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Changes in sedentary time are associated with changes in mental wellbeing
over | year in young adults

Abstract

Excessive sedentary time is related to poor mental health. However, much of the current literature uses
crosssectional data and/or self-reported sedentary time, and does not assess factors such as sedentary bout
length. To address these limitations, the influence of objectively measured sedentary time including sedentary
bout length (i.e. < 30 min, >30 min) on mood, stress, and sleep, was assessed in 271 healthy adults (49%
women; age 27.8 + 3.7) across a 1-year period between 2011 and 2013 in Columbia, SC. Participants
completed the Profile of Mood States and the Perceived Stress Scale, and wore a Sensewear Armband to assess
sedentary time, physical activity, and sleep for ten days at baseline and one year. A series of fixed-effects
regressions was used to determine the influence of both baseline levels and changes in daily sedentary time
(total and in bouts) and physical activity on changes in mood, stress, and sleep over one year. Results showed
that across the year, decreases in total sedentary time, and time in both short and long bouts, were associated
with improvements in mood, stress and sleep (p < 0.05). Increases in physical activity were only significantly
predictive of increases in sleep duration (p < 0.05). Thus, reductions in sedentary time, regardless of bout
length, positively influenced mental wellbeing. Specifically, these results suggest that decreasing daily
sedentary time by 60 min may significantly attenuate the negative effects of high levels of pre-existing
sedentary time on mental wellbeing. Interventions manipulating sedentary behavior are needed to determine
a causal link with wellbeing and further inform recommendations.
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ARTICLE INFO ABSTRACT

Keywords: Excessive sedentary time is related to poor mental health. However, much of the current literature uses cross-
Mental health sectional data and/or self-reported sedentary time, and does not assess factors such as sedentary bout length. To
Longitudinal address these limitations, the influence of objectively measured sedentary time including sedentary bout length
Cohort (i.e. < 30min, =30min) on mood, stress, and sleep, was assessed in 271 healthy adults (49% women; age
I;/:;’Si 27.8 + 3.7) across a 1-year period between 2011 and 2013 in Columbia, SC. Participants completed the Profile
Sleep of Mood States and the Perceived Stress Scale, and wore a Sensewear Armband to assess sedentary time, physical

activity, and sleep for ten days at baseline and one year. A series of fixed-effects regressions was used to de-
termine the influence of both baseline levels and changes in daily sedentary time (total and in bouts) and
physical activity on changes in mood, stress, and sleep over one year. Results showed that across the year,
decreases in total sedentary time, and time in both short and long bouts, were associated with improvements in
mood, stress and sleep (p < 0.05). Increases in physical activity were only significantly predictive of increases
in sleep duration (p < 0.05). Thus, reductions in sedentary time, regardless of bout length, positively influenced
mental wellbeing. Specifically, these results suggest that decreasing daily sedentary time by 60 min may sig-
nificantly attenuate the negative effects of high levels of pre-existing sedentary time on mental wellbeing.
Interventions manipulating sedentary behavior are needed to determine a causal link with wellbeing and further
inform recommendations.

1. Introduction

Much of the chronic disease burden in the United States is attributed
to modifiable behavioral risk factors (e.g. diet, exercise) (Bauer et al.,
2014). One such factor, excessive sedentary behavior, has recently re-
ceived significant attention with evidence demonstrating deleterious
effects for cardiometabolic health and all-cause mortality that may be
independent of physical inactivity (Koster et al., 2012; Matthews et al.,
2012). Sedentary behavior, defined as waking time spent sitting or re-
clining without being otherwise active (Sedentary Behaviour Research
Network, 2012), is highly prevalent in the United States. Recent data
from a sample of younger adults showed that this population sits

for > 9 h/day (Unick et al., 2017). Moreover, young adults have shown
the largest increase in sedentary time coupled with the largest decrease
in moderate to vigorous physical activity over the preceding decades, in
comparison to other age groups, placing them at greater risk for de-
velopment of chronic disease (Nelson et al., 2008).

Sedentary time also negatively influences mental health including
increased risk for anxiety (Teychenne et al., 2015), depression
(Teychenne et al., 2010), and lower levels of emotional wellbeing
(Atkin et al., 2012a; Endrighi et al., 2015) in diverse populations in-
cluding younger adults. Accumulating large amounts of sedentary time
has also been linked with sleep disorders (Kline et al., 2016), which are
frequently comorbid with mental health issues (Krystal, 2006).
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However, this research has largely relied on cross-sectional data. While
longitudinal studies examining sedentary behavior and outcomes re-
lated to mental wellbeing exist (Hamer and Stamatakis, 2013; Lucas
et al., 2011; Sanchez-Villegas et al., 2008; Teychenne et al., 2014),
these have been conducted primarily in older populations and have
relied on self-report and surrogate measures for sedentary time (e.g.
hours of TV viewing), which typically have poor validity (Atkin et al.,
2012b). Additionally, these measures do not usually consider the po-
tential health consequences of different accumulation patterns of se-
dentary time. For example, previous research suggests that sedentary
behavior accumulated in prolonged bouts (e.g. > 30 min duration) may
be a better predictor of cardiometabolic health outcomes than total
sedentary time (Diaz et al., 2016; Dunstan et al., 2012; Honda et al.,
2016; Jadice et al., 2015). However, given the limitations of the se-
dentary assessments used to date, it is unknown whether the total
amount of sedentary time or the amount accumulated in longer bouts is
most problematic for mental wellbeing. Lastly, research conducted in
this area has largely focused on diagnosed mental health conditions
(e.g. major depressive disorder) and less is known about the influence
of sedentary time on sub-clinical mental health symptoms that affect a
much larger segment of the population.

The purpose of this study was to address these limitations by ex-
amining the longitudinal association of changes in objectively mea-
sured sedentary time with changes in mood, stress, and sleep in a cohort
of healthy young adults. Based on previous research demonstrating the
detrimental health consequences of accumulating sedentary time in
prolonged bouts, the influence of sedentary time accumulated in longer
(=30 min) and short (< 30 min) bouts was also examined. It was hy-
pothesized that as sedentary time increased, mood disturbance and
stress would increase, while sleep duration would decrease, whereas
these markers of wellbeing would improve with decreased sedentary
time. Additionally, it was hypothesized that sedentary time accumu-
lated in prolonged bouts (=30 min) would have a greater influence on
mental wellbeing than sedentary time accumulated in shorter bouts.

2. Methods
2.1. Participants

These data were drawn from a larger project designed to examine
factors influencing energy balance in young adults (Hand et al., 2013).
Participants were included in the present study if they had complete
data at baseline and the 1-year follow up. Briefly, participants were
healthy adults, ages 21 to 35 years, with a body mass index (BMI) be-
tween 20 and 35kg/m?. Exclusionary criteria for the larger study in-
cluded use of weight-loss medications, recent change of smoking status,
planned weight-loss surgery, hypertension, high blood glucose, or a
current chronic disease diagnosis requiring daily medication. In-
dividuals were also excluded for a history of depression, anxiety, or
panic disorder. All women were eumenorrheic, and those who gave
birth in the previous year or were planning to become pregnant were
excluded. All procedures were approved by the Institutional Review
Board of the University of South Carolina and informed consent was
obtained from each participant before data collection.

2.2. Procedures

At baseline participants completed a demographic and health his-
tory form and questionnaires to assess mood and stress. Approximately
one week later, height and weight were measured and participants were
issued an activity monitor to objectively measure physical activity,
sedentary behaviors, and sleep. Identical procedures were completed at
a one-year follow-up.

275
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2.3. Measures

2.3.1. Physical activity and sedentary behaviors

Physical activity and sedentary time were objectively measured
using the SenseWear Mini Armband (SWA; BodyMedia Inc. Pittsburgh,
PA), worn on the upper arm. Using a tri-axial accelerometer, and sen-
sors for heat flux, galvanic skin response, and skin temperature with a
proprietary algorithm, the SWA estimates time spent in different ac-
tivity intensities and steps/day. This device has been validated for as-
sessing energy expenditure against doubly-labeled water in a similar
sample of young adults (intraclass correlation 95% confidence interval
of 0.68-0.89) (St-Onge et al., 2007). Further, the SWA also has accep-
table levels of validity for estimating energy expenditure during typical
sedentary and light intensity activities when compared to indirect ca-
lorimetry under laboratory conditions with an ICC of 0.90 (Reece et al.,
2015).

Participants were asked to wear the armband 24h a day for 10
consecutive days, except during water-based activities (e.g., swimming
or bathing) and were deemed compliant if they completed 7 days of
wear (including two weekend days) with =21 h of wear time on each of
the days (Hand et al., 2013). Average daily steps were used as a mea-
sure of physical activity. Sedentary time was calculated as total time
spent <1.5 METs while awake. Lastly, sedentary time was divided into
time accumulated in bouts of =30 (prolonged bouts) and < 30 min
(short bouts). Thirty minutes was chosen as the cut-point for dividing
prolonged from short bouts of sedentary time as this is a common op-
erational definition used in previous literature (e.g. Diaz et al., 2016;
Sloan et al., 2018) and all participants in the present study accumulated
sedentary time in bouts of this length.

2.4. Sleep

Sleep duration was operationally defined as total nighttime sleep.
This metric was derived from minute-by-minute sleep epoch data from
the SWA. The SWA is a valid instrument for assessing sleep duration as
well as several metrics of sleep quality (e.g. sleep onset latency, wake-
after-sleep-onset) in comparison to polysomnography (Shin et al.,
2015).

2.5. Mood

The Profile of Mood States (POMS) was used to assess mood over the
past week (McNair et al., 1971). The POMS has six subscales (tension,
depression, anger, vigor, fatigue, and confusion) and provides a sum-
mary score for total mood disturbance (TMD; tension + depres-
sion + anger + fatigue + confusion —vigor + 100). The POMS has ac-
ceptable levels of reliability and validity for use with the general adult
population (McNair et al., 1971; Nyenhuis et al., 1999). Internal con-
sistency reliability coefficients range from a = 0.63-0.96 with tes-
t-retest reliability estimates of 0.65 to 0.74 (McNair et al., 1971).

2.6. Stress

Stress was assessed using the Perceived Stress Scale (PSS) which
measures the stressful perception of various life situations over the past
month (Cohen et al., 1983). Validity and high internal consistency were
demonstrated in the initial publication (r = 0.84-0.86) and the test-
retest reliability was 0.55-0.85 (Cohen et al., 1983).

2.7. Statistical analyses

Demographic characteristics, baseline levels and changes in phy-
sical activity, sedentary time, and mental wellbeing-related outcomes
were calculated using means and standard deviations for continuous
variables and percentages for categorical variables. For descriptive
purposes and to provide data to help inform future recommendations
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surrounding sedentary time and mental wellbeing, participants were
divided based on objectively-monitored time spent per day in sedentary
behaviors at baseline into low (< 10.5h), medium (10.5-12h), and
high (> 12h) subgroups. Demographics differences among subgroups
were assessed with ANOVAs for continuous variables and chi-square
analyses for categorical variables; significant results were followed by
linear trend analyses.

To address the primary aims of this study, a series of fixed-effects
longitudinal linear regression analyses estimated associations between
changes in sedentary time and changes in mood, stress, and sleep over
the duration of the study. Unlike conventional and random-effects re-
gressions, fixed-effects models make comparisons within individuals
rather than between groups. As such, each individual acts as her/his
own control, thereby controlling for characteristics of the individual
which do not vary with time (e.g. sex, race, education, etc.) (Allison,
2009). Consequently, fixed-effects models have the advantage of re-
moving bias from time-invariant confounding factors from both mea-
sured and unobserved variables (Allison, 2009). Predictors included in
the models were baseline sedentary time, changes in sedentary time,
baseline steps, and changes in steps. Multicollinearity was assessed via
variance inflation; variance inflation > 2 was identified as collinearity.
As none of the included predictors were collinear in any of the models,
all proposed predictors were included. Dependent variables were
changes in 1) POMS TMD, 2) perceived stress, and 3) sleep duration,
each analyzed separately (three fixed-effects regressions). As a sec-
ondary evaluation of the predictors on mood, separate regression
models were run with each of the six POMS subscales as the dependent
variable.

Prediction equations were then created using the coefficients and
intercepts from the regression analyses to examine the relative con-
tributions of baseline sedentary subgroup membership (low, medium,
high) and hypothetical changes in sedentary time on mental wellbeing.
In these equations, the mean sedentary time at baseline was used to
represent each of the three subgroups, with grand means for each of the
other predictor variables in each equation held constant. The influence
of increases and decreases of 30, 60 or 90 min as well as no change in
sedentary time across the year on primary outcomes was predicted and
illustrated graphically.

To examine the influence of sedentary bout length on mental
wellbeing, total sedentary time was divided into time accumulated in
bouts of greater than or equal to 30 min (prolonged) or < 30 min
(short). Changes in these two metrics across the year were included in
place of total sedentary time in the models described above; all other
predictors and outcomes were consistent with the primary analyses.
The a-level was set to 0.05 for all analyses. Statistical Analyses were
performed using SAS® v.9.4 (SAS Institute Inc., Cary, NC).

3. Results
3.1. Participant characteristics

A total of 271 participants (48.7% female) from the larger study
(n = 430) had complete data at both baseline and 1 year and were in-
cluded in the analyses. Baseline characteristics for the total sample and
for each subgroup are presented in Table 1. Baseline characteristics of
the participants with complete data at both time points did not differ
significantly from the 159 with complete data only at baseline for any
variable reported in Table 1 (all p > 0.05 for independent-samples t-
tests). Participants in the present analysis were 27.8 = 3.7 years old
with an average BMI of 25.4 + 3.9 kg/m?. At baseline, subgroups were
similar in age, height, income, presence of children in the home, and
education level (p > 0.05). Subgroups based on baseline levels of se-
dentary time (low, medium, high) were significantly different for BMI
and body weight (p < 0.001), as well as the percent of the sample
reporting ‘White’ as their racial or ethnic background (p = 0.006).
Trend analyses showed that BMI and weight increased linearly across

Preventive Medicine Reports 11 (2018) 274-281

Table 1
Demographic characteristics for the total sample and by baseline sedentary
subgroup. Data were collected between 2011 and 2013 in Columbia, SC.

Measure Total Subgroup (sedentary hours/day) Group
sample differences (p)
<10.5 10.5-12 > 12
n 271 70 110 91
Gender 48.7% 54.3% 46.4% 47.3% > 0.05
(% female)
Age 27.8 27.22 27.84 28.31 > 0.05
(3.7) (3.98) (3.66) (3.48)
BMI 25.4 23.78 24.61 27.59 < 0.0001
3.9) (3.29) (3.19) (4.149)
Height 172.2 170.29 173.58 172.22 > 0.05
(9.5) (7.86) (10.18) (9.47)
Weight 75.5 69.06 74.38 81.86 < 0.0001
(14.0) (10.93) (12.77) (15.00)
Income (% 35% 42% 38.7% 25.3% > 0.05
> $50,000)
Children in home  87% 85.7% 89.3% 85.6% > 0.05
(% without)
Race/ 66% 77.1% 68.8% 53.8% 0.006
ethnicity
(% White)
Education (% w 86% 81.4% 87.5% 89.0% > 0.05
college
degree)

Values are ‘Mean (sd)’ unless otherwise noted. BMI = body mass index.
* Indicates a significant linear trend (p < 0.05).

subgroups while percent reporting their race as White decreased line-
arly as sedentary time increased (all p < 0.05).

3.2. Physical activity and primary outcomes

3.2.1. Baseline data

Baseline levels of physical activity, sedentary behaviors, and pri-
mary outcomes are shown in Table 2. At baseline, participants averaged
just under 11.5h/day of sedentary time, accumulated approximately
7400 steps per day, and slept for about 6.5h each night. Participants
accumulated just under 5h/day (41%) of their sedentary time in pro-
longed bouts (> 30 min). Baseline values for most predictor and out-
come variables differed by subgroup including total sedentary time
(p < 0.001), short bouts (p = 0.018), prolonged bouts (p < 0.001),
sleep duration (p < 0.0001) and total mood disturbance (p = 0.042)
as well as steps (p < 0.001) with those with lower baseline sedentary
time generally having the more favorable profile (e.g. longer sleep,
lower levels of mood disturbance and more steps).

3.2.2. Changes over one year

Participants averaged small, non-meaningful changes in physical
activity, sedentary time, mood, stress and sleep. However, the range of
changes in sedentary time was large, from —5.55h to +4.25h.
Approximately 10% of the total sample changed their total sedentary
time by > 2h, ~30% by 1-2h and ~60% by < 1h. The changes in
steps/day averaged a decrease 15 steps with a range from —8886 to
+7775. The changes in TMD averaged an increase of 2 points with a
range from —95 to + 125, while changes in stress averaged an increase
of 0.5 points with a range from —20 to +19. Lastly, the change in sleep
duration averaged an increase of 4 min with a range from —2.6h to
+4.5h.

3.2.3. Fixed-effects regressions

As shown in Table 3, the overall models from the fixed effects re-
gressions were significant for mood, stress, and sleep duration, with
change in sedentary time as a significant predictor in each model.
Baseline sedentary time only significantly predicted changes in total
mood disturbance while changes in steps were only a significant
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Table 2
Measures of physical activity, sedentary time and outcomes variables at base-
line. Data were collected between 2011 and 2013 in Columbia, SC.

Measure Total Subgroup (sedentary hours/day) Group
sample differences
<105 10.5-12  >12 ®
n 271 70 110 91
Total sedentary time  11.4 9.42 11.22 13.15 < 0.0001
(1.61) (0.88) (0.44) (0.91)
Sedentary time 4.84 3.06 4.44 6.63 < 0.0001
accumulated in (1.95) (0.99) (0.94) (1.68)
bouts =30 min
Sedentary time 6.58 6.34 6.78 6.52 0.018
accumulated in (1.01) (1.08) (0.82) (1.12)
bouts < 30 min
Steps/day 7401.4 8931.8 7420.5 6200.7 < 0.0001
(2548.5) (2798.2) (2101.5) (2213.5)
Profile of TMD 108.9 106.7 106.6 113.6 0.042
mood (22.6) (17.6) (21.49) (26.5)
states Ten. 54(49) 49(M4.2) 4945 63(.8 0.10
Dep. 35(5.8) 27(38) 31(52) 47((74 0.027
Ang. 2739 26(M4.1) 25(3.7) 3.0(4.00 0.61
Vig. 13.7 14.1 14.7 12.0 0.011
(6.5) 6.4) (6.5) (6.2)
Fat. 6.3(5.2) 6.1(52) 6149 6754 072
Con. 4.7 (3.5) 4.6(3.00 47(33) 5.0(4.1) 0.78
Perceived stress scale  12.5 12.3 11.9 13.6 0.10
(5.8) (5.5) 5.4 (6.5)
Sleep duration 6.59 6.90 6.75 6.16 < 0.0001
(0.87) (0.81) (0.84) (0.81)

All time metrics are in hours/day. Values are ‘Mean (sd)’. TMD = Total Mood
Disturbance; Ten = tension; Dep = depression; Ang = anger; Vig = vigor;
Fat = fatigue; Con = confusion.

* Indicates a significant linear trend, p < 0.05.

predictor of changes in sleep duration. For POMS subscales, significant
overall regression equations were found for anger, fatigue and confu-
sion with changes in sedentary time a significant predictor in all three
while baseline sedentary time only significantly predicted changes in
anger and depression. Both baseline and changes in steps did not sig-
nificantly predict changes in any of the subscales.

The results generated by the prediction equations are graphically
represented in Fig. 1. This figure demonstrates the combined theoretical
influence of baseline sedentary time (subgroup) and changes in se-
dentary time on changes in outcome variables (TMD, PSS, Sleep
Duration) over the year. For example, for those with low sedentary time
at baseline (< 10.5h/day), the cumulative effect of pre-existing se-
dentary time and decreasing sedentary time by 90 min is predicted to
result in an improvement in TMD of 8.7 points or 0.49 standard de-
viation (SD) units. In contrast to this, for those with high sedentary time

Table 3
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at baseline (12+ hours/day), the cumulative effect of pre-existing se-
dentary time and the same decrease of 90 min of sedentary behavior is
predicted to result in a minimal improvement in TMD of 0.7 points or
0.03 SD units. Thus, Fig. 1 highlights that both baseline levels of se-
dentary time and potential changes in this set of behaviors play a role in
future mental mood, stress and sleep.

3.2.4. Bouts regressions

Results from the analyses examining sedentary time accumulated in
bouts =30min (prolonged) and < 30min (short) are shown in
Table 4. For changes in TMD, the overall model was significant and
changes in prolonged and short bouts were both significant predictors.
For changes in stress, the overall model was significant. However, only
changes in prolonged bouts of sedentary time were a significant pre-
dictor. For changes in sleep duration, the overall model was significant
with significant negative associations between changes in both pro-
longed and short bouts of sedentary time and change in steps.

4. Discussion

The present results show that changes in sedentary time over a year
were significantly associated with changes in multiple aspects of mental
wellbeing in a sample of young healthy adults. Specifically, increases in
sedentary time were associated with less sleep and greater levels of
mood disturbance and stress when controlling for baseline amounts and
changes in physical activity (i.e., steps). When overall sedentary time
was partitioned based on the amount of time spent in short and pro-
longed bouts, results indicated that changes in either of these metrics
significantly affected outcomes. However, changes in prolonged bouts
were more predictive (larger beta coefficients) of changes in mood and
stress and changes in short bouts were more predictive for changes in
sleep duration. Neither baseline levels of total sedentary time or base-
line time spent in both short and prolonged bouts significantly pre-
dicted changes in general mental wellbeing (total mood disturbance,
stress and sleep) one year later. Overall, these data indicate that de-
creasing sedentary behavior, regardless of bout length, may positively
affect future mental health and sleep.

Mental health is a rising societal concern, with 18% of adults suf-
fering from a diagnosable mental illness each year (Hedden et al.,
2013), and an even greater number with subclinical symptoms, costing
the United States more than $200 billion annually (Levit et al., 2008).
As such, understanding modifiable factors that could improve mental
health has great public health significance. A growing body of work
demonstrates a link between sedentary behaviors and various aspects of
mental health including diagnosable conditions such as depression,
anxiety, and bipolar disorder (Teychenne et al., 2015, 2010), and
subclinical issues including stress, poor sleep and lower levels of

Results from the fixed-effects regressions for total sedentary time. Data were collected between 2011 and 2013 in Columbia, SC.

Predictors Dependent variables: change across 1 year

A POMS A PSS A Sleep duration

A TMD A Ten A Dep A Ang A Vig A Fat A Con

Std. 8 p Std. & p Std. & p Std. 8 p Std. & p Std. 8 p Std. 8 p Std. & p Std. 8 p
Baseline sedentary 0.14 0.053 0.07 0.34 0.14* 0.049 0.24* 0.001 0.00 0.99 0.07 0.34 0.14 0.06 0.08 0.29 —-0.04 0.52

time

A sedentary time 0.23* 0.001 0.13 0.07 0.19* 0.009 0.18° 0.01 —-0.13 0.08 0.19 0.008 0.21 0.003 0.20 0.006 -0.58 < 0.0001
Baseline steps 0.04 0.55 —0.00 0.99 0.08 0.29 0.11 0.12 —0.04 0.59 -0.06 0.44 0.01 0.86 0.03 0.71 —-0.03 0.70
A steps 0.01 086 -0.03 0.71 0.07 036 013 0.08 0.06 0.43 -0.07 033 004 055 -0.07 030 -0.29 < 0.0001
Overall Model (R?) 0.04° 0.018 0.02 0.33 0.03 0.09 0.05* 0.008 0.03 0.08 0.04- 0.02 0.04° 0.04 0.04° 0.01 0.27 < 0.0001

A = change; POMS =Profile of Mood States; Ten = tension; Dep = depression; Ang = anger;

Disturbance; PSS =Perceived Stress Scale.
* Significant at p < 0.05.
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Vig = vigor; Fat = fatigue; Con = confusion; TMD = Total Mood
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Fig. 1. Output of prediction equations demonstrating the influence of theoretical changes in sedentary time, from decreasing by 1.5 h to increasing by 1.5h in 30 min
increments, (represented by bars) on changes in mood (Panel A), stress (Panel B), and sleep duration (Panel C). To illustrate the cumulative influence of baseline
sedentary time combined with changes in this behavior, predictions are broken down based on baseline levels of sedentary time in subgroups (< 10.5,
10.5-12, > 12 h/day). This shows that greater baseline sedentary time predicts somewhat worse mental wellbeing and shorter sleep one year later, but that changes
in sedentary time over the year have the potential to overcome or exacerbate the predicted changes in mental wellbeing and sleep at the end of the year. Data were

collected between 2011 and 2013 in Columbia, SC.

wellbeing (Atkin et al., 2012a; Kline et al., 2016). Adding to this cross-
sectional work are several longitudinal investigations showing that self-
reported sedentary time predicts future mental health and wellbeing
(Lucas et al., 2011; Sanchez-Villegas et al., 2008). Additionally, a few
brief, small-scale interventions show that changing sedentary behavior
results in concomitant changes in mental health-related outcomes
(Barwais et al., 2013; Ellingson et al., 2016; Endrighi et al., 2015; Pronk
et al., 2012). However, this link has not been universally supported
(van Uffelen et al., 2013) and there is some evidence of reverse caus-
ality showing that changes in mental health may result in changes in
sedentary time (Teychenne et al., 2014). The present work adds to these
findings by demonstrating significant associations between natural

fluctuations in sedentary time and changes in several aspects of mental
wellbeing over a year's time in healthy young adults. Specifically, we
found that changes in sedentary time were positively related to changes
in several aspects of mood disturbance, including depression, anger,
fatigue, and confusion, and were positively associated with changes in
stress and negatively associated with changes in sleep duration. Thus,
increasing sedentary time may put individuals at greater risk for wor-
sening mental wellbeing.

Previous research suggests that prolonged sedentary behavior may
be a better predictor of health outcomes than total sedentary time. For
example, only time spent in prolonged sedentary bouts and not total
sedentary time or time spent in short bouts was shown to have a
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Table 4
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Results from the fixed-effects regressions for sedentary time broken down into prolonged (30 + minutes) and short (< 30 min) bouts. Data were collected between

2011 and 2013 in Columbia, SC.

Predictors Dependent variables: change across 1 year
APOMS APSS ASleep Duration
A TMD A Ten A Dep A Ang A Vig A Fat A Con
Std. 8 p Std. 8 p Std. 8 p Std. 8 p Std. 8 p Std. 8 p Std. 8 p Std. 8 p Std. 8 p
A sed bouts of 30+ 0.29* 0.003 0.16 0.09 0.03 0.19 0.25° 0.01 —-0.15 0.11 0.25 0.01 0.27 0.006 0.27 0.005 -0.70 < 0.0001
A sed bouts of < 30 0.27 0.004 0.17 0.07 0.23 0.02 0.17 0.07 —0.18 0.06 0.20 0.04 0.27 0.003 0.17 0.08 —-0.84 < 0.0001
Baseline sed time in bouts 0.16  0.06  0.08 0.34 0.24° 0.01 0.28° 0.001 0.01 0.93 0.08 0.34 0.16 0.07 0.10 0.25 -0.02 0.74
of 30+
Baseline sed time in bouts 0.08 0.29 —-0.01 0.89 0.16 0.06 0.17 0.04 —-0.05 0.54 0.01 0.89 0.05 0.52 0.00 0.97 —-0.00 0.97
of <30
Baseline steps 0.04 059 -0.00 098 0.11 0.18 0.11 0.12 -0.03 0.67 -0.05 0.46 0.01 0.90 0.03 0.67 -0.00 0.98
A steps 0.01 0.90 —-0.03 0.69 0.17 0.34 0.13 0.07 0.06 0.38 -0.07 0.34 0.04 0.59 —0.07 0.34 -0.27 < 0.0001
Overall Model (R%) 0.05* 0.049 0.03 0.36 0.06 0.41 0.05° 0.031 0.03 0.17 0.04 0.06 0.05 0.06 0.05 0.033 0.37 < 0.0001

A = change; POMS =Profile of Mood
Con = confusion; PSS =Perceived Stress Scale.
* Significant at p < 0.05.

significant effect on development of metabolic syndrome (Honda et al.,
2016). Further, changing the number of prolonged bouts had a greater
effect on waist circumference than changing the number of short bouts
(Jadice et al., 2015). Our study supports this potentially greater impact
of prolonged bouts of sedentary time for aspects of mental wellbeing
including mood and stress. However, changes in short bouts of seden-
tary time were more predictive of changes in sleep duration (larger beta
coefficient) and were also significantly associated with changes in
mood. In other words, decreasing sedentary time, regardless of bout
length, may also have relevance for outcomes related to mental well-
being and should be considered in future intervention design and public
health messages.

4.1. Toward sedentary behavior recommendations

There is a growing interest in developing evidence-based re-
commendations for sedentary time (Hamilton et al., 2008). While a
number of countries and agencies have noted the importance of limiting
sedentary time in children, to our knowledge only Australia and the
American College of Sports Medicine have officially recommended that
adults limit the amount of time they spend sitting each day (ACSM,
2011; Australian Government Department of Health, 2014). However,
these recommendations do not offer specific guidance regarding how to
accumulate these often-requisite behaviors without negatively im-
pacting health.

The prediction equations generated from our regression analyses are
intended to help advance this cause by showing how changes in se-
dentary behaviors influence changes in mental wellbeing, accounting
for an individual's pre-existing behavior. Decreasing sedentary time
may be advisable and, depending on where an individual starts, greater
changes in sedentary time may be needed in order to realize a mean-
ingful improvement in wellbeing. For example, for participants accu-
mulating the most sedentary time at baseline (> 12 h/day), a decrease
of 90 min/day may be needed to negate the detrimental influence of
their high pre-existing sedentary time on mood disturbance, stress and
sleep duration 1 year later. The potentially large effects of changing
sedentary time contrast with the more minimal effects of pre-existing/
baseline sedentary time where, even in those participants accumulating
the least sedentary time at baseline, increasing time by 30 min/day was
still predicted to worsen stress and decrease sleep duration. In this
study, approximately 40% of participants changed their daily sedentary
time by > 60 min and another 25% changed their sedentary time be-
tween 30 and 60 min. This suggests that making subtle (i.e., > 30 min/
day) changes in sedentary time may be feasible with larger increases

States; TMD = Total Mood Disturbance;

Ten = tension; Dep = depression; Ang = anger; Vig = vigor; Fat = fatigue;

(60-90 min/day) also possible. Our data support that reducing seden-
tary time by even 60 min/day could prevent or significantly attenuate
the negative effects of even high amounts of baseline sedentary beha-
vior and, thus, could contribute to the development of sedentary be-
havior recommendations for mental wellbeing.

Decades of intervention research have demonstrated that promoting
behavior change at the individual level can be challenging. This is
certainly true for sedentary behavior, which has been strongly influ-
enced by advances in technology and the built environment (Owen
et al., 2010). As such, policy, system, and environmental changes will
be important for promoting sustained decreases in this ubiquitous set of
behaviors. For example, there is growing evidence that policy-level
programs aimed at increasing availability of sit-to-stand desks in the
workplace and other modifications to the internal built environment
can effectively decrease sitting time (Marmot and Ucci, 2015). More
recently, evidence has shown that low neighborhood walkability is
predictive of high sedentary behavior (Sallis et al., 2018) suggesting
that modifications like additions of sidewalks and greenspace may also
be effective. Individual-level changes to reduce prolonged sedentary
time could include more frequently breaking up sedentary activities
with brief periods of standing/moving (e.g., standing during commer-
cials), while reducing total time spent sedentary could be accomplished
through standing or moving during more activities that are usually
performed seated (e.g., standing while talking on the phone). The
present results highlight the need for future sedentary intervention
research informed by the important sociocultural and environmental
factors that influence sedentary habits.

Interestingly, baseline physical activity did not significantly predict
mood, stress or sleep duration, with changes in steps only significantly
predicting changes in sleep duration at 1 year. Thus, in this sample of
healthy adults, changes in sedentary time were more strongly and
consistently associated with changes in mental wellbeing than changes
in steps. Although previous research clearly indicates a link between
physical activity and mental health (Zschucke et al., 2013), the present
data indicate an important association between changes in sedentary
behavior and mental wellbeing. Future research directly comparing
changes in sedentary time with changes in physical activity will be
instrumental in clarifying the relative importance of the effects of in-
creasing activity and/or decreasing sedentary time for mental well-
being.

4.1.1. Strengths and limitations
Limitations of this study include: lack of postural or contextual in-
formation for sedentary time, and the observational nature of the study.
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Additionally, our sample included primarily young, highly educated,
adults with no children in the home, and low levels of psychopathology.
However, it is plausible that the relationships between sedentary be-
havior and mental wellbeing may actually be stronger in older, less
healthy populations with lower levels of wellbeing. Further, under-
standing the influence of sedentary behavior in a population that is
establishing behavioral habits that may impact their future health is
important. Nonetheless, future studies would benefit from sampling
more diverse populations. Strengths include: objective 24-h sedentary
monitoring, which allowed for examination of bout length, the long-
itudinal study design, and multiple assessments of mental wellbeing in
a generally healthy population.

5. Conclusions

The present data show that, regardless of bout length, changes in
sedentary behavior predicted changes in mental wellbeing in a sample
of younger healthy adults. In pursuit of developing evidence-based re-
commendations, our data suggest that decreasing daily sedentary time
by 60 min may prevent or significantly attenuate the negative effects of
sedentary time on mental wellbeing. The powerful fixed-effects re-
gression model and the coherence of these findings with the current
literature demonstrating that sedentary behavior is detrimental for
multiple aspects of health suggest that additional research is warranted.
Interventions designed to alter sedentary time appear promising and
are needed to assess a causal link with mental wellbeing.
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