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Abstract
To investigate the mental state of medical imaging staff in Shandong Province, China, who have been on the forefront of the
COVID-19 epidemic during its late stage in China. Questionnaires designed to assess anxiety and depression were administered
on-location, and 5331 complete results were collected. SPSS software was used for statistical descriptions and analysis. Rates of
anxiety disorders and depression among medical imaging workers in Shandong Province, China, were 6.1% and 6.5%, respec-
tively, higher than those of anxiety and depression in Chinese residents before the epidemic. The outbreak in Xinjiang, China;
virus mutation in Japan; and spread of the epidemic due to occupational errors were the primary reported causes of anxiety and
depression among image workers. Medical imaging workers showed evidence of psychological abnormalities during the late
stage of the epidemic in China.
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Introduction

Since the Chinese government incorporated lung CT findings
as a criterion for the diagnosis of new coronary pneumonia, a
lung CT examination must be performed on every suspected
and confirmed case, as well as on patients planning to be
treated for multiple days in the hospital. Medical imaging
workers have become the first to contact COVID-19, and
the probability of being infected has further increased. The
purpose of this survey was to understand the prevalence of
anxiety and depression in medical imaging staff, to identify
the primary stressors, and to develop strategies to alleviate
these symptoms.

Methods

An overall sampling method was used to survey medical im-
aging workers in a majority of hospitals in Shandong
Province, China. According to a 2019 survey, rates of anxiety
and depression among Chinese residents were about 4.98%
and 4.06%, respectively [1], and a sample size of about 4000
was required to achieve a margin of error of no more than
15%. The survey was conducted from July 17 to July 31,
2019. A total of 5640 copies of the survey were issued, and
5331 completed surveys were returned. The respondents were
from 15 cities in Shandong Province, China, with confirmed
cases, and about half of them were employed in large- or
medium-sized hospitals. The research team staff distributed
the survey papers on-location, which were filled out by med-
ical imaging staff and immediately returned. Persons with pre-
existing psychiatric disorders or serious physical illnesses
were excluded.

The survey included questions concerning radiologists’ at-
titudes, confidence, professional knowledge, and changes in
the international epidemic, in addition to several factors rec-
ognized to affect the psychological state of radiologists
(Table 1). Severity of anxiety and depression was assessed
using the Generalized Anxiety Disorder-7 (GAD-7) and the
Patient Health Questionnaire-9 (PHQ-9), respectively.
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Based on clinical work experience and in order to increase
the sensitivity and specificity of GAD-7 and PHQ-9, the fol-
lowing criteria were implemented: those whose GAD-7 score
reached 7 points and where neither the first nor second item
score was less than 1 point were diagnosed with anxiety dis-
order [2]; depression was diagnosed if the respondent’s score
on the PHQ-9 scale reached 7 points [3, 4].

SPSS.26 was used to statistically describe the data, a chi-
square test was used to compare rates, and multinomial logis-
tic regression was used to analyze the relationships between
various factors and occurrence of anxiety and depression. Test
level = 0.05.

Results

1. The prevalence rates of anxiety and depression among
Shandong medical imaging staff were 6.5% and 6.1%,
respectively. These rates were compared with those
among Chinese residents in 2019 by chi-square test, and
the χ2 values were 362 (p < 0.05) and 355 (p < 0.05),
respectively.

A frequency distribution of GAD-7 and PHQ-9 scores of
medical imaging staff is shown in Fig. 1.

It can be seen that a certain number of medical im-
aging staff had GAD-7 and PHQ-9 scores in the range
of 7–10, and only a few scores reached the level of
moderate anxiety and depression.

2. After performing a logistical regression test, the OR (odds
ratio) values of factors affecting psychological state with
statistical significance (p < 0.05) are shown in Table 2.

The results showed that worrying about oneself and one’s
family members being infected, worrying about one’s own
negligence contribution to the spread of the epidemic, the
reports of Xinjiang epidemic, and virus mutation all obviously
promoted anxiety and depression in medical imaging workers.

3. Among all medical imaging workers surveyed, 56% were
worried about the outbreak in Xinjiang, China, and 51%
were worried about the virus mutation announced by
Japan. All workers with anxiety and depression reported
being worried about contributing to the spread of the ep-
idemic due to their own work negligence.

Among those who spent as much time as possible paying
attention to reports of the epidemic, rates of anxiety and depres-
sion were 6.5% and 5.9%, respectively. In contrast, rates of anx-
iety and depression were 4.5% and 4.9%, respectively, among
those who were not interested in following these reports.

Discussion

Since the Chinese government implemented a community-
wide containment policy to control the COVID-19 epidemic,

Fig. 1 The frequency distribution of GAD-7 and PHQ-9 scores of
medical imaging staff. In the figure on the left, the abscissa represents
scores of the GAD-7 score table, the ordinate represents number of
respondents, and the figure shows the number of people corresponding

to each score; in the same way, in the figure on the right, the abscissa
represents scores of the PHQ-9 score table and the ordinate represents the
number of people corresponding to each score
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the COVID-19 epidemic in China has been effectively brought
under control, from a peak of 3887 new cases per day to 45
new cases by 31 July 2020. A total of 763 cases have been
reported in Shandong Province, with 4 new asymptomatic
cases reported on July 31. To prevent recurrence of the epi-
demic, Shandong Province continues to take protective mea-
sures, such as announcement of the epidemic, restricted gath-
ering, recording of travel routes, taking body temperature in
public places, mask-wearing, and biweekly nucleic acid tests
for all medical staff. People in Shandong remained in a state of
anticipation, ready to respond to a rebound of the epidemic at
any time. In individual countrieswhere the new crown epidem-
ic has occurred, such as Turkey, the psychological level of
ordinary residents has been investigated, but the mental health
of doctors has been ignored [5]. Imaging doctors were respon-
sible for the screening of new coronary pneumonia and initial
reports. If a missed diagnosis prevents positive patients from
being appropriately monitored, it would cause further spread of
the epidemic, as well as huge panic to society. A large number
of health and social resources would be consumed. These doc-
tors were in a state of nervousness and worry due to these
important occupational responsibilities. This state of nervous-
ness lasted for 7 months, and there was no expectation regard-
ing the end of the epidemic. Some doctors may experience
psychological disorders as a result.

The epidemic situation in Shandong, China, has been greatly
slowed compared to that in February and March, and the high
tension of imaging doctors has somewhat relaxed. From the
survey results, it can be seen that moderate and severe anxiety
and depression are almost non-existent, a finding that is in line
with the current social atmosphere in Shandong. However, 6.5%
and 6.1% of the staff (Fig. 1) were suffering from mild anxiety
and depression, respectively, indicating that imaging doctors
could not completely relax to pre-epidemic levels. Worries about
themselves and their family members being infected and worries
about contributing to the spread of the epidemic by negligence at
work are both clear reasons for this increase in observed
psychological abnormalities. Of significant concern is
whether doctors’ persistent anxiety and depression
symptoms will go on to trigger additional physical ab-
normalities after a prolonged period of time.

With the epidemic outbreak in Xinjiang following a rebound
in several parts of China, the Shandong government was brac-
ing itself to prevent the disease from spreading into its territory.
The outbreak in Xinjiang means that the epidemic has been
prolonged again, and this factor has increased the psychological
burden of imaging doctors. Similarly, Japan’s announcement of
mutation of the novel coronavirus has also increased the long-
term complexity of epidemic prevention and control. The ex-
pected continuation of the epidemic has hindered people from
getting out of a negative mindset. Paying too much attention to
epidemic reports was also found to be detrimental to the relief
of anxiety and depression in imaging doctors.Ta
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Knowledge of imaging diagnosis and protection strategies
regarding new coronary pneumonia, as well as a belief in the
ability of the Chinese government to fight the epidemic, in-
creased confidence in imaging doctors fighting the epidemic.
Wearing masks and avoiding gatherings were recognized as
effective ways to stop the spread of pneumonia. Voluntary
cooperation of citizens has significantly reduced the scale of
the epidemic. These factors help imaging doctors ameliorate
their psychological burden.

Based on multinomial logistic regression analysis, vaccine
availability was not a factor affecting the psychology of im-
aging doctors. This may be related to doctors’ uncertainty
about the effectiveness of the vaccine and the long time it
takes for a vaccine to be put into use.

It is difficult to include all factors that aggravate or alleviate
psychological abnormalities in this survey. For example, var-
ious severe sequelae caused by SARS infection in 2002 will
definitely aggravate the fear of medical workers [6]. The air
pollution suitable for novel coronavirus (SARS-COV-2) is not
conducive to alleviating their anxiety [7]. Therefore, the psy-
chological relief of medical staff is a complex matter, which
requires the participation of experts in various fields.

Conclusion

The incidences of anxiety and depression in Shandong imag-
ing doctors have been significantly lowered from their peak in
earlier stages of the epidemic [8], but still remain higher than
levels before the epidemic. Shandong imaging doctors may
remain in a mildly abnormal state of mind for some time to
come. The international community should work in unison to
control the spread of the epidemic in as short a period of time
as possible to reduce the pressure on doctors.
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