3="definitely’; some items
were reverse-scored), thus allowing a score of 0-21 for both outcome measures.
Higher numbers are indicative of an increase in the number and severity of
symptoms, and a score of 28 on either variable can be used to identify at least
‘borderline’ levels of anxiety and depression. When using a threshold score of 8 to
identify individuals with anxiety or depression disorders, sensitivity and specificity
values between 0.7 and 0.9 have been reported 6. HADS is widely used within
primary care, community, and research settings, and it has been shown to be a valid

measure for detecting clinical anxiety and depression 3.
Health-related quality of life

Health-related quality of life (HRQoL) was assessed using the European
Quality of Life-5 dimensions scale (version EQ-5D-5L) %; it is used widely in health
economic evaluations. It assesses perceptions of both mental and physical health,
with five dimensions of mobility (e.g., “| have no problems in walking about”), self-
care (“I am unable to wash or dress myself”), usual activities (“I have slight problems
doing my usual activities”), pain/discomfort (“I have moderate pain or discomfort”),
and anxiety/depression (‘I am slightly anxious or depressed”). Each dimension has
five levels: no problems, slight problems, moderate problems, severe problems, and
extreme problems. These can be presented as a health profile and converted to a
single summary index score (‘health utility score’) with ranges from ‘states worse
than dead’ (0 or below) to 1 (full health), anchoring dead at 0 3°. The EQ-5D-5L also
includes the EQ Visual Analogue Scale (EQ VAS; ‘health state score’). Participants
self-reported perceptions of today’s health by placing a cross mark on a scale
ranging from O (‘worst health you can imagine’) to 100 (‘best health you can

imagine’) 4°.
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Statistical analysis

Baseline characteristics were presented as mean (SD) or median
(interquartile range) for continuous variables and as number (%) for categorical
variables. There were four outcome variables - HADS anxiety score, HADS
depression score, EQ-5D health state score, and EQ-5D health utility score. These
were analysed at one time point using generalised linear models (GLM) and were
adjusted for socio-demographic and health data [age, sex, ethnicity (white and non-
white), smoking status (never and previous/current), heart disease, history of stroke,
taking blood pressure medication and lipid medication], and activPAL waking wear
time in Model 1. Further adjustments were made for MVPA and sitting time in Model
2, and for waist circumference in Model 3 (the most adjusted model). GLMs are
presented as beta coefficients (95% CI). As anxiety and depression scores were
positively skewed, the data were analysed using a gamma distribution with an
identity link. This also yielded the best model fit for the other outcomes of interest. A

small constant (10-3) was added to any of the dependent variables recorded as zero.

Significant observations in Model 3 were followed up with interaction terms to
assess whether associations between the sitting variables and anxiety, depression,
EQ-5D health state or EQ-5D utility score were modified by levels of MVPA (active
vs. inactive). In order for individuals to be classed as active, they needed to have
undertaken at least 150 minutes of MVPA over 7 days 4'. Only those individuals with
=7 valid days were included in the interaction analyses. For those with >7 days, total

MVPA time was scaled backwards.

Categorical data were analysed using a binary response and reported as an
odds ratio (OR), representing the effects of sitting, prolonged sitting, and short sitting
on the odds of depression or anxiety. Anxiety and depression were categorised into

10
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those without depression or anxiety (score of 0-7) and those with mild-severe

depression or anxiety (a score of 28) 3.

Cases are included based on having at least one valid activPAL day data.
Sensitivity analyses were carried out by including only those with at least four days of
activPAL data. Results are presented per 60 minutes for sitting variables and per 10
minutes for MVPA. Two-tailed p values of 0.05 or less were considered statistically
significant for main effects and p<0.1 for interactions. All analyses were performed

using IBM SPSS Statistics v26.0 (Chicago, IL, USA).

Results
Descriptive statistics

As shown in Table 1, the sample comprised 1,574 adults with a mean age of
59 years. The sample was split reasonably equally by sex, with 76% being white
European. From an average of 15.7 hours of valid waking wear time for the activPAL
monitor, participants had a mean total sitting time of 9.2 hours/day, with 4.9
hours/day (53.3% of total sitting time) in prolonged sitting. The overall sample
averaged just over 22 minutes/day of MVPA, but this value had a wide dispersion. In
total, 53.3% of the individuals who had =7 valid days of accelerometer data achieved
at least 150 minutes/week of MVPA. Anxiety and depression scores averaged in the
‘normal’ range, with 29.8% for anxiety and 15.2% for depression being at borderline-
to-abnormal levels. EQ-5D utility score suggested that the sample reported quite
positive HRQoL see 29, and the EQ-5D health state score was suggestive of
reasonably positive perceptions of their overall health with a score of 80 from a

possible 100.

11
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Table 1 about here

Associations between sitting variables and MVPA and anxiety, depression,
and quality of life are shown in Table 2. Significant associations were evident for total
sitting time and prolonged sitting time with depression, health state and utility score
and for MVPA with health state and utility score. These remained significant at all
model levels of adjustment. Higher levels of total and prolonged sitting were
associated with higher scores for depression and lower scores for HRQoL and
higher levels of MVPA were associated with higher HRQoL scores. Supplementary
Table S1 shows the results of the sensitivity analyses for those with 4 or more days
of assessment with the activPAL. Results are largely unchanged from Table 2. There
were no significant associations for any of the sitting variables with anxiety or for

short sitting time and breaks from sitting with any outcome.
Table 2 about here

Results for anxiety and depression when dichotomised into normal vs.
borderline/abnormal scores are shown in Table 3. Total sitting time and prolonged
sitting were associated with greater odds of being in the borderline/abnormal
category for depression, after adjustments including MVPA [total: odds = 1.135
(1.040, 1.238); prolonged: odds = 1.141 (1.054, 1.236)]. No other associations were

observed.
Table 3 about here

No significant interactions were observed when examining associations between
those classed as physically inactive or active and total and prolonged sitting time (see

Supplementary Table S2).

Discussion

12
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The main aim of this study was to assess cross-sectional associations
between device-measured sitting time and measures of mental health and health-
related quality of life while also accounting for levels of MVPA as a covariate and a
possible effect modifier. Higher levels of total and prolonged sitting time were
associated with less healthy scores for depression and quality of life, after adjusting
for key confounders including MVPA and waist circumference. When participants
were dichotomised into physically inactive or active, the interactions were non-
significant, suggesting that these associations were consistent across both activity

categories. Furthermore, MVPA was associated with better quality of life.

With strong evidence showing that MVPA can prevent and reduce depression
e.g., %2, it might be expected that those who are more physically active, but sit a lot,
would be protected from elevated levels of depression. More work is required on this.
Notwithstanding possible reverse causality, there are plausible mechanisms for
associations between sedentary behaviour and depression, such as through
underlying inflammatory pathways and neurotransmitter function 43. Dempsey et al.
44 hypothesise that sedentary behaviour may affect chronic disease risk factors
through mechanisms that include insulin resistance, hyperglycemia, obesity,
dyslipidemia, atherosclerosis, hypertension, and possibly cerebrovascular function.
However, Dempsey et al. also state that “current consensus of understanding on the
hypothesized mechanisms underlying sedentary behavior and chronic disease is
largely based on expert opinion or narrative reviews, both of which are prone to bias.
More targeted research is required to investigate the specific pathophysiological
pathways through which sedentary behavior may independently influence chronic
disease risk” (p. 53). This statement was made more in the context of

cardiometabolic and related chronic conditions rather than mental and cognitive

13
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outcomes. Clearly more work is required bridging physical and

psychological/cognitive processes in the context of sedentary behaviour.

Notwithstanding the reporting of significant associations in this study, it is also
important to investigate effect sizes. An increase of one hour in total sitting is
associated only with a 0.182 (least adjusted) and 0.132 (most adjusted) unit increase
in HADS depression scores. This is not clinically meaningful (Lemay et al., 2019).
Similar arguments could be made for HRQoL. However, both total and prolonged
sitting were associated with greater odds of being in the borderline/abnormal
category for depression. These data are suggestive of more meaningful effects, with
a one hour increase in either total or prolonged sitting time being associated with a
14% increase in the odds of being in the higher depression category. As argued by
Orben %% in her analysis of the health effects of the growth in technology, it is
important for stakeholders to see reports of the size of effects or associations and
whether these are important. One additional argument regarding mental health is
that if we are to better understand a wider range of effects of sedentary behaviour
beyond typical cardiometabolic markers, measures of total or prolonged sitting will
need to be contextualised alongside reported measures of different sedentary

behaviours where social context and psychological engagement are assessed.

For the EQ-5D utility score, participants self-rated their mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. The measure of HRQoL
(health state) involved a rating on a visual analogue scale of current health
perceptions for the day of assessment. All of these dimensions of quality of life might
be expected to be associated with sedentary time, and especially prolonged sitting.
Again, reverse causality is plausible, but higher and more prolonged periods of

sitting may also create feelings of lethargy and inertia and thus contribute to poorer

14
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physical function. Plausibly, higher levels of MVPA can be expected to have a strong

role to play.

If these findings are confirmed, interventions may need to be implemented
that target reductions in prolonged sitting 246, and this may include advice given
when managing patients with a variety of chronic conditions. The interventions will
need to involve displacing sedentary time with more light and moderate-intensity
movement, and these, in turn, may alleviate some of the negative symptoms of low
HRQoL. Experimental 47 and epidemiological 48 evidence supports such a proposal

for health biomarker outcomes.

Results suggested that neither total sitting time nor prolonged sitting are
associated with anxiety. This contrasts with the conclusion by Teychenne et al. %°. In
their review of the early literature on this topic, they found nine studies (seven cross-
sectional), and concluded that small associations existed. However, nearly all papers
reviewed assessed screen time as a marker of sedentary behaviour, and no study
used an accelerometer to assess sedentary time. Similarly, the meta-analysis by
Allen et al. '® showed that sedentary behaviour was associated with the risk of
anxiety in a small way, but included only one study assessing sedentary time with an

accelerometer.

Conceptually, it might be argued that high anxiety could be reflected in both
less and more active behaviours, and more sedentary time may occur through
screen time, such as passive TV viewing. However, the current study is unable to
shed light on this but more needs to be known about behaviours undertaken while

sitting, including the degree of passivity.

15
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We found no evidence for associations between the outcome measures and
sedentary behaviour assessed as short sitting periods or breaking up sitting time.
There has been some debate about the importance of breaking up prolonged sitting
time since the publication of the seminal study by Healy and colleagues °°. However,
that study investigated cardiometabolic outcomes and it remains to be seen if other
measures, including mental health, are associated with the patterning rather than
volume of sitting. Currently, messages recommending the breaking up of prolonged

sitting — common in national and international guidelines — is still contested °5'.

Strengths of the present study include assessments of over 1,500 adults at
risk of diabetes and other health problems (e.g., BMI averaging 30, and 39% on
blood pressure medication). Moreover, device-based assessments of sitting and
MVPA were undertaken. Recognised measures of mental health and HRQoL were
used, and analyses included controlling for multiple confounders. Limitations of the
study include the cross-sectional design and the sampling of an at-risk group of
overweight or obese adults. Results may not apply to those with other health-risk
profiles. In addition, our measure of total sitting time may not reflect some of the
more unhealthy aspects of sitting, such as prolonged periods of passive behaviours
in front of the TV. It has been suggested that not all sedentary behaviours act on
health in the same way %2, probably due to co-existing behaviours, such as diet and
levels of passivity %3. To assess sedentary behaviours in this way will require mixed
methods studies where device-based measures are combined with context-specific

self-reported behaviours.

The use of self-reported psychological instruments for the assessment of the
mental health outcomes of interest will be less valid than a structured clinical

interview. However, the instruments we chose were practical for the large samples

16
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we were assessing, and the instruments have acceptable validity. Finally, the cross-
sectional design cannot rule out the possibility that those with poorer mental health

and HRQoL choose to sit more — the reverse causality argument.

In conclusion, in a sample of over 1,500 overweight and obese adults, device-
based measures of total sitting time and prolonged sitting time were detrimentally
associated with depression and health-related quality of life, but not anxiety. Total
and prolonged sitting time were associated with increased odds of being in the
borderline/abnormal category for depression. MVPA was beneficially associated with

health-related quality of life.
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Table 1: Participants characteristics and baseline descriptive data.

Device-assessed total and prolonged sitting time

STAND WALKING AWAY PROPELS All
N=125 N=456 N=993 N=1574

Demographic, anthropometric, medical history and medication variables
Age (years) 32.81+5.6 66.4+7.7 59.4+9.1 59.1+12.1
Male 38 (30.4) 277 (60.7) 494 (49.7) 809 (51.4)
Ethnicity

White 91 (72.8) 403 (88.4) 699 (70.4) 1193 (75.8)

Non-white 34 (27.2) 53 (11.6) 294 (29.6) 381 (24.2)
Current smokers 23 (18.4) 32 (70) 89 (90) 144 (91)
Heart Disease 1 (0.8) 79 (17.3) 115 (11.6) 195 (12.4)
Stroke 1(0.8) 15(3.3) 21(2.1) 37 (2.4)
BP medication 6 (4.8) 216 (47.4) 381 (38.4) 603 (38.3)
Lipid medication 1(0.8) 136 (29.8) 277 (27.9) 414 (26.3)
BMI (kg/m?) 346149 31.6+5.4 29.2+5.6 30.3+5.8
Waist circumference (cm) 103.3+13.9 104.1+12.2 98.8+14.0 100.7 £ 13.7
Accelerometer variables
activPAL waking wear time 15.2+1.1 155+1.2 158+1.2 157+1.2
(hours/day)
(Total) Sitting time 8.8+1.8 9.4+1.9 9.1+1.9 9.2+1.9
(hours/day)
Prolonged sitting time 46+1.1 5.2+19 48+1.9 49+19
(hours/day)
Short sitting time (hours/day) 46+1.1 42+1.2 43+1.2 43+1.2
MVPA (minutes/day) 27.2(13.4,39.1) 16.1 (7.4, 33.0) 24.5(12.3,42.6) 22.3(10.7, 39.0)
*Achieved 150 minutes of 173 (41.0) 81 (64.8) 483 (57.7) 737 (53.3)

MVPA
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Device-assessed total and prolonged sitting time

No. of breaks in sitting/day | 52.6+14.8 | 44.2+13.8 | 48.3+15.1 | 47.6+14.9
Anxiety, depression and QoL outcomes

HADS anxiety 7(4.5,10.5) 4(2,7) 5(3,9) 5(3,8)

HADS depression 4(2,7) 2(1,5) 3(1,6) 3(1,6)
EQ-5D health state score 68 (50, 80) 80 (70, 90) 85 (75, 95) 80 (70, 90)
EQ-5D utility score 1.000 (0.909, 1.000) | 0.937 (0.860, 1.000) | 0.937 (0.860,1.000) | 0.922 (0.829, 1.000)

Continuous results presented as mean % standard deviation (SD) or median (interquartile range).
Categorical variables are presented as number (column percentage)

* Includes only individuals with =7 days of valid accelerometer data (STAND n=125; Walking Away
n=422; PROPELS=837 ;Total n=1384)

MVPA= Moderate-to-vigorous physical activity
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Table 2: GLM estimates (95% CI) of the effect of sitting, prolonged sitting, short sitting, MVPA time and breaks on anxiety,

depression and quality of life

Model 1
n Total sitting | P value | Prolonged | P value Short P MVPAP P value Breaks?® P value
time? sitting time® sitting value
time?
B (95% CI) B (95% CI) B (95% CI)
B (95% CI) B (95% CI)
Anxiety 1542 0.078 0.354 0.100 0.226 -0.070 0.587 -0.050 0.392 -0.003 0.758
(-0.086, (-0.062, (-0.323, (-0.170, (-0.024,
0.241) 0.261) 0.183) 0.070) 0.017)
Depression 1574 0.182 0.001 0.238 <0.001 -0.145 0.133 -0.100 0.020 -0.012 0.097
(0.070, (0.116, (-0.334, (-0.180, - (-0.026,
0.294) 0.360) 0.044) 0.020) 0.002)
EQ-5D health | 1548 -1.591 <0.001 -1.460 <0.001 -0.025 0.946 1.078 <0.001 0.050 0.093
state (-2.054, - (-1.906, - (-0.755, (0.720, (-0.008,
1.128) 1.014) 0.704) 1.434) 0.109)
EQ-5D utility 1567 -0.012 <0.001 -0.013 <0.001 0.003 0.291 0.002 <0.001 0.001 0.423
score (-0.016, - (-0.017, - (-0.003, (0.001, (-0.001,
0.009 0.009) 0.009) 0.003) 0.001)
Model 2
Anxiety 1542 0.050 0.584 0.074 0.395 -0.069 0.596 -0.037 0.561 -0.003 0.790
(-0.129, (-0.096, (-0.326, (-0.165, (-0.024,
0.229) 0.244) 0.187) 0.089) 0.018)
Depression 1544 0.160 0.011 0.219 0.001 -0.151 0.123 -0.052 0.286 -0.011 0.107
(0.037, (0.091, (-0.344, (-0.147, (-0.025,
0.283) 0.37) 0.041) 0.043) 0.002)
EQ-5D health | 1518 -1.349 <0.001 -1.228 <0.001 0.019 0.959 0.780 <0.001 0.048 0.105
state (-1.834, - (-1.689, - (-0.708, (0.413, (-0.010,
0.865) 0.766) 0.746) 1.148) 0.106)
EQ-5D utility 1537 -0.010 <0.001 -0.011 <0.001 0.004 0.231 0.001 <0.001 0.001 0.406

score
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(-0.015, - (-0.015, - (-0.002, (0.001, (-0.001,
0.006) 0.007) 0.010) 0.002) 0.001)
Model 3

Anxiety 1535 0.027 0.768 0.052 0.551 -0.066 0.619 -0.020 0.726 -0.001 0.943
(-0.155, (-0.120, (-0.325, (-0.150, (-0.022,
0.210) 0.225) 0.193) 0.110) 0.021)

Depression 1537 0.132 0.033 0.178 0.005 -0.131 0.174 -0.001 0.926 -0.007 0.329
(0.010, (0.053, (-0.319, (-0.100, (-0.021,
0.254) 0.304) 0.058) 0.099) 0.007)

EQ-5D health | 1511 -0.985 <0.001 -0.834 <0.001 -0.168 0.645 0.554 0.003 0.011 0.706
state (-1.471, - (-1.301, - (-0.881, (0.187, (-0.047,
0.499) 0.367) 0.545) 0.922) 0.069)

EQ-5D utility 1530 -0.008 <0.001 -0.008 <0.001 0.003 0.347 0.001 0.005 0.001 0.961
score (-0.012, - (-0.012, - (-0.003, (0.001, (-0.001,
0.003) 0.004) 0.009) 0.002) 0.001)

Model 1: adjusted for age, sex, ethnicity (white/non-white), smoking status (never and previous/current), heart disease, history of stroke,
taking blood pressure medication and lipid medication, and activPAL waking wear time
Model 2 was adjusted for the above covariates and ®MVPA or Psitting time

Model 3 was adjusted for the same covariates as Model 2 and waist circumference
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Table 3: Odds ratios for the effects of sitting, prolonged sitting, short sitting and MVPA on anxiety and depression (grouped into

normal vs borderline/abnormal).

Model 1
n Total P value | Prolonged | P value | Short sitting P MVPAP P Breaks®® | P value
sitting sitting time? value value
time? time?
Exp (B) Exp (B) Exp (B)
Exp (B) (95% CI) (95% CI) (95% CI)
Exp (B) (95% CI)
(95% CI)
Anxiety 1542 1.080 0.018 1.054 0.088 1.049 0.341 0.997 0.216 1.003 0.431
(1.013, (0.992, (0.951, (0.992, (0.995,
1.150) 1.120) 1.157) 1.002) 1.011)
Depression | 1574 1.189 <0.001 1.188 <0.001 0.948 0.402 0.992 0.018 0.996 0.480
(1.096, (1.102, (0.838, (0.985, (0.986,
1.290) 1.279) 1.074) 0.999) 1.007)
Model 2
Anxiety 1542 1.066 0.512 1.037 0.264 1.056 0.280 0.998 0.512 1.004 0.391
(0.997, (0.973, (0.957, (0.993, (0.995,
1.139) 1.104) 1.166) 1.004) 1.012)
Depression | 1544 1.175 <0.001 1.176 <0.001 0.943 0.354 0.996 0.224 0.996 0.491
(1.078, (1.088, (0.832, (0.988, (0.986,
1.281) 1.271) 1.068) 1.003) 1.007)
Model 3
Anxiety 1535 1.050 0.157 1.021 0.526 1.058 0.263 0.999 0.672 1.005 0.260
(0.981, (0.957, (0.958, (0.993, (0.997,
1.124) 1.090) 1.169) 1.004) 1.013)
Depression | 1537 1.135 0.004 1.141 0.001 0.950 0.425 0.998 0.531 0.998 0.499
(1.040, (1.054, (0.838, (0.990, (0.988,
1.238) 1.236) 1.078) 1.005) 1.009)
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Model 1: adjusted for age, sex, ethnicity (white/non-white), smoking status (never and previous/current), heart disease, history of
stroke, taking blood pressure medication and lipid medication, and activPAL waking wear time

Model 2 was adjusted for the above covariates and ®MVPA or Psitting time

Model 3 was adjusted for the same covariates as Model 2 and waist circumference

29




Sedentary behaviour, mental health, and quality of life

Supplementary Table S1: GLM estimates (95% CI) of the effect of sitting, prolonged sitting, short sitting and MVPA time and breaks
on anxiety, depression and quality of life (>=4 days of activPAL assessment)

Model 1
n Total sitting | P value | Prolonged | P value Short P MVPAP P value | Breaks®® | P value
time? sitting time® sitting value
time?®
B (95% CI) B (95% CI) B (95% CI)
B (95% CI) B (95% CI)
Anxiety 1504 0.037 0.675 0.056 0.513 -0.055 0.683 -0.040 0.392 -0.002 0.861
(-0.135, (-0.112, (-0.317, (-0.161, (-0.023,
0.208) 0.223) 0.208) 0.081) 0.019)
Depression 1507 0.150 0.013 0.203 0.002 -0.125 0.205 -0.090 0.051 -0.010 0.179
(0.032, (0.077, (-0.319, (-0.173, (-0.025,
0.267) 0.329) 0.068) 0.001) 0.005)
EQ-5D health | 1481 -1.613 <0.001 -1.481 <0.001 -0.074 0.846 1.119 <0.001 0.051 0.093
state (-2.092, - (-1.945, - (-0.820, (0.759, (-0.008,
1.135) 1.017) 0.672) 1.479) 0.110)
EQ-5D utility 1500 -0.012 <0.001 -0.012 <0.001 0.003 0.411 0.002 <0.001 0.001 0.512
score (-0.016, - (-0.016, - (-0.003, (0.001, (-0.001,
0.008 0.009) 0.009) 0.003) 0.001)
Model 2
Anxiety 1479 0.020 0.980 0.027 0.765 -0.058 0.672 -0.039 0.551 -0.001 0.912
(-0.184, (-0.148, (-0.324, (-0.169, (-0.023,
0.189) 0.202) 0.209) 0.090) 0.020)
Depression 1482 0.125 0.054 0.182 0.007 -0.138 0.166 -0.054 0.274 -0.010 0.154
(-0.002, (0.051, (-0.334, (-0.149, (-0.025,
0.253) 0.314) 0.058) 0.043) 0.004)
EQ-5D health | 1456 -1.298 <0.001 -1.210 <0.001 0.061 0.872 0.839 <0.001 0.049 0.098
state (-1.801, - (-1.691, - (-0.684, (0.466, (-0.009,
0.796) 0.730) 0.806) 1.212) 0.108)
EQ-5D utility 1475 -0.010 <0.001 -0.011 <0.001 0.004 0.287 0.001 <0.001 0.001 0.498
score
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(-0.014, - (-0.015, - (-0.003, (0.001, (-0.001,
0.006) 0.006) 0.010) 0.002) 0.001)
Model 3

Anxiety 1472 -0.019 0.840 0.006 0.950 -0.053 0.699 -0.025 0.715 0.001 0.944
(-0.209, (-0.172, (-0.322, (-0.159, (-0.021,
0.170) 0.183) 0.216) 0.109) 0.023)

Depression 1475 0.091 0.161 0.137 0.039 -0.111 0.262 -0.001 0.921 -0.006 0.419
(-0.036, (0.007, (-0.305, (-0.100, (-0.021,
0.219) 0.267) 0.083) 0.094) 0.009)

EQ-5D health | 1449 -0.929 <0.001 -0.820 0.001 -0.094 0.800 0.641 0.001 0.016 0.597
state (-1.436, - (-1.309, - (-0.827, (0.268, (-0.043,
0.422) 0.331) 0.638) 1.014) 0.075)

EQ-5D utility 1468 -0.007 0.002 -0.008 <0.001 0.003 0.391 0.001 0.005 0.001 0.982
score (-0.011, - (-0.012, - (-0.004, (0.001, (-0.001,
0.003) 0.003) 0.009) 0.002) 0.001)

Model 1: adjusted for age, sex, ethnicity (white/non-white), smoking status (never and previous/current), heart disease, history of stroke,
taking blood pressure medication and lipid medication, and activPAL waking wear time

Model 2 was adjusted for the above covariates and ®MVPA or Psitting time

Model 3 was adjusted for the same covariates as Model 2 and waist circumference

31




Sedentary behaviour, mental health, and quality of life

Supplementary Table S2. Interaction terms across MVPA categories (active [>150min/wk of MVPA] vs. inactive [<150min/wk

of MVPA])

n Total sitting Prolonged sitting
time*MVPA time*MVPA

Anxiety 1065 0.906 0.962
Depression 1064 0.684 0.944
EQ-5D health 1043 0.393 0.859
state

EQ-5D utility 1056 0.157 0.553
score

Adjusted for age, sex, ethnicity (white/non-white), smoking status

(never and previous/current), heart disease, history of stroke,

blood pressure and lipid medication, activPAL waking wear time and

waist circumference.
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