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Abstract

Purpose The relationships between sleep quality and sleep hygiene awareness in the Chinese population were unclear. We
aimed to investigate the associations and related factors between sleep quality and sleep hygiene awareness in adults and to
identify the most central domain for sleep quality using network analysis.

Methods A cross-sectional survey was conducted from April 22 to May 5, 2020. Adults (18 years old or above) who had
access to smartphones were invited to participate in this survey. The Pittsburg Sleep Quality Index (PSQI) and the Sleep
Hygiene Awareness and Practice Scale (SHAPS) were used to evaluate the sleep quality and sleep hygiene awareness of the
participants. Propensity score matching (PSM) was used as sensitivity analysis to reduce the confounding effects. Multiple
logistic regression was performed to evaluate the associations. The R packages “bootnet” and “qgraph” were used to estimate
the connection and calculate the network centrality indices between good and poor sleepers.

Results In total, 939 respondents were included in the analysis. Of them, 48.8% (95% CI: 45.6-52.0%) were identified as
poor sleepers. Participants with nervous system diseases, psychiatric diseases, and psychological problems were more likely
to have poor sleep quality. The notion that using sleep medication regularly was beneficial to sleep was associated with poor
sleep quality. Similarly, the notion that waking up at the same time each day disrupted sleep was also associated with poor
sleep quality. The findings were consistent before and after PSM. Subjective sleep quality was the most central domain for
sleep quality in good and poor sleepers.

Conclusion Poor sleep quality was positively associated with certain sleep hygiene notions in Chinese adults. Effective
measures such as self-relief, sleep hygiene education, and cognitive behavioral treatment may have been needed to improve
sleep quality, especially during the COVID-19 outbreak.
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Introduction in the USA [2]. Difficulties with sleep initiation and main-

tenance as well as early awakening may lead to deficits in

Sleep disorder has been ranked as the second most common
mental health problem worldwide. In China, the prevalence
of insomnia is estimated at 38.9% [1], higher than the 27.3%
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daytime function and well-being, increasing the risks of dia-
betes [3], hypertension [4], and mental health problems [5].

The concept of sleep quality is complex and controversial.
Nelson et al. performed a systematic review on the evolution
of the concepts and defined sleep quality as an individual’s
self-satisfaction with all aspects of the sleep experience,
including both subjective and objective aspects [6]. In
a social-ecological model, three levels of factors played
roles in sleep, namely the individual level, social level, and
societal level [7]. Health status, beliefs, behaviors, attitudes,
choices, and psychological factors are individual-level
factors that could be modified by improving the attitudes
and behaviors toward sleep. Behavioral and environmental
recommendations to promote sleep, also known as sleep
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hygiene, are widely used in public sleep education and non-
clinical treatments of insomnia [8]. Sleep hygiene awareness
is the knowledge or awareness of sleep hygiene people
acquire, such as reducing caffeine intake, taking regular
exercise, not sleeping too late, and getting up at the same
time each day [9]. People with good sleep hygiene awareness
are more likely to seek assistance from professionals and
manage their sleep problems positively. A few studies
were conducted to explore the associations between sleep
hygiene and sleep quality; however, the results have been
inconsistent. Some studies reported that good sleep hygiene
awareness was associated with regular sleep habits, higher
sleep quality, and higher sleep sufficiency [10, 11]. On the
contrary, other studies found no significant associations
between sleep quality and sleep hygiene awareness [12, 13].
This discrepancy may be attributed to the heterogeneity of
participants, study design, and assessment instruments. Most
current studies were conducted on university students, and
the associations were still unclear for the Chinese general
population. Additionally, with the effects of COVID-19,
sleep quality and sleep hygiene awareness probably changed
due to the direct effects of viral infection, social isolation, or
other factors [14]. Therefore, the primary aim of this study
was to investigate the associations between sleep quality and
sleep hygiene awareness among Chinese adults during the
COVID-19 pandemic. We hypothesized that sleep quality
and sleep hygiene awareness were positively associated after
accounting for covariates.

The seven components of sleep quality in the Pittsburgh
Sleep Quality Index (PSQI) instrument are subjective
sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbance, the use of sleep medication,
and daytime dysfunction [15]. Previous studies analyzed the
components of sleep quality with a latent disease model,
which assumes that the symptoms were independent of each
other [16]. However, these domains were intercorrelated,
leading to a difficulty in interpreting the correlations
among them. Network analysis is an approach to describe
the interactions among symptoms through the modeling of
dynamic systems and is able to identify the central symptoms
visually [17]. It has been widely used in psychological area
to elucidate the complex connections among symptoms [18,
19] and has showed good reliability [20]. Using the network
analysis may provide us the opportunity to understand the
interactions among the domains of sleep quality.

In summary, this study aimed to (1) investigate the
association between sleep disorder and sleep hygiene
awareness in Chinese adults and (2) interpret the interactions
among sleep quality domains in good and poor sleepers
using the network analysis.
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Participants and methods
Study design and participants

This cross-sectional study was conducted from April 22 to
May 5, 2020. Adults (18 years old or above) who had access
to smartphones were invited to participate in this survey.
Participants were recruited with the “snowball” sampling
method. Considering the prevention and control policy of
COVID-19, the investigation was performed through “Wen-
juanxing” (Changsha Ranxing Science and Technology,
Shanghai, China), an online platform widely used in cross-
sectional studies during the pandemic [21, 22]. All partici-
pants provided informed consent before participating in the
study. Ethics approval was obtained from the Institutional
Review Board of Beijing Anding Hospital.

Data collection

The questionnaire comprised the following three parts: (1)
demographic data including age, gender, nationality, place
of residence, education, occupation, marital status, and the
history of chronic diseases; (2) sleep quality assessment;
(3) sleep hygiene awareness assessment. It took 5—10 min to
complete the questionnaire. Chronic diseases such as nerv-
ous system diseases (cerebrovascular disease, myotonic dys-
trophy, etc.), digestive system diseases (peptic ulcer, gastri-
tis, gallstones, cholecystitis, etc.), and psychiatric diseases
(major depressive disorder, generalized anxiety disorder,
schizophrenia, etc.) and psychological problems were iden-
tified by self-report of participants.

Measurements

In this study, the Pittsburgh Sleep Quality Index (PSQI) was
used to assess sleep quality during the past month. This self-
administered questionnaire contains 17 items belonging to
seven domains and yields a total score ranging from 0 to
21 [15]. The cutoff for “poor sleepers” was a total score
of more than 5 [23]. The Chinese version of PSQI showed
good reliability and validity in both subjects with primary
insomnia and control subjects (Cronbach’s a coefficient of
0.82-0.83) [23] and has been widely used in epidemiology
studies [24-26]. The Cronbach «a coefficient was 0.766 in
this study.

Additionally, the sleep hygiene awareness of the par-
ticipants was assessed using the Sleep Hygiene Awareness
and Practice Scale (SHAPS) [27]. SHAPS consisted of two
subsections: awareness and practice. The Chinese version
of SHAPS showed acceptable test—retest reliability (Cron-
bach’s a coefficient of 0.71) [28]. In this study, the awareness
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subsection including 13 items was used to measure the par-
ticipants’ attitudes toward specific activities about sleep,
such as daytime napping, consumption of caffeine, smok-
ing, drinking, or strenuous exercise. The answers scored on
a 7-point Likert scale, ranging from “behavior is very benefi-
cial to sleep (1) to “behavior is very disruptive to sleep (7).”
Higher scores represented poorer sleep hygiene awareness
[13]. Meanwhile, we categorized the answers reflecting sleep
hygiene awareness into three categories when comparing the
sleep hygiene awareness of good and poor sleepers: category
one was “beneficial to sleep,” category two was “no effects
on sleep,” and category three was “disruptive to sleep.” The
Cronbach «a coefficient was 0.709 in this study.

Data analyses
Association analyses

IBM SPSS statistics version 21.0 (IBM Corp, Armonk,
NY, USA) was used for association analyses. Due to the
non-normal distribution of the data, the Mann—Whitney U
test was used for the comparisons of continuous variables.
Chi-square tests were performed to compare the characteris-
tics and sleep hygiene awareness of good sleepers and poor
sleepers. Moreover, propensity score matching (PSM) in a
1:1 ratio with calipers of 0.01 was performed to reduce the
imbalance of participants in age, gender, education, marital
status, nervous system diseases, digestive system diseases,
psychiatric diseases, and psychological problems. Multiple
logistic regressions were conducted to analyze the associa-
tions between sleep hygiene awareness and sleep quality in
the full analysis set and post-matching subset. The odds ratio
(OR) and 95% confidence intervals (CIs) were calculated
after adjusting for covariables. A P value of <0.05 (two-
tailed) was considered statistically significant.

Network analyses

Network analysis was performed to estimate the connection
between sleep quality and sleep hygiene awareness. Spear-
man correlations and Gaussian Markov random field estima-
tion graphical LASSO (EBICglasso) were used to estimate
the structure of the network with the R package “bootnet”
[20]. The visualization of the network was completed using
the R package “qgraph” [29]. In the network, the scores of
seven domains of sleep quality were considered as nodes,
and the correlations among the nodes were considered as
edges [17]. The color and thickness of the edges indicated
the directions and strengths of the associations. The network
was constructed automatically, and the nodes with stronger
connections were placed more centrally in the network. The
Network Comparison Test (NCT) was applied to compare
the networks of good and poor sleepers.

Then, the network centrality indices, including strength,
closeness, and betweenness, were calculated (Z-score) to
characterize the importance of the items [30]. Nodes with
higher centrality were more central and important in the net-
work. Strength reflects the importance of a node by summing
the weights of edges. Betweenness indicates the indirect
connections between the nodes in the network by summing
the number of times a node is on the shortest path between
any two nodes. Closeness is the average length of the inverse
shortest path between any nodes in the network.

The stability of the network was evaluated with the cor-
relation stability coefficient (CS-Cs) and a node-dropping
sub-setting bootstrap method for the centrality indices of the
network. Generally, a CS-C higher than 0.5 indicates a stable
network [20]. Meanwhile, the non-parametric bootstrap of
resampling by repeating 1000 times was applied to estimate
the accuracy of edges (a=0.05).

Results
Sample characteristics

In total, 942 respondents completed the online survey.
Subjects who finished the survey in less than 120s were
removed and 939 subjects were included in the final analy-
sis. The demographic characteristics of the participants
and the comparison between good and poor sleep quality
are summarized in Table 1. Most participants were women
(67.8%), living in the urban area of Beijing (47.4%), having
a bachelor’s degree or above (93.4%), and married (72.2%).
The mean age of the participants was 38.7 +10.5 years old
with a range from 18 to 84. Of them, 458 (48.8%, 95% CI:
45.6-52.0%) had a total PSQI score of more than 5 and were
thus categorized as poor sleepers. The mean score of PSQI
was 6.2 +3.9. The result of the chi-square test showed that
compared with the good sleepers, a significantly higher
proportion of poor sleepers had nervous system diseases,
digestive system diseases, psychiatric diseases, and mood
problems (P <0.05). The power analysis showed a satisfied
power of more than 0.9 with a sample size of 939, alpha
of 0.05, a null proportion of 0.35 [31], and an alternative
proportion of 0.49 in this study.

Associations between sleep quality and sleep
hygiene awareness

Table 2 showed the differences between the sleep hygiene
awareness of the participants with good or poor sleep qual-
ity. The poor sleepers believed that daytime napping, using
sleep medication, sleeping for about the same length of time
each night, and drinking 3 oz of alcohol in the evening were
more beneficial to sleep (P <0.05). Also, they believed that
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Table 1 The comparisons of
characteristics and chronic
diseases between good and poor
sleepers, n (%)

Variables Overall (n=939) Good sleepers  Poor sleepers P value
(n=481) (n=458)

Gender 1.48 0.224
Male 302 (32.2) 146 (30.4) 156 (34.1)
Female 637 (67.8) 335 (69.6) 302 (65.9)

Age (years)
<30 222 (23.7) 104 (21.7) 118 (25.8) 3.32 0.345
30-39 285 (30.4) 154(32.1) 131 (28.6)
40-49 244 (26.0) 130 (27.1) 114 (24.9)
>50 187 (19.9) 92 (19.2) 95 (20.7)

Residence 0.20 0.905
Beijing urban 445 (47.4) 227 (47.2) 218 (47.6)
Beijing rural 221 (23.5) 116 (24.1) 105 (22.9)
Other cities 273 (29.1) 138 (28.7) 135 (295)

Education 4.67 0.097
High school and below 62 (6.6) 28 (5.8) 34 (7.4)
College or university 610 (65.0) 302 (62.8) 308 (67.2)
Post-graduate and above 267 (28.4) 151 (31.4) 116 (25.3)

Marital status 291 0.088
Unmarried 261 (27.8) 122 (25.4) 139 (30.3)
Married 678 (72.2) 359 (74.6) 319 (69.7)

Nervous system disease 45.81 <0.001
No 862 (91.8) 470 (97.7) 392 (85.6)
Yes 77 (8.2) 11 (2.3) 66 (14.4)

Digestive system diseases 4.87 0.027
No 858 (91.4) 449 (93.3) 409 (89.3)
Yes 81 (8.6) 32 (6.7) 49 (10.7)

Psychiatric diseases 41.56 <0.001
No 863 (91.9) 469 (97.5) 394 (86.0)
Yes 76 (8.1) 12 (2.5) 64 (14.0)

Psychological problems 16.09 <0.001
No 902 (96.1) 474 (98.5) 428 (93.4)
Yes 37(3.9) 7(1.5) 30 (6.6)

Bold values indicated a P <0.05, which was considered statistically significant. Poor sleepers were indi-

cated by the PSQI total score > 5

exercising in the afternoon or early evening and waking up
at the same time each day were disruptive to sleep (P <0.05).
Using multiple logistic regression, we could know that
participants with nervous system diseases (OR =6.41, 95%
CI: 3.19-12.90), psychiatric diseases (OR=5.44, 95%
CI: 2.76-10.72), and psychological problems (OR =3.63,
95% CI: 1.49-8.83) were more likely to have poor sleep
quality. Moreover, participants who held the notion that
using sleep medication regularly was beneficial to sleep
and waking up at the same time each day was disruptive
to sleep were positively associated with poor sleep
quality (OR=1.99, 95% CI: 1.36-2.90; OR =2.39, 95%
CI: 1.45-3.92) after adjusting for confounders (Table 3).
The propensity score matching yielded 696 matched
participants, with 348 in each sleeper (good or poor) group.
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The binary logistic regression showed that the notions about
using sleep medication regularly and waking up at the same
time were still positively associated with poor sleep quality
after adjusting for the propensity score in the post-matching
subset. Moreover, participants who believed that exercising
in the afternoon or early evening was disruptive to sleep
were more likely to have poor sleep quality after adjusting
for the propensity score in the post-matching subset
(OR=1.82,95% CI: 1.01-3.25) (Supplementary Table 1).

Sleep quality network estimation, centrality
stability tests, and strength comparison

The estimated network of seven sleep quality domains of good
sleepers and poor sleepers using the “EBICglasso” model
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Table 2 Difference between sleep hygiene awareness of good and poor sleepers (n=939), n (%)
No Items Awareness Good sleepers  Poor sleepers ){2 P value
(n=481) (n=458)
1 Daytime napping Beneficial to sleep 192 (39.9) 200 (43.7) 11.38 0.003
No effects on sleep 179 (37.2) 125 (27.3)
Disruptive to sleep 110 (22.9) 133 (29.0)
2 Going to bed hungry Beneficial to sleep 57 (11.9) 58 (12.7) 0.24 0.889
No effects on sleep 142 (29.5) 130 (28.4)
Disruptive to sleep 282 (58.6) 270 (59.0)
3 Going to bed thirsty Beneficial to sleep 60 (12.5) 59 (12.9) 0.04 0.982
No effects on sleep 108 (22.5) 102 (22.3)
Disruptive to sleep 313 (65.1) 297 (64.8)
4 Smoking more than one pack of cigarettes a day Beneficial to sleep 25(5.2) 26 (5.7) 1.30 0.521
No effects on sleep 213 (44.3) 186 (40.6)
Disruptive to sleep 243 (50.5) 246 (53.7)
5 Using sleep medication regularly Beneficial to sleep 178 (37.0) 238 (52.0) 27.89 <0.001
No effects on sleep 174 (36.2) 101 (22.1)
Disruptive to sleep 129 (26.8) 119 (26.0)
6 Exercising strenuously within 2 h of bedtime Beneficial to sleep 144 (29.9) 141 (30.8) 2.05 0.360
No effects on sleep 115 (23.9) 92 (20.1)
Disruptive to sleep 222 (46.2) 225 (49.1)
7 Sleep about the same length of time each night Beneficial to sleep 188 (39.1) 203 (44.3) 8.53 0.014
No effects on sleep 229 (47.6) 176 (38.4)
Disruptive to sleep 64 (13.3) 79 (17.2)
8 Setting aside time to relax before bedtime Beneficial to sleep 324 (67.4) 314 (68.6) 0.49 0.786
No effects on sleep 119 (24.7) 105 (22.9)
Disruptive to sleep 38(7.9) 39 (8.5)
9 Consuming food, beverages, or medications con- Beneficial to sleep 36 (7.5) 29 (6.3) 4.59 0.101
taining caffeine No effects on sleep 116 (24.1) 87 (19.0)
Disruptive to sleep 329 (68.4) 342 (74.7)
10 Exercising in the afternoon or early evening Beneficial to sleep 273 (56.8) 251 (54.8) 10.37 0.006
No effects on sleep 168 (34.9) 139 (30.3)
Disruptive to sleep 40 (8.3) 68 (14.8)
11 Waking up at the same time each day Beneficial to sleep 208 (43.2) 195 (42.6) 26.12 <0.001
No effects on sleep 233 (48.4) 175 (38.2)
Disruptive to sleep 40 (8.3) 88 (19.2)
12 Going to bed at the same time each day Beneficial to sleep 254 (52.8) 261 (57.0) 497 0.083
No effects on sleep 194 (40.3) 155 (33.8)
Disruptive to sleep 33 (6.9) 42 (9.2)
13 Drinking 3 oz of alcohol in the evening Beneficial to sleep 141 (29.3) 160 (34.9) 6.58 0.037
No effects on sleep 162 (33.7) 121 (26.4)
Disruptive to sleep 178 (37.0) 177 (38.6)

Bold values indicated a P <0.05, which was considered statistically significant. The items in the 7-point Likert SHAPS were categorized into
three categories: beneficial to sleep (1-3), no effects on sleep (4), and disruptive to sleep (5-7)

and Spearman correlations is shown in Fig. 1. The results
revealed that “use of sleep medication” had no edge with
other nodes of good sleepers. Sleep disturbance and daytime
dysfunction showed strong negative correlations with
subjective sleep quality in good sleepers, while habitual
sleep efficiency was positively associated with subjective

sleep quality, daytime dysfunction, and sleep disturbance.
For poor sleepers, except for habitual sleep efficiency,
all other five domains showed negative associations with
subjective sleep quality. According to the centrality indices
including strength, betweenness, and closeness, subjective
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Table 3 Multiple logistic regression of the associations between sleep
hygiene awareness and covariables with poor sleep quality (n=939)

Variables Pvalue ORs 95% CI for ORs
Lower  Upper

Female 0.091 0.77  0.56 1.04
Age (years)

<30 Ref

30-39 0.277 0.78 0.50 1.22

40-49 0.215 0.73 045 1.20

>50 0.676 090 0.54 1.50
Married 0.527 0.88 0.59 1.32
Education

High school and below Ref

Undergraduate 0.733 1.11  0.60 2.05

Post-graduate and above 0.764 091 048 1.73
Have nervous system diseases  <0.001 6.41 3.19 12.90
Have psychiatric diseases <0.001 544 276 10.72

Have psychological problems  0.005 3.63 149 8.83

Have digestive diseases 0.595 1.16  0.68 1.99
Daytime napping

No effects on sleep Ref

Beneficial to sleep 0.147 1.30 091 1.85

Disruptive to sleep 0.079 142 0.96 2.10
Using sleep medication regularly

No effects on sleep Ref
<0.001 199 1.36 2.90
0.233 1.30  0.85 2.00

Sleep about the same length of time each night

Beneficial to sleep
Disruptive to sleep

No effects on sleep Ref
Beneficial to sleep 0.575 .11 0.77 1.59
Disruptive to sleep 0.973 1.01 0.63 1.61

Exercising in the afternoon or early evening

No effects on sleep Ref
0.598 091 0.63 1.30
0.095 1.56 093 2.64
Waking up at the same time each day

Beneficial to sleep
Disruptive to sleep

No effects on sleep Ref

0.678 1.08 0.74 1.58
0.001 239 145 3.92
Drinking 3 oz. of alcohol in the evening

Beneficial to sleep
Disruptive to sleep

No effects on sleep Ref
0.691 1.09 0.72 1.63
0.622 090 0.60 1.36

Beneficial to sleep
Disruptive to sleep

Bold values indicated a P <0.05, which was considered statistically
significant. ORs, odds ratios; CIs, confidence intervals

sleep quality was the most central domain in both good-
and poor-sleep-quality networks (Fig. 2).

The estimated network of poor sleepers showed good sta-
bility as the CS-Cs were 0.52, 0.52, and 0.44 for “strength,”
“betweenness,” and “closeness,” respectively. However, the
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stability of the network of good sleepers was relatively low
due to the low CS-Cs for “betweenness” and “closeness”
(Supplementary Fig. 1). The NCT indicated that the global
strength was significantly higher in poor sleepers (NCT
sum = 1.67) than in good sleepers (NCT sum =0.50, test sta-
tistic S=1.17, P <0.001), which means that the poor-sleeper
network was more densely connected.

Discussion

This is the first study to explore the associations between
sleep quality and sleep hygiene awareness in Chinese adults.
In this study, we found that almost half of the participants
(48.8%, 95% CI: 45.6-52.0%) exhibited poor sleep quality
(defined as a PSQI score of more than 5). Multivariate logis-
tic regression analysis revealed that having nervous system
diseases, psychiatric diseases, and mental health problems
were positively associated with poor sleep quality. Also, the
notions that using sleep medication regularly was benefi-
cial to sleep and waking up at the same time each day was
disruptive to sleep were significantly associated with poor
sleep quality. Subjective sleep quality was the most impor-
tant domain among the seven domains of sleep quality in
networks of good sleepers and poor sleepers.

The prevalence of sleep disorders in our study was
much higher than the pooled prevalence of sleep distur-
bances in a meta-analysis for older Chinese (35.9%, 95%
CI: 30.6-41.2%) [31], the crude (21.6%) and age-stand-
ardized (15.8%) prevalence of poor sleep quality in Henan
Province rural adults [32], the prevalence (21.0%, 95% CI:
19.7-22.2%) in older adults in Hebei Province [33], and the
prevalence (32.0%) in Chinese governmental employees
[34]. The prevalence was similar to the finding of an epi-
demiology survey conducted in Beijing (52.1%) [35]. The
high prevalence could be attributed to the impacts of the
COVID-19 pandemic [36], different cutoff values of PSQI,
and different population characteristics. In this study, 8.1%
of the participants were diagnosed with mental disorders,
and mental disorders showed strong associations with sleep
alterations in our results and other studies [37]. Additionally,
because most participants (70.9%) lived in Beijing, the high
societal pressures and economic burdens could also result in
insufficient sleep duration and sleep disorders [38]. Consid-
ering that this survey was conducted during the COVID-19
pandemic, the social isolation, irregular schedule, and lack
of physical exercise may have disturbed the sleep circles and
increased the prevalence of insomnia [39].

The associations between sleep hygiene awareness
and sleep quality in the general population were barely
investigated before. Chung et al. used PSQI and SHAPS
to examine the relationships between sleep hygiene
practices and sleep quality in nurses, and found that sleep
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Fig.1 The estimated network of VRN
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hygiene practices and mood states mediated the effects of
morningness-eveningness and menstrual distress on sleep
quality [28]. On the contrary, Mazza et al. evaluated the
associations between psychometric measures and napping
habitude in patients with insomnia, and no significant
correlations were found between nap parameters and
psychometric results [40]. Our results revealed that poor
sleepers held the notions that using sleep medication
regularly was beneficial to sleep and waking up at the
same time each day was disruptive to sleep. Clinically,
sleep medication (also called sedative-hypnotics) such
as benzodiazepines and non-benzodiazepines are widely
prescribed by clinicians to deal with insomnia. However,
adverse effects include tolerance and dependence may lead
to overdose or even abuse of sedative-hypnotics, which
may be life-threatening [41-43]. A survey showed that
53.6% of elderly outpatients had knowledge of the safe

sleép duration

~

Vs
habitual sleep /e‘fﬁciency
\

use of sedative-hypnotics. But of them, only 24.8%
knew that not all sedative-hypnotics would have a better
sedative or sleep-inducing effect with increased dosage
[44]. Insufficient knowledge of the correct use of sedative-
hypnotics indicates that the government and physicians
should pay more attention to sleep hygiene education [45].
Additionally, experts recommended taking a multifaceted
and personalized approach to balance the efficacy and
adverse effects of sedative-hypnotics [46].

The network analysis showed that subjective sleep
quality was the most central domain in both good and poor
sleepers. Subjective sleep quality had one of the highest
component-total correlation coefficients among the seven
domains in PSQI [15]. Compared with objective sleep
quality, subjective sleep quality is mainly a self-perception.
It concerns how one feels at the moment of waking and
throughout the day and one’s subjective estimation of
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Fig.2 Centrality indices of
sleep quality of good and poor

Strength
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sleepers, shown as standardized

value Z-scores subjective sleep quality
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habitual sleep efficiency
sleep duration 4

sleep latency 4

use of sleep medication 4¢

sleep quality
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—&—  poor

sleep parameters such as depths of sleep or awakenings in the
night [47]. To some extent, compared with objective sleep
parameters like the total sleeping time, sleep efficiency, and
times of awakening, subjective sleep quality may better
reflect a patient’s perception of his or her sleep condition
which is worth more attention in clinical practice [48].
Some studies found discrepancies between self-reported
sleep quality and the results of polysomnography and
actigraphy measurements in adolescents, patients with
insomnia, or patients with psychiatric disorders [49-51].
The differences between subjective perception and objective
sleep parameters could even result in paradoxical insomnia,
which is manifested as a subjective report of insomnia
despite normal results of objective measures of sleep [52,
53]. Although the sleep patterns of patients with paradoxical
insomnia would be nearly normal, the distress and anxiety
induced by the perceived poor sleep quality may also have a
negative impact on mental health [54]. Therefore, timely and
effective interventions such as cognitive behavioral treatment
(CBT) or appropriate medication are needed to address sleep
misperception and improve subjective sleep quality.

Our study had the strength of exploring the associa-
tion between sleep quality and sleep hygiene awareness
in adults and investigating the most central domain in
the PSQI. However, there were limitations that deserve
attention. First, considering the policies for the control of
the COVID-19 pandemic, the participants were recruited
with a web-based “snowball” sampling method instead
of random sampling, so the results may be influenced by
selection bias and need to be interpreted with caution. Sec-
ond, the cross-sectional design limited the exploration of
causal relationships among sleep quality, sleep hygiene

@ Springer

awareness, and chronic diseases. Longitudinal study
design and causal inference methods could be used to fur-
ther elucidate the risk factors for sleep disorders. Third,
the self-report assessment of sleep quality may produce
results inconsistent with the objective measurement. Addi-
tionally, objective sleep quality was not measured for some
logistic reasons. Furthermore, most participants lived in
Beijing, which limited the generalizability of the results
to the entire country.

Conclusion

The results showed that poor sleep quality was common
in Chinese adults. Sleep quality was positively associated
with sleep hygiene awareness about sleep medication
usage, waking up at the same time each day, and exercising
in the afternoon or early evening. Furthermore, subjective
sleep quality was the most central domain of sleep quality
for good and poor sleepers, which suggested that sleep
hygiene education and CBT were quite important for
improving sleep quality in adults, especially during the
COVID-19 pandemic.
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