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Abstract

Background: Dueto strict, nationwide, comprehensive COVID-19 protective measures, including home quarantine, all Chinese
medical students began taking web-based classes beginning in the spring semester of 2020. Home quarantine, web-based classes,
and the stress surrounding the COVID-19 pandemic may havetriggered an increased incidence of mental health problems among
medical students. Although there have been increasing amounts of literature on depression among medical students, studies
focusing on positive psychological resources, such as resilience during the COVID-19 pandemic, still need to be expanded.

Objective: Thisstudy aimsto assess depression among medical studentswho are taking web-based classes during the COVID-19
pandemic and to investigate the role of coping styles as mediators between resilience and depression.

Methods: A cross-sectional study of 666 medical studentsinvolving stratified sampling in Shenyang, Liaoning Province, China,
was completed between March 20 and April 10, 2020. The participants responded to a self-administered, smartphone-based
questionnaire, which included the Patient Health Questionnaire-9, Simplified Coping Style Questionnaire, and Ego Resilience
89 Scale. Hierarchical linear regression and structural equation modeling were used in this study.

Results. The prevalence of depression among the participants was 9.6% (64/666) in this study. The regression analysisrevealed
that grade (the year in which the medical student was in training) (P=.013), how well students adapted to web-based classes
(P<.001), their levelsof resilience (P=.04), and their coping styleswere independent predictorsfor depression (P<.001). Resilience
and positive coping styles were negatively related to depression (resilience: P=.04; positive coping styles: P<.001), and negative
coping styles were positively related to depression (P<.001). The structural equation modeling analysis showed that the effect of
resilience on depression was partially mediated by coping styles (P=.007).

Conclusions: In this study, it was found that the prevalence of depression was slightly low and coping styles mediated the
association between resilience and depression among medical students during the COVID-19 pandemic. These findings have
significant implicationsfor future studies. Future studies and interventions should aim to improve resilience and promote positive
coping styles.
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Introduction

The COVID-19 pandemic has deeply affected peoples’ lives
all over the world since its emergence in 2019. Both isolation
and economic pressure have had a profound impact on the
psychosocial environment in each affected country. The
pandemic has also increased the public's susceptibility to
detrimental psychological consequences [1]. According to a
Chinese study, more than half the study population reported
moderate or severe psychological impacts resulting from the
COVID-19 pandemic [2]. Quarantine-associated mental health
issues involve depression, anxiety, and irritability [3].

School lockdowns were implemented in many countries[4]. In
order to better prevent and control the further spread of
COVID-19, many universities in China began conducting
web-based classes in February 2020. With the unprecedented
number of web-based classes, home-quarantined medical
students psychological status is an important area of
investigation. It has been reported that the rate of anxiety and
depression among medical students is high [5], and the
COVID-19 pandemic might bring about further risks to their
mental health. Medical courses usually involve practice and
experiments. However, web-based classes cannot provide such
opportunities, which may add to medical students worries about
their academic achievements and result in high amounts of
mental stress. Students have been reported to prefer studying
in classrooms over having web-based classes due to the feeling
of being together during classroom learning and the ability to
share perspectives [6]. Therefore, the lack of peer contact and
face-to-face communication with teachersin web-based classes
may increase the risk of developing worry, anxiety, or even
depression among medical students.

Depression—a mood disorder defined by sadness, inactivity,
the loss of appetite or overeating, and difficulty in
concentrating—can result in the reduced ability to perform daily
activities among some people. Depression is one of the most
often identified health issues among college undergraduates
[7,8] and isespecialy common among medical undergraduates
[9,10Q]. Previous studies have found that approximately 30% of
medical undergraduates in Europe experience anxiety or
depression [11,12]. Menta hedth disorders among
home-quarantined university students have also been found in
a previous study, which reported that the prevalence of
depression was as high as 9% among university students about
1 month after COVID-19 outbreak in China [13]. A large
cross-sectional study that included 44,447 Chinese college
studentsreported an overall prevalence of depression symptoms
of 12.2% during the COVID-19 pandemic [14]. The increased
prevalence of depression was also observed in the winter 2020
academic semester in a US study [15].

The cognitive-behavioral model of health anxiety [16] suggests
that some individual s have mal adaptive assumptions about their
health and, consequently, tend to overconsume health
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information, which could lead to high levels of anxiety [17].
Based on thismodel, individual swho have high levels of anxiety
tend to be more anxious during a pandemic [18,19]. The
transactional stress model theory [20] states that the responses
of individuals who are faced with stress are affected by the
coping process during a stressful experience [21] and that
situation appraisal and coping can be influenced by positive
personal resources.

Thereare many recent, positive psychology [22,23] studiesthat
focus on depression, and resilience—a positive capability—is
a topic of wide concern [24,25]. Resilience refers to one's
capability to adjust to challenges and adverse events [26,27]
such as trauma, threats, or other major stresses, and resilience
may prevent depression [28-30]. People who are less resilient
are more susceptible to pathological reactions to adversities,
while people who are more resilient are more likely to be
protected against adversities [31].

According to the transactional stress model theory, the process
of coping plays a significant role in individuals' responses to
stress[21]. Coping presents strategies of cognition and behavior
that individuals can use to master, decrease, or stand up to the
inward or outward demands of stressful situations[32]. Dynamic
reactionsto adversitiesaid individual sin preventing themselves
from developing psychological impairments. Coping styles
generaly consist of two categories—positive coping and
negative coping. Positive coping involves managing problems,
adjusting quickly to stressors, and allaying pressure, whereas
negative coping includes avoidance, social withdrawal, and the
pitying of oneself, which all exacerbate anxiety. Studies have
shown the significant correl ation between negative coping styles
and depression [33,34]. Positive coping styles help individuals
to cope with adversities actively. This may involve seeking
others advice and finding out solutions to problems, which is
beneficial for mental well-being. Previous studies haveindicated
that coping styles play a mediating role in the relationship
between perfectionism and depression among undergraduate
students [35] and mediate the association between depression
and eating disorders among Chinese female undergraduates
[36]. Thus, it has been speculated that coping styles would
mediate the relationship between resilience and depression.

This study assessed the preval ence of depression among medical
students and determined whether coping styles play amediating
rolein the relationship between resilience and depression among
medical students during the COVID-19 pandemic. This study
examined the following three hypotheses: (1) higher levels of
resilience predict lower depression scores; (2) coping exerts a
positive effect on relieving depression; and (3) coping styles
mediate the relationship between resilience and depression.
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Methods

Study Design and Participants

A cross-sectional study involving stratified sampling was carried
out by conducting a self-administered questionnaire on
Wenjuanxing—a smartphone- and web-based questionnaire
platform—between March 20 and April 10, 2020. Wenjuanxing
isawidely used, open, web-based questionnaire platform that
was developed by Changsha Ranxing Information and
Technology Limited Company. The free and self-design version
was used in this study. The validity and reiability of the
guestionnaire that we designed and used in this study were
examined.

Medical students who were home-quarantined in their first,
second, or third year at ChinaMedical University were eligible
for this study. In total, 8 classes from each grade in which the
medical studentswerein training were randomly selected. The
medical students from 24 classesin their first, second, or third
year at China Medica University were selected as the
participants and finished the questionnaire. Of the total 720
medical students who were recruited in this study, 666
participants responded compl etely to the questionnaire, resulting
in avalid response rate of 92.5% (666/720).

Ethics Statement

All participants were fully informed of the study protocol and
provided informed consent prior to taking the web-based
guestionnaire. Participation was voluntary and anonymous. The
study protocol was approved by the Ethics Committee of China
Medical University.

Demographic Characteristics of Participants

Demographic information, including grade (the year in which
the medical student was in training; ie, freshman, sophomore,
and junior year), gender, age (<20 yearsand =220 years), fathers
education (junior middle school and below and specialized
secondary school and above), mothers' education (junior middie
school and bel ow and specialized secondary school and above),
monthly income (SRMB 5000 [US $778.30] and >RMB 5000
[US $778.30]), major (clinical medicine and others), and
whether students adapted to web-based classes (yes or no), was
collected.

M easurement of Depression

Depression was measured with the Patient Health
Questionnaire-9 (PHQ-9), which is commonly used for the
measurement of depression based on the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition criteria,
iscomparably sensitive and specific, and includes 9 items[37].
A score of 210 on the PHQ-9 was considered as the indicator
for the existence of depression. The PHQ-9 has been widely
used in previous studies among the Chinese population [38].
Many previous studies have confirmed that the PHQ-9 has good
reliability, ranging from 0.749 to 0.92 [38-41], and the Cronbach
a coefficient of the PHQ-9 was .927 in this study.
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M easurement of Coping Styles

Coping styles were assessed with the Simplified Coping Style
Questionnaire, which included 20 items using a Likert scale of
0 (never) to 3 (frequently). In this study, the Cronbach a
coefficient of the Simplified Coping Style Questionnaire was
.862.

M easurement of Resilience

Resilience was measured with the Ego Resilience 89 Scale,
which has good internal reliability [42] as well as superior
construct validity [43]. Participants completed the 14-item,
4-point scale by indicating the degree to which they approved
of each statement, with scoresranging from 1 to 4 (1="does not
apply at al”; 2="applies dightly, if at al”; 3="applies
somewhat”; 4="applies quite strongly”). In this study, the
Cronbach a coefficient of the Ego Resilience 89 Scalewas .935.

Statistical Analysis

SPSS17.0 (IBM Corporation) and AMOS (Analysisof Moment
Structures) 24.0 (IBM Corporation) were used for statistical
analyses in the present study. The comparison of differences
among classified groups was conducted with t tests (two-tail ed)
and one-way analysis of variancetests, and atwo-tailed P value
of lessthan .05 considered statistically significant.

In order to examine the incremental variance of any given set
of independent variables and to assess the mediating role of
coping styles in the association between resilience and
depression, hierarchical linear regression analysis was used.
Depression was used as the dependent variable. Resilience and
coping styles were used as the independent variables. The
variables were entered into models via the following
step-by-step process: in step 1, the demographic characteristics
of the medical students were entered; in step 2, resilience was
entered; and in step 3, coping styleswere entered. Thefollowing
criteriafor establishing the mediating effects, according to Baron
and Kenny [44] in their approach to analyzing mediation, are
supposed to be met: (1) the independent variable (resilience) is
significantly related to both the dependent variable (depression)
and the mediator (coping styles); (2) the mediator (coping styles)
is significantly related to the dependent variable (depression);
and (3) the adding of the mediator (coping styles) in the model
significantly lessens or clears away the independent variable's
(resilience's) impact on the dependent variable (depression).

To prove that coping styles played a mediating role in the
relationship between resilience and depression, structural
equation modeling was used. Bootstrapping strategies were
used to examine the mediating role (axb product) of coping
styles in the relationship between resilience and depression.
The bootstrap estimate was based on 5000 bootstrap samples,
and the bias-corrected and accelerated (BCa) 95% ClI for each
axb product was examined. The goodness of fit was determined
by thefollowing: achi-squareto df ratio of <5, agoodness-of-fit
index (GFI) of >0.90, a comparative fit index (CFl) of >0.90,
aroot mean square error of approximation (RMSEA) of <0.08,
and a Tucker-Lewis Index (TLI) of >0.90.
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Ethical Approval

The study protocol conformed to the ethical standards of and
was approved by the Ethic Committee of China Medical
University. All participants gave their consent after being
informed of the purpose and procedure of the study via a
web-based platform. The confidentiality and anonymity of all
participants' collected information were ensured.

Informed Consent

Theinformed consent of every participant was acquired before
the launch of the procedures of this research.

Results

Demographic Characteristics and Depression
Distribution Among the Participants

The demographic characteristics and their respective mean
depression scores are shown in Table 1. Approximately 41.7%

Zhao et d

(278/666) of study participantswerefreshmen. The average age
of the participants was 20 years. Approximately 39.3%
(262/666) of the participantswere males. The students reported
their fathers’ education and mothers' education asjunior middie
school or below, accounting for 55.4% (369/666) and 59.9%
(399/666) of the responses, respectively. About 49.2% (328/666)
of the participants reported their family’s monthly income as
more than RMB 5000 (US $778.30). Most students were
studying clinical medicine (460/666, 69.1%). With respect to
gender, the depression scores of the male students were
significantly higher than those of the femal e students (P=.045).
Up to 88.9% (592/666) of the participants were adapting to
web-based classes, while 11.1% (74/666) were not. The
depression scores among the students who were not adapting
to web-based classes were significantly higher than those among
the students who were adapting to web-based classes (P<.001).

Table 1. Demographic characteristics and the distributions of depression among students (N=666).

Variables Value, n (%) Depression score, mean (SD)
Grade

Freshman 278 (41.7) 431 (4.83)

Sophomore and junior 388 (58.3) 3.67 (4.20)
Gender

Male 262 (39.3) 437 (512

Female 404 (60.7) 3.66 (3.98)
Age (years)

<20 315 (47.3) 3.84 (4.48)

>20 351 (52.7) 4.02 (4.48)
Fathers' education

Junior middle school and below 369 (55.4) 4.02 (4.69)

Specialized secondary school and above 297 (44.6) 3.84 (4.21)
Mothers education

Junior middle school and below 399 (59.9) 3.99 (4.47)

Speciaized secondary school and above 267 (40.1) 3.86 (4.50)
Monthly income (RMB [US $])

<5000 (US $778.30) 338(50.8) 3.84 (4.16)

>5000 (US $778.30) 328(49.2) 4.04 (4.79)
Major

Clinical medicine 460 (69.1) 3.91 (4.54)

Others 206 (30.9) 4.00 (4.35)
Adapting to web-based classes

Yes 592 (88.9) 3.44 (4.07)

No 74 (11.2) 7.88 (5.54)°

gignificant at the .05 level (two-tailed).
bSignificant at the .01 level (two-tailed).
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Correlations Between Depression and Continuous
Variables

The correlations between depression and the continuous
variables are shown in Table 2. Depression among medical

Table 2. The correlations among depression and continuous variables.

Zhao et d

students was significantly and negatively associated with both
resilience (P<.001) and positive coping styles (P<.001), while
depression was significantly and positively associated with
negative coping styles among medical students (P<.001).

Variables® Depression Resilience Positive coping styles Negative coping styles
Depression

r 1 -0.288° -0.332° 0.356"

P vaue _c <.001 <.001 <.001
Resilience

r -0.288° 1 0.558° -0.089°

P vaue <.001 — <.001 <.001
Positive coping styles

r -0.332° 0.558" 1 0.078"

P vaue <.001 <.001 — <.001
Negative coping styles

r 0.356" -0.089° 0.078 1

P vaue <.001 <.001 <.001 —

#The mean scores for depression, resilience, positive coping styles, and negative coping styles are 3.94 (SD 4.48), 43.88 (SD 7.77), 38.80 (SD 6.76),

and 17.79 (SD 4.83), respectively.
bSignificant at the .01 level (two-tailed).
®Not applicable.

The linear regression models of depression among medical
students are presented in Table 3. The final regression model
(model 3) explained 31% of the total variance in depression
scores. Resilience and coping styles explained 7% and 13.5%
of the total variance in depression scores, respectively. Grade
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(P=.013), resilience (P=.04), positive coping styles (P<.001),
and negative coping styles (P<.001) were significant predictors
for depression. Grade, resilience, and positive coping styles
were negetively associated with depression, while negative
coping styles were positively associated with depression.
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Table 3. The hierarchical linear regression analysis of depression.

Zhao et d

Variables Depression, standardized 3
Model 1# Model 2° Model 3°
Block 1: demographic characteristics
Grade (freshman vs sophomore and junior) -.088 -112d —.103¢
Gender (male vs female) -.029 -.040 .000
Age (<20 years vs =20 years) .051 .073 .079
Fathers’ education (junior middle school and below vs specialized secondary —.019 .018 .022
school and above)
Mothers' education (junior middle school and bel ow vs specialized secondary  —.019 -.022 -.019
school and above)
Monthly income (<RMB 5000 [US $778.30] vs >RMB 5000 [US $778.30]) .043 .049 .041
Major (clinical medicine vs others) -.019 -.037 -.053
Adapting to web-based classes (yes vs no) 303 270¢ 197°
Block 2: resilience _f —270° —.087¢
Block 3: coping styles
Positive coping style — - -.287°
Negative coping style — — 3358

8The R? and AR? values of model 1 are 0.105 and 0.105, respectively.
PThe R? and AR? values of model 2 are 0.175 and 0.070, respectively.
“The R? and AR? values of model are 0.310 and 0.135, respectively.
dsignificant at the .05 level (two-tailed).

Significant at the .01 level (two-tailed).

Not applicable.

The Mediating Role of Coping Stylesin the
Relationship Between Resilience and Depression

Figure 1 presents the direct effect of resilience on depression
(c=—.34; P<.001) before coping styles were entered as a

mediator. The model revealed that resilience had a significant
negative effect on depression (P<.001), and thismodel had good
model fit indices (chi-sguare to df ratio<5; RMSEA=0.052;
CFI=0.962; GF1=0.928; adjusted GFI=0.904; TLI=0.954; Figure
1).

Figure 1. Standardized solutions for the structural equation model of resilience and depression. The standardized path coefficient is shown on the
unidirectional arrow path. * The coefficient of the path is significant at the P<.05 level.

-0.34*

Resilience

Figure 2 represents the structural equation modeling of the
mediating role of coping styles in the relationship between
resilience and depression, and the standardized path coefficients
are presented on the unidirectional arrow paths. When coping
styles were used as the mediator, the path coefficient between
resilience and depression decreased significantly (from -.34in
Figure 1to -.12 in Figure 2; P=.007), which confirmed coping
styles partiadl mediating role in the association between
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Depression

resilience and depression. This model yielded agood model fit
(chi-square to df ratio<5; RMSEA=0.051; CFI=0.957,
GF1=0.923; adjusted GFI=0.900; TL1=0.949). According to the
BCabootstrap test, coping styles played asignificant mediating
role in the association between resilience and depression
(P=.007; axb=—0.22; BCa 95% CI —0.324 to -0.153), which
proved that coping styles had a significant role as a mediator
between resilience and depression.
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Figure 2. Structural equation modeling of the mediating role of coping stylesin the relationship between resilience and depression. Standardized path
coefficients are shown on the unidirectional arrow paths. * The coefficient of the path is significant at the P<.05 level.

Negative
coping style

Resilience

-0.12*

Depression

-0.29*

Positive
coping style

Discussion

As far as we know, this study presents the first attempt to
investigate the rel ationship among resilience, coping styles, and
depression among Chinese medical students in the context of
web-based classes during the COVID-19 pandemic. In this
study, 64 out of the 666 (9.6%) participants reported depression,
whichwasdlightly higher than the depression preval ence of 9%
in a study of home-quarantined Chinese college students that
was conducted during the COVID-19 pandemic [13] but lower
than the preval ence ratesin most previous studies. Such studies
have indicated high prevalence rates of depression among
college students (ranging from 12.2% to 25.3%) during the
COVID-19 pandemic [14,45,46]. Depression isone of the most
commonly occurring mental health issues among college
students[47-49], and the prevalence of depression is especialy
high among medical students [10,50-52]. However, the
prevalence of depression among medical studentsin this study
was dlightly lower than that of a Swedish study (12.9%) [53]
and much lower than that of astudy (25%) on US and Canadian
medical students [10,54]. One possible reason why this study
found lower rates of depression among Chinese medical students
may be that staying with family helped ease symptoms of
depression. This is good for mental health, and web-based
classes provided the students with more opportunities to use
available resources at home for entertainment, which might
have hel ped with easing symptoms of depression. Furthermore,
dueto their medical knowledge, medical students may be more
likely to perceive the pandemic objectively, which might prevent
depression.

https://www.jmir.org/2021/6/€25259
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In this study, grade (P=.013) and whether students adapted to
web-based classes (P<.001) had significant impacts on
depression. With the national requirement of “ suspending classes
without suspension of learning” in Chinaduring the COVID-19
pandemic, web-based studying at home provided the only
feasible method for keeping up with the learning schedule. The
results in this study showed that the 11.1% (74/666) of
participants who did not adapt to web-based classes had
significantly higher depression scores (P<.001). This may be
because the students who failed to adapt to web-based classes
were more accustomed to face-to-faceinstruction and web-based
classes added to their stress, which could result in increased
levels of depression.

It was found that resilience was negatively related to depression
in this study. With regard to our hypotheses, which were based
on the transactional stress model theory [20], the findings from
this study indicated that higher levels of resilience were
predictive of lower levels of depression. Thisisin line with a
substantial number of previous studies [55-58]. A prospective,
multi-institutional study focusing on US medica students
reported that resilient students were less susceptible to
depression [59]. It was clarified in previous studies that
resilience played a role in attenuating depression in different
populations [56,57], such as college students and medical and
nursing students [60,61]. Our study indicated that resilience
played aprotective role against depression, which isin linewith
prior studies[62,63]. Higher levels of resilience have been found
to correlate with better subjective health [60], lessdistress[64],
and more optimism among medical students [65]. Previous
studies have also found that resilience among medical students
might play a critical role in maintaining mental well-being
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during the COVID-19 pandemic. Web-based classes have been
viewed as an intervention that plays arole in decreasing levels
of anxiety associated with the pandemic [66]. However, there
have been some students who might have had low resilience
and failed to adapt to web-based classes well. Lower resilience
has been found to be related to higher incidence rates for
psychological issues [67,68]. Home-quarantined medical
students who transitioned from learning in classrooms on
campusto web-based learning at home might have experienced
added stress, which might trigger depression. Resilience might
help medical students adapt to uncertainty and maintain mental
well-being while taking web-based classes at home during the
COVID-19 pandemic. First, high resilience might help medical
students combat the stressful situations of web-based classes,
thus relieving the symptoms of depression. However, students
with low resilience might be less likely to adapt to web-based
classes well and, consequently, could be more susceptible to
anxiety or even depression. Second, students with high levels
of resilience might recover more quickly from adversities and
cope with problems more actively, which could help with
lowering their susceptibility to depression during the pandemic.
Third, students who have high levels of resilience might be
more likely to have successful experiences of coping with and
recovering from adversities, including the pandemic.

The findings from this study showed that coping styles had a
significant effect on relieving depression (P<.001), whichisin
line with previous studies [69,70]. Our study also showed that
positive coping was inversely related to depression, while
negative coping was positively related to depression among
Chinese medical students. A positive coping style could help
students cope with problems (eg, web-based classes) more
rationally and might reduce stress, which in turn might prevent
depression. Thisstudy also indicated that coping stylesmediated
the effect of resilience on depression. The coefficient of the
resilience to depression path decreased after the coping style
variables were added to the model, which indicated that coping
styles had a partial mediating role in the relationship between
resilience and depression. It ispossible that individualswho are
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more resilient might be more likely to adopt a positive coping
style, which might increase their likelihood of perceiving
stressful situations, such as being quarantined at home while
taking web-based classes during the COVID-19 pandemic, as
surmountable. Therefore, they might belesslikely to experience
depression. Such individuals are also more likely to have better
control over their emotions and be more motivated to figure out
the solutions to problems, thus allowing them adapt to adverse
situations. This could be beneficial for their mental well-being.
Our resultsimplied that positive coping and resilience training
would be beneficial to medical studentsin terms of confronting
the COVID-19 pandemic more positively and adapting to
web-based classes more easily, which might help them to fight
stress, reduce depression levels, and maintain mental well-being.

A few limitations exist in this study. First, this study is
cross-sectional, which limits its ability to identify causal
associ ations between variables. Second, self-reported measures
may have resulted in response biasin this study. Third, the study
sample only included medical studentsin years 1 to 3 from 1
university in northeastern China, which might limit the
generalizability of our results.

Conclusion

This study found that Chinese medical students in web-based
classes experienced slightly low levels of depression during the
COVID-19 pandemic. Resilience (P=.04) and coping styles
(P<.001) were significantly related to depression. Positive
coping styles played an essential rolein decreasing depression
levels among medical students, while negative coping styles
were positively related to depression. It was also found that
coping styles mediated the association between resilience and
depression. This study indicates that interventions that aim to
enable the development of positive coping styles among
individuals and improve their resilience are of great practical
importance to decreasing depression levels among medical
students while they are taking web-based classes during the
large-scale COVID-19 pandemic.

All authors are very grateful to all participants who participated in this survey.
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PHQ-9: Patient Health Questionnaire-9
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