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Abstract

The COVID-19 pandemic caused significant psychological consequences among the public,
especially for people in the epicenter. This study examined the ‘bull’s eye’model by comparing
the level of psychological distress and the effect of different stressors in Wuhan (the original
epicenter) with that in the surrounding areas in Hubei Province during the pandemic. Data
were obtained from a cross-national survey of 10 478 respondents between the ages of 18
and 80 years in Hubei Province during the peak of the pandemic. Results of the ordinary
least squares regression models showed that Wuhan residents experienced more psychological
distress than those in the surrounding areas. Social and economic problems caused by the pan-
demic, risk exposure, perceived discrimination, and information-seeking behaviors were posi-
tively associated with distress. Social assistance was negatively associated with distress. Findings
were consistent with the bull’s eye model by revealing both a higher level of psychological distress
and a stronger effect of stressors among the Wuhan residents than with those in low-risk areas.
Thus, policymakers and psychological workers should provide adequate psychological services in
high-risk areas. Lowering risk exposure, reducing discrimination against people in the epicenter,
and improving information quality are essential to alleviate their psychological distress.

Introduction

The 2019 Coronavirus disease (COVID-19) first reported in Wuhan, China, in December
2019, has spread rapidly worldwide. More than 426.6 million infected cases of COVID-19
and nearly 5.9 million related deaths (World Health Organization, 2022) have been reported
as of 20 February 2022. It has impacted the lifestyles, economy, and the physical and mental
health of individuals worldwide (Wang et al., 2021a, 2021b). Governments have taken differ-
ent measures, including containment-related actions and economic and health policies. Some
of these measures are beneficial for the wellbeing of the population (Lee et al., 2021), whereas
some measures such as lockdown, may cause mental health problems, including anxiety and
depression (Le et al., 2020; Tran et al., 2020). In addition, COVID-19 survivors were reported
to experience symptoms of depression and posttraumatic stress disorder (Hao et al., 2020;
Renaud-Charest et al., 2021). Examining and exploring individual’s mental health and its asso-
ciated factors are crucial for both academic researchers and public health policymakers.

Various risk and protective factors may be associated with psychological wellbeing during
the pandemic (Drapeau et al., 2012). Existing COVID-19 studies have identified a number of
risk factors, such as COVID-19 exposure, financial stress, home confinement, and social
discrimination. By contrast, protective factors may include higher income, higher education,
more knowledge about COVID-19, and material and psychological support (Mazza et al.,
2020; Rajkumar, 2020; Wang et al., 2020a, 2020b; Browning et al., 2021; Qin et al., 2021).
Among them, the relationship between distance to the epicenter and mental health drew con-
siderable attention among scholars. Some studies showed that individuals living in disaster
hotspots may experience a heightened state of anxiety, psychological distress, and fear than
those living in the surrounding areas (Fischhoff et al., 2003; Marshall et al., 2007; Wu
et al., 2009). This phenomenon is known as the ‘ripple effect’ or ‘bull’s eye’ model. In the
case of COVID-19, the bull’s eye model was observed in China (Qiu et al., 2020), Italy
(Liang et al., 2020), India (Agarwal, 2020), Peru (Yáñez et al., 2020), and Africa (Coker
et al., 2020). By contrast, the ‘psychological typhoon eye’ effect, which refers to the phenom-
enon that the closer to the center of an epidemic, the less severe the mental health problems,
was also observed in previous epidemics (Xie et al., 2011); the current COVID-19 pandemic
(Xu et al., 2020; Zhang et al., 2020); and other forms of disasters such as terrorist attacks
(Schlenger et al., 2002; Li et al., 2020), earthquake (Jia et al., 2008; Li et al., 2009), and exposure
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to contaminating substances (radioactivity, chemical pollution,
etc.) (Maderthaner et al., 1978; Zheng et al., 2015). The contradic-
tory findings on the relationship between distance to epicenter
and psychological wellbeing may result from different targeted
groups, different measures of psychological wellbeing, and meas-
urement perspectives (actor or bystander) (Wen et al., 2020). This
study aims to investigate the differences in psychological well-
being between people in the epicenter of the pandemic and
those in the surrounding areas. If people in the epicenter
(Wuhan) suffered more from psychological distress and
pandemic-related stressors, the findings support the bull’s eye
model. Otherwise, the findings are consistent with the typhoon
eye model. In addition, our study advances past literature by
examining how risk and protective factors may have different
effects on the psychological wellbeing between people in the epi-
center and surroundings. In other words, people in the epicenter
and surrounding areas may not only experience different levels of
stressors (i.e. differential exposure) but are also different in their
vulnerability to these stressors (i.e. differential effect).

Despite the numerous surveys conducted, Hubei residents are
surprisingly underrepresented in previous surveys (Gao et al.,
2020). Our study, with a large sample of Wuhan and surrounding
area residents, examines whether stressors and resources function
differently for populations in the epicenter and those in low-risk
areas. The comparisons will contribute to a better understanding
of COVID-19-fueled psychological wellbeing study and the debate
on typhoon eye and bull’s eye effects.

Methods

Participants

This study obtained data from the ‘Public Attitude toward the
COVID-19 Pandemic in Hubei Province’ survey launched by

The China Academy of Science and Technology Development
Strategy, the Social Policy Research Institute at Renmin
University and the Institute of Sociology of the Chinese
Academy of Social Sciences. The survey was conducted between
4 and 8 February 2020, approximately 2 weeks after Wuhan
announced its closure on 23 January 2020. The quarantine
order was then imposed on 15 other cities in Hubei.

The survey targeted all residents aged between 18 and 80 in the
urban and rural areas of Hubei. A web-based survey and a tele-
phone survey were employed. The online survey was carried out
on Epanel, a professional survey platform in China. The tele-
phone survey aimed to recruit non-Internet users who were typ-
ically older, living in rural areas, and with low socioeconomic
status. Trained research assistants conducted the telephone survey
and used a snowball sampling. This study sought the review and
approval by The Chinese Academy of Social Science Ethics
Committee before it began. It also assured the anonymity and
confidentiality of all the participants. A total number of 9272 par-
ticipants completed the online survey, and 1206 participants
attended the telephone survey. After deleting cases with missing
values, the final sample was 7864. Given that the amount of miss-
ing value is large (25%), we also used multiple imputation meth-
ods to impute the missing observations and conducted the same
analysis. The difference in the results was insignificant from the
sample using the complete responses. Thus, we reported these
findings using the complete information. Figure 1 showed a dia-
gram of the study flow.

Measures

Psychological distress
Psychological distress was measured by asking the participants to
rate on a five-point Likert scale how anxious, fearful, and

Fig. 1. Study flow diagram.
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worrisome they felt about the COVID-19 pandemic (1 = not at all
to 5 = extremely). This simple instrument was adapted from
Wang and Ying’s (2020) study of psychological wellbeing
among the public during the COVID-19 pandemic in China.
The average score of the three items was used to represent the
level of psychological distress, with higher scores indicating higher
levels of distress (three-item scale; α = 0.82).

COVID-19-related stressors
COVID-19-related stressors are categorized into four groups:
exposure to COVID-19, the influence on daily life and work,
information-seeking behavior, and perceived discrimination. For
the measurement of risk exposure, participants were asked
whether they and/or any of their family members, neighbors,
and residents in the same neighborhood had developed a fever
recently (the most common symptom of COVID-19) (yes v.
no). High-risk exposure was identified if the respondent answered
yes to any of these questions. For the measurement of influence
on daily life and work, participants were asked to identify the
three stressors they were most concerned about during the
pandemic out of a list of stressors, such as ‘afraid to go to the
hospital’, ‘reduced income’, and ‘inconvenient daily life’.
Considering the prevalence of the stressors included in the list
during the pandemic, asking the participants to identify the top
three ones can differentiate the significance of these stressors.
The selected items were coded as ‘1’; otherwise, ‘0’.

Information-seeking behaviors were measured by attention on
COVID-19 information and perceived source credibility.
Attention on COVID-19 information was gauged by the level of
attention the participants paid to six different information con-
tents about COVID-19, such as statistics of infection, local
necessity supplies, and government responses to the pandemic
(1 = paid no attention at all to 4 = paid a lot of attention). The
mean score of the six items was used to represent the level of
attention on information regarding COVID-19 (six-item scale,
α = 0.88). As for perceived source credibility, the participants’
views were assessed on how reliable for them the COVID-19
information was as provided by the following sources: central gov-
ernment officials, local government officials, community/village
officials, medical experts/scientists, relatives and friends, central
media, local media, and social media (1 = completely unreliable
to 4 = completely reliable). Two factors were obtained with factor
analysis. They were named perceived reliability of official infor-
mation and perceived reliability of unofficial information.

Perceived discrimination was measured by asking the partici-
pants ‘whether you felt being discriminated due to the pandemic’
(1 = not at all to 4 = felt strongly). Previous studies have used a
similar single item to assess perceived discrimination because of
COVID-19 (Xin et al., 2020).

Social assistance
The measure of social assistance was adapted from the Received
Social Support Questionnaire (Kaniasty and Norris, 1995),
which focuses on both emotional support (e.g. expressions of
assurance) and tangible assistance (e.g. receiving food) in the
wake of traumatic events. Social assistance was assessed by asking
the participants whether they received assistance from friends/
relatives or neighborhoods through the provision of masks/
drugs, groceries, child/elderly care, and expressions of assurance
during the pandemic. Responses for each item were recoded as
0 for never and 1 for having received.

Control variables
Sociodemographic factors such as age, gender, education,
monthly income, subjective social status, party membership,
and occupations are included as control variables. Table 1
shows the measurement of these variables.

Data analysis

Descriptive statistics were reported as mean and standard deviation
(S.D.) for normally distributed continuous variables or median and
interquartile range (IQR) in the case of skewed distributions
(Table 1). Normality of distribution of statistics was tested by
Skewness/Kurtosis tests for normality. For the regression analysis,
we first used ordinary least squares (OLS) regression to examine
the effects of sociodemographic variables on psychological distress.
Predictors significant at univariable association ( p < 0.1) were
included in the following multivariable regression models. OLS
regressions with robust standard errors were carried out to examine
the effects of COVID-19-related stressors and social assistance on
psychological distress after adjusting for sociodemographic variables.
Lastly, two-way interactions between high- v. low-risk areas and each
risk and protective factor were computed to examine whether these
relationships vary by local severity of the COVID-19 pandemic. All
the analyses were performed using Stata 16.0. Unstandardized coef-
ficients with 95% confidence intervals were reported. A p value of
0.05 was set as the level of statistical significance.

Results

Table 2 shows the associations between sociodemographic vari-
ables and psychological distress among Hubei residents. Age
showed a nonlinear relationship with psychological distress.
Although a positive relationship existed between age and distress
below age 30, age was negatively related to distress over 30. Female
participants were more likely to be distressed than males during
the pandemic. Members of the Communist Party of China
(CCP) were more likely to experience distress than non-CCP
members partly because they were pushed to the front line of
the community battle against COVID-19 and experienced high
levels of risk exposure to COVID-19. Other indicators of socio-
economic status, including education, income, occupation, and
subjective social status, were not associated with psychological
distress. The buffering effect of individual’s socioeconomic factors
did not show up during the peak of COVID-19.

Table 3 shows the effects of COVID-19-related stressors and
social assistance on psychological distress. The results in Model
1 show that Wuhan residents experienced more psychological dis-
tress than residents in other areas of Hubei (β = 0.078, p < 0.01),
which showed support for the bull’s eye model during the
COVID-19 pandemic in Hubei.

As shown in Model 2, several COVID-19-related stressors were
positively associated with psychological distress, including the
unpredictable course of the pandemic (β = 0.089, p < 0.001); afraid
of being infected (β = 0.045, p < 0.01); traffic affected (β =−0.061,
p < 0.001); unstable social environment (β = 0.064, p < 0.001);
economic stagnation (β = 0.076, p < 0.01); perceived discrimin-
ation (β = 0.175, p < 0.001); attention on COVID-19 information
(β = 0.430, p < 0.001); perceived reliability of official information
(β = 0.060, p < 0.01); and perceived reliability of unofficial infor-
mation (β = 0.063, p < 0.001).

Model 3 examines the effects of different types of social
assistance on psychological wellbeing. Social assistance with
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Table 1. Descriptive statistics

Variable Description Median/% IQR

Sociodemographic

Low-risk/high-risk area 1 = Wuhan area 14.2% –

0 = non-Wuhan 85.8% –

Gender 1 = male 50.4% –

0 = female 49.6% –

Communist party membership 1 = CCP 15.2% –

0 = non-CCP 84.8% –

Area 1 = urban 80.4% –

0 = rural 19.6% –

Education 1 = junior or below 20.3% –

2 = high school 24.0% –

3 = college or above 55.7% –

Monthly income 1 = no income 7.90% –

2 = RMB 2000 or below 18.3% –

3 = RMB 2000–4000 35.1% –

4 = RMB 4001–6000 21.6% –

5 = RMB 6001–8000 10.1% –

6 = RMB 8000 or above 7.0% –

Occupation 1 = farmers/blue-collar workers 17.0% –

2 = private businessmen/the service workers 16.9% –

3 = white-collar workers 37.0% –

Age in years 31 20

Subjective social status 1 = lower class; 4 = middle-upper class 3 1

Dependent variables

Psychological distress 1 = least distressed; 5 = most distressed 4.33 1

Epidemic-related stressors

Unpredictable course of the pandemic 1 = yes; 0 = no 41.8%

Being infected 1 = yes; 0 = no 36.8% –

Being afraid to go to the hospital 1 = yes; 0 = no 56.4% –

Reduced income 1 = yes; 0 = no 16.9% –

Work/business was affected 1 = yes; 0 = no 24.5% –

Inconvenient daily life 1 = yes; 0 = no 30.0% –

Unstable social environment 1 = yes; 0 = no 41.1% –

Economic stagnation 1 = yes; 0 = no 34.1% –

Exposure to persons with fever 1 = yes; 0 = no 45.2% –

Perceived discrimination 1 = not at all; 4 = feeling strongly 1 1

Attention on COVID-19 information 1 = not at all; 4 = very much 3.67 0.56

Perceived reliability of official information 1 = not trustworthy; 4 = completely trustworthy 3.33 0.67

Perceived reliability of unofficial information 1 = not trustworthy; 4 = completely trustworthy 3 0.5

Social assistance

Medical supplies 1 = yes; 0 = no 31.8% –

Daily supplies 1 = yes; 0 = no 21.6% –

Caring for children 1 = yes; 0 = no 18.6% –

Communication and assurance 1 = yes; 0 = no 34.1% –
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medical supplies was associated with less psychological distress
(β =−0.057, p < 0.05). Social assistance with daily necessities,
child/elderly care, and expressions of assurance was not signifi-
cantly associated with psychological distress.

We then computed the interaction terms between various
stressors and social assistance with Wuhan/non-Wuhan area.
Table 4 presents the significant interactions. Figure 2 shows the
results of simple slope analyses. As shown in Fig. 2, the effects
of exposure to higher risk of COVID-19, perceived discrimin-
ation, attention on COVID-19-related information, perceived reli-
ability of unofficial information, and social assistance on daily
necessities on psychological distress were stronger among
Wuhan (i.e. epicenter) residents. In other words, Wuhan resi-
dents were more vulnerable to these stressors than their
non-Wuhan counterparts. By contrast, the relationship between
the concern about the unpredictable course of the pandemic
and distress was stronger among people in the surrounding
areas of the epicenter. This phenomenon might be because
Wuhan residents could no longer expect a worse situation,
whereas other areas were still in danger of worsening.

Discussion

Our study contributes to research on the psychological conse-
quences of the COVID-19 pandemic by analyzing the different

effects of stressors and resources on psychological wellbeing
between a hotspot and less afflicted areas during the COVID-19
pandemic. Varying degrees of severity and hazards of the pan-
demic differ in the center, and other areas may also show differ-
ences in different people’s psychological distress levels. This
finding conforms to the bull’s eye model by revealing that
Wuhan (the epicenter) residents experience higher levels of psy-
chological distress than those in the surrounding low-risk areas.
Furthermore, our analysis showed that certain stressors, such as
risk exposure, information-seeking behaviors, and perceived dis-
crimination, had a stronger effect on the psychological wellbeing
of populations in the hotspot than people in surrounding areas. It
can be interpreted as another form of bull’s eye effect.
Unexpectedly, worrying about losing control of the pandemic
had a larger impact on the psychological distress of residents in
surrounding areas than that of residents in the hotspot
(Wuhan). During the peak of the pandemic, Wuhan experienced
a dire situation, as the number of confirmed cases increased by
thousands each day, and medical systems were overloaded
(Bloomberg, 2020). Thus, Wuhan residents may not expect a situ-
ation worse than they were already experiencing at that time.
However, the concern that a similar situation could occur in
their respective cities or villages was high among the residents
of surrounding areas.

Although our findings seemed to be consistent with the bull’s
eye model, other studies are warranted to further explore under
which condition the bull’s eye and typhoon eye models may
apply. A wide range of literature on different forms of disasters
was reviewed, including geographically circumscribed acute
events such as an earthquake/a terrorist attack and chronic diffu-
sion such as radioactivity/chemical pollution. Generally, for
chronic diffusion events such as nuclear power stations
(Maderthaner et al., 1978) and lead-zinc mining (Zheng et al.,
2015), the typhoon eye effect was more likely to be reported
due to fear of contagion. However, as for the acute rate of diffu-
sion events such as an earthquake or a terrorist attack, empirical
evidence showed mixed results (Jia et al., 2008; Li et al., 2009).
COVID-19 has the features of high infectivity and acute rate dif-
fusion. Studies also showed mixed results. Some studies are sup-
portive of the typhoon eye effect (Yang et al., 2020; Wang
et al., 2020a, 2020b; Zhang et al., 2021), while some are consistent
with the bull’s eye effect (Huang et al., 2020; Liang et al., 2020;
Lateef et al., 2021). The results of our research that the generalized
distress and stressors among residents in Wuhan were higher than
the surrounding areas indicated a bull’s eye model during the
peak of the outbreak. Future studies with strict research design
on samples, measurements, distance, and stages should be carried
out to examine the specific conditions for the bull’s eye effect and
typhoon eye effect.

In our study, results on socioeconomic demographics showed
that being female, middle-age, and members of CCP endured
increased levels of psychological distress during the peak of the
epidemic. Resource-related factors such as education, income,
prestige of occupation, and subjective social status did not show
significant effect on psychological distress. The total explanative
power was very small at the stage. However, later study showed
that as the pandemic subsided, the psychological wellbeing of
people of all educational levels rebounded; nonetheless, the
recovery was greater and faster for those with tertiary education
(Jin et al., 2022). Studies on the waning and quarantine period
also showed that people with better family economic status had
fewer symptoms of mental problems (Browning et al., 2021; Li

Table 2. Association between sociodemographic variables and psychological
distress

Coefficient S.E.

Age 0.013** 0.004

Age2 −0.0002*** 0.00005

Gender (ref: female)

Male −0.05** 0.017

CCP membership (ref: non-CCP member)

CCP member 0.068** 0.024

Area (ref: rural)

Urban −0.003 0.023

Education (ref: middle school or below)

High school −0.038 0.027

College or above −0.026 0.027

Monthly income (ref: no income)

⩽2000 −0.034 0.064

2001–4000 −0.012 0.063

4001–6000 −0.017 0.064

6001–8000 0.009 0.067

>8000 0.001 0.069

Occupation (ref: peasant/blue-collar worker)

Service worker/individual business
owner

0.038 0.024

White-collar worker −0.012 0.021

Subjective social status 0.005 0.010

Constant 4.099*** 0.093

*p < 0.05; **p < 0.01; ***p < 0.001.
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et al., 2021). Our results might suggest that during the peak of the
outbreak, people of all social classes experienced a similar level of
uncertainty, anxiety, and distress. The socioeconomic inequality
on mental health may not be as significant as in the other stages
of the pandemic.

Information-seeking behaviors were categorized as stressor
factor, and our result actually showed that attention paid to

COVID-19-related information was significantly associated with
psychological distress. It suggests that excessive intake of informa-
tion may be harmful to individuals’ psychological wellbeing. In
addition, perceived reliability of official and unofficial informa-
tion was positively associated with psychological distress. Given
the sensationalized news headlines and images regarding the
rapid spread of the virus reported by different media during the

Table 3. Factors associated with psychological distress among residents in Hubei Province

Model 1 Model 2 Model 3 Model 4

Local severity of infection (ref: non-Wuhan area)

Wuhan 0.078** (0.024) 0.011 (0.021) 0.023 (0.035) 0.023 (0.031)

COVID-19-related stressor

Unpredictable course of the pandemic 0.089*** (0.016) 0.057* (0.024)

Being infected 0.045** (0.016) 0.024 (0.023)

Traffic affected −0.061*** (0.017) −0.070** (0.025)

Unstable social environment 0.064*** (0.016) 0.072** (0.024)

Economic stagnation 0.076*** (0.016) 0.074** (0.024)

Perceived discrimination 0.128*** (0.007) 0.129*** (0.01)

Attention on COVID-19 information 0.430*** (0.021) 0.445*** (0.032)

Perceived reliability of official information 0.060** (0.019) 0.073** (0.027)

Perceived reliability of unofficial information 0.063*** (0.012) 0.059*** (0.018)

Social assistance

Receiving medical supply from friends or neighborhood −0.057* (0.026) −0.033 (0.022)

Constant 4.059*** (0.077) 2.186*** (0.113) 4.113*** (0.140) 2.206*** (0.167)

Adjusted R2 0.008 0.160 0.008 0.154

All models adjusted for sociodemographic variables, including age, gender, education, occupation, monthly income, CCP membership, rural/urban residence, and subjective social status.
Only significant variables were shown in the table.
Standard errors are shown in parentheses.
*p < 0.05; **p < 0.01; ***p < 0.001.

Table 4. Interactions between risk and protective factors and high/low-risk areas on psychological distress

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

High-risk area (Wuhan)

×Unpredictable course of the pandemic −0.121**
(0.042)

×Risk exposure to COVID-19 0.133**
(0.048)

×Perceived discrimination 0.054*
(0.021)

×Attention on COVID-19 information 0.284***
(0.064)

×Perceived reliability of unofficial
information

0.107**
(0.039)

×Receiving daily necessities from friends
or neighborhoods

0.256**
(0.139)

Constant 4.044***
(0.080)

4.081***
(0.094)

3.891***
(0.095)

2.601***
(0.115)

3.775***
(0.106)

2.650***
(0.087)

All models adjusted for sociodemographic variables, including age, gender, education, occupation, monthly income, CCP membership, rural/urban residence, and subjective social status.
The main effects of the variables were included in the analysis, but only the significant interaction terms were reported.
Standard errors are shown in parentheses.
*p < 0.05; **p < 0.01; ***p < 0.001.
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peak of the pandemic in China, people who perceive the informa-
tion as more trustworthy were likely to suffer more psychological
distress. Moreover, the relationship between perceived reliability
of COVID-19 information from informal sources (e.g. friends
and relatives) and psychological distress was more salient
among people in the epicenter. It may be because the information
from informal sources often contains misinformation and disin-
formation that may induce stress and anxiety (Goodwin et al.,
2009; Neria and Sullivan, 2011; Xiong et al., 2020). Compared
with populations in low-risk areas, residents in the epicenter
who perceived COVID-19 information from informal sources as
valid may experience higher levels of confusion and become pes-
simistic about getting the pandemic under control and thus
expressed more psychological distress.

Inconsistent with other COVID-19 studies (e.g. Duan et al.,
2020), the beneficial effects of material and psychological support
on psychological wellbeing were limited in our study. Only social
assistance with medical supplies exerted a significant effect on psy-
chological distress. A possible explanation for this finding is that the
most serious stressors during the peak of the outbreak are related to
the risk of infection, financial loss, and unstable social environment.
Control over the pandemic and recovery to normal life are the most
urgent and possibly most effective solutions to alleviate psycho-
logical distress. Although the beneficial role of social support in psy-
chological wellbeing was limited during the peak of the pandemic,
social support may play a considerable role in reducing distress in
other stages of the pandemic (Li et al., 2021; Szkody et al., 2021).

Despite these significant findings, the current study was not
without limitations. First, this research was a cross-sectional study
conducted during the peak of the outbreak. Thus, conclusions
about the bull’s eye model and predictors of psychological distress
were confined to this stage. Longitudinal studies tracking the psy-
chological wellbeing change from the initial peak to 1-month-later
waning period showed that a descending trend of mental problems
was observed; however, post-traumatic stress disorder (PDST)
symptoms persisted (Wang et al., 2020a, 2020b). Studies can fur-
ther explore the difference in PDST symptoms between low- and

high-risk areas. Second, despite its large sample size, the survey
was mainly conducted online. Although additional telephone inter-
views were carried out to include people with limited access to com-
puters and cellphones, sample biases remained. Third, several
measures, such as psychological distress and social assistance,
were not validated among the Chinese population and may result
in measurement errors. However, such measures were adapted
from previous studies, and internal validity was satisfactory.
Future studies may further test the validity of the variables
among the Chinese population. Finally, this study did not study sui-
cide, one extreme consequence of COVID-19. Research has shown
mixed findings about the effect of COVID-19 on suicide rate
(McIntyre et al., 2021; Lee et al., 2022). Thus, further studies can
investigate the suicide rate trend among different risk areas.

The findings showed a higher level of psychological distress
among Wuhan residents than those in low-risk areas during the
peak of the pandemic, which is consistent with the bull’s eye
model. The findings also reveal the similarities and differences in
the effect of stressors and resources on psychological wellbeing
between the hotspot and surrounding areas. While some stressors
functioned similarly for the residents of Wuhan and surrounding
areas, other stressors, such as information-seeking behaviors, per-
ceived discrimination, and risk exposure, may lead to worse mental
health among the residents in the epicenter. Based on these findings,
policymakers and psychological workers should provide adequate
psychological services to residents in high-risk areas. Previous stud-
ies showed that cognitive behavioral therapy (Ho et al., 2020) as well
as its new form –Internet cognitive behavioral therapy (Zhang and
Ho, 2017), a treatment that can be delivered via the Internet, has
been proven to be effective in the treatment of psychiatric symptoms
such as insomnia (Soh et al., 2020). These treatments can be further
promoted to improve the accessibility and availability of mental
health service for patients worldwide.

Conflict of interest. None.

Acknowledgements. This work was supported by The China Academy of
Science and Technology Development Strategy and the major project of the

Fig. 2. Simple slopes (unstandardized coefficient). *p < 0.05; **p < 0.01; ***p < 0.001.

Global Mental Health 199

https://doi.org/10.1017/gmh.2022.18 Published online by Cambridge University Press

https://doi.org/10.1017/gmh.2022.18


National Social Science Fund ‘China Social Quality Basic Database
Construction’ (Project ID: 16ZDA079). We thank the China Academy of
Science and Technology Development Strategy, the Social Policy Research
Institute at Renmin University, and the Institute of Sociology of the Chinese
Academy of Social Sciences for providing us the data.

References

Agarwal A (2020) Ripple effect of a pandemic: analysis of the psychological
stress landscape during COVID19. https://psyarxiv.com/nat49/.

Bloomberg (2020) Hospitals in China, overwhelmed by Coronavirus, turn
away patients with other pressing needs. https://time.com/5788495/china-
hospital-shortage/.

Browning MH, Larson LR, Sharaievska I, Rigolon A, McAnirlin O,
Mullenbach L and Alvarez HO (2021) Psychological impacts from
COVID-19 among university students: risk factors across seven states in
the United States. PLoS ONE 16, e0245327.

Coker M, Folayan MO, Michelow IC, Oladokun RE, Torbunde N and
Sam-Agudu NA (2020) Things must not fall apart: the ripple effects of
the COVID-19 pandemic on children in sub-Saharan Africa. Pediatric
Research 89, 1–9.

Drapeau A, Marchand A and Beaulieu-Prévost D (2012) Epidemiology of
psychological distress. Mental illnesses-understanding. Prediction and
Control 69, 105–106.

Duan H, Yan L, Ding X, Gan Y, Kohn N and Wu J (2020) Impact of the
COVID-19 pandemic on mental health in the general Chinese population:
changes, predictors, and psychosocial correlates. Psychiatry Research 293,
113396.

Fischhoff B, Gonzalez RM, Small DA and Lerner J (2003) Judged terror risk
and proximity to the World Trade Center. The Journal of Risk and
Uncertainty 26, 137–151.

Gao J, Zheng P, Jia Y, Chen H, Mao Y, Chen S, Wang Y, Fu H and Dai J
(2020) Mental health problems and social media exposure during
COVID-19 outbreak. PLoS ONE 15, e0231924.

Goodwin R, Haque S, Neto F and Myers LB (2009) Initial psychological
responses to influenza A, H1N1 (‘swine flu’). BMC Infectious Diseases 9, 166.

Hao F, TamW, Hu X, TanW, Jiang L, Jiang X and Ho R (2020) A quantitative
and qualitative study on the neuropsychiatric sequelae of acutely ill COVID-19
inpatients in isolation facilities. Translational Psychiatry 10, 1–14.

Ho CS, Chee CY and Ho RC (2020) Mental health strategies to combat the
psychological impact of COVID-19 beyond paranoia and panic. Annals of
the Academy of Medicine, Singapore 49, 1–3.

Huang L, Lei W, Xu F, Liu H and Yu L (2020) Emotional responses and cop-
ing strategies in nurses and nursing students during Covid-19 outbreak: a
comparative study. PLoS ONE 15, e0237303.

Jia JM, Li HQ, Fan CM, Hao LG, Wang SH and Xie H (2008) Comparative
analysis of risk perceptions of people in severely and slightly affected areas.
Management Review 20, 4–8.

Jin L, Chen X, Lin F, Zou Y and Gao H (2022) Does education matter for
psychological recovery amidst the COVID-19 pandemic? Evidence from a
panel survey in Hubei, China. Anxiety, Stress, and Coping 35, 101–110.

Kaniasty K and Norris FH (1995) In search of altruistic community: patterns
of social support mobilization following Hurricane Hugo. American Journal
of Community Psychology 23, 447–477.

Lateef R, Alaggia R and Collin-Vézina D (2021) A scoping review on psycho-
social consequences of pandemics on parents and children: planning for
today and the future. Children and Youth Services Review 125, 106002.

Le HT, Lai AJX, Sun J, Hoang MT, Vu LG, Pham HQ and Ho CS (2020)
Anxiety and depression among people under the nationwide partial lock-
down in Vietnam. Frontiers in Public Health 8, 656.

Lee Y, Lui LM, Chen-Li D, Liao Y, Mansur RB, Brietzke E and McIntyre RS
(2021) Government response moderates the mental health impact of
COVID-19: a systematic review and meta-analysis of depression outcomes
across countries. Journal of Affective Disorders 290, 364–377.

Lee Y, Lui LM, Brietzke E, Liao Y, Lu C, Ho R and McIntyre RS (2022)
Comparing mortality from covid-19 to mortality due to overdose: a micro-
mort analysis. Journal of Affective Disorders 296, 514–521.

Li S, Rao LL, Ren XP, Bai XW, Zheng R, Li JZ and Liu H (2009) Psychological
typhoon eye in the 2008 Wenchuan earthquake. PLoS ONE 4, e4964.

Li S, Li JL, Yang SW, Wu XJ, Chen JF, Ding Y and Zheng R (2020) The psy-
chological typhoon eye effect in responses to terrorism. Journal of Pacific
Rim Psychology 14, e21. https://doi.org/10.1017/prp.2020.13

Li F, Luo S, Mu W, Li Y, Ye L, Zheng X and Chen X (2021) Effects of sources
of social support and resilience on the mental health of different age groups
during the COVID-19 pandemic. BMC Psychiatry 21, 1–14.

Liang Z, Delvecchio E, Buratta L and Mazzeschi C (2020) ‘Ripple effect’: psy-
chological responses and coping strategies of Italian children in different
COVID-19 severity areas. Revista De Psicologia Clinica Con Ninos Y
Adolescentes 7, 49–58.

Maderthaner R, Guttmann G, Swaton E and Otway HJ (1978) Effect of dis-
tance upon risk perception. Journal of Applied Psychology 63, 380.

Marshall RD, Bryant RA, Amsel L, Suh EJ, Cook JM and Neria Y (2007) The
psychology of ongoing threat: relative risk appraisal, the September 11 attacks,
and terrorism-related fears. The American Psychologist 62, 304–316.

Mazza C, Ricci E, Biondi S, Colasanti M, Ferracuti S, Napoli C and Roma P
(2020) A nationwide survey of psychological distress among Italian people
during the COVID-19 pandemic: immediate psychological responses and
associated factors. International Journal of Environmental Research and
Public Health 17, 3165.

McIntyre RS, Lui LM, Rosenblat JD, Ho R, Gill H, Mansur RB and Lee Y
(2021) Suicide reduction in Canada during the COVID-19 pandemic: les-
sons informing national prevention strategies for suicide reduction.
Journal of the Royal Society of Medicine 114, 473–479.

Neria Y and Sullivan GM (2011) Understanding the mental health effects of
indirect exposure to mass trauma through the media. Jama 306, 1374–1375.

Qin Z, Shi L, Xue Y, Lin H, Zhang J, Liang P and Zhang C (2021) Prevalence
and risk factors associated with self-reported psychological distress among
children and adolescents during the COVID-19 pandemic in China. JAMA
Network Open 4, e2035487.

Qiu J, Shen B, Zhao M, Wang Z, Xie B and Xu Y (2020) A nationwide survey
of psychological distress among Chinese people in the COVID-19 epidemic:
implications and policy recommendations. JAMA Psychiatry 33, e100213.

Rajkumar RP (2020) COVID-19 and mental health: a review of the existing
literature. Asian Journal of Psychiatry 52, 102066.

Renaud-Charest O, Lui LM, Eskander S, Ceban F, Ho R, Di Vincenzo JD
and McIntyre RS (2021) Onset and frequency of depression in
post-COVID-19 syndrome: a systematic review. Journal of Psychiatric
Research 144, 129–137.

Schlenger WE, Caddell JM, Ebert L, Jordan BK, Rourke KM, Wilson D and
Kulka RA (2002) Psychological reactions to terrorist attacks: findings from the
National Study of Americans’ Reactions to September 11. Jama 288, 581–588.

Soh HL, Ho RC, Cs H and Tam WW (2020) Efficacy of digital cognitive
behavioural therapy for insomnia: a meta-analysis of randomised controlled
trials. Sleep Medicine 75, 315–325.

Szkody E, Stearns M, Stanhope L and McKinney C (2021) Stress-buffering
role of social support during COVID-19. Family Process 60, 1002–1015.

Tran BX, Nguyen HT, Le HT, Latkin CA, Pham HQ, Vu LG and Ho R
(2020) Impact of COVID-19 on economic well-being and quality of life
of the Vietnamese during the national social distancing. Frontiers in
Psychology 11, 565153. https://doi.org/10.3389/fpsyg.2020.565153

Wang J and Ying X (2020) Cognition, emotion and action: social mentality in
response to the epidemic. Exploration and Free Views 1, 232–243.

Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS and Ho RC (2020a) Immediate
psychological responses and associated factors during the initial stage of the
2019 coronavirus disease (COVID-19) epidemic among the general popula-
tion in China. International Journal of Environmental Research and Public
Health 17, 1729.

Wang G, Zhang Y, Xie S, Wang P, Lei G, Bian Y and Xiao Q (2020b)
Psychological typhoon eye effect during the COVID-19 outbreak. Frontiers
in Public Health 8, 550051. https://doi.org/10.3389/fpubh.2020.550051

Wang C, Chudzicka-Czupała A, Tee ML, Inmaculada MIL, Tripp C, Fardin
MA, Habib HA, Tran BX, Adamus K, Anlacan J, García MEA,
Grabowski D, Hussain S, Hoang M, Hetnał M, Le XT, Ma W, Pham
HQ, Reyes PWC, Shirazi M, Tan Y, Tee CA, Xu L, Xu Z, Vu GT,
Zhou D, Chan NA, Kuruchittham V, McIntyre RS, Ho CSH, Ho R

200 Haiyan Gao et al.

https://doi.org/10.1017/gmh.2022.18 Published online by Cambridge University Press

https://psyarxiv.com/nat49/
https://psyarxiv.com/nat49/
https://time.com/5788495/china-hospital-shortage/
https://time.com/5788495/china-hospital-shortage/
https://time.com/5788495/china-hospital-shortage/
https://doi.org/10.1017/prp.2020.13
https://doi.org/10.3389/fpsyg.2020.565153
https://doi.org/10.3389/fpsyg.2020.565153
https://doi.org/10.3389/fpubh.2020.550051
https://doi.org/10.1017/gmh.2022.18


and Sears SF (2021a) A chain mediation model on COVID-19 symptoms
and mental health outcomes in Americans, Asians and Europeans. Scientific
Reports 11, 6481.

Wang C, Tee M, Roy AE, Fardin MA, Srichokchatchawan W, Habib HA
and Kuruchittham V (2021b) The impact of COVID-19 pandemic on
physical and mental health of Asians: a study of seven middle-income coun-
tries in Asia. PLoS ONE 16, e0246824.

Wen F, Ma S, Ye H, Qi Y and Zuo B (2020) ‘Psychological typhoon eye effect’
and ‘ripple effect’: double perspective test of risk perception and anxiety
characteristics of people in different COVID-19 severity regions. Acta
Psychological Sinica 52, 1087–1104.

World Health Organization (2022). WHO Coronavirus (COVID-19). https://
covid19.who.int/ Dashboard

Wu P, Fang Y, Guan Z, Fan B, Kong J, Yao Z, Liu X, Fuller CJ, Susser E, Lu
J and Hoven CW (2009) The psychological impact of the SARS epidemic
on hospital employees in China: exposure, risk perception, and altruistic
acceptance of risk. Canadian Journal of Psychiatry 54, 302–311.

Xie X, Stone E, Zheng R and Zhang R (2011) The ‘Typhoon eye effect’: deter-
minants of distress during the SARS epidemic. Journal of Risk Research 14,
1091–1107.

Xin M, Luo S, She R, Yu Y, Li L, Wang S, Ma L, Tao F, Zhang J, Zhao J, Li
L, Hu D, Zhang G, Gu J, Lin D, Wang H, Cai Y, Wang Z, You H, Hu G
and Lau J (2020) Negative cognitive and psychological correlates of manda-
tory quarantine during the initial COVID-19 outbreak in China. The
American Psychologist 75, 607.

Xiong J, Lipsitz O, Nasri F, Lui LM, Gill H, Phan L, Li CD, Iacobucci M, Ho
R, Majeed A and McIntyre RS (2020) Impact of COVID-19 pandemic on

mental health in the general population: a systematic review. The Journal of
Affective Disorders Reports 277, 55–64.

Xu MX, Zheng R, Rao LL, Kuang Y, Yang SW, Ding Y, Li J and Li S (2020)
The ‘psychological typhoon eye effect’ in the epidemic situation should
be properly dealt with. Bulletin of Chinese Academy of Sciences 35,
273–282.

Yáñez JA, Jahanshahi AA, Alvarez-Risco A, Li J and Zhang SX (2020)
Anxiety, distress, and turnover intention of healthcare workers in Peru by
their distance to the epicenter during the COVID-19 crisis. American
Journal of Tropical Medicine and Hygiene 103, 1614–1620. https://doi.org/
10.4269/ajtmh.20-0800.

Yang SW, Xu MX, Kuang Y, Ding Y, Zheng R, Rao LL and Li S (2020)
Objective danger and subjective panic in Wuhan COVID-19: an extended
overseas ‘psychological typhoon eye’ effect. Applied Psychology 26, 291–297.

Zhang MW and Ho R (2017) Moodle: the cost effective solution for internet
cognitive behavioral therapy (I-CBT) interventions. Technology and Health
Care 25, 163–165.

Zhang L, Ma M, Li D and Xin Z (2020) The psychological typhoon eye effect
during the COVID-19 outbreak in China: the role of coping efficacy and
perceived threat. Globalization Health 16, 1–10.

Zhang YT, Li RT, Sun XJ, Peng M and Li X (2021) Social media exposure,
psychological distress, emotion regulation and depression during the
COVID-19 outbreak in community samples in China. Frontiers in
Psychiatry 12, 528.

Zheng R, Rao LL, Zheng XL, Cai C, Wei ZH, Xuan YH and Li S (2015) The
more involved in lead-zinc mining risk the less frightened: a psychological
typhoon eye perspective. Journal of Environmental Psychology 44, 126–134.

Global Mental Health 201

https://doi.org/10.1017/gmh.2022.18 Published online by Cambridge University Press

https://covid19.who.int/ Dashboard
https://covid19.who.int/ Dashboard
https://doi.org/10.4269/ajtmh.20-0800
https://doi.org/10.4269/ajtmh.20-0800
https://doi.org/10.4269/ajtmh.20-0800
https://doi.org/10.1017/gmh.2022.18

	Bull's eye or typhoon eye? Psychological distress and associated factors in Wuhan and surrounding areas during the COVID-19 pandemic
	Introduction
	Methods
	Participants
	Measures
	Psychological distress
	COVID-19-related stressors
	Social assistance
	Control variables

	Data analysis

	Results
	Discussion
	Acknowledgements
	References


