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Abstract
Purpose  To evaluate the prevalence of and risk factors associated with anxiety, depression, and insomnia symptoms during 
the return-to-work period of coronavirus disease 2019 in China.
Methods  The authors conducted a large-scale, nationwide, multicenter, cross-sectional study in China. A population-based 
quota and snowball sampling were designed to recruit a representative sample. Online questionnaires and telephone reviews 
were used to collect characteristics and assess psychological and sleep problems. Anxiety, depression, and insomnia symp-
toms were measured by the generalized anxiety disorder-7, patient health questionnaire-9, and insomnia severity index tools.
Results  A total of 42,000 participants were recruited from 15 centers, and 36,795 valid questionnaires were received. 
Generally, 18.3, 14.9, and 17.9% of the participants had anxiety, depression, and insomnia symptoms, respectively, and 
2.2–2.7% had severe symptoms. Engaging in outside activity once in ≥ 30 days (OR = 2.719, OR = 2.074, OR = 2.225) and 
age 50–64 years (OR = 2.431, OR = 1.936, OR = 2.036) were common risk factors for anxiety, depression and insomnia 
symptoms. Living in Hubei Province (OR = 1.304, OR = 1.242) was a common risk factor for anxiety and insomnia symp-
toms. Working as frontline medical staff (OR = 2.150) was another risk factor for anxiety symptoms. The health education 
rate of the samples reached 98.9%. However, the psychological intervention rate was only 16.2%, and 2.5% received targeted 
interventions.
Conclusions  An increasing number of people might have psychological and sleep problems. However, the current psycho-
logical interventions are not sufficient. Efforts should be made to strengthen interventions for high-risk populations.
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Abbreviations
GAD-7	� Generalized anxiety disorder-7 scale
PHQ-9	� Patient health questionnaire-9
ISI	� Insomnia severity index
EVD	� Ebola virus disease
COVID-19	� Coronavirus disease 2019
SARS	� Severe acute respiratory syndrome
MERS	� Middle East respiratory syndrome
H1N1	� H1N1 flu
NEPD	� National economic population division
DNC	� Daily number of new cases

Introduction

The outbreak of infectious diseases is often accompanied 
by psychological problems, which may have serious long-
term impacts [1]. In early 2020, coronavirus disease 2019 
(COVID-19) began spreading in China and quickly became 
a global threat. Similar to previous epidemic diseases, 
COVID-19 is an infectious disease that is highly contagious 
and fatal to some patients, but it has spread quickly and 
widely around the world, which has caused a global pan-
demic and worries [2–4]. The Chinese government adopted 
a national restriction of outside activities since the time of 
the Spring Festival (i.e., 25 January 2020) [5]. During the 
outbreak of COVID-19, several studies alerted that the prev-
alence of psychological and sleep problems increased and 
was common among the general population [6–9]. However, 
due to a focus on epidemic control and a lack of professional 
practitioners in mental health, inadequate attention was 
paid to mental health, and psychological interventions are 
far from sufficient, a problem that has emerged as a serious 
challenge to the mental health of the general public [6, 10].

By 22 February 2020, the government had allowed the 
resumption of non-cross-regional work because of pre-
liminary control of the epidemic [11]. Cross-regional out-
side activities and nonessential outside activities are still 
restricted [12]. During the return-to-work period of COVID-
19, people are experiencing multiple pressures of concern 
related to infection, interpersonal isolation, and work 
resumption, which might have different influences on psy-
chological and sleep problems [13]. However, there is a lack 
of studies on psychological conditions during the return-
to-work period [13, 14]. Moreover, most previous cross-
sectional studies on mental health only conducted online 
surveys for web users or applied only snowball or conveni-
ent sampling, and some studies did not perform sampling 
nationwide, which may decrease their representativeness for 
the entire Chinese population [7, 9, 15, 16].

Therefore, we conducted this nationwide cross-sectional 
study to evaluate the prevalence of anxiety, depression 
and insomnia symptoms and their influential factors in the 

return-to-work period during the outbreak of COVID-19 in 
China. A population-based quota and snowball sampling 
scheme were designed to recruit a representative sample. We 
hope that this study can evaluate the prevalence of and risk 
factors associated with psychological and sleep symptoms 
to target high-risk populations for further interventions. As 
COVID-19 remains still a global threat, this study can offer 
a model for the psychological conditions of a large popula-
tion under isolation and facing epidemic stress during the 
return-to-work period and help to strengthen preparedness.

Methods

Study population and sampling process

This study is a nationwide, multicenter, cross-sectional 
study conducted to evaluate the psychological conditions 
and find the related influential factors during the return-
to-work period. Because of the restriction on face-to-face 
communications and outside activities during the epidemic, 
the study required all participants or their guardians to pro-
vide informed consent by reading an online consent form 
and clicking an “agree to the consent” button for the online 
questionnaire or by offering oral consent before a telephone 
review. This study was reviewed, approved, and supervised 
by the ethics committee of SanBo Brain Hospital, Capital 
Medical University.

The protocol was previously established, and the study 
included pre-investigation and formal investigation. The 
inclusion criteria of the pre-investigation and formal inves-
tigation required all participants to supply informed consent 
and have an age of 11 years or older, because the scales 
used in this study are not validated for individuals less than 
11 years [17]. The pre-investigation was launched from 10 
March 2020 to 13 March 2020 to examine the applicability 
of the scales, foster multicenter collaboration, and deter-
mine the sample size using convenient sampling in several 
communities. A lucky draw (token amount) was set as the 
recruitment incentive for participants recruited. All par-
ticipants were asked to complete several web-based scales, 
questions about characteristics, and items such as, “For your-
self, which data are the most concerning data about COVID-
19?”. Participants who finished all scales and questions were 
considered valid responses, and others who accepted recruit-
ing but did not meet the inclusion criteria, did not respond, 
or did not finish all scales and questions were considered 
“drop-out samples”.

The pre-investigation recruited 500 participants in 
total, and 441 surveys (88.2%) were valid. The data on the 
daily number of new cases (DNC) were the most concern-
ing (87.5%), which were treated as stratification of differ-
ent epidemic areas. Based on the pre-investigation, the 
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Generalized Anxiety Disorder-7 scale (GAD-7, scores 
from 0 to 21, Cronbach’s α = 0.90) [18], the Patient Health 
Questionnaire-9 (PHQ-9, scores from 0 to 27, Cronbach’s 
α = 0.86–0.89) [19, 20], and the Insomnia Severity Index 
(ISI, scores from 0 to 28, Cronbach’s α = 0.83) [21] were 
used to measure anxiety, depression, and insomnia symp-
toms in the formal investigation. All scales used were the 
Chinese versions and were revised for Chinese populations 
if needed [18–21]. The suitable classification standards were 
determined by the Chinese consensus and reviewed by neu-
ropsychologists. These Chinese version scales and cutoff 
values were commonly used in psychological studies of the 
Chinese population [9, 22]. The sample size of the formal 
investigation was determined using the Clopper-Pearson for-
mula (two-sided). According to the pre-investigation, the 
proportion was set as 0.180, the dropout rate was set as 20%, 
the confidence level was set as 0.950, and the permissible 
error was set as 0.005. The PASS (NCSS LLC., Kaysville, 
Utah, USA; version 15) was used for sample size calcula-
tion. The desired sample size was 22,879, and the desired 
dropout-inflated enrollment sample size was 28,599. Consid-
ering that each sampling area should represent people with 
different characteristics, the sample size was also calculated 
for each area. The results suggested that each area should 
recruit at least 3000 participants. After calculation based 
on the proportion of the population in each area, 42,000 
participants were scheduled to be recruited for the formal 
investigation.

The formal investigation was conducted from March 16, 
2020 (4 weeks after the government allowed non-cross-
regional work resumption) to 29 March 2020. By 16 March 
2020, a total of 3213 deaths and 80,860 confirmed patients 
were reported based on the National Health Committee daily 
report. The Chinese tradition is for people to return to their 
registered residences before the Spring Festival (i.e., 25 Jan-
uary 2020), and the government implemented control over 
outside activities beginning on 25 January 2020 [5]. Only 
non-cross-regional work resumption was permitted begin-
ning on 22 February 2020 [11]. Thus, the population distri-
bution was more representative during the survey. Because 
cross-regional outside activities were still restricted, prob-
ability sampling was not possible. A novel population-based 
nonprobability quota sampling combined with the snowball 
sampling method was designed to recruit a representative 
sample. First, we stratified the country into 4 regions (East, 
Center, West, Northwest) based on the National Economic 
Population Division (NEPD). The NEPD is a national strati-
fication standard based on the characteristics of the popula-
tion and the economy established by the National Bureau of 
Statistics [23]. We determined the quotas for the sample size 
based on the population proportion (East: recruit 15,000; 
Center: recruit 12,000; West: recruit 12,000; Northwest: 
recruit 3,000) provided by the newest Sixth China National 

Census [23]. The cross-control quota sampling method was 
used in the sampling centers of each region (first, stratifica-
tion was based on subregion, gender, age, occupation, and 
epidemic status; second, cross-control was used to deter-
mine the proportion of each layer; and third, the number 
of participants to recruit with different characteristics was 
determined). Each center sent invitations to groups with dif-
ferent characteristics to recruit participants according to the 
quotas. The invitations were sent online, by telephone, via 
posters, and person-to-person introduction. This selection 
procedure did not recruit participants based on family to 
family contacts but was based on recruit groups with dif-
ferent characteristics. Only invited population groups could 
participate in quota sampling and represent populations with 
different characteristics. Finally, because some groups were 
difficult to access (e.g., cured patients, the elderly), snowball 
sampling was used as a supplement in each center when the 
center could not recruit the required number of participants 
with specific characteristics. In the snowball sampling pro-
cedure, the participants introduce others with the required 
characteristics. The recruitment incentive was set as a token 
payment (lucky draw) after all participants accepted the 
recruitment. The ethics committee approved the amount, 
form, and timing of payment for pre-investigation and formal 
investigation. These novel samples were designed to recruit 
a representative sample when random sampling could not 
be achieved. A previous study has been published using a 
similar sampling strategy [6].

In addition, the DNC (the most concerning data of 
COVID-19 in the pre-investigation) was collected during 
the survey period based on the National Health Committee 
daily report. Epidemic areas were stratified by average DNC 
during the formal investigation period (Area I: DNC ≥ 10; 
Area II: 10 > DNC > 0; Area III: DNC = 0) and set as a char-
acteristic of the participants to explore the influence of the 
epidemic area. Figure 1 shows the regional division, sam-
pling centers, and epidemic areas. Figure 2 shows the sam-
pling process.

Measures

After recruiting enough participants, the survey procedure 
was performed. Participants who met the criteria were given 
a network or telephone survey. The online questionnaire and 
database were provided by WJX (Ranxing LLC., Chang-
sha, Hunan, China). If the participants could not finish the 
questionnaire online, the investigators gave a telephone 
interview read by voice, which had the same contents as 
the online questionnaire to maintain equivalence. Each of 
the participants was required to answer only once by one 
type of survey (online or telephone). For the online survey, 
a network IP address restriction was set to prevent someone 
from answering multiple times.
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The survey included three main sections. The first sec-
tion addressed demographic characteristics, including gen-
der, age, occupation, education experience, and marriage 
status. The second section dealt with experience related 
to COVID-19. The question set included “COVID-19 epi-
demic status (E1: Cured patient; E2: Confirmed patient; E3: 

Suspected infection; E4: Close contact, except for frontline 
medical staff; E5: Frontline medical staff; E6: Others, i.e., 
noncontacts)”, “outside activity (i.e., working, entertain-
ment, shopping and other outdoor activities which last for 
some time) since the Spring Festival (once in 1–7 days; 
once in 8–14 days; once in 15–29 days; once in 30 days or 

Fig. 1   Sketch map showing the 
region division, sampling cent-
ers and epidemic area. Sampling 
region stratified by National 
Economic Population Division 
(NEPD; East, Center, West, 
Northwest); epidemic area strat-
ified by daily number of new 
cases (DNC; Area I DNC ≥ 10, 
Area II 10 > DNC > 0, Area III 
DNC = 0)

Fig. 2   Flow diagram showing the sampling process. NEPD: National Economic Population Division; DNC: daily number of new cases
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more)”, “memory of similar epidemic experiences (SARS, 
severe acute respiratory syndrome, outbreak in 2003, China; 
H1N1, H1N1 flu, outbreak in 2009, China; both; none)”, 
“return-to-work status (R1: On-site work resumption; R2: 
Off-site work resumption; R3: No work resumption; R4: 
On-site study resumption; R5: Off-site study resumption; 
R6: No study resumption)”, “received health education on 
COVID-19 (public; target; both; none)”, and “received psy-
chological intervention during COVID-19 outbreak (public, 
i.e., public psychological education, guiding, or broadcast-
ing, et al.; targeted, i.e., psychological counseling, treat-
ment, et al. which was special for a person; both; none)”. 
The third section included the standard scales, including the 
GAD-7, the PHQ-9, and the ISI. According to the introduc-
tion of these three scales, participants were asked to answer 
mainly based on the past 2 weeks. The GAD-7, PHQ-9, 
and ISI are self-reporting screening measures of anxiety, 
depression, and insomnia symptoms, and higher scores indi-
cate more likelihood of severe symptoms. GAD-7, PHQ-
9, and ISI scores ≥ 10, ≥ 10, and ≥ 15 indicate symptoms, 
and scores ≥ 15, ≥ 15, and ≥ 22 indicate severe symptoms. 
For participants of age less than 18, PHQ-9 total scores of 
11 or higher are considered to be most specific and sensi-
tive to diagnosis, and these scales have been validated for 
ages ≥ 11 [24]. Furthermore, a trust test question “did you 
answer truthfully” was used to evaluate general trust at the 
end of the survey. Invalid surveys included questionnaires 
with “no” responses on the trust test, those that did not finish 
completely, and short response times (i.e., less than 1 min). 
Participants who accepted recruitment but did not respond 
to valid questionnaires were considered “drop-out samples”.

Statistical analysis

Continuous variables were presented as the mean ± stand-
ard deviation (SD) or ranges and interquartile ranges (IQRs) 
depending on whether the data distribution was normal 
(Kolmogorov–Smirnov test; K–S test). Categorical vari-
ables were reported as a number and percentage. After the 
survey, the proportion of demographic characteristics (i.e., 
age, gender, occupation, regional population, and status of 
participants) of the participants was compared with the pro-
tocol and the Sixth China National Census [25] to check 
the influence of the drop-out samples and to verify whether 
the distribution matched the protocol and general Chinese 
population. After the K–S test was used to explore the dis-
tributions of the paired differences, the t test or Wilcoxon 
signed-rank test was used to compare the continuous vari-
ables. Categorical variables were compared by Pearson’s χ2 
test.

Pearson’s χ2 test was used to compare the prevalence of 
anxiety, depression, and insomnia symptoms in different 
populations. Logistic regression was used to examine the 

association among independent factors and mental health 
symptoms. First, univariate unadjusted logistic analyses 
of variables were performed. Second, variables showing 
p < 0.05 in the univariate analysis were entered into the 
multiple logistic regression (backward) to adjust for con-
founding effects of other variables. Additionally, multicol-
linearity diagnostics were analyzed for variables that were 
included in the multivariate analysis to exclude related vari-
ables. The variance inflation factor (VIF) < 10 suggested that 
the variables did not have significant multicollinearity. The 
correlations of the GAD-7, PHQ-9, and ISI scores were also 
analyzed by Pearson’s correlation after the K-S normality 
test. All statistical tests were two-sided, and significance was 
defined as p < 0.05. The analyses were performed in SPSS 
(IBM Crop., Armonk, New York, USA; version 26).

Results

Characteristics of the participants

A total of 42,000 participants (quota sampling n = 39,973, 
95.2%; snowball sampling n = 2,027, 4.8%) were recruited 
from 15 centers (East: 5 centers; Center: 3 centers; West: 5 
centers; Northwest: 2 centers). A total of 36,795 (response 
rate = 87.61%) valid questionnaires were received, and oth-
ers were excluded, because the respondents had ages under 
11 (n = 81), refused consent or did not answer (n = 2,562), 
did not pass the trust question (n = 198), had incomplete 
answers (n = 2,075), and had short response times (n = 289). 
Among these participants, 81.3% (n = 34,146) were investi-
gated online, and the other 18.7% (n = 7,854) were surveyed 
by telephone. The proportion of demographic characteristics 
(i.e., age, gender, occupation, region, and epidemic status) 
of the participants was compared with the protocol and the 
Sixth China National Census [25], and no significant dif-
ference was found (p > 0.05), indicating that the drop-out 
samples did not significantly influence the proportion of 
the characteristics and that the distribution satisfactorily 
matched the Chinese population. Table 1 shows the basic 
characteristics of the participants, and the detailed charac-
teristics are provided in Supplementary Table S1.

The ages of the included participants were 11–86 (IQR 
26–56), 50.9% (18,732) of the participants were male, and 
49.1% (18,063) were female. A total of 2337 (6.4%) cured 
patients, 374 (1.0%) confirmed patients, 201 (0.5%) sus-
pected infected, 529 (1.4%) close contacts, and 892 (2.4%) 
frontline medical staff completed valid questionnaires. After 
analysis, 86.6% of the participants had resumed work or 
study, and 39.8% and 100% of these had adopted off-site 
work or study. Because on-site studies were limited nation-
wide by the government at the time of sampling, no on-site 
study participants were recruited.
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According to the survey, 7,165 (19.5%) participants 
engaged in outside activities once every 15 days or more 
under the control of outside activities. During the COVID-
19, a total of 36,388 (98.9%) participants had received 
health education, but only 5,970 (16.2%) participants 
had received psychological intervention. Supplementary 
Table S2 shows the detailed experience of participants 
related to the epidemic.

Furthermore, the scales used in this study were also 
tested for reliability of the samples with valid responses. 
Cronbach’s α values for the GAD-7, PHQ-9, and ISI were 
0.87, 0.92, and 0.85, respectively. The acceptable Cron-
bach’s α for psychometric scales is 0.70 or more, suggest-
ing satisfactory internal consistency [20]. Additionally, 
the internal consistency of these scales in this study was 

similar to that of previous studies for the general Chinese 
population [18–21].

Anxiety

A total of 18.3% (6,749) of the participants had anxiety 
symptoms, and 2.6% (975) had severe symptoms. Univariate 
analysis showed that area, age, occupation, epidemic status, 
outside activities, and return-to-work status were associated 
with anxiety symptoms (Supplementary Tables S1 and S2.). 
After multivariate analysis, engaging in outside activity once 
in ≥ 30 days (OR = 2.719), age 50–64 years (OR = 2.431), 
working as frontline medical staff (OR = 2.150), and living 
in Area I (OR = 1.304) were risk factors for anxiety symp-
toms (Supplementary Tables S3. and Table 2).

Depression

The PHQ-9 scale showed that 14.9% (5,497) of the par-
ticipants had depression symptoms, and 2.2% had severe 
symptoms (scores ≥ 15). In the univariate analysis, the fol-
lowing factors were found to be associated with depres-
sion symptoms: age, occupation, marriage status, outside 
activities, and health education (Supplementary Tables S1 

Table 1   Participants’ characteristics and experience (n = 36,795)

Refer to Supplementary Table  S1 for detailed characteristics, and 
Supplementary Table S2 for detailed experience

Subject n %

Area
 I 2,871 7.80
 II 16,713 45.42
 III 17,211 46.78

Gender
 Male 18,732 50.91
 Female 18,063 49.09

Age (years)
  ≤ 17 3,179 8.64
 18–34 9,585 26.05
 35–49 10,067 27.36
 50–64 8,263 22.46
  ≥ 65 5,701 15.49

Epidemic status
 Cured patients 2337 6.35
 Confirmed patients 374 1.02
 Suspected infection 201 0.55
 Close contacts 529 1.44
 Frontline medical staff 892 2.42
 Others 32,462 88.22

Outside activity/once
 1–7 days 17,323 47.08
 8–14 days 12,307 33.45
 15–29 days 4031 10.96
  ≥ 30 days 3134 8.52

Resumption status
 On-site work resumption 15,063 40.94
 Off-site work resumption 9960 27.07
 No work resumption 4189 11.38
 Off-site study resumption 6834 18.57
 No study resumption 749 2.04

Table 2   Results of overall risk factors of anxiety depression and 
insomnia symptoms by multivariate analyses

The variables showing p < 0.05 in the univariate analysis were 
entered into the multiple logistic regression model in a backward 
fashion to adjust for confounding effects of variables included in the 
multiple logistic regression. The contrast was set as indicator deter-
mined by the group with lowest prevalence of anxiety, depression, or 
insomnia symptoms to explore the risk factors. The multicollinearity 
diagnostics showed variables that were included in the multivariate 
analysis did not have significant multicollinearity (variance inflation 
factor, VIF < 10)
GAD-7 the generalized anxiety disorder-7 scale, PHQ-9 the patient 
health questionnaire-9, ISI the insomnia severity index, SARS severe 
acute respiratory syndrome, outbreak in 2003, China
* p < 0.05 (multivariate logistic regression)
** p < 0.01 (multivariate logistic regression)

Scale Variables OR 95% CI p

GAD-7 Area I 1.304 1.012–2.129 0.027*

Age 50–64 years 2.431 1.823–3.280 0.004**

Frontline medical staff 2.150 1.346–2.646 0.017*

Outside activity once 
in ≥ 30 days

2.719 1.718–3.910 0.003**

PHQ-9 Age 50–64 years 1.936 1.223–3.218 0.023*

Outside activity once 
in ≥ 30 days

2.074 1.384–3.023 0.019*

ISI Area I 1.242 1.038–2.257 0.035*

Age 50–64 years 2.036 1.162–2.973 0.007**

Outside activity once 
in ≥ 30 days

2.225 1.238–4.143 0.003**
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and S2). Multivariate analysis showed that age 50–64 years 
(OR = 1.936) and engaging in outside activity once 
in ≥ 30 days (OR = 2.074) were risk factors for depression 
symptoms (Supplementary Tables S3 and Table 2).

Insomnia

In total, 17.9% (6,581) of the participants had insomnia 
symptoms, and 2.7% (981) of the participants had severe 
symptoms. The univariate analysis revealed that area, age, 
occupation, outside activities, and return-to-work status were 
associated with insomnia symptoms (Supplementary Tables 
S1. and S2). The multivariate analysis revealed that engag-
ing in outside activity once in ≥ 30 days (OR = 2.225), age 
50–64 years (OR = 2.036), and living in Area I (OR = 1.242) 
were risk factors for insomnia symptoms (Supplementary 
Tables S3 and Table 2).

Subgroup analyses and correlations

The participants were stratified by epidemic area, epidemic 
status, and return-to-work status to explore the risk factors 
for anxiety, depression, and insomnia symptoms in different 
subgroups to guide target interventions for specific groups. 
The detailed information is shown in Table 3. In addition, 
the prevalence of psychological and sleep problems in differ-
ent subgroups is presented in Supplementary Table S1 and 
S2. The GAD-7 and ISI scores were positively correlated 
in these samples (r = 0.780, p < 0.001). The PHQ-9 and ISI 
scores were also positively correlated (r = 0.652, p = 0.005). 
Conversely, the correlation between the GAD-7 and PHQ-9 
scores did not show statistical significance (r = 0.415, 
p = 0.178).

Discussion

This study examined the psychological conditions of indi-
viduals during the return-to-work period of COVID-19 in 
China. Psychological and sleep problems, including anxiety, 
depression, and insomnia, are common mental health symp-
toms when epidemics occur [26]. During the COVID-19 epi-
demic, it is difficult to finish a follow-up study. The authors 
decided to conduct cross-sectional studies in different time 
periods with a similar sampling strategy to find potential 
changes and provide timely directions for target intervention. 
This research series contained three independent studies. 
The first study in this research series was a nationwide study 
for the outbreak period [6]. The second study was a provin-
cial-wide study for the preliminary work resumption period 
with a resumption proportion of 69.9% [13]. The current 
nationwide study was the third stage of this research series, 
which was conducted for a further return-to-work period 

with a resumption proportion of 86.6%. In addition, the 
first study stratified the country by the number of confirmed 
patients to represent the status of different epidemic statuses, 
the second study stratified Shandong Province according to 
the geographical division. As the epidemic was preliminary 
controlled [11], this study applied a novel and complete 
strategy based on the characteristics of the population and 
the economy, which was more appropriate for representing 
the conditions in China in this study. Furthermore, the DNC 
was set as a characteristic of the participants to explore the 
influence of the epidemic area.

This study found that 18.3, 14.9, and 17.9% of the par-
ticipants had anxiety, depression, and insomnia symptoms, 
respectively, and 2.2–2.7% of them had severe symptoms. 
Anxiety symptoms were the most common class of prob-
lems, followed by insomnia and depression. According to 
a previous report during the normal period of the Chinese 
population using similar screening scales, approximately 
5.3%, 6.0%, and 8.7% of the general population had anxi-
ety, depression, and insomnia symptoms, respectively [9, 
27–30]. These baseline epidemiological studies suggested 
that the prevalence of psychological and sleep problems 
increased during the return-to-work period of COVID-19 
in China. Several previous studies used web-based surveys 
using screening tools to explore the status of psychological 
status during the COVID-19 epidemic in China and sug-
gested that 16.5–31.6% of people had psychological and 
sleep problems [7, 9, 15, 16, 31]. Most of these studies sug-
gested a higher prevalence of psychological and sleep prob-
lems during different time periods of COVID-19 than dur-
ing the normal period. However, these studies used different 
survey areas, sampling strategies, and survey procedures. In 
addition, most of these studies might not have great repre-
sentativeness, because they only focused on web users, were 
not performed nationwide and did not consider the distribu-
tion of people with different characteristics. For example, Le 
et al. conducted a large-sample, cross-sectional, population-
based, online survey study using the GAD-7, PHQ-9, and ISI 
from February 28, 2020 to March 11, 2020 for the Chinese 
population through the health page on the Chinese website 
Joybuy, an ecommerce and information service platform. 
Those researchers suggested that the rates of mental health 
symptoms were 27.9% for depression, 31.6% for anxiety, 
and 29.2% for insomnia, values that were higher than ours 
[9]. Although their study had extensive geographic cover-
age across China and a large sample size, it was conducted 
among internet users who were young and highly educated. 
The people who were willing to participate might pay more 
attention to the epidemic, which might explain a higher 
prevalence than in the present study. Thus, it was difficult to 
conclude the appropriate prevalence and potential changes of 
psychological and sleep problems based on simple integra-
tion of existing data. Although current studies have provided 
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important information for different regions and time periods, 
the precise prevalence of psychological problems and poten-
tial changes of different time periods of the epidemic still 
have to be concluded, necessitating further cross-sectional 
studies with random sampling designs and well-designed 
follow-up studies.

The current research team conducted a series of stud-
ies using similar sampling strategies and geographic areas 
[6, 13]. The prevalence values for anxiety, depression, and 

insomnia symptoms in these studies were 12.2, 11.0, and 
13.3% during the outbreak; 20.8, 19.5, and 21.7% during the 
preliminary work resumption period (the resumption pro-
portion was 69.9%); and 18.3, 14.9, and 17.9% during the 
further return-to-work period (in this study, the resumption 
proportion was 86.6%). These findings suggested potential 
changes in psychological status, which could be summarized 
as follows: the prevalence of psychological and sleep prob-
lems was higher during the preliminary work resumption 

Table 3   Risk factors of anxiety depression and insomnia symptoms (stratified by epidemic area, epidemic status, or resumption status) by multi-
variate analyses

The variables showing p < 0.05 in the univariate analysis were entered into the multiple logistic regression model in a backward fashion to adjust 
for confounding effects of variables included in the multiple logistic regression. The contrast was set as indicator determined by the group with 
lowest prevalence of anxiety, depression, or insomnia symptoms to explore the risk factors. The multicollinearity diagnostics showed variables 
that were included in the multivariate analysis did not have significant multicollinearity (Variance inflation factor, VIF < 10)
GAD-7 the generalized anxiety disorder-7 scale, PHQ-9 the patient health questionnaire-9, ISI the insomnia severity index, SARS severe acute 
respiratory syndrome, outbreak in 2003, China, E4 close contacts (except frontline medical staff), E5 frontline medical staff, E6 others, R1 on-
site work resumption, R2 off-site work resumption, R3 no work resumption, R5 off-site study resumption
*p < 0.05 (multivariate logistic regression)
**p < 0.01 (multivariate logistic regression)

Subgroup Scale Variables OR 95% CI p

Stratified by epidemic area
 Area I GAD-7 Age 50–64 years 1.837 1.324–2.539 0.021*

Frontline medical staff 2.964 1.837–5.134 0.005**

PHQ-9 Outside activity once in ≥ 30 days 2.453 1.212–3.628 0.010*

Only public psychological intervention 2.031 1.108–2.825 0.019*

 Area II GAD-7 Frontline medical staff 2.054 1.139–3.195 0.017*

Off-site work resumption 1.878 1.057–2.354 0.030*

PHQ-9 Age 35–49 years 1.641 1.155–2.177 0.037*

Outside activity once in ≥ 30 days 2.367 1.586–3.141 0.012*

 Area III GAD-7 Male 1.353 1.024–1.835 0.041*

Age 50–64 years 2.251 1.328–3.356 0.008**

Stratified by epidemic status
 E4 GAD-7 Age ≥ 65 years 2.280 1.165–3.648 0.007**

 E6 GAD-7 Area I 1.574 1.056–2.331 0.018*

Age 50–64 years 2.699 1.209–3.415 0.009**

PHQ-9 Age 50–64 years 1.817 1.137–2.789 0.012*

Outside activity once in ≥ 30 days 2.128 1.257–3.401 0.006**

No psychological intervention 1.916 1.046–3.471 0.019*

Stratified by resumption status
 R1 GAD-7 Medical staff 2.667 1.513–3.690 0.018*

Enterprise management 2.018 1.319–4.021 0.023*

ISI Age 35–49 years 1.830 1.227–3.129 0.029*

Government staff 1.931 1.332–3.235 0.027*

Enterprise management 2.049 1.193–3.790 0.014*

 R2 ISI Only public psychological intervention 2.128 1.275–3.091 0.005**

Outside activity once in 15–29 days 1.527 1.156–2.874 0.023*

 R3 GAD-7 Enterprise management 3.053 1.885–5.026 0.008**

Outside activity once in ≥ 30 days 2.269 1.537–3.055 0.014*

ISI Enterprise management 3.099 1.870–5.023 0.006**

Outside activity once in 15–29 days 2.034 1.257–2.803 0.011*
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period than during the initial outbreak status and was lower 
after a further increase in the resumption rate. These obser-
vations might relate to further economic recovery, personal 
contact, and epidemic control. Furthermore, the main public 
news and topics have changed to normal subjects, which 
might provide confidence and optimism for the public [32]. 
However, it should also be noted that the prevalence of psy-
chological and sleep problems during the further return-to-
work period was still higher than that during the outbreak 
period [6]. Tan et al. suggested that when psychological 
measures were administered effectively, returning to work 
did not cause a high level of mental health symptoms in the 
workforce, which indicated the importance of psychological 
interventions during the resumption period.

This study also showed that 98.9% of participants 
received COVID-19 health education, and 45.0% received 
targeted education. Large-scale health education is important 
for disease control, especially for epidemic disease. Using 
health education, knowledge of the main transmission routes 
can be improved, and person-to-person transmission can be 
reduced [33]. However, only 16.2% of the participants had 
received psychological interventions during COVID-19, and 
2.5% had received targeted interventions, which is not suf-
ficient considering the number of people with potential psy-
chological problems and might be related to the restrictions 
on outdoor activities. Although face-to-face counseling and 
individualized treatment may be limited, because of the epi-
demic, a pilot study in Hong Kong during SARS suggested 
that online or telephone interventions could also be effective 
[33]. Previous studies that conducted interventions online or 
via mobile phones for people who experienced mental health 
problems also showed acceptable efficacy [34–36]. We sug-
gest that additional efforts are needed to strengthen psycho-
logical interventions in any way that may be effective and 
to launch individualized interventions in time if possible.

The epidemic area was stratified by average DNC dur-
ing the formal investigation period. Living in Area I was 
a risk factor for anxiety and insomnia symptoms. Area I 
consisted of Hubei Province, which mainly includes Wuhan 
city. Hubei Province was the place of the early transmission 
of COVID-19 in China and had higher rates of infection and 
death reports [37]. Three days before the national outside 
activity restriction, the Wuhan government decided to con-
duct strict blocking from other cities and prohibit outdoor 
activities [38]. Although the epidemic situation in Hubei 
Province has improved significantly, outside activities were 
still restricted in this area during the survey period. This 
study found that 37.0% of the participants in Area I had 
engaged in outside activity once in  ≥ 30 days, which was 
significantly higher than that reported by participants liv-
ing in other areas. However, no significant difference was 
found in psychological intervention between Area I and 
other areas. Under the long-term pressure of isolation and 

concerning infection, psychological interventions among 
Hebei Province residents should be treated as important and 
prioritized. For Area I, working as frontline medical staff 
(OR = 2.964) and age 50–64 years (OR = 1.837) were risk 
factors for anxiety symptoms, and engaging in outside activ-
ity once in  ≥ 30 days (OR = 2.453) and having only accepted 
public psychological intervention (OR = 2.031) were risk 
factors for depression symptoms, which could indicate the 
high-risk group for interventions.

Age factors were also found to be associated with psy-
chological problems. Age 50–64 years was a risk factor for 
anxiety, depression and insomnia symptoms. According to 
the epidemiology study by Huang et al. [39], 50- to 64-year-
old individuals have a slightly higher prevalence of anxi-
ety and depression disorders (4.5%) than other adult groups 
(3.8–4.1%) in China, which might be an important explana-
tion for this factor. Previous studies suggested that elderly 
individuals could be more susceptible and had severe symp-
toms of COVID-19, which might be lethal [40], a factor 
that might increase the concerns of this age group. Work as 
frontline medical staff was also found to be associated with 
anxiety symptoms. Previous reports suggested that medical 
staff had higher possibilities of psychological distress after 
an epidemic outbreak [1, 41]. For a group at high risk of 
infection and with stressful work, efforts should be made 
to strengthen psychological interventions among frontline 
medical staff. Furthermore, several studies suggested that 
the brutal death of loved individuals from COVID-19 might 
promote a high risk of psychological problems [42, 43]. 
However, the Chinese culture is sensitive in asking about 
death around Spring Festival. Furthermore, considering 
that it might cause more suffering for participants who had 
close loved ones who contracted or died from COVID-19, 
especially when there might not be sufficient resources for 
timely psychological intervention after the investigation, the 
research team and ethics committee decided not to include 
this question in the present study, which could be the next 
research direction when available.

Participants engaging in outside activity once in ≥ 30 days 
were found to be associated with anxiety, depression and 
insomnia symptoms. Because of the epidemic, a large 
number of people reduced interpersonal communication 
or even observed complete isolation. Isolation and lack of 
interpersonal communication can have a significant impact 
on mental health. Reiter et al. [44] suggested that half of 
solitary incarcerated people had symptoms of anxiety and 
depression, a rate significantly higher than that among gen-
eral prison populations. A meta-analysis conducted by Purs-
sell et al. showed that isolated patients had higher levels 
of anxiety and depression than nonisolated patients [45]. 
Another study of patients infected with MERS obtained 
similar conclusions [46]. In this study, confirmed patients, 
patients suspected of infection, or others formally isolated 
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by the administration did not present significant differences 
from other participants in anxiety, depression or insomnia 
symptoms, and these participants had a higher rate of expe-
riencing psychological intervention than the others. It also 
should be noted that, as Chinese government adapted strict 
long-term isolation and observation of close contacts of 
patients, most of the people who lost their loved ones from 
COVID-19 were identified as close contacts in the present 
study. People with loved ones who contracted or died from 
COVID-19 has been reported to significantly contribute to 
pandemic stress and psychological symptoms, which should 
receive timely interventions [42, 43]. In contrast, a large 
number of participants with psychological problems were 
noncontacts of confirmed patients, which was not reported 
in previous studies [6, 13]. For participants indicating epi-
demic status E6 (i.e., noncontacts), having experienced no 
psychological intervention and having engaged in outside 
activity once in ≥ 30 days were risk factors for depression 
(OR = 2.128; OR = 1.916). These self-isolated noncontacts 
had a lower rate of psychological interventions and a higher 
rate of psychological problems, which should be considered.

For return-to-work status, off-site work resumption and 
no study resumption were found to have a higher proportion 
of psychological and sleep symptoms than other return-to-
work statuses. Subgroup analyses of different return-to-work 
statuses showed that having an enterprise management job 
could be a risk factor for psychological problems across 
different return-to-work statuses. This observation may be 
related to the pressure of unstable economic status caused 
by the epidemic. During the return-to-work period, multiple 
factors may have different complex effects on people with 
different return-to-work statuses. Targeted psychological 
interventions should focus not only on those resuming on-
site work but also on those engaging in off-site work or not 
back to work, and individualized interventions should be 
conducted.

Limitations

First, because of the restriction on cross-regional outside 
activities during the survey time, probability sampling was 
not available. Nonprobability sampling may have inherent 
limitations in accurately representing the entire population. 
Therefore, the authors adopted a population-based stratifi-
cation and quota sampling method to improve the overall 
representation. Second, although we used the snowball sam-
pling method to recruit hard-to-find samples, due to strict 
isolation, some sample sizes might be small (e.g., cured and 
confirmed patients), which could limit the representation of 
these groups. Third, due to cultural restriction and epidemic 
concerns, whether people had loved ones who contracted 
or died from COVID-19 were not asked in this study. The 

bereavement of COVID-19 could be a significant contribu-
tor to pandemic stress and psychological symptoms, which 
might confound the findings of the present study. We ana-
lyzed the rates of COVID-19 diagnosis/deaths in different 
regions of China and did not find statistically significant dif-
ference, indicating possibly limited influence on this study. 
However, this factor deserves further exploration when 
available. Finally, selection bias was inevitable because 
of the hybrid nonrandom resampling and dropout cases. A 
study with random sampling should be carried out when 
possible. Additionally, a follow-up study can better analyze 
the changes in the prevalence and severity of psychological 
symptoms, which might be a further direction for this topic.

Conclusions

This study suggested that 18.3 14.9, and 17.9% of the par-
ticipants had anxiety, depression, and insomnia symptoms, 
respectively, and 2.2–2.7% had severe problems. Engaging in 
outside activity once in ≥ 30 days (OR = 2.719, OR = 2.074, 
OR = 2.225) and age 50–64 years (OR = 2.431, OR = 1.936, 
OR = 2.036) were common risk factors for anxiety, depres-
sion and insomnia symptoms. Living in Hubei Province 
(OR = 1.304, OR = 1.242) was a common risk factor for anx-
iety and insomnia symptoms. Working as frontline medical 
staff (OR = 2.150) was another risk factor for anxiety symp-
toms. These high-risk populations should receive timely 
assistance in psychological health. The health education rate 
reached 98.9%, and 45.0% of the participants had received 
targeted education. However, the psychological intervention 
rate was only 16.2%, and 2.5% of the participants received 
target interventions, which is not sufficient. Efforts should 
be made to strengthen interventions for populations with a 
high risk of psychological and sleep symptoms.
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