
Liu et al. BMC Public Health          (2023) 23:993 
https://doi.org/10.1186/s12889-023-15803-8

RESEARCH Open Access

© The Author(s) 2023, corrected publication 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver 
(http://​creat​iveco​mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a 
credit line to the data.

BMC Public Health

Sleep disturbance and anxiety symptoms 
among asymptomatic COVID‑19 carriers 
in Shanghai, China: the mediating role 
of entrapment and defeat
Yujie Liu1,2†, Xin Ge1,2†, Jinxin Zhang2†, Lulu Xu2, Fan Hu1,2, Suping Wang2, Jialin Liu3, Xiaodong Yang4, 
Dake Shi5* and Yong Cai1,2* 

Abstract 

Background  The COVID-19 pandemic increases the risk of psychological problems, especially for the infected 
population. Sleep disturbance and feelings of defeat and entrapment are well-documented risk factors of anxiety 
symptoms. Exploring the psychological mechanism of the development of anxiety symptoms is essential for effective 
prevention. This study aimed to examine the mediating effects of entrapment and defeat in the association between 
sleep disturbance and anxiety symptoms among asymptomatic COVID-19 carriers in Shanghai, China.

Methods  A cross-sectional study was conducted from March to April, 2022. Participants were 1,283 asympto-
matic COVID-19 carriers enrolled from the Ruijin Jiahe Fangcang Shelter Hospital, Shanghai (59.6% male; mean 
age = 39.6 years). Questionnaire measures of sleep disturbance, entrapment, defeat, anxiety symptoms, and back-
ground characteristics were obtained. A mediation model was constructed to test the mediating effects of entrap-
ment and defeat in the association between sleep disturbance and anxiety symptoms.

Results  The prevalence rates of sleep disturbance and anxiety symptoms were 34.3% and 18.8%. Sleep disturbance 
was positively associated with anxiety symptoms (OR [95%CI] = 5.013 [3.721–6.753]). The relationship between sleep 
disturbance and anxiety symptoms (total effect: Std. Estimate = 0.509) was partially mediated by entrapment (indirect 
effect: Std. Estimate = 0.129) and defeat (indirect effect: Std. Estimate = 0.126). The mediating effect of entrapment and 
defeat accounted for 50.3% of the association between sleep disturbance and anxiety symptoms.

Conclusion  Sleep disturbance and anxiety symptoms were prevalent among asymptomatic COVID-19 carriers. 
Entrapment and defeat mediate the association between sleep disturbance and anxiety symptoms. More attention is 
needed to monitoring sleep conditions and feelings of defeat and entrapment to reduce the risk of anxiety.
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Highlights 

A cross-sectional study was conducted among 1,283 asymptomatic COVID-19 carriers during the 2022 SARS-CoV-2 
Omicron outbreak in Shanghai.

Asymptomatic COVID-19 carriers had a high risk of developing anxiety symptoms and sleepdisturbance during the 
pandemic. 

Feelings of entrapment and defeat mediated the association between sleep disturbance and anxiety symptoms.

Keywords  Anxiety symptoms, Sleep disturbance, Entrapment, Defeat, Asymptomatic COVID-19 carrier

Introduction
Coronavirus disease-19 (COVID-19) is widespread 
worldwide and has been defined by the World Health 
Organization as a severe public health emergency. The 
COVID-19 outbreak poses a great threat to public health, 
bringing with it a considerable burden of mental health 
problems. During the COVID-19 pandemic, there has 
been a significant increase in global mental health dis-
orders, with depression and anxiety increasing by 27.6% 
and 25.6% respectively [1]. In addition, mental health 
problems were even more severe among those infected 
with COVID-19 compared to the general population [2]. 
A previous meta-analysis suggests that coronavirus infec-
tion can lead to a range of psychiatric disorders such as 
delirium, anxiety, depression, and insomnia [3]. In a 
cohort study among 68 million individuals in the USA, 
survivors of the COVID-19 had a higher risk of develop-
ing psychiatric sequelae [4]. Another survey in China at 
the beginning of the pandemic revealed the psychologi-
cal impacts of the outbreak, with 28.8% of the population 
reporting moderate to severe anxiety symptoms [5]. In 
contrast, the prevalence of anxiety symptoms was higher 
in COVID-19 patients [6].

Several studies have focused on the etiology and risk 
factors of anxiety symptoms in people with COVID-19, 
finding that gender, age, marital status, COVID-19 disease 
duration, family infection, oxygen saturation levels, etc. 
were associated with anxiety symptoms [7, 8]. However, to 
facilitate effective psychological interventions in this pop-
ulation, there is a need to explore modifiable risk factors 
of anxiety symptoms. Sleep disturbance, another mental 
health problem prevalent in the context of the pandemic, 
could play a significant role in the development of anxiety 
symptoms [9]. Previous studies have demonstrated that 
sleep disturbance is a critical influencing factor of anxiety 
symptoms in people with COVID-19 [10, 11].

To better understand the relationship between sleep 
disturbance and anxiety symptoms, previous studies 
have explored the mediators linking these two disor-
ders. Possible mediators included stress [12], personal 
sleep debt and daytime sleepiness [13], and cognitive 
complaints [14]. The Social Rank Theory proposes low 

mood and submissive behavior as involuntary adaptive 
responses to adverse situations. If the situations remain 
unchanged or inescapable, the adaptive responses will 
become maladaptive and eventually lead to serious 
pathology [15]. Entrapment (feelings of failed social 
struggle) and defeat (inability to escape from a situa-
tion) represent the key maladaptive stress responses 
in the process [16], which may underly the relation-
ship between unfavorable sleep disturbance and anxiety 
symptoms. First, perceptions of defeat and entrapment 
have been identified as important precursors of differ-
ent types of psychiatric disorders [17]. Previous studies 
showed that entrapment and defeat are closely related 
to anxiety symptoms [18, 19]. Furthermore, accord-
ing to the Cry of Pain model, disturbed sleep could 
act as a stressor, triggering feelings of entrapment and 
defeat [20]. Although the relationship among sleep dis-
turbance, entrapment, defeat, and anxiety symptoms 
remains unclear, previous studies have investigated 
the mediating effects of entrapment and defeat on the 
associations between insomnia symptoms and suicidal 
ideation, a more severe type of mental disorder [21, 22]. 
Similarly, we hypothesized that sleep disturbance could 
also increase the risk of anxiety symptoms through the 
mediating effects of entrapment and defeat.

Compared to the general population, evidence is lim-
ited on the mental health problems of the people with 
COVID-19. To the best of our knowledge, no study has 
yet explored the psychological mechanisms underlying 
the development of anxiety symptoms in this popula-
tion. Therefore, we conducted a cross-sectional survey 
of anxiety symptoms, sleep disturbance, defeat, and 
entrapment in a group of asymptomatic COVID-19 car-
riers during the 2022 SARS-CoV-2 Omicron outbreak 
in Shanghai, when the SARS-CoV-2 were highly infec-
tious but caused significantly lower mortality than the 
first wave of the outbreak in 2020 [23]. The aims of this 
study were: (1) to investigate the prevalence of sleep 
disturbance and anxiety symptoms in asymptomatic 
COVID-19 carriers in Shanghai, China; (2) to explore 
the mediating relationship between sleep disturbance, 
anxiety symptoms, defeat, and entrapment.
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Methods
Participants and procedure
The study was conducted from March to April during 
the 2022 SARS-CoV-2 Omicron outbreak in Shanghai. 
Participants were asymptomatic COVID-19 carriers 
enrolled from the Ruijin Jiahe Fangcang Shelter Hos-
pital, Shanghai via convenient sampling. The inclusion 
criteria were as follows: (1) aged 18  years and above; 
(2) have been diagnosed as asymptomatic COVID-19 
carriers, which was confirmed by the threshold Cycle 
(Ct) value obtained from the real-time reverse tran-
scriptase polymerase chain reaction (RT-PCR) test 
(a Ct value < 35 is considered positive); (3) consent to 
participate in the study (4) able to use a smartphone 
to complete the questionnaire independently. Self-
reported questionnaires were completed through the 
online survey platform “Questionnaire Star” and then 
distributed via Wechat.

Measurements
Pittsburgh Sleep Quality Index (PSQI)
The PSQI is a 19-item self-rated scale that measures 
seven components of sleep quality over the past month: 
subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of 
sleeping medication, and daytime dysfunction [24]. The 
summed component scores yield a global score ranging 
from 0 to 21, with higher scores indicating poorer sleep 
quality. According to the recommended cut-off in the 
original study, a global score > 5 represents poor sleep 
quality [24]. The use of the PSQI in the Chinese adult 
population to assess sleep quality has been validated by 
previous studies with acceptable psychometric robust-
ness and validated factor structure [25, 26].

Entrapment Scale (ES)
The 16-item ES was designed by Gilbert and Allan to 
evaluate the extent an individual feels imprisoned or 
trapped by unbearable thoughts, feelings, or circum-
stances [15]. The response of each item was assessed on 
a 5-point Likert scale from 0 (“not at all like me”) to 4 
(“extremely like me”). Total scores of the ES range from 
0 to 64, and higher scores indicate greater feelings of 
entrapment. Previous studies have demonstrated that 
the Chinese version of the ES had good reliability with 
a one-dimensional structure among men who have sex 
with men [27] and a two-dimensional structure among 
migrant workers [28]. The scale has also exhibited good 
internal consistency among college students (Cronbach’s 
alpha = 0.93–0.94) [29]. Cronbach’s alpha value for the 
scale was 0.976 in the present study.

Defeat Scale (DS)
The 16-item DS was designed by Gilbert and Allan to 
measure the sense of failed struggle and low social rank 
[15]. The response of each item was assessed on a 5-point 
Likert scale from 0 (“never”) to 4 (“always”). Total scores 
of the DS range from 0 to 64, and higher scores indicate 
more easily feeling defeat in daily life. The Chinese ver-
sion of the DS has exhibited good internal consistency 
among college students (Cronbach’s alpha = 0.933), pre-
ferring a two-dimensional structure including decadence 
and low sense of achievement [30]. Cronbach’s alpha 
value for the scale was 0.912 in the present study.

Self‑rating Anxiety Scale (SAS)
The 20-item SAS is an instrument for assessing indi-
viduals’ subject feelings of anxiety responding [31]. The 
response of each item was rated on a 4-point Likert 
scale from 1 (“none or a little of the time”) to 4 (“most 
of the time”). Total raw scores of the SAS range from 20 
to 80, with higher scores representing more severe anxi-
ety symptoms. The standard scores are produced by the 
raw scores multiplied by 1.25 (range from 25 to 100). The 
presence of anxiety was defined as standard scores > 50 
[31]. The Chinese version of the SAS is reliable and well-
validated [32]. The scale has also exhibited good internal 
consistency among elderly caregivers and college stu-
dents (Cronbach’s alpha = 0.820–0.896) [33, 34]. Cron-
bach’s alpha value for the scale was 0.821 in the present 
study.

Background characteristics
Background characteristics included gender (male; 
female), age (18 ~ 34  years, 35 ~ 49  years, 50 ~ 71  years), 
education level (junior high school and below, col-
lege and above), marital status (unmarried, married, 
divorced, or widowed), days since diagnosis (≤ 7  days, 
8 ~ 14 days, ≥ 8 days), and whether they stayed with fami-
lies (yes, no).

Statistical analysis
Descriptive analyses were first conducted for sociodemo-
graphic characteristics and the prevalence of sleep qual-
ity and anxiety symptoms. As the distribution of SAS 
scores was skewed, rank-sum tests were used to compare 
the SAS scores across different groups. Participants were 
categorized into two groups based on SAS scores: Anxi-
ety and non-anxiety. Univariable logistic regressions were 
then performed to examine the associations between 
background variables and anxiety symptoms. Moreover, 
pairwise correlation analyses of the measurements (PSQI 
for sleep quality, entrapment scale for entrapment, defeat 
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scale for defeat, and SAS for anxiety symptoms) were 
conducted to investigate the relationship among these 
variables.

Finally, the hypothetic mediation model for sleep qual-
ity, entrapment, defeat, and anxiety symptoms was tested 
using Preacher and Hayes’s method [35]. Bootstrap-
ping analysis with 5000 resamples was conducted to 
derive bias-corrected 95% confidence intervals (CI). The 
weighted least squares and mean and variance estimator 
was used as the outcome was categorical. The significant 
background variables of anxiety symptoms were con-
trolled in the mediation model. Goodness-of-fit of the 
model was evaluated by a series of model fit indices (root 
mean square error of approximation [RMSEA], compara-
tive fit index [CFI], Tucker–Lewis index [TLI], standard-
ized root mean square residual [SRMR]). RMSEA < 0.08, 
CFI > 0.90, TLI > 0.90, and SRMR < 0.08 indicated accept-
able goodness-of-fit. P-values < 0.05 were considered 
statistically significant. All statistical analyses were per-
formed using Mplus.

Ethic
This study protocol was approved by the Ethics Com-
mittee of Ruijin Hospital, Shanghai Jiao Tong University 
School of Medicine. All subjects consented to partici-
pate in this study and provided their written informed 
consent.

Results
Descriptive analyses
As shown in Table  1, the final sample consisted of 765 
males (59.6%) and 518 females (40.4%), ranging in age 
from 18 to 71 years (mean age = 39.6 ± 11.1 years). Most 
participants (73.9%, n = 948) were married, and 70.6% 
(n = 906) had an educational level of junior high school 
and below. Since the diagnosis of COVID-19, approxi-
mately half (50.4%, n = 646) of the participants had 
passed 8 ~ 14 days, and 65.9% (n = 846) did not stay with 
their family members. The prevalence rates of anxiety 
symptoms and sleep disturbance were 18.8% (n = 241) 
and 34.3% (n = 440), respectively.

Of these sociodemographic factors, education level 
(p = 0.007) and whether the participants stayed with 
their families (p = 0.035) were significantly associated 
with anxiety symptoms. In addition, poor sleepers had 
a higher risk of developing anxiety symptoms compared 
with good sleepers (OR [95%CI] = 5.013 [3.721–6.753]).

Correlation analyses
The median and upper and lower quartiles of the PSQI 
score, ES score, DS score, and SAS score were 4 (2–7), 
17 (16–26), 28 (24–35), and 35 (29–37), respectively. The 
results of correlation analyses were presented in Table 2. 

There were positive and significant correlations among 
sleep disturbance, entrapment, defeat, and anxiety symp-
toms (p < 0.001).

Mediation analyses
As shown in Table  3 and Fig.  1, there was a significant 
total effect of sleep disturbance on anxiety symptoms 
(Standardized estimate [Std. estimate] = 0.509, p < 0.001) 
after adjusting for education level and whether the par-
ticipants stayed with their families. When mediated 
through entrapment and defeat, the indirect effect of 
sleep disturbance on anxiety symptoms remained sig-
nificant (Std. estimate = 0.253, p < 0.001). In addition, the 
indirect effect of sleep disturbance on anxiety symptoms 
through entrapment (Std. estimate = 0.129, p = 0.001) and 
defeat (Std. estimate = 0.126, p < 0.001) were both sig-
nificant. Overall, the mediating effect of entrapment and 
defeat accounted for 50.3% (0.256/0.509 [Std. estimate of 
indirect effect/Std. estimate of total effect]) of the asso-
ciation between sleep disturbance and anxiety symptoms.

The proposed mediation model showed acceptable 
goodness of fit (CFI = 0.991, TLI = 0.973, RMSEA = 0.058, 
SRMR = 0.069). All path coefficients in the model had p 
values < 0.05.

Discussion
This study aimed to investigate the prevalence of sleep 
disturbance and anxiety symptoms among asymptomatic 
COVID-19 carriers in Shanghai, China, as well as to elu-
cidate the role of entrapment and defeat underlying the 
association between these two psychological disorders. 
In this study, the prevalence rates of sleep disturbance 
and anxiety symptoms were 34.3% and 18.8%, respec-
tively. Sleep disturbance could increase the risk of anxiety 
symptoms through the mediating effects of entrapment 
and defeat.

A total of 18.8% of the asymptomatic COVID-19 carri-
ers experienced anxiety symptoms in the present study, 
which is similar to the prevalence rates (16.6%) previ-
ously reported in COVID-19 patients and healthcare 
workers who had a history of exposure [36, 37]. In con-
trast, moderate-to-severe anxiety was significantly less 
prevalent in the general population in China during the 
pandemic [38]. Although the severity of psychologi-
cal problems varied across different stages of the pan-
demic, people with COVID are consistently vulnerable 
to anxiety symptoms. The high risk of anxiety symptoms 
in asymptomatic carriers, despite the absence of physi-
cal disorder, might be attributed to their fear of illness, 
experience of being stigmatized, and social isolation dur-
ing quarantine [39]. A previous longitudinal study has 
shown that social isolation was among the determinants 
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of widespread stress during the pandemic, which in turn 
resulted in impaired mental health [40].

Moreover, the prevalence of anxiety symptoms (35.7%) 
was even higher in the poor sleeper group. Compared 

to the asymptomatic carriers with normal sleep quality, 
the individuals with sleep disturbance had a higher risk 
of developing anxiety symptoms (OR [95%CI] = 5.013 
(3.721–6.753)). This is consistent with previous findings 

Table 1  Descriptive characteristics of asymptomatic COVID-19 carriers

M median, Q1 First Quartile, Q3 Third Quartile, OR Odds ratio, CI Confidence interval
*  p < 0.05
**  p < 0.01
***  p < 0.001

Total (n = 1283) SAS score Anxiety

M (Q1-Q3) p value n (%) OR (95%CI)

Gender
  Male 765 (59.6%) 35 (29–37) 0.346 133 (55.2%) Ref

  Female 518 (40.4%) 35 (29–38) 108 (44.8%) 1.252 (0.944–1.661)

Age
  18 ~ 34 years 469 (36.6%) 35 (29–38) 0.132 100 (41.5%) Ref

  35 ~ 49 years 532 (41.5%) 34 (20–36) 92 (38.2%) 0.772 (0.563–1.057)

  50 ~ 71 years 282 (22.0%) 35 (29–37) 49 (20.3%) 0.776 (0.531–1.134)

Education level
  Junior high school and below 906 (70.6%) 35 (30–37) 0.007** 161 (66.8%) Ref

  College and above 377 (29.4%) 32 (27–38) 80 (33.2%) 1.246 (0.923–1.682)

Marital status
  Unmarried 285 (22.2%) 35 (29–37.5) 0.913 59 (24.5%) Ref

  Married 948 (73.9%) 35 (29–37) 175 (72.6%) 0.867 (0.623–1.206)

  Divorced or widowed 50 (3.9%) 34 (29–36.25) 7 (2.9%) 0.624 (0.267–1.457)

Days since diagnosis
   ≤ 7 days 186 (14.5%) 35 (30–39) 0.153 42 (17.4%) Ref

  8 ~ 14 days 646 (50.4%) 35 (29–37) 118 (49.0%) 0.766 (0.515–1.140)

   ≥ 15 days 451 (35.2%) 34 (28–37) 81 (33.6%) 0.751 (0.493–1.142)

Stay with family
  Yes 437 (34.1%) 34 (29–36) 0.035* 68 (28.2%) Ref

  No 846 (65.9%) 35 (29–38) 173 (71.8%) 1.395 (1.025–1.898)*

Sleep disturbance
  Good sleeper 843 (65.7%) 33 (27–35)  < .001*** 84 (34.9%) Ref

  Poor sleeper 440 (34.3%) 36 (32–44) 157 (65.1%) 5.013 (3.721–6.753)

Anxiety symptoms
  Non-anxiety 1042 (81.2%) - - - -

  Anxiety 241 (18.8%) - - -

Table 2  Descriptive characteristics of questionnaire scores and pairwise correlation analysis

PSQI Pittsburgh sleep quality index, SAS Self-rating anxiety scale M median, Q1 First Quartile, Q3 Third Quartile
***  p < 0.001

PSQI score Entrapment scale score Defeat scale score SAS score

PSQI score 1

Entrapment scale score 0.592*** 1

Defeat scale score 0.403*** 0.646*** 1

SAS score 0.358*** 0.436*** 0.554*** 1

M (Q1-Q3) 4 (2–7) 17 (16–26) 28 (24–35) 35 (29–37)
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that sleep disturbance is positively associated with the 
severity of anxiety symptoms during the pandemic [9]. 
Sleep disturbance could increase the risk of anxiety 
through a shared and mutually reinforcing neurocircuitry 
involving dopamine, serotonin, and adenosine [41]. Addi-
tionally, sleep could act as a moderator in the relation-
ship between external stress and anxiety symptoms [37]. 
Therefore, as a modifiable factor, sleep conditions have 
significant potential in reducing anxiety symptoms, espe-
cially among asymptomatic COVID-19 carriers who are 
exposed to a number of psychosocial risk factors [42].

We found that participants with an education level of 
college and above reported a lower level of anxiety symp-
toms (p = 0.007). This is similar to previous findings that 
education attainment plays a protective role in mental 

health during the COVID-19 pandemic [43]. Our result 
also indicated that individuals who stayed with their fam-
ilies after being diagnosed with COVID-19 had a lower 
risk of developing anxiety symptoms (OR [95%CI] = 1.395 
[1.025–1.898]). In contrast, those without family com-
panions have reduced social interactions and are more 
likely to feel helpless in response to the pandemic. Sev-
eral previous studies have revealed that living alone dur-
ing the pandemic is a significant risk factor for anxiety 
symptoms in the adult population [44, 45]. The present 
study further demonstrated the need for family support 
among asymptomatic COVID-19 carriers to prevent anx-
iety symptoms.

After adjusting for education level and whether they 
stayed with families, feelings of entrapment and defeat 

Table 3  Results of mediation analysis

Std. Estimate: Standardized estimate, S.E Standard error, CI Confidence interval

After adjusting for education level and whether the participants stayed with their families

Path Std. Estimate S.E Est./S.E Bootstrapping 95% CI P Value

Lower 2.5% Upper 2.5%

Coefficient
  Sleep disturbance → Anxiety 0.253 0.033 7.607 0.188 0.319  < .001

  Sleep disturbance → Entrapment 0.563 0.023 24.151 0.516 0.607  < .001

  Sleep disturbance → Defeat 0.485 0.025 19.448 0.435 0.533  < .001

  Entrapment → Anxiety 0.229 0.043 5.332 0.142 0.313  < .001

  Defeat → Anxiety 0.261 0.043 6.081 0.176 0.344  < .001

Effect
  Total effect 0.509 0.029 17.586 0.452 0.565  < .001

  Direct effect
    Sleep disturbance → Anxiety 0.253 0.033 7.607 0.188 0.319  < .001

  Indirect effect
  Total indirect effect 0.256 0.021 12.340 0.215 0.298  < .001

  Specific indirect effect
    Sleep disturbance → Entrapment → Anxiety 0.129 0.025 5.072 0.080 0.180  < .001

    Sleep disturbance → Defeat → Anxiety 0.126 0.022 5.838 0.085 0.170  < .001

Fig. 1  Feelings of entrapment and defeat mediate the association between sleep disturbance and anxiety symptoms ∗ p < 0.05. After adjusting for 
education level and whether the participants stayed with their families
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mediated the association between sleep disturbance and 
anxiety symptoms in asymptomatic COVID-19 carri-
ers. Although there is evidence regarding the mediat-
ing role of entrapment and defeat in the relationship 
between sleep disturbance and suicidal ideation [21, 22], 
no study has examined this psychological mechanism for 
less severe but more prevalent anxiety symptoms. Our 
results showed significant mediating effects of entrap-
ment (25.3%) and defeat (24.8%) between the association 
of sleep disturbance and anxiety symptoms. Although the 
nature of the association of sleep disturbance with defeat 
and entrapment remains unclear, individuals with dis-
turbed sleep may tend to experience daily difficulties with 
cognitive, emotional, interpersonal, and physical func-
tioning, resulting in poorer quality of life and stronger 
feelings of being defeated [21]. Meanwhile, the difficulties 
in initiating or maintaining sleep block the escape route 
from daily problems through sleep, causing poor sleepers 
to feel trapped by their own thoughts or external environ-
ment [46]. The feelings of entrapment and defeat could 
subsequently increase the risks of anxiety symptoms [47].

Currently, studies of the mediation model of the asso-
ciations between sleep disturbance, entrapment, defeat, 
and anxiety symptoms are new in the context of the 
COVID-19 pandemic. To the best of our knowledge, 
there is no study to examine the psychological mecha-
nism underlying the development of anxiety symptoms 
in asymptomatic COVID-19 carriers, a vulnerable group 
at risk of psychological disorders during the pandemic. 
Our study identified sleep disturbance as a modifiable 
risk factor that could affect anxiety symptoms by increas-
ing the feelings of defeat and entrapment. Therefore, 
interventions are needed for the asymptomatic carriers 
experiencing sleep disturbance. For example, cognitive 
behavioral therapy for insomnia (CBTi), a psychological 
treatment that can be delivered in non-clinical environ-
ment [48], can be used to reduce the potential risk of 
anxiety symptoms among poor sleepers. In addition, con-
sidering the mediating effects of entrapment and defeat 
in the relationship between sleep disturbance and anxiety 
symptoms, it’s necessary to monitor the levels of defeat 
and entrapment among those with sleep disturbance. 
Early identification and relief of defeat and entrapment 
may effectively block the effects of sleep disturbance on 
anxiety symptoms. Psychological counseling and support 
can benefit from boosting coping strategies that address 
the feelings of difficulties and frustration, preventing 
long-term mental health outcomes in poor sleepers [49].

The present study has several limitations. First, we 
should be cautious in drawing causal conclusions due to 
the cross-sectional study design. Longitudinal studies are 
needed to establish the temporal relationship between 
sleep disturbance, entrapment, defeat, and anxiety 

symptoms. Second, we relied on self-reported meas-
ures, which may be affected by recalling bias or socially 
desirable responses. However, given the sample size and 
the research setting of the present study, it’s acceptable 
to use the validated and frequently used self-reported 
scale (i.g. PSQI, ES, DS, and SAS) to measure the stud-
ied variables. In addition, we ensured information confi-
dentiality to maximize the reliability and accuracy of the 
responses as possible. Third, in addition to the two medi-
ators investigated in this study, other factors may also 
be critical in linking sleep disturbance to anxiety symp-
toms. For example, resilience was found to mediate the 
association between sleep disturbance and mental health 
problems [50]. Further exploration of multiple mediating 
effects could contribute to a better understanding of the 
pathway.

Conclusions
This study is the first to explore the relationship among 
sleep disturbance, entrapment, defeat, and anxiety symp-
toms in asymptomatic COVID-19 carriers. In the pre-
sent study, sleep disturbance and anxiety symptoms were 
prevalent among asymptomatic COVID-19 carriers. We 
also found that entrapment and defeat mediate the asso-
ciation between sleep disturbance and anxiety symptoms. 
We recommend that monitoring of sleep conditions and 
feelings of defeat and entrapment be strengthened to pre-
vent anxiety in vulnerable populations.
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