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Background: A growing body of evidence suggests that in the face of life adversity, threats, or other major stressful events,
resilience is more conducive to individual adaptation and growth.

Material/Methods: The Connor-Davidson Resilience Scale and the Chinese Perceived Stress Scale were used to evaluate the resil-
ience and perceived stress of 600 medical staff members from the radiology departments in 32 public hospi-
tals in Sichuan Province, China, respectively. Multiple linear regression was used to analyze factors related to
resilience.

Results: The total resilience score was 65.76+17.26, wherein the toughness dimension score was 33.61+9.52, the strength
dimension score was 21.25+5.50, and the optimism dimension score was 10.91+3.15. There was a significant
negative correlation between perceived stress and resilience (r=—0.635, P<0.001). According to multivariate anal-
ysis, the total perceived stress score (3=—1.318, P<0.001), gender ($=—4.738, P<0.001), knowledge of COVID-19
(B=2.884, P=0.043), knowledge of COVID-19 protective measures ($=3.260, P=0.042), and availability of ade-
quate protective materials (3=—1.268, P=0.039) were independent influencing factors for resilience.

Conclusions: The resilience level of the medical staff in the radiology departments during the outbreak of COVID-19 was gen-
erally low, particularly regarding toughness. More attention should be paid to resilience influence factors such
as high perceived stress, female gender, lack of understanding of COVID-19 and protective measures, and lack
of protective materials, and targeted interventions should be undertaken to improve the resilience level of the
medical staff in the radiology departments during the outbreak of COVID-19.
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Background

Novel coronavirus pneumonia (NCP) emerged in Wuhan, China,
in December 2019, and the outbreak has since spread rap-
idly worldwide [1,2]. On February 12, 2020, the World Health
Organization officially named the disease caused by this nov-
el coronavirus as “Coronavirus Disease 2019” (COVID-19) [3].
As of 10 am on February 29, 2020, a total of 53 countries had
reported outbreaks of COVID-19, with the number of cases
rising to 85,403, indicating a serious situation for prevention
of the disease [4].

The novel coronavirus often causes pulmonary infection, and
early and accurate identification of chest imaging characteris-
tics is conducive to early diagnosis, timely isolation, and treat-
ment [5,6]. Therefore, patients with fever or cough [7,8] must
undergo imaging examinations for further clinical diagnosis
of their condition. This makes it easy for the medical staff
in the radiology departments to come into contact with pa-
tients with COVID-19 and places them in an environment with
a high risk of infection [9]. Meanwhile, requirements for effi-
cient and orderly clinical task completion and high-intensity
work stress [10] may further increase the psychological load
of the staff. If their psychological state cannot be promptly
addressed, it is easy for the staff to have negative emotions,
which impair their enthusiasm, initiative, and work efficiency
and seriously harm their physical and mental health [11,12].
However, during the COVID-19 outbreak, there were no re-
ports about the resilience level of the medical staff in the ra-
diology department.

Resilience refers to a “rebound ability” that allows humans
to maintain good adaptability in the face of life adversities,
threats, or other major stressful events [13]. In the face of the
sudden epidemic, the general populationhas different levels
of anxiety, depression, severe stress, and other psychological
impact, as do front-line medical staff [14].

Previous research showed that having good resilience can help
medical staff alleviate adverse effects brought on by various
stresses [15]. In the face of job burnout or stress, effective in-
terventions should be undertaken to improve the resilience
level of doctors, resulting in a more conducive way of cop-
ing with various challenges brought on by work stress [16].
Moreover, improving the resilience of nurses is conducive to
their ability to cope with difficulties, adapt to new situations,
and have more realistic and positive expectations for the fu-
ture, which is very important to protect resilience in work and
in daily life [17]. Another study found that measures taken to
increase resilience can reduce the expected stress of an in-
fluenza outbreak, such as severe acute respiratory syndrome
(SARS), on the medical staff as well as benefit the physical and
mental health of the medical staff [18]. Furthermore, high-risk
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appraisal can decrease resilience in hospital workers, where-
as strengthening coping ability and relieving the intensity of
negative emotions experienced increased resilience during the
outbreak of Middle East Respiratory Syndrome [19].

Therefore, the objective of this study was to assess the resil-
ience level of medical staff in radiology departments during
the outbreak of COVID-19 and to explore factors related to it
to provide a basis for more effective risk assessment and psy-
chological intervention.

Material and Methods

Study design and participants

From February 7, 2020, to February 9, 2020, 600 medical staff
members were randomly selected from the radiology depart-
ments of 32 public hospitals in Sichuan Province to take on-
line electronic questionnaire surveys. Inclusion criteria were:
(1) age 18 years or older; (2) being a nurse, technician, or doc-
tor working in the radiology departments of public hospitals in
Sichuan Province; (3) being informed about the study and will-
ing to participate in the survey. Exclusion criteria were: (1) pre-
vious meeting the Chinese Classification of Mental Disorders
version 3 (CCMD-3) and the Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-1V) diagnostic criteria
for substance abuse and substance dependence [20]; (2) a his-
tory of mental illness; or (3) suffering from other brain organic
lesions or serious physical diseases. Elimination criteria were:
(1) filling out the electronic questionnaire in too short a pe-
riod of time; and (2) submission of a questionnaire that was
obviously inconsistent with the actual situation. Finally, 587
medical staff members were included in the final study cohort.

Data collection

Before the start of the study, 30 cases were selected from the
hospital where the investigators worked to perform a pretest
evaluation to check and improve the scale used in the survey,
get familiar with the process and techniques of data collection,
and measure the internal consistency of the scale. After the re-
liability and validity requirements were met, formal data col-
lection began. The relevant scales were completed on a mobile
phone by scanning the Wenjuanxing QR code. The members of
the study group analyzed and screened the questionnaire re-
sponses filled in by the included subjects in strict accordance
with the rejection criteria. After double-checking, the data ob-
tained were transcribed to the SPSS database.
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Questionnaire
Demographic characteristics

The scale was designed by the researchers themselves and in-
cluded gender, age, working seniority, marital status, educa-
tion, job category, contact with confirmed/suspected cases at
work, whether the participant had symptoms, whether their
family members had symptoms, knowledge of COVID-19,
knowledge of COVID-19 protective measures, availability of
adequate protective materials, knowledge of the psychologi-
cal hotline, whether the participant was concerned about con-
tact with suspected/confirmed cases at work, and whether
the participant was concerned about work-related infections.

The Chinese Connor-Davidson Resilience Scale (CD-RISC)

This scale is used to assess an individual’s ability to respond
and adapt to life adversities, traumas, tragedies, threats, or
other major life stresses [21]. The Chinese scale was used in
this study [22]. The scale contains the three dimensions of
toughness, strength, and optimism with a total of 25 entries.
The total score ranges from 0 to 100, and a higher score in-
dicates a higher resilience level. In this study, the Cronbach o
coefficient of the scale was 0.959.

The Chinese Perceived Stress Scale

This scale is used to measure the overall and ubiquitous stress
in an individual’s life, reflecting the individual’s degree of self-
awareness of stress [23]. The Chinese scale was used in this
study [24]. The scale contains two dimensions, namely loss of
control and tension, with a total of 14 entries, wherein loss
of control is scored in reverse. The total score ranges from 14
to 70, and a higher score indicates greater mental stress. In
this study, the Cronbach o coefficient of the scale was 0.867.

Ethics statement

The study protocol was approved by the ethics committee of
the corresponding research institute. The online questionnaires
involved in this study were anonymous and informed consent
of the participants was obtained before starting.

Data analysis

All analyses were performed using the IBM Statistical Package
for Social Sciences (SPSS) version 19.0. Composition ratio (quar-
tile) and mean (standard deviation) were used to describe de-
mographic data, the resilience score, and the perceived stress
score. The total resilience score conformed to a normal distri-
bution by the normality test, and age, work seniority, and per-
ceived stress conformed to a non-normal distribution. Analysis
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of variance (ANOVA) or independent sample t test was used
for single-factor analysis, Spearman correlation analysis was
used for correlation analysis, and multiple linear regression
analysis was used for multivariate analysis. The total test lev-
el was set at P<0.05.

Results

Demographic data from the medical staff in the radiology
departments

Of the 600 questionnaires issued, 587 were valid, with an ef-
fective rate of 97.8%. Among the 587 valid participants, 282
(48%) were males and 305 (52%) were females, with a me-
dian (interquartile range [(IQR]) age of 33 (28-43) years and
a median (IQR) work seniority of 10 years (5-21) (Table 1).

Among the included medical staff members who took the sur-
vey, the total resilience score was 65.76+17.26. The scores for
each dimension are shown in Table 2.

Related factors for resilience of the medical staff in the
radiology departments

Through the one-way ANOVA, nine factors were statistically
significant (P<0.05), gender (t=5.167, P<0.001), job category
(F=3.647, P=0.027), the participant with symptoms (t=—3.125,
P=0.002), knowledge of COVID-19 (F=20.534, P<0.001), know!-
edge of COVID-19 protective measures (t=—6.284, P<0.001),
availability of adequate protective materials (F=3.247, P=0.022),
knowledge of the psychological hotline (t=3.044, P=0.002),
Whether the participant was concerned about contact with
suspected/confirmed cases at work (t=-2.292, P=0.022), and
whether the participant was concerned about work-related in-
fections (t=—2.737, P=0.006) (Table 3).

The total perceived stress score was 32 (37-42). Spearman
correlation analysis with perceived stress showed that there
was a significant negative correlation between resilience and
perceived stress (r=—0.635, P<0.001).

Spearman correlation analysis of resilience with age and work
seniority was carried out. The results showed that there was no
correlation (r=0.048, P=0.243; r=0.055, P=0.187, respectively).

Multiple linear regression analysis

Multiple linear regression analysis was carried out with 10 fac-
tors as important predictive variables: gender, job category,
symptoms in participants, knowledge of COVID-19, knowl-
edge of COVID-19 protective measures, availability of ade-
quate protective materials, knowledge of the psychological
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Table 1. Demographic characteristics of participants (N=587).

Variable Category n %
Gender Male 282 48.0
CFemale 5 50
Maritalstats  Unmamied 138 o235
Mariage a9 748
CDivoced 0o 7
CEducaton  Diplomadegree 0 239
Bachelor degree 3 656
| Masters degree or doctor's degree 62 106
Cjobeategory  oNase 1o 203
Technian us ny
Cboctor 23 10
 Contact with confirmed/suspected cases atwork Yes 23 10
N % 620
Paticipant with symptoms Yes 58
N 53 042
Family members with symptoms Yes 29 a9
N ss8 951
KnowledgeofCOVID19  lackofunderstanding 6 0
Partofunderstanding 203 346
Significant understanding s 644
Knowledge of protective measurements  Partof understanding 69 88

Availability of adequate protective materials

Knowledge of the psychological hotline Yes 395 67.3
No 192 32.7
Whether the participant was concerned about contact  Yes 345 58.8
with suspected/confirmed cases at work T
No 242 41.2
Whether the participant was concerned about work- Yes 341 58.1
related infections
No 246 41.9
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Table 2. Resilience and the scores for each dimension.

Variables Entries Score ranges Mean (SD) Entries mean (SD)
Resilience 25 1-100 65.76 (17.26) 2.63 (0.69)
 Toughness 13 52 361 959 259 (073)
~ optimism s o6 1091 @15 273 (079
 Strength g o2 2125 (550 266 (069)

Table 3. Univariate analyses of the factors associated with resilience (N=587).

Variable Category Mean (SD) t/F P
Gender t=5.167 0.000
Mae  e9st 710
CFemale 6230 (1669)
CMartalstatus F-0034 0966
Unmared 6552 (1639)
Mariage  esge (1758)
Divorced 6488 (1589
CEducaon F-1369 0255
5§?:gtr2?:luate RS (A7)
Undergraduate 6573 (1738)
Masterandabove 6884 (1464
Clobeategory F-3647 0027
CNuse e 82y
Technician 6733 az7)
Docter  ese7 asoy
 Contact with confirmed/suspected cases atwork ~ t=0217 088
Yes  es9 (1695
‘N eses (1749
| The participant with symptoms ot —3125 0002
Yes 5685 (1458
‘N ee3 qr2)
Family members with symptoms ot —0552 0581
Yes 6404 820
‘N esss 72
Knowledgeof COVID-19 F-20534 0001
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Table 3 continued. Univariate analyses of the factors associated with resilience (N=587).

Variable Category Mean (SD) t/F P
Knowledge of COVID-19 protective measures t=—6.284 0.001

Very understanding 68.52 (16.96)
 Availability of adequate protective materials | F-3247 002
Veryshortage 6539 (192)
Pattialshortage 6464 (1585)
Pattialabundance 6446 (1729)
Very abundance 70.30 (18.20)
_ Knowledge of the psychological hotline =304 0002
Yes 6726 (739
‘N 6268 (661
Contac with suspecia/coninmed cose af ok razR e
Yes 6440 (1699
‘N ermiarsy
\rlt\ellhaizf;elrntfzitf)oar:zlapantwasconcernedaboutworkt27370006 """"
Yes 6412 1659
‘N esos a7y
Table 4. Hierarchical multiple regression of resilience (N=587)
Model B SE Beta t P 95% CI
Gender —4.885 1.226 -0.142 -3.985 0.000 -7.293~-2.478
Participant with symptoms 3279 2394 0044 1369 0171  -1424-7.982
 Knowledge of COVID-19 2849 1425 0083 1999 0046  0049-5648
 Knowledge of COVID-10 protective measures | 3323 1605 0087 2070 0039  0.169-6476
 availability of adequate protective materials | 1270 0615 -0070 -2067 0039 -2.478--0.063
_ Knowledge of the psychological hotline 1315 1220 -0036 ~-1078 0281 -3.712-1081

Whether the participant was concerned about contact with
suspected/confirmed cases at work

Whether the participant was concerned about work-related

infections

| The total perceived stress score | 1318 0078 -0.581 -16900 0000 -1475--1.167
Jobcategory=nurse 0676 1630 0016 0415 0679 -2526~3878
Job category=doctor 0464 1251 0013 0371 0711  -1993-2.920

F=38.738, P=0.000, R?=0.426, Adjusted R?=0.415.
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hotline, whether the participant was concerned about con-
tact with suspected/confirmed cases at work, whether the
participant was concerned about work-related infections, and
the total score of perceived stress. High total perceived stress
score (B=-1.318, P<0.001), female (B=—4.738, P<0.001), less
knowledge of COVID-19 (=2.884, P=0.043), less knowledge of
COVID-19 protective measures (3=3.260, P=0.042), and lack of
protective materials in the hospital (B=—1.268, P=0.039) were
important related factors for resilience of the medical staff in
the radiology departments (P<0.05), which accounted for 41.5%
of the total variation of the regression equation (Table 4).

Discussion

The outbreak of COVID-19 occurred suddenly and severely.
Because computed tomography/diagnostic radiology is an
important diagnostic method for early clinical screening of
COVID-19 [25], the medical staff in the radiology departments
are faced with great work stress and will inevitably be in a
state of high mental stress. Meanwhile, as a high-risk group
who are more likely to have close contact with patients with
COVID-19, they will also suffer greater mental stress and be
prone to negative emotions. If the medical staff do not have
good resilience, it means that not only can they not recover
after experiencing stress, but also that they may continuously
accumulate negative emotions and even develop psychologi-
cal disorders in severe cases [26]. This is extremely detrimen-
tal to the effective work of the medical staff in the radiology
departments in response to the outbreak.

In our study, the total resilience score of the medical staff in
the radiology departments was 65.76, which was lower than
the 68.50 score of 463 medical students [27] and even more
significantly lower than the 78.75 score reported for 560 nurs-
es in China [28]. An international study of medical staff report-
ed a score of 71.8 points [17]. This study’s results indicated
that the resilience level of the medical staff in the radiology
departments during the outbreak of COVID-19 was relatively
low. The reasons are multiple. First, pathogenesis and trans-
mission route of COVID-19 was not clear enough because of
the sudden outbreak [29,30]. Medical staff in the radiology de-
partments were not mentally prepared, and they were worried
about being unable to protect themselves and unable to do
the best job at this time. Second, there was less confidence in
coping because of the highly contagious nature of COVID-19
and the high number of deaths [31,32]. It is completely un-
known when the outbreak will be effectively contained and
when such high-intensity and high-risk working conditions will
change. Third, as a high-risk group, the medical staff mem-
bers were worried about the safety of their families because
of their work and the staff showed restlessness and anxiety.
Therefore, hospital administrators should realize the adverse
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psychological effects of the high-stress state on the mental
health of the medical staff in the radiology departments dur-
ing the outbreak of COVID-19, and should take targeted mea-
sures to alleviate these effects in order to avoid serious and
complicated psychological problems. The psychological high-
stress state may not only affect the normal and orderly work
of the medical staff in the radiology departments, but it may
also may lead to a decline in their immunity, resulting in a
higher risk of infection [33,34].

The results also showed that among the dimensions of resil-
ience, the items in the toughness dimension had the lowest
average score, suggesting that medical staff were less resil-
ient in terms of toughness. When they are depressed and frus-
trated, it is more difficult to consciously integrate the control
behavior, goal-setting, and decision-making behavior, and they
lack more effective buffers in terms of stress resistance [35].
On the other hand, the average score for items on the opti-
mism dimension was the highest, indicating that medical staff
were more inclined to treat the outbreak with an optimistic
attitude and have confidence in overcoming the current diffi-
culties [13]. Therefore, hospital administrators can pick peo-
ple with consistent good psychological quality and strong de-
cision-making ability to share their psychological experience
and coping behavior with others. In addition, hospital admin-
istrators can encourage medical staff to discuss and reach a
consensus regarding the outbreak and develop a set of more
effective behavioral norms that integrate control, goal-setting,
and decision-making behaviors, so as to relieve the stressful
experience of being overwhelmed by inner conflict and opti-
mize the psychological adjustment mechanism. In addition,
resilience training for medical staff should be emphasized and
strengthened in daily life.

From the analysis of related factors for resilience, the results
showed that perceived stress, gender, knowledge of COVID-19,
knowledge of COVID-19 protective measures, and availability
of adequate protective materials were all statistically signifi-
cant factors related to the medical staff’s resilience. Some of
these results were consistent with results of previous stud-
ies. Perceived stress reflects an individual’s psychological ex-
perience after the self-interpretation of stressful events [36].
The results showed that greater perceived stress indicated
worse resilience of the medical staff. Another study also found
that good resilience enables a person to more successfully cope
with the stresses and demands of life [37]. It is not difficult to
predict that with an increase in self-perceived stress, an indi-
vidual’s adaptability to stress will decline and their self-recov-
ery ability after psychological adjustment will also be affected,
showing a low level of resilience. Therefore, hospital adminis-
trators should take whatever measures are feasible to relieve
the stress level of the medical staff in their radiology depart-
ments. On the other hand, hospital administrators can start
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by reducing their sensitivity to and perception of stress, pro-
moting relaxation, reducing anxiety, and treating the outbreak
objectively and rationally.

The results showed that resilience of female medical staff in
the radiology departments was significantly lower than that
of male medical staff. A study found that women had high-
er levels of psychological distress, and that the resilience of
women had less impact on their psychological distress than
did the resilience of men on their psychological distress [38].
Meanwhile, another study also found that the resilience of
women was significantly lower than that of men [39]. The rea-
son may lie in the differences between the different genders
in their perspectives and ways of looking at problems. Women
are more susceptible and sensitive; their anti-stress ability is
also relatively weak and thus possibly inadequate for psycho-
logical adaptability. Therefore, more attention and emotional
counseling should be given to female medical staff in the ra-
diology departments.

A greater understanding of COVID-19 equated to better resil-
ience, which means that a comprehensive and in-depth under-
standing of COVID-19 is more conducive to an objective and
rational view of the outbreak. Thus, excessive anxiety and pan-
ic can be avoided, and the evolution of the outbreak can be
viewed with a more peaceful attitude. Therefore, the medical
staff in the radiology departments should be encouraged to
obtain information on COVID-19 and to enhance their under-
standing of the disease. Meanwhile, hospital administrators
can also collect valuable positive information about the out-
break and provide timely notification to medical staff in their
radiology departments.

This study also found that a greater understanding of protec-
tive measures for COVID-19 equated with better resilience,
which means that a comprehensive understanding of those
measures is necessary to improve medical staff resilience. Only
by mastering good protective measures can risk of infection
be fundamentally reduced and the psychological security of
the medical staff increased. Only with psychological security
can medical staff promptly get rid of anxiety, panic, and oth-
er negative emotions and persever through the epidemic [40].
Therefore, the hospital administrators should training med-
ical staff in their radiology departments on how to protect
themselves from COVID-19 as soon as possible, without just
depending on the staff’s own knowledge and self-learning.
Instead, guidance on unified, professional, and scientific pro-
tective measures that fit the outbreak should be organized to
foster clear and consistent behavioral norms. Thus, the nega-
tive impact of adversity on individuals can be minimized and
adaptation and growth can be maximized.
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The results also showed that whenmedical staff are faced with
a shortage of protective materials, they will have worse resil-
ience. A study demonstated the importance of ensuring the ade-
quacy of medical supplies during the outbreak of COVID-19 [41].
Adequate protective materials are the most fundamental pre-
requisite for personal safety of medical staff. Lack of protec-
tive materials will also lead to lack of psychological security.
That pessimism and helplessness will significantly reduce the
ability to mobilize protective factors, make risk factors grad-
ually become stronger, and hinder psychological “recovery.”
Therefore, current efforts of hospital departments — especially
in some local hospitals — to ensure a supply of protective ma-
terials are particularly necessary if medical staff in the radiol-
ogy departments are to maintain good resilience.

Despite unprecedented advances in medical technology over
the past few decades, awareness of and vigilance aboutr epi-
demics have fallen far short [42]. As a result, when SARS, Middle
East respiratory syndrome, and even this outbreak of COVID-19
suddenly appeared, it was difficult for medical staff in radi-
ology departments to make full preparations. Psychologically,
it was difficult to establish enough confidence to cope with
and maintain good resilience to adapt. Therefore, we need
to make some preparations during normal times. In terms of
government functions, it is important to ensure that radiol-
ogy departments at all hospital levels (including community
hospitals), not just at large-scale hospitals, are well prepared
for public health emergencies. In terms of hospital adminis-
tration, it is necessary to strengthen the study and practice
of scientific and systematic response measures daily for all
kinds of public health emergencies, which can not only en-
hance the awareness of self-protection of medical staff in ra-
diology departments, but also increase their confidence about
self-protection so that they can calmly respond to an outbreak.
In addition, daily training among medical staff in radiology de-
partments, especially women, should also be actively carried
out to improve their psychological anti-stress ability and en-
able them to transform negative emotions into positive emo-
tions promptly and effectively under stress. All of the above
are conducive to medical staff in radiology departments main-
taining good resilience during an emergency.

Our study has the following limitations. First, only medical
staff in the radiology departments in Sichuan Province were
included, and further study is needed to conduct supplemen-
tary surveys in other provinces in China to improve general-
ization of the findings. Second, the related factors included in
this study only accounted for 41.5% of the total variation in
the equation, and more relevant factors that are clinically valu-
able need to be included in subsequent studies to provide a
more comprehensive and in-depth basis for implementation
of scientific and effective interventions in the future. Finally,
because of the limited conditions, we only studied medical
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staff in radiology departments, and it was impossible to de-
termine whether their resilience differed from that of staff in
other departments.

Conclusions

The resilience level of medical staff in radiology departments
during the outbreak of COVID-19 was generally low, especially
in the aspect of toughness. Attention should be paid to fac-
tors that may influence resilience, including high perceived
stress, female gender, lack of understanding of COVID-19 and
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