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Abstract

Previous studies identified the effects of daytime activity,
sleep quality and ambient light exposure on individual well-
being. These factors have been greatly changed as people
are required to stay home during the COVID-19 pandemic;
thus, it is necessary to verify whether these factors effect
well-being during the pandemic. We recruited 70 adults
(females: 46; age range: 31—60) during a high incidence of
COVID-19 in China (17-27 February 2020). Both subjec-
tive measurements based on self-report scales and objec-
tive measurements collected using wrist actigraphy were
employed to investigate the effects of night-time sleep and
daytime activity on subjective well-being. The actigraphy
data show that participants’ total sleep time (>8 hr) is suf-
ficient. Self-reported sleep quality was significantly worse
than pre-pandemic, and self-reported daytime activity lev-
els significantly decreased during the pandemic. Physical
activity was positively related to well-being, both for self-
reported daytime activity (» = .346, p = .003) and for ob-
jective measurements (r = .234, p = .051). Our study found
that sleep and daytime activity levels were negatively af-
fected by the pandemic. However, increased daytime phys-

ical activity could potentially reduce these negative effects.
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INTRODUCTION

During the COVID-19 pandemic, to prevent the spread of infection, the governments of many
countries have required people to remain at home and practise social distancing in public places.
Consequently, individuals’ daily lives have been significantly affected by factors such as reduced
activity (Ong et al., 2020), decreased light exposure (Leone et al., 2020), worsened sleep quality
(Wright, Steptoe, et al., 2020) and altered sleep—wake patterns (Wright, Linton, et al., 2020). In ad-
dition, the pandemic has negatively influenced individual well-being (Prime et al., 2020) and may
even lead to serious mental health problems (Gao et al., 2020). In the present study, we focused on
subjective well-being, because it is widely used as a measure of individual mental health (Costigan
et al., 2019). Subjective well-being is affected by several factors. For example, people's well-being
tends to increase as income increases (Sacks et al., 2012), and social support is strongly correlated
with subjective well-being (Wang, 2016). Recent studies revealed effects of the COVID-19 pandemic
such as interruptions in employment (Zhang et al., 2020), decreased income (Nicola et al., 2020) and
changes in social support (Cao et al., 2020). Thus, we speculated that the pandemic may negatively
affect individual subjective well-being.

Previous studies showed that sleep and activity levels significantly affect physical health
(Rosenberger et al., 2016). Reducing physical activity leads to multiple health risks, such as elevated
blood pressure and low-density lipoprotein cholesterol (Carson et al., 2013). Moreover, appropri-
ate physical activity can even reduce anxiety and stress (Chodzko-Zajko et al., 2009). Furthermore,
physical activity is associated with well-being (Downward & Dawson, 2016), and a higher level of
sedentary behaviour is associated with lower subjective well-being (Panza et al., 2017). In another
study, light-intensity leisure sport activity was found to be highly correlated with subjective well-
being (Downward & Dawson, 2016). As a result, physical activity was recommended as an effective
intervention to improve quality of life and well-being (Groessl et al., 2019). During the pandemic,
people's daytime physical activity is often restricted, thereby constructing a natural experimental en-
vironment in which the relationship between physical activity and well-being can be investigated.

Sleep is another factor crucial to well-being, and its quantity and quality affect all aspects of life (Cellini
et al., 2020). Individuals whose sleep is of poor quality and is short in duration have been consistently
found to have lower subjective well-being than those who have good sleep quality and receive 7-8 hr of
sleep per night (Lemola, Riikkonen, et al., 2013; Steptoe et al., 2008). Inadequate sleep has both short-
and long-term effects on individual well-being (for reviews, see, e.g. Owens, 2014). First, sleep duration
below seven hours per night may lead to the onset of several physiological diseases (Watson et al., 2015),
which may further reduce subjective well-being. Second, sleep quality is directly related to well-being
(Fuligni et al., 2018; Lemola, Ledermann, et al., 2013), and efficient, high-quality sleep is essential to
maintaining well-being (Noor et al., 2013). Longer, better sleep at night may lead to more positive social
responses and higher well-being (Wang & Yip, 2020), while poor sleep correlates with lower well-being
(Lemola et al., 2013; Steptoe et al., 2008). According to a statement by the American Academy of Sleep
Medicine and the Sleep Research Society, adults should spend at least seven hours in bed every night for
optimal health (see, Watson et al., 2015). Due to the impact of the pandemic, people often have more free-
dom in arranging their schedules, making it easy to get enough sleep. However, it is still unclear whether
sleep (quality and duration) has maintained its effects on well-being during the COVID-19 pandemic.



396 WANG ET AL.

Healt'\QVellfBeing HM

In the present study, we utilized both subjective and objective measurements of daytime activity
and night-time sleep. The Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) and Physical
Activity Questionnaire (PAQ; Kowalski et al., 1997) were employed for subjective measurements.
Previous studies revealed a strong correlation between the PSQI’s sleep quality items and spiritual
well-being (Lemola, Riikkonen, et al., 2013). Additionally, physical activity was reported to have
a strong correlation with well-being (Garatachea et al., 2009). Currently, behavioural and epidemi-
ological research often uses measurements based on accelerometry to provide objective estimates
of physical activity, sedentary behaviour and sleep parameters in various study designs. Compared
to questionnaires, accelerometers eliminate recall and reporting bias and may provide more reliable
data (Evenson et al., 2008). To better understand individuals’ daily lives during the pandemic, it is
important to study the complete 24-hr activity cycle (Rosenberger et al., 2016), through which peri-
odic activities, such as physical activity, light exposure and sleep, can be measured using actigraphy.

With the spread of the pandemic, there have been changes to people's working and living envi-
ronments, and social contact and activities have been restricted. These changes may adversely affect
night-time sleep and daytime activity. In the present study, we concentrated on the effects of sleep,
physical activity and light exposure on well-being. Specially, we assumed that good sleep (high qual-
ity and long duration) and high activity amount during the pandemic could significantly positively
predict individual well-being. Furthermore, as some previous studies have indicated that light expo-
sure is linked to well-being (Gabel et al., 2013), we also speculated that individual well-being would
be positively correlated with light exposure during the pandemic.

METHODS
Participants

Through an online questionnaire survey, we recruited 70 participants (46 females, 24 males; age
range: 31-60; mean + SD: 47.60 + 5.37). Our study was conducted during a period of growth of
the pandemic (from 17 to 27 February 2020) when subjects had adopted home isolation measures in
China. The accumulative total number of confirmed cases was over 70,000, with more than 300 new
confirmed cases per day during the study (information from the official website of the National Health
Commission of the People's Republic of China, http://www.nhc.gov.cn/xcs/yqtb/list_gzbd.shtml). We
chose this period because individuals’ daily lives were greatly influenced during this time. Most par-
ticipants were from the southwest of China, such as Sichuan Province and Chongqing Municipality.

Our study was part of the Sleep, Eating behaviours, Emotion, Physical Activity (SEEPA) project,
which was conducted during the COVID-19 pandemic in China. The SEEPA project has assessed more
than 1,000 participants using four types of questionnaires, focused on sleep disorders, eating disorders,
emotional problems and physical activity. Seventy-five participants also wore wrist actigraphy; how-
ever, five participants were excluded from analysis because of their incomplete questionnaire data.

Participants were excluded if they had any mental illness or other psychosocial disorders, which
was determined through telephone interviews with professional psychological researchers (LH and
YG). After completing the experiment, each participant was paid 100 CNY. This study was approved
by the local Ethics Committee of Southwest University. Participants provided written informed con-
sent after receiving a detailed explanation of the study protocol. All experimenters followed the guide-
lines of the Declaration of Helsinki.
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Procedure

At the beginning of the experiment (during the COVID-19 pandemic), participants were asked to
complete a set of online questionnaires. This included more than 10 scales, on topics related to sleep,
eating behaviours, emotion and physical activity. Some scales utilized in the current study are intro-
duced in the following section. Then, the participants who met our inclusion criteria (sleep disorder,
mental illness or psychological disorders) were telephone-reviewed.

Participants were asked to wear an actigraphy (wWGT3X-BT) for five consecutive days and nights.
The devices were worn on the dominant wrist and were only allowed to be removed for short periods
of less than half an hour. Participants completed daily diaries, in which they indicated their bedtime,
subjective perception of the quality of sleep, the feeling before and after sleep, etc. The actigraph was
mailed to the participants before the experiment and take back it in the same way after the experiment.
After the experiment, participants mailed the actigraphy back to the experimenter.

Materials

Subjective well-being was assessed by the 9-item Index of Well-being IWB) (Campbell, 1976), which
uses a 7-point scale ranging from 1 (dissatisfying) to 7 (satisfying). Higher total scores indicate better well-
being. The scale is psychometrically sound for investigating well-being among Chinese adults (Li, 2000).

Subjective sleep quality was assessed using the PSQI, which has 18 items and 7 dimensions: sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medica-
tion and daytime dysfunction. Participants’ sleep quality was measured by total and dimension scores
(Buysse et al., 1989); higher scores indicated poorer sleep quality. By adding instructions to indicate
the time period as ‘before the pandemic’ (BP) or ‘from the pandemic to now’ (FP), we measured PSQI
scores for both before and during the pandemic.

A revised version of the PAQ (Kowalski et al., 1997) was used to measure subjective physical
activity before and during the pandemic. To adapt the measure for use with adults, some items were
changed from ‘school’ to ‘workspace’, and some items were deleted because they referred to school
activities that were irrelevant to this study's population.

The Mind-Wandering Questionnaire (MWQ); Mrazek et al., 2013) consists of 5 items, each scored
on a 6-point scale (range: 0-5), and was used to evaluate participants’ trait-level mind wandering
before and during the pandemic. Data on participants’ daily mental states were collected using the
Ford Insomnia Response to Stress Test (FIRST; Drake et al., 2004) and Chalder Fatigue Scale (CFS)
(Chalder et al., 1993).

Actigraphy

All objective measurements of daytime activity and night-time sleep parameters were extracted using
actigraphy. Actigraphy (WGT3X-BT) (Aggio et al., 2015) was used to detect the amount of partici-
pants’ movements with a built-in motion sensor. ActiLife software and manufacturer algorithms for
detecting sleep based on 60-s epochs were used to generate summary statistics for participants’ sleep.
Specifically, whether an epoch was scored as ‘wake’ or ‘sleep’ was determined by comparing activity
counts for the epoch in question and those immediately surrounding it to a threshold value following
the formula validated by the Cole—Kripke algorithm (Cole et al., 1992). The actigraphy sleep indices
that were derived included average activity amount (counts), average ambient light exposure (lux),
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sleep onset time, wake-up time, sleep midpoint and total sleep time. Of the 70 participants who took
part in the actigraphy protocol, 69 (98.6%) had measurements for all 5 nights, while 1 (1.4%) had
measurements for only 3 nights.

RESULTS
Demographic and questionnaire data

Most participants (44%) had an education level of university or higher (junior high school: 13;
senior high school: 26; university or higher: 31). Participants’ monthly household income mostly
fell within the 1,000 — 20,000 (RMB) range (<1,000:2; 1,000 — 5,000:23; 5,000 — 10,000:20;
10,000 — 20,000:18; > 20,000:7) overall. The mean FIRST score was higher than 16 (17.51 + 5.40,
range: 9-32), indicating that some participants were shown to be at risk of insomnia. Mean CFS score
(3.89 + 3.28, range: 0—13) and IWB score (10.08 + 2.75, range: 2 — 14) were also calculated.

Effects of the pandemic on subjective sleep parameters

Three scales (PSQI, PAQ and MWQ) were measured twice, and we conducted several paired 7-tests
between scores from before and during the COVID-19 pandemic. The means and standard deviations
of the results are listed in Table 1 and illustrated in Figure 1. PSQI-total scores of FP were higher
(t = —2.456, p = .017) than that of BP. Some PSQI sub-dimensional scores increased significantly
from BP to FP: subjective sleep quality (r = —3.000, p = .004), sleep latency (t = —3.702, p < .001)
and sleep disturbance (¢ = —2.771, p = .007). However, sleep duration (¢t = 2.116, p = .038) scores
were significantly lower, and remaining other PSQI sub-dimensions did not show a significant change
between BP and FP. Compared to BP, all raw parameters of PSQI were significantly changed at FP:
sleep onset time (# = —4.589, p < .001), sleep onset latency (z = —3.623, p < .001), wake-up time
(t = -9.115, p < .001), total sleep time (t = —6.591, p < .001) and midpoint of sleep (r = —8.250,
p <.001). PAQ scores were lower at FP compared with BP (t = 4.731, p < .001). There was no sig-
nificant difference between BP and FP MWQ scores.

Objective measures of activity, ambient light and sleep during the pandemic

Actigraphy was used to collect data on physical activity, ambient light and sleep parameters during
the pandemic. Participants’ average physical activity levels (<1,700 count) and average ambient
light exposure (<50 lux) were very low (Table 2). Sleep onset time (22:29 — 5:21) and wake-up
time (4:52 — 12:39) were distributed across a large range, while the sleep midpoint was late (3:56).
However, participants did not show excessive sleep loss, with a mean total sleep duration over
8 hr.

Correlations between well-being and activity, ambient light and sleep duration

Average physical activity levels were positively correlated with well-being, both in subjective reports
(PAQ: r=0.346, p = .003) and in objective measurements (actigraphy: r = 0.234, p = .051), although
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TABLE 1 Comparisons of sleep, physical activity and mind wandering between BP and FP

BP FP t P
PSQI 4.59 +2.86 5.04 +3.02 —2.456 017"
PSQI-subjective sleep quality 0.93 + 0.85 1.09 + 0.89 —3.000 004
PSQI-sleep latency 0.86 + 0.83 112 £ 0.95 3702 <001
PSQI-sleep duration 0.46 + 0.74 0.33 +£0.76 2.116 038"
PSQI-sleep efficiency 0.36 +£0.82 0.43 +0.87 —-1.150 254
PSQI-sleep disturbance 0.99 + 0.44 1.09 + 0.41 -2.771 007"
PSQI-sleep medication use 0.07 + 0.36 0.09 + 0.37 —0.445 .658
PSQI-daytime dysfunction 0.93 +0.83 09 +0.84 0.363 718
Usual bedtime 22:41 23:10 —4.589 <.001™
Sleep latency (min) 19 23 —3.623 <.001%**
Wake-up time 7:06 8:23 -9.115 <.001"™
Sleep efficiency 091 0.9 0.961 .340
Sleep duration (total sleep time) 7:36 8:23 —6.591 <001
Sleep midpoint 3:03 3:58 —8.250 <001
PAQ 2.07 + 077 1.62 +0.74 4731 <.001™
MWQ 10.51 + 3.844 10.64 + 4.53 —0.27 788

Abbreviations: BP, before the pandemic; FP, from the pandemic to now; MWQ, Mind-Wandering Questionnaire; PAQ, Physical
Activity Questionnaire; PSQI, Pittsburgh Sleep Quality Index.

#HEp < 001,
#p < 01,
*p < .05.

the latter was a marginally significant correlation. Greater levels of physical activity were associated
with higher well-being. Ambient light exposure was not associated with well-being. In addition, we
did not find a correlation between sleep duration and well-being, as illustrated in Figure 2.

DISCUSSION

In this study, based on self-report questionnaires and wrist actigraphy, we found that the COVID-19
pandemic negatively affected both night-time sleep and daytime activity for participants. Multiple
sleep parameters showed significant deterioration during the pandemic, compared to before the pan-
demic, and participants’ reported subjective activity decreased significantly as well. Actigraphy data
showed that levels of physical activity and ambient light exposure were relatively low in our partici-
pants. Although sleep duration and ambient light levels were not shown to be related to well-being,
we found physical activity (both subjective and objective) could significantly predict well-being. Our
study confirmed that both night-time sleep and daytime activity were negatively impacted during the
pandemic. Furthermore, daytime activity was found to be a good predictor of subjective well-being.
These results may be useful at both the individual and government policy levels when generating ap-
propriate pandemic response strategies.

During the pandemic, overall sleep quality deteriorated in our sample, and PSQI sub-dimensions
scores significantly increased, especially for subjective sleep quality, sleep latency and sleep
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FIGURE 1 Comparison between sleep quality, physical activity and mind wandering before and during the
COVID-19 pandemic. Scores for the total PSQI and its sub-dimension (subjective sleep quality, sleep latency, sleep
duration and sleep disturbance) were significantly different before the pandemic, compared with FP (a). During

the pandemic period, activity questionnaire scores decreased significantly (PAQ) (b). MWQ scores did not change
significantly between before and during the pandemic (c) (***p < .001, **p < .01, *p < .05)

disturbance, indicating declines in subjective sleep quality. These results indicated that the pandemic
has had a significant adverse effect on individual sleep health. Although sleep duration (total sleep
time) scores dropped and the length of sleep time extended, this had a limited impact on the overall
deterioration of sleep quality. Increased sleep onset time and frequency of waking during sleep im-
plied there were also possible increases in insomnia during the pandemic. Furthermore, sleep latency
during the pandemic significantly increased compared with that in pre-pandemic, which could have
led to a lag in sleep onset time. Participants could get up later because they did not have to follow strict
schedules, which eventually led to a later sleep midpoint and an increase in total sleep time.
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TABLE 2 Actigraphy parameters: night-time sleep parameters and daytime activity and ambient light (N = 70)

M SD Range
Average activity (count) 1679.66 546.84 876.46-3918.91
Average ambient light (lux) 3779 47.24 0.02-326.80
Sleep onset time 23:50 1:25 22:29-5:21
Wake-up time 8:02 1:26 4:52-12:39
Sleep midpoint 3:56 1:19 1:11-9:00
Total sleep time 8:13 1:9 5:46-13:6

We used actigraphy to collect objective data on physical activity levels, ambient light exposure and
sleep parameters during the pandemic. The average levels of physical activity and ambient light expo-
sure were relatively low compared with previous studies (Barnett et al., 2016; Hood et al., 2004), indi-
cating that individual levels of physical activity and light exposure may have been negatively affected
by the pandemic. However, as we did not collect actigraphy data before the pandemic, it is impossible
to perform a quantitative comparative analysis of these objective sleep parameters.

Notably, we found that both subjective and objective activity measurements were positively cor-
related with subjective well-being, indicating the participants with higher activity levels also had higher
well-being, which is consistent with previous studies (Garatachea et al., 2009). Individual physical
activity has been restricted during the pandemic; however, physical activity levels still significantly
predicted changes in the subjective well-being. Fox has explored the mechanisms underlying the effect
of physical activity on psychological well-being, such as biochemical, physiological, psychological,
activity-related and dietary interactions, and found that all have an impact on well-being (Fox, 1999).
A subsequent study indicated physical activity may help people experience personal achievement and
improve their sense of personal control (Stathi et al., 2002). They also pointed out that physical exercise
can make an important contribution to mental health, including maintaining mental alertness and avoid-
ing stress. Furthermore, it can help people reduce stress, deal with problems more effectively and feel
comfortable and relaxed. This may be the potential reason for higher subjective well-being in individu-
als with higher physical activity levels. To correct statistical errors, we used Bonferroni correction, and
the results still indicated that there was a significant positive correlation between subjective activity lev-
els and subjective well-being (p = .012). However, it should be noted that our research was not focused
on physical exercise, but on daytime physical activity; thus, whether there is a dose difference between
the effects of physical exercise and daytime physical activity on well-being still needs to be explored.

We did not identify any correlations between daytime ambient light exposure and well-being, or
between sleep time and well-being, which was inconsistent with previous studies (Gabel et al., 2013;
Lemola, Riikkonen, et al., 2013; Steptoe et al., 2008). Hood et al. (2004) reported that 3,000-1ux light
exposure was a critical limit associated with improved sleep quality; however, mean ambient light
(37.79 + 47.24 lux) in our study was well below the average level of daytime light (554 lux) for adults
(40 — 64 years) in a normal environment. This indicates that strong light may play a role in individual
physical and mental health. We suspected this may have been the main reason why less light exposure
during the pandemic did not affect well-being. Our results also showed that participants slept long
enough during FP (PSQI-total sleep time: M = 8 hr 23 m; PSQI-total sleep time: M = 8 hr 13 m) and
reached the adult sleep standard of 7 — 9 hr (Ferrara & Gennaro, 2001), most likely because they did
not have to follow their usual schedules and could get adequate sleep during the pandemic. Sleep du-
ration may produce a ceiling effect, therefore weakening its predictive effect on well-being.
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FIGURE 2 Correlations of daytime activity and sleep duration with subjective well-being. Both subject self-
reports using the PSQI (a) and PAQ (c) and objective measures (b, d) from actigraphy were utilized

Our study has several limitations. First, the sample size was not large enough, especially for the actig-
raphy data, which was difficult to collect due to pandemic restrictions. However, the adults in our study
were sensitive to changes in daytime physical activity levels, ambient light exposure and night-time sleep
before and during the pandemic, which has high representativeness and ecological validity. Second, the
threshold of physical activity and ambient light exposure necessary to affect well-being is still uncertain,
and different levels of light and activity need to be controlled in subsequent studies. Third, the activity we
measured was mainly comprised of daytime activities during the pandemic, rather than sport or exercises
in a normal environment, and the potential mechanism of their impact on well-being remains unclear. It
will be necessary to compare the differences between sport and daily activities in future studies. Fourth,
the actigraphy data were only collected during the pandemic; therefore, it is impossible to objectively de-
termine participants’ previous sleep parameters and activity levels. However, we found that the pandemic
had negative effects on participants’ sleep and physical activity through subjective reports (PSQI and
PAQ). Finally, the adapted PAQ used in the present study was not validated; however, participants’ ac-
tivity levels could still be assessed by accumulating raw data, because the questionnaire was designed to
investigate the frequency in which adults engaged in multiple activities during the measurement period.

CONCLUSION

Our study found that individual levels of sleep, activity, light exposure and other physical and mental
activities were significantly affected by the pandemic. The positive relationship between daytime
physical activity and well-being was shown to be stable, even with activity being restricted during
the pandemic. In addition, we found that the level of light exposure in the participants’ environment
was too low, which may have affected their mental and physical health. Thus, governments should
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encourage people to increase their amount of outdoor activities while also requiring people to take the
necessary preventative measures against COVID-19. Against the backdrop of the global COVID-19
pandemic, governments should call on people to maintain healthy behaviours (e.g. sleep patterns),
while also paying attention to individuals’ physical and mental health, such as by improving com-
munity mental health services and providing individualized psychological and behavioural guidance.
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