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Effects of replacing sedentary time

with alterations in physical activity or sleep
on mood states in Chinese young adults
during the pandemic

Dan Li', Terence Chua?, Meiyuan Chen?, Xianxiong Li"" and Michael Chia®"

Abstract

Background Poor mood states pose the most frequent mental health, creating a considerable burden to global
public health. Sedentary behavior is an essential factor affecting mood states, however, previous measures to reduce
sedentary time in Chinese young adults have focused only on increasing physical activity (PA). Sedentary, PA, and
sleep make up a person’s day from the standpoint of time use. It is not known whether reallocating sedentary time
to different types of PA (e.g. daily PA and structured PA) or sleep during an epidemic has an effect on mood states.
Therefore, this study aimed to examine the association between replacing sedentary time with different types of PA
or sleep during the pandemic and the mood states of Chinese young adults and to further examine whether this
association varies across sleep populations and units of replacement time.

Method 3,579 young adults aged 18 to 25 years living in China and self-isolating at home during the COVID-19
outbreak were invited to complete an online questionnaire between February from 23 to 29, 2020. Subjects' PA,
sedentary time, and mood states were assessed using the International Physical Activity Questionnaire and the
Chinese version of the Profile of Mood States, respectively. Participants also reported sleep duration and some
sociodemographic characteristics. Participants were divided into short sleepers (<7 h/d), normal sleepers (7-9 h/d),
and long sleepers (>9 h/d) based upon their reported sleep duration. Relevant data were analyzed using Pearson
correlation analysis and isotemporal substitution model (ISM).

Results Sedentary time was negatively associated with mood states in Chinese young adults during the pandemic
(r=0.140) and correlated strongest among short sleepers (r=0.203). Substitution of sedentary time with structured PA
was associated with good mood states (3=-0.28, 95% Cl:-0.49, -0.08). Additionally, substituting sedentary time with
daily PA (e.g. occupational PA, household PA) was also associated with good mood states among normal sleepers (3=-
0.24,95% Cl:-0.46, -0.02). The substitution of sedentary time with sleep could bring mood benefits (3=-0.35, 95% Cl:
-0.47,-0.23). This benefit was particularly prominent among short sleepers. Furthermore, for long sleepers, replacing
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sedentary time with sleep time also resulted in significant mood benefits (3=-0.41, 95% Cl:-0.69, -0.12). The longer the
duration of replacing sedentary behavior with different types of PA or sleep, the greater the mood benefits.
Conclusions A reallocation of as little as 10 min/day of sedentary time to different types of PA or sleep is beneficial
for the mood states of young adults. The longer the reallocation, the greater the benefit. Our results demonstrate a
feasible and practical behavior alternative for improving mood states of Chinese young adults.
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Introduction

The Novel Coronavirus Disease (COVID-19) broke out
in December 2019, and spread rapidly around the world.
The government has advised citizens to self-isolate at
home to decrease social mobility to minimize the spread
of the virus [1]. The World Health Organization (WHO)
has stated that the COVID-19 pandemic causes a large
threat to global physical and mental health [2]. A mood
is a mental state and is a pervasive and sustained emo-
tion or feeling tone, such as happiness, anger, tension,
or anxiety [3]. It constitutes an essential component of
daily experience and can impact one’s perceptions and
interactions with the world [4]. Research studies have
corroborated that a significant proportion of individuals
have been highly prevalent in mood disturbances such
as panic, suspicion, dysphoria, and depression during
the COVID-19 pandemic [5, 6]. A recent meta-analysis
found that the global prevalence of depression (25%) dur-
ing the pandemic was seven times higher than the global
prevalence of depression (3.44%) in 2017 [7]. Mood states
concerns were reported at the highest rate in China,
where the outbreak originated [8].

A person’s mood states are affected not only by the
interactions between environmental and personality
factors, but also by everyday activity behavior including
sedentary behavior (any waking behavior with energy
expenditures of <1.5 metabolic equivalents while in a sit-
ting, reclining or lying posture [9]), physical activity (PA)
(any bodily movement that results in energy expendi-
ture [10]), and sleep (a spontaneous and reversible state
of rest [11]) [12, 13]. Existing evidence demonstrates
that the lockdown policy during the pandemic had an
unintended impact on sedentary behavior [14, 15]. The
restrictions on going out and the need to work or learn at
home have led to a significant increase in sedentary time
for recreation and leisure and sedentary time for office
study among young adults [16] Although research on the
relationship between sedentary behavior and health is
still in its infancy in China [17], evidence from a growing
number of studies consistently suggests that sedentary
behavior has a negative impact on mood states [18, 19].
To reduce the harm caused by sedentary behavior, pub-
lic health guidelines recommend limiting the time spent
sitting [20]. However, Time-Use Epidemiology studies
have shown that the total time of the day is 24 h, where

a decrease in the time spent on one activity (e.g. seden-
tary behavior) means an increase in the time spent on
other activities (e.g. PA or sleep) [21]. Hence, when advo-
cating for individuals to reduce sedentary behavior to
gain health benefits, public health guidelines should also
encompass guidance for the substitution activity for sed-
entary behavior.

The Isotemporal Substitution Modeling (ISM), devised
by Mekary and colleagues is a simple and appropriate
approach for estimating the health implications of theo-
retically replacing one type of activity for another with
the same amount of time, while allowing for adjustments
for the confounding effects of the remaining activities
[22]. This model has been validated, and gained recogni-
tion within the academic community [23]. To date, only a
considerable number of studies have applied this statisti-
cal approach in populations such as children and adoles-
cents, older adults, and pregnant women. These previous
studies addressed a range of health indicators such as
obesity, diabetes, executive functioning, and life quality
[24-28]. To our knowledge, there is limited research on
mental health indicators in young adults using the ISM
approach. A cohort study conducted in the United States
involving young adults aged 21 to 35 years demonstrated
that substituting sedentary behavior with PA could
potentially yield psychological advantages in both the
short- and longer-term [29]. It appears that daily PA (e.g.,
sweeping floors, cleaning windows) is more inherently
accomplishable and performable than structured PA
(performing the scheduled and regimented exercise, e.g.,
dancing, playing tai chi [30]). Studies have shown that
people are more likely to engage in daily PA during the
pandemic [31]. Therefore, it is effort-worthy to examine
whether replacing sedentary time with daily PA is benefi-
cial to mood states especially in COVID-19 pandemic sit-
uations. Although sleep, which occupies a large portion
of the 24-hour day, has been significantly associated with
mood states in previous studies [18, 19]. However, most
studies using ISM do not include sleep indicators in their
analyses [32], which is an important limitation. Whether
replacing sedentary with sleep duration for Chinese
young adults during an epidemic can provide mood ben-
efits is still up in the air. From a public health perspec-
tive, it is consequential to find out how reallocating time
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from sleep to sedentary affects the mood states of young
adults.

Multiple studies have demonstrated there is a U-shaped
relationship between sleep duration and adverse psycho-
logical symptoms, wherein both insufficient and exces-
sive sleep duration can precipitate mood disturbances
[33, 34]. This could mean that sleep should be prioritized
as a replacement for sedentary, followed by PA, for insuf-
ficient sleepers, or it could mean that replacing sedentary
time with PA or sleep will not necessarily result in mood
benefits for young adults who have excessive amounts of
sleep. Therefore, when testing the relationship between
replacing sedentary with PA or sleep and mood states,
it is necessary to analyze subgroups of different sleep
populations. Finally, by combing through all the studies
that used ISM, it was observed that the majority of these
studies commonly used predetermined units of time sub-
stitution (10, 15, 30, or 60 min), while rarely comparing
the impact of different durations being allocated from
one activity to another. Providing information about the
impact of these different durations on mood states pro-
vides useful information that could be customized to suit
different clusters of young adults who have different life-
style behaviors.

The present study employed ISM to address the follow-
ing research questions: Is there an association between
sedentary time and mood states in Chinese young adults
during the COVID-19 pandemic? Are there benefits to
mood states when sedentary time is replaced with differ-
ent types of PA or sleep time? Do these associations and
substitution benefits vary among different sleep popula-
tions (e.g. short sleepers, normal sleepers, and long sleep-
ers)? Are there differences in the benefits to mood states
for different replacement times?

Materials and methods

Participants and procedure

Young adults aged 18 to 25 years, residing in China and
staying home in self-quarantine during the COVID-
19 outbreak, were invited to partake in a questionnaire
between 23 February and 29 February 2020. The imple-
mentation of China’s home quarantine policy during the
pandemic has resulted in limitations on conducting face-
to-face surveys. Questionnaire contents were uploaded
to a freely accessible online Chinese survey platform
(https://www.wjx.cn) and disseminated using snowball
sampling. Upon clicking on the online questionnaire link,
participants were presented with an initial interface con-
taining an introduction to the questionnaire and were
directed to indicate their consent to taking part in the
survey. Upon selecting the option “Know the question-
naire content and agree to participate in the question-
naire study,” the formal content of the questionnaire was
displayed. This study received approval from the Ethics
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Committee of Hunan Normal University (approval num-
ber: 2020—393).

A total of 3,579 participants completed the online
survey. Before data processing, we applied a series of
exclusion criteria: (1) response time less than 4 min (a
minimum time required to complete the questionnaire)
(N=382); (2) in a day, PA, sedentary time, or sleep dura-
tion all exceed 24 h, or these three behaviors total 24 h
(N=142); (3) zero hours spent PA, sedentary or sleep-
ing (N=88); (4) identical responses to the questions on
the mood states (e.g., for each response, the participants
selected “not at all”) (N=36); (5) obvious discrepancy
among demographic information (e.g., the year 2000 was
selected as the response to the birth year question, but
the age group of 31 to 40 was chosen for the age group
response.) (N=11). Following these exclusion criteria,
2,920 questionnaires were considered valid for inclusion
in the data analysis.

Measurements
Time spend on PA, sedentary, and sleep
PA and sedentary time during the COVID-19 pandemic
were assessed using the International Physical Activity
Questionnaire (IPAQ) [35]. The IPAQ comprises 31 items
and estimates the frequency and duration of sedentary
behavior and various types of PA in the last seven days.
Physical activities included four types [36]: household PA
(e.g. cooking, washing clothes, mopping the floor), occu-
pational PA (e.g., using a computer, writing), transport
PA (e.g. walking, cycling), and leisure time PA (e.g. rope
skipping, playing table tennis, resistance training). Based
on literature recommendation [37], leisure time PA can
be referred to as “structured PA” Household PA, occupa-
tional PA, and transport PA were combined into an indi-
cator of “daily PA”. Participants’ PA was also grouped into
three types of intensity: light-intensity physical activity
(LPA), moderate PA, and vigorous PA. Consistent with
previous studies [38], we combined moderate and vigor-
ous-intensity PA and renamed as moderate-to-vigorous
intensity physical activity (MVPA). The IPAQ has dem-
onstrated adequate reliability and validity in the Chinese
population [39]. In this study, the Cronbach’s a coeffi-
cient for the IPAQ was 0.81.

Sleep duration was assessed using two items from
a self-reported open-ended question: “What time did
you usually fall asleep during the previous seven days?’,
“What time did you usually wake up during the previ-
ous seven days?” Sleep duration was calculated based on
participants’ reported time of falling asleep at night and
waking up in the morning [40]. Based on previous stud-
ies and the National Sleep Foundation’s recommendation
of sleep duration for young adults [41, 42], we stratified
participants into three groups: short sleepers (<7 h/day),
normal sleepers (7-9 h/day), and long sleepers (>9 h/
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day). In this study, the Cronbach’s a coefficient for the
self-reported sleep duration was 0.70.

Mood states

Mood states of participants during the COVID-19 pan-
demic were assessed by the Chinese version of the Profile
of Mood States (POMS) which had been shown to dem-
onstrate good reliability and validity [43, 44]. The POMS
contained seven subscales: vigor, self-esteem, tension,
depression, anger, fatigue, and confusion. Participants
were instructed to describe how they have been feel-
ing in the past week. Each item was rated on a 5-point
scale ranging from “not at all” to “extremely” The total
mood disturbance (TMD) score was calculated by com-
bining the scores of five subscales for the negative mood
states (tension, depression, anger, fatigue, and confusion)
and subtracting it from the score for the two positive
subscales for the positive mood states (vigor, and self-
esteem). Scores could range from 0 to 200, with higher
scores indicating a higher degree of mood disturbance
[45]. In this study, the Cronbach’s a coefficient for the
POMS was 0.73.

Finally, basic demographic variables such as age, gen-
der (male and female), region (rural and urban), and body
mass index (computed by participant height and body
mass) were collected.

Statistical analysis

All analyses were completed using SPSS 26 and fig-
ures were produced using GraphPad Prism. Continu-
ous variables conforming to a normal distribution were
expressed as mean and standard deviation, while contin-
uous variables not conforming to a normal distribution
were expressed as median and quartiles [46]. Categorical
variables were expressed as frequencies and percentages.
P values less than 0.05 (p<0.05) were considered statisti-
cally significant.

Pearson’s correlation was used to assess the association
between sedentary time and mood states among Chinese
young adults during the COVID-19 pandemic.

The ISM was used to test the effect on mood states
when replacing the amount of time in sedentary behav-
ior with the same amount in another activity (e.g. PA or
sleep) while keeping total behavior time constant [22].
First, we examined the effect of replacing sedentary time
with daily PA, structured PA, or sleep on mood states,
the ISM was expressed as: logit (Mood states) =(p;) daily
PA+(B,) structured PA+(B;) sleep+(B,) total behavior
time+(B;) covariates. The coefficients B;, ,, and P, rep-
resented the effect of substituting an equal amount of
sedentary time with daily PA, structured PA, or sleep,
respectively.

Next, daily PA was categorized into occupational PA,
transport PA, and household PA. Structured PA was
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further divided into structured LPA and structured
MVPA. The effect of replacing sedentary time with these
activities on mood states was examined and the ISM
was expressed as: logit (Mood states) =(f3;) occupational
PA +(B,) transport PA +(B;) household PA +(B,) struc-
tured LPA +(B;) structured MVPA +(B,) sleep +(j3,) total
behavior time +(Bg) covariates. The coefficients B, By, Ps
B4 and s represented the effect of substituting an equal
amount of sedentary time with occupational PA, trans-
port PA, household PA, structured LPA, or structured
MVPA, respectively.

As a change of activity of 10 min per day may be more
easily achieved [47], a 10-minute substitution unit was
chosen as the starting time interval. Thereafter, alterna-
tive units of 20, 30, 40, 50, and 60 min, respectively, were
used to compare differences in the mood effects of dif-
ferent replacement times. All models were adjusted for
potential confounders, and these were age, sex, region,
and body mass index.

Results

Table 1 shows that of the total participants (#=2920),
73.7% were female, and 57.8% came from the rural
regions. The average sedentary time and sleep dura-
tion among all participants were 7.8 h and 9.4 h per day,
respectively. Self-reported sedentary time was high-
est (8.2 h/day) among short sleepers. The median daily
PA time and structured PA time for all participants was
10.0 min/day and 7.1 min/day, respectively. The average
score of TMD among all participants was 100.1, and a
higher TMD score was found among short sleepers.

The relationship between sedentary time with mood states
in Chinese young adults

Pearson correlation analysis showed a significant posi-
tive association between sedentary time and TMD
scores among all participants (r=0.140, p<0.01) (Fig. 1.).
Notably, the correlation coefficient between sedentary
time and TMD scores was greatest among short sleep-
ers (r=0.203, p<0.05), compared to normal sleepers
(r=0.158, p<0.01) and long sleepers (r=0.109, p<0.01).

Effects of replacing sedentary behavior with different
types of PA or sleep on mood states

Figure 2. shows that reallocating 10 min/day of seden-
tary time to an equal amount of structured PA was asso-
ciated with lower TMD scores among total participants
(p=-0.28, 95% CI: -0.49, -0.08), However, this substitution
effect was found primarily in structured MVPA ($=-0.38,
95% CI: -0.63, -0.13). Notably, replacing 10 min/day of
sedentary time with an equal amount of daily PA was
also associated with lower TMD scores (p=-0.24, 95%
CI: -0.46, -0.02) among normal sleepers. However, this
substitution effect was found mainly in occupational PA



Li et al. BMC Public Health

(2024) 24:2184

Table 1 Characteristics of study participants (18-25 years) stratified by sleep duration (n=2920)

Page 5 of 11

Variables Short sleepers Normal sleepers Long sleepers Total
Number 151(5.2) 1409 (48.3) 1360 (46.5) 2920 (100.00)
Gender
Male 52 (34.4) 395 (28.0) 322(23.7) 769 (26.3)
Female 99 (65.6) 1014 (72.0) 1038 (76.3) 2151 (73.7)
Region
Rural 61 (404) 806 (57.2) 822 (60.4) 1689 (57.8)
Urban 90 (59.6) 603 (42.8) 538 (39.6) 1231 (42.2)
BMI 232+64 233+74 230+72 23172
Sedentary time (h/day) 82+25 77426 79426 78+26
Daily PA (min/day) 11.4(0,43.6) 12.9(0,36.4) 8.6 (0.0,30.0) 10.0(0.0,34.3)
Occupational PA 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0) 0.0 (0.0,0.0)
Transport PA 0.0 (0.0,8.6) 0.0 (0.0,8.6) 0.0 (0.0,5.7) 0.0(0.0,5.7)
Household PA 4.3 (0.0, 20.0) 5.7(0.0,25.7) 4.3 (0.0, 20.0) 4.3(0.0,22.9)
Structured PA (min/day) 8.6(0.0,27.1) 8.6(0.0,30.0) 5.7(0.0,25.7) 7.1(0.0,27.1)
Structured LPA 0.0(0.0,29) 0.0(0.0,5.7) 0.0(0.0,5.7) 0.0(0.0,5.7)
Structured MVPA 2.9(0.0,20.0) 2.9(0.0,20.0) 0.0 (0.0, 15.0) 14(0.0,17.1)
Sleep duration (h/day) 6.7+£0.6 87405 104+0.7 94+12
TMD score 1054+23.8 99.7+20.6 100.0+£204 100.1£20.7

Note Data are represented as n (%), mean=SD, or median (interquartile range). Abbreviations BMI=body mass index; PA=physical activity; LPA=light-intensity

physical activity; MVPA=moderate-to-vigorous intensity physical activity; TMD=total mood disturbance

Total Participants Participants divided by sleep duration
—— Short sleepers
r=0.203, P<0.05
r=0.140, P<0.01 Normal sleepers

=0.158. P<0.0

£ Long sleepers

2 ’." r=0.109, P<0.01

E P

0 5 10 0 5 10

Sedentary time (h/day)

Fig. 1 The relationship between sedentary time with mood states among Chinese young adults during the pandemic. Note: higher TMD score indicates
a higher degree of mood disturbance. Abbreviation: TMD =total mood disturbance

(B=-0.60, 95% CI: -1.16, -0.05) and household PA (p=-
0.35, 95% CI: -0.64, -0.06).

When substituting 10 min/day of sedentary time with
an equivalent duration of sleep, significantly lower TMD
scores were observed (p=-0.35, 95% CI: -0.47, -0.23). This
substitution effect was greatest among short sleepers
(B=-1.99, 95% CI: -2.94, -1.03). Furthermore, even among
long sleepers, replacing an equivalent amount of sed-
entary time with 10 min/day of sleep was still linked to
lower TMD scores (p=-0.41, 95% CI: -0.69, -0.12).

Differences in the benefits to mood states for different
replacement times

The effects of replacing an equivalent amount of seden-
tary time with 10 to 60 min/day of different types of PA
or sleep on TMD scores are presented in Table 2. When
the substitution of sedentary time with different types
of PA or sleep was statistically significant in relation to
lower TMD scores, the longer the replacement time, the
greater the benefit. In addition, among short sleepers,
replacement of sedentary time by 20 min/day of sleep
(p=-3.97) was associated with similar reduced TMD
scores as compared to replacement by 30 min/day of
structured PA (p=-3.98).
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Total Pal:ticipants Short §leepers Normal 'sleepers Long s'leepers
Daily PA H%" "';" H"; i_H
Occupational PA '—°—§—' '—0—%" '—'—‘E "i_’_'
Transport PA %0—1 '—‘E—‘ »—é—o—c 'i—'—'
Household PA »—o—gu "E—'—‘ )_._.E *—%—*
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Fig. 2 The coefficient B (95% confidence intervals) of TMD scores when replacing 10 min/day sedentary time with an equal amount of time of different
types of PA and sleep among young adults aged 18 to 25 years during the pandemic. Notes rose-red lines represent statistical significance (p <0.05), blue
lines represent no statistical significance (p >0.05). Higher TMD score indicates a higher degree of mood disturbance. Abbreviations PA=physical activity;
LPA=light-intensity physical activity; MVPA =moderate-to-vigorous intensity physical activity; TMD =total mood disturbance

Discussion

This cross-sectional study with 2920 young adults aged
18 to 25 years from China aimed to investigate the inde-
pendent associations between sedentary time and mood
states during the COVID-19 epidemic and the effects
of reallocating sedentary time to different types of PA
or sleep on mood states. There was evidence of nonlin-
earity in the associations of sleep with mood states [33].
Thus, all outcomes were stratified by sleep duration. Our
findings showed that sedentary time was positively asso-
ciated with mood disturbances in Chinese young adults
during the COVID-19 pandemic where the correlation
was strongest among short sleepers (sleep duration<7 h/
day). Substitution of sedentary time with structured PA
was associated with good mood states. Additionally,
substituting sedentary time with daily PA (e.g. occupa-
tional PA, household PA) was also associated with good
mood states among normal sleepers (sleep duration
within 7-9 h/day). Significantly, the substitution of sed-
entary time with sleep could bring mood benefits. This
benefit was particularly prominent among short sleep-
ers. Furthermore, even when sleeping more than 9 h/day,
replacing sedentary time with sleep time also resulted
in significant mood benefits. Finally, we found that the
longer the duration of replacing sedentary behavior with
different types of PA or sleep, the greater were the mood
benefits.

In the present study, we found that replacing sedentary
time with structured PA may have provided mood ben-
efits. This is consistent with studies conducted in Aus-
tralia, which showed that a reallocation of more PA was

associated with better mental well-being when replac-
ing sedentary behavior [48]. Such findings were also
observed in studies conducted in Canada [49] and Korea
[50]. The observed benefits of substituting sedentary
with structured PA on mood states have been explained
by underlying physiological and psychological mecha-
nisms. Engaging in structured PA can decrease the lev-
els of stress hormones in the body, such as cortisol and
adrenaline, while boosting endorphin levels, leading
to a feeling of optimism and relaxation [51]. It can also
increase brain-derived neurotrophic factor, which aids in
alleviating symptoms of anxiety [52]. Moreover, it helps
in establishing a sense of self-efficacy and enhancing the
feeling of control over stressful situations [53]. Simulta-
neously, it can divert people’s attention, which releases
psychological pressure and effectively reduces anxiety
[54]. Currently, interventions to decrease sedentary time
typically focus on increasing the time spent in MVPA, as
this activity produces a greater energy expenditure. The
WHO has recommended that adults partake in a mini-
mum of 150 to 300 min of moderate-intensity or 75 to
150 min of vigorous-intensity PA per week [20]. How-
ever, meeting current recommendations on PA remains a
key challenge, as evidenced by the low adherence around
the globe [55]. The data from worldwide surveys showed
that about a quarter to a third of the world’s young adult
population is insufficiently physically active [56, 57]. In
China, the proportion of young adults who have met the
recommended standards of PA was even less than 45%
during the COVID-19 epidemic [58]. It is accepted that
to obtain appreciable health benefits from an activity,
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Table 2 The coefficient (3 (95% confidence intervals) of TMD scores when replacing sedentary time with PA and sleep of different time
substitution units (from 10 to 60 min/day)

Replacement templates

Total participants

Short sleepers

Normal sleepers

Long sleepers

10 min

Daily PA
Occupational PA
Transport PA
Household PA

Structured PA
Structured LPA
Structured MVPA

Sleep

20 min

Daily PA
Occupational PA
Transport PA
Household PA

Structured PA
Structured LPA
Structured MVPA

Sleep

30 min

Daily PA
Occupational PA
Transport PA
Household PA

Structured PA
Structured LPA
Structured MVPA

Sleep

40 min

Daily PA
Occupational PA
Transport PA
Household PA

Structured PA
Structured LPA
Structured MVPA

Sleep

50 min

Daily PA
Occupational PA
Transport PA
Household PA

Structured PA
Structured LPA
Structured MVPA

Sleep

60 min

Daily PA
Occupational PA
Transport PA
Household PA

Structured PA
Structured LPA

-0.05(-0.21,0.11)
-0.24 (-0.63,0.14)
0.34 (-0.07,0.76)
-0.15 (-0.36, 0.06)
-0.28 (-0.49,-0.08) **
-0.10 (-0.60, 0.40)
-0.38 (-0.63,-0.13) **
-0.35(-0.47,-0.23) **

-0.10 (-041,0.23)
-0.49 (-1.26,0.28)
0.69 (-0.14,1.52)
-0.29 (-0.71,0.13)
-0.57 (-0.98,-0.16) **
-0.20 (-1.20,0.80)
-0.76 (-1.26,-0.27) **
-0.70 (-0.93,-0.47) **

-0.15(-0.62,0.32)
-0.73 (-1.89,042)
1.03 (-0.21,2.28)
-044 (-1.07,0.19)
-0.85 (-1.46,-0.24) **
-0.30 (-1.80, 1.20)
-1.14 (-1.89,-0.40) **
-1.05 (-1.40,-0.70) **

-0.20 (-0.82,0.43)
-0.98 (-2.51,0.56)
1.38 (-0.28, 3.03)
-0.58 (-1.42,0.26)
-1.13 (-1.95,-0.32) **
-0.40 (-2.40, 1.60)
-1.53 (-2.51,-0.54) **
-1.40 (-1.86,-0.94) **

-0.24 (-1.03, 0.54)
-1.22(-3.14,0.70)
1.72(-0.35,3.79)
-0.73(-1.78,0.32)
-1.42 (-2.44,-0.40) **
-0.50 (-2.99, 2.00)
-1.91 (-3.14,-0.67) **
-1.75(-2.33,-1.17) **

-0.29 (-1.23,0.64)
-147(-3.77,0.84)
2.06 (-0.42,4.55)
-0.87 (-2.13,0.39)
-1.70 (-2.93,-0.47) **
-0.60 (-3.59, 2.40)

-0.02 (-0.53,0.50)
-0.58 (-1.57,0.42)
-0.05 (-2.07,1.96)

0.90 (-0.18,1.98)
-1.33 (-2.46,-0.20) *
-0.45 (-3.40, 2.51)
-1.82 (-3.08,-0.56) **
-1.99 (-2.94,-1.03) **

-0.04 (-1.06,0.99)
-1.15(-3.15,0.85)

-0.11 (-4.13,3.92)

1.80 (-0.36, 3.95)

-2.66 (-4.91,-0.40) *
-0.89 (-6.80, 5.01)
-3.64(-6.17,-1.12) **
-3.97 (-5.88,-2.07) **

-0.06 (-1.60, 1.49)
173 (-472,1.27)
-0.16 (-6.20, 5.88)

269 (-0.54,5.93)
-3.98 (-7.36, -0.60) *
-134(-10.20,7.52)
-5.47 (-9.25,-1.68) **
-5.96 (-8.82,-3.10) **

-0.07 (-2.13,1.98)
-2.30(-6.29, 1.69)
-0.21(-8.26,7.83)
359(-0.73,7.91)
-5.31(-9.81,-0.81) *
-1.79(-13.59,10.02)
-7.29 (-12.33,-2.24) **
-7.95(-11.76,-4.14) **

-0.09 (-2.66, 2.48)
-2.88(-7.87,2.11)

-0.27 (-10.33,9.79)

4.49 (-0.91,9.88)

-6.64 (-12.27,-1.01) *
-2.23(-16.99,12.53)
-9.11 (-15.41,-2.80) **
-9.94 (-14.70,-5.17) **

-0.11(-3.19,2.97)

-345 (-9.44, 2.54)
-0.32(-12.39,11.75)
5.39(-1.09,11.86)
-7.96 (-14.72,-1.21) *
-2.68(-20.39, 15.03)

-0.24 (-0.46,-0.02) *
-0.60 (-1.16,-0.05) *
0.33(-0.33,0.98)
-0.35 (-0.64,-0.06) *
-0.05 (-0.34, 0.24)
0.29 (-042, 1.00)
-0.22(-0.57,0.12)
-0.47 (-0.86,-0.08) *

-0.48 (-0.93,-0.04) *
-1.20(-2.31,-0.09) *
0.65 (-0.66, 1.96)
-0.70(-1.27,-0.12) *
-0.10 (-0.68, 0.48)
0.59 (-0.83, 2.00)
-045 (-1.14,0.25)
-0.95(-1.72,-0.17) *

-0.72(-1.39,-0.05) *
-1.81(-3.47,-0.14) *
0.98 (-0.99, 2.94)
-1.05(-1.91,-0.18) *
-0.15(-1.02,0.72)
0.88 (-1.25, 3.00)
-0.67 (-1.72,0.37)
-1.42(-2.59,-0.25) *

-0.96 (-1.86,-0.07) *
-2.41 (-4.63,-0.19) *
1.30(-1.32,3.92)
-1.40 (-2.55,-0.25) *
-0.20 (-1.36, 0.96)
1.17 (-1.66, 4.00)
-0.90 (-2.29, 0.49)
-1.89 (-3.45,-0.33) *

-1.20 (-2.32,-0.09) *
-3.01(-5.79,-0.23) *
1.63 (-1.64,4.90)
-1.74 (-3.18,-0.31) *
-0.25 (-1.70, 1.20)
1.46 (-2.08, 5.00)
-1.12(-2.86,0.62)
-2.36 (-4.31,-0.42) *

-1.45(-2.78,-0.11) *
-3.61(-6.94,-0.28) *
1.95(-1.97,5.88)
-2.09 (-3.82,-0.37) *
-0.30 (-2.04, 1.45)
1.76 (-2.49, 6.00)

0.21 (-0.04, 0.46)
0.66 (-0.15,1.47)
0.51 (004 1.06)
0.01(-0.31,0.33)
-0.48 (-0.78, -0.18) **
-048(-1.21,0.25)
-0.47 (-0.83,-0.10) *
-0.41 (-0.69,-0.12) **

)
0.30,2.94)
0.08,2.13)

0.02 (-0.63, 0.66)

-0.95 (-1.55,-0.35) **

-0.96 (-2.43,0.50)

-0.94 (-1.67,-0.20) *

-0.82 (-1.39,-0.25) **

043 (-0.07,0.92
2
(

064 (-0.11,1.39)
( -0.45, 4.40)
3(-0.13,3.19)

0.02 (70.94, 0.99)

-1.43 (-2.33,-0.53) **

-1.45 (-3.64,0.75)

-1.40 (-2.50,-0.30) *

-1.23 (-2.08,-0.37) **

0.85 (-0.15, 1.85)
2.64 (-0.60, 5.87)
2.04(-0.17,4.26)
0.03 (-1.25,1.32)
-1.91(-3.10,-0.71) **
-1.93 (-4.85, 1.00)
-1.87 (-3.34,-0.40) *
-1.64 (-2.78,-0.49) **

06 (-0.18, 2.31)
3.30(-0.75,7.34)
2.56(-0.21,5.32)
0.04 (*1 .57, 1.65)
-2.38 (-3.88,-0.89) **
-241(-6.07,1.25)
-2.34(-4.17,-0.50) *
-2.04 (-3.47,-0.62) **

28 (-0.22,2.77
3.96 (-0.90, 8.81
3.07 (-0.25,6.38
0.05(-1.88,1.98
-2.86 (-4.66,-1.06) **
-2.90 (-7.28,1.50)

)
)
)
)
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Table 2 (continued)
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Replacement templates Total participants

Short sleepers

Normal sleepers Long sleepers

Structured MVPA
Sleep

-2.29(-3.77,-0.80) **
-2.10(-2.80,-1.40) **

-10.93 (-18.50,-3.36) **
-11.86 (-17.58,-6.15) **

-1.35(-343,0.74)
-2.83(-5.17,-0.50) *

-2.81(-5.01,-0.60) *
-2.45 (-4.17,-0.74) **

Notes * represents p<0.05, ** represents p<0.01. Higher TMD score indicates a higher degree of mood disturbance. Abbreviations PA=physical activity; LPA=light-
intensity physical activity; MVPA=moderate-to-vigorous intensity physical activity; TMD=total mood disturbance

one of the first steps toward achieving it is to encour-
age the masses to start engaging in at least one healthy
behavior, followed by sustained effort and persistence of
other healthy behaviors. Only then do these behaviors
culminate with of the recommended guidelines. There-
fore, from a public health perspective, it is crucial to find
an alternative to sedentary behavior that is participatory
and accessible to the general public. Many studies have
demonstrated that engaging in daily PA (e.g. housework)
is readily achievable and also cost-effective [24, 59, 60].
In the current study, we found that replacing an equiva-
lent amount of sedentary time with daily PA can lead to
mood benefits in normal sleepers. Hence, it is feasible to
encourage adults with adequate amounts of sleep to sub-
stitute some sedentary time with daily PA, rather than
focusing exclusively on promoting structured MVPA.
In the future, lifestyle interventions that target replac-
ing some sedentary behavior with daily PA are promising
research directions.

Other than PA, it was found that substituting seden-
tary time with sleep was also associated with lower TMD
scores. With the exception of a study of adults aged 45
years carried out in the Netherlands [61], sleep has not
been incorporated into the analysis using the ISM in
apparently any other study in adults. In practice, a real-
location of time among different behaviors must be done
with caution. When people sleep more than the guideline
standard per night, reallocating sedentary time to sleep
may lead to some reduction in sedentary time, but it
also means that sleep time increases further beyond the
recommended limit. In this case, does the substitution
of additional sleep still have a positive effect? Our study
has asserted that substituting sedentary time with sleep
was also associated with good mood states in those who
exceeded the national sleep recommendations of 7-9 h/
day. This finding provides some evidence that perhaps
one of the best ways to ensure better mood states during
pandemics is to increase sleep time even if the recom-
mended standards of sleep have been met. Longer sleep
duration is related to reduced activity in the amygdala
and increased connectivity between the amygdala and
prefrontal cortex [62, 63]. Thus, increased sleep duration
may reduce emotional reactivity and enhance emotion
regulation abilities during the COVID-19 pandemic [64].

In previous studies, each study used only one prede-
termined unit of substitution time (e.g., 10 min) during
analyses. Our study statistically analyzed the substitution

effects of different substitution time units (from 10
to 60 min) and showed that the longer the sedentary
behavior was reallocated to structured PA or sleep, the
greater were the mood benefits. For example, reallocating
10-60 min from sedentary to structured PA was associ-
ated with a reduction in TMD scores of -0.28 (95%CI:
-0.49, -0.08), -1.70 (95%CI: -2.93, -0.47), respectively.
Furthermore, among short sleepers, replacing sedentary
time with 20 min of sleep was linked to a similar reduc-
tion in TMD scores compared to replacing it with 30 min
of structured PA (p=-3.97 and —3.98, respectively). Also,
substituting sedentary time with 40 min of sleep resulted
in a lower TMD score (B=-7.95), and this was comparable
to replacing it with 60 min of structured PA (p=-7.96).
This finding highlighted that sleep as a health behavior
may be more important than structured PA, especially in
short sleepers. These findings are useful information for
promoting better mood states.

Although research on the relationships between replac-
ing sedentary time with PA or sleep and mental health
among adults was emergent in Western countries, appar-
ently no research had employed the use of ISM to exam-
ine these relationships among Chinese young adults in
the COVID-19 pandemic. To the best of our knowledge,
this is the first study to use the ISM to analyze the effects
of replacing sedentary time with different PA or sleep on
the mood states of young Chinese adults in the COVID-
19 pandemic. The findings of this study contribute to a
further understanding of the impact of sedentary time
in young adults, and also provide useful information for
the design of future interventions for reducing sedentary
time (e.g. reallocating sedentary time to different types of
PA or sleep).

Like all research, there are some limitations to the
present study. First, this study was cross-sectional in
design and, which captured only the possible associa-
tions between variables rather than providing causal
interpretations. Future studies could adopt a longitudinal
design and a prospective cohort design in order to fur-
ther explore associations between the variables. Second,
all variables were assessed using a self-reported ques-
tionnaire. The use of subjective measures like question-
naires is dependent on the participants’ recall accuracy
and is limited by social desirability bias. These biases
were, however, mitigated in the present research by using
a 7-day recall (i.e., participants were asked to recall their
activities over no more than the past 7 days) and by using
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an anonymous questionnaire with no identifiers col-
lected from participants. Objective measurement tools,
such as accelerometers, can be used in the future to avoid
self-reporting bias and enhance the quality of the data.
Third, despite efforts to control for confounders during
the design and analysis phases, a lack of data on potential
confounders (e.g., weather conditions [65], dietary hab-
its [66], presence of a disease [67], presence of medica-
tion [68], presence of poor lifestyle habits [69]) may have
affected the results of the study. Further studies should
take these potential confounders into account. Finally,
although the ISM was used in this study, it remains solely
a numerical technique and cannot replace experimental
evidence. Furthermore, methods for analyzing 24-hour
movement behavior data including PA, sedentary, and
sleep, such as compositional data analysis [70] and mul-
tivariate pattern analysis [71] are emerging and are rela-
tively novel. Moreover, there is no definitive consensus
regarding the superiority of these methods over others
(e.g. standard regression) [72], for analyzing the rela-
tionships between daily 24-hour lifestyle behaviors and
health in young adults.

Conclusion

Sedentary time was negatively associated with mood
states among Chinese young adults during the COVID-
19 pandemic, and this relationship was most pronounced
in short sleepers. Replacing sedentary time with struc-
tured PA provided mood benefits; however, higher levels
of structured MVPA are needed for better mood states.
For normal sleepers (meeting the recommendation of
7-9 h/ day of sleep), replacing sedentary behavior with
daily PA (e.g., occupational PA or household PA) may
enhance mood states. Sleep may be used to replace sed-
entary time even when sleep has met or exceeded recom-
mended standards. In short sleepers, a reallocation of
sedentary time to sleep should be prioritized, followed by
a reallocation to structured PA. Most importantly, even
just reallocating 10 min/day of sedentary time to differ-
ent types of PA or sleep is beneficial for the mood states
of young adults. In sum, the reallocation of longer seden-
tary times to either sleep or PA produced better results
in the mood states of young adults in the COVID-19
pandemic. From a scientific perspective, we suggest that
future studies should aim to understand the perceptions
and acceptability of daily lifestyle changes in young adults
and further validate the effects of replacing sedentary
time with different types of PA and sleep on the mood
states of young adults with different sleep durations by
means of longitudinal and interventional methods to
provide accurate references for guideline refinement.

Abbreviations
ISM Isotemporal substitution model
BMI Body mass index
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PA Physical activity

LPA Light-intensity physical activity

MVPA  Moderate-to-vigorous intensity physical activity
TMD Total mood disturbance
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