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1Institute for International Health Professions Education and Research, China Medical University,

Shenyang, China, 2Department of Teaching A�airs, China Medical University, Shenyang, China, 3The

First Clinical Department, China Medical University, Shenyang, China

Background: Academic procrastination has become more prevalent during

the COVID-19 pandemic due to teaching/learning changes. This phenomenon

induces academic burnout, which is already serious among medical students.

However, the academic emotion, which is the factor most vulnerable to

changes in the academic environment, is still unknown. Therefore, the current

study aimed to investigate the mediating role of general academic emotions

in procrastination and burnout among Chinese medical students during the

COVID-19 pandemic.

Methods: This cross-sectional study enrolled 995 medical students from

China Medical University. We applied the Chinese version of the Maslach

Burnout Inventory Student Survey (MBI-SS), the Aitken Procrastination

Inventory (API) and the General Academic Emotion Questionnaire for College

Students (GAEQ) to evaluate the variables of interest. We examined the

mediation e�ects of GAEs by hierarchical linear regression analysis.

Results: Correlation analyses showed a significant positive correlation

between procrastination and burnout. Procrastination and burnout positively

and negatively correlated with negative academic emotions, respectively.

Hierarchical linear regression analyses showed that procrastination had

positive associations with negative academic emotions, while it had

negative associations with positive academic emotions. The contributions (as

mediators) of GAEs to burnout and procrastinationwere 21.16% (NAEs), 29.75%

(PAEs), 54.25% (NDEs) and 23.69% (PDEs).

Conclusions: The results indicate that academic emotions had mediating

e�ects on procrastination and burnout. Medical students’ worries about

the uncertainty of the learning environment may have exacerbated
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academic burnout. Targeted improvements in the teaching environment to

communicate encouragement and reduce anxiety and helplessness among

medical undergraduates for implementingmedical educationwhile preventing

and controlling the infection.

KEYWORDS

COVID-19, general academic emotions, burnout, procrastination,

medical undergraduates

Introduction

Due to travel limitations and closures of medical schools

and universities, online learning (“zero contact”) has rapidly

been accepted as the “new normal” (1–3) and has played

a positive role in formal medical teaching/learning (4–6)

worldwide during the coronavirus disease 2019 (COVID-19)

pandemic. However, the virtual learning environment involves

no actual interpersonal interactions, which has worsened

existing challenges and created new barriers between students

and teachers, especially psychological ones, such as variance in

academic motivation, undetectable procrastination and reduced

opportunity for psychological interventions (7–9). Therefore,

identifying psychological risk factors is important to improve

satisfaction with online teaching/learning (10).

Burnout is generally conceptualized as a prolonged response

to chronic emotional and interpersonal workplace stress (11)

and has three core dimensions: emotional exhaustion, cynicism

(also referred to as depersonalization) and increasing feelings of

inefficacy (12). The demand-control theory of Robert Karasek

(13) explains the balance between psychological demands and

available resources. Excessive labor or tense relationships may

lead to low engagement and well-being, as well as suicidal

tendencies (14), which explains the vulnerability to burnout

among health professionals and medical undergraduates (15–

17). According to a global meta-analysis of 17,431 medical

students in 24 studies, the total burnout prevalence was

estimated to be 44.2%, which is even higher than among

residents (18). Emotional exhaustion was the most prevalent

symptom (40.8%); depression, anxiety, suicidality and other

emotional disturbances were also associated with burnout (19–

21). Especially in the context of the COVID-19 pandemic, lack

of family support caused by isolation, the extension of time spent

on degree and suppressed enthusiasm for offline learning are

all contributors to burnout among medical students (22, 23). A

quantitative study with 741 training medical students from six

Abbreviations: CI, confidence interval; CMU, China Medical University;

GAEs, general academic emotions; NAEs, negative activating emotions;

NDEs, negative deactivating emotions; OR, odds ratio; PAEs, positive

activating emotions; PDEs, positive deactivating emotions; SD, standard

deviation.

U.S. medical schools suggested that, 74.7% of the participants

agreed that COVID-19 had a great impact on their medical

education, and 61.3% of the respondents were even willing to

take the risk of illness to offset the burnout caused by the change

of clinical activities (24). Although studies have focused on the

impact of COVID-19 on the mental health of medical students

(25), but there is still insufficient evidence to analyze influential

factors and giving a better policy to relieve the anxiety emotions.

Extending previous studies (26), Steel (27) defined

procrastination as “the voluntary delay of an intended and

necessary and/or [personally] important activity, despite

expecting potential negative consequences that outweigh the

positive consequences of the delay.” Previous studies found

that procrastinating prevalence among university students

was double or triple that of the general population (28–30).

Regarding medical professionals and undergraduates, similar to

the burnout phenomenon mentioned above, procrastination,

i.e., the needless delay of things that one intends to do, is

also a major risk factor for low well-being (31). Evidence

suggests that procrastination is positively correlated with

academic anxiety (32), distress (33) and low motivation in

students (34), resulting in more agitation before a test or poor

academic performance across the entire semester. Besides the

psychological aspects, a correlation between procrastination and

the academic environment has also been demonstrated among

medical students (35–37). Heavy dependency on the internet

and lax time management may significantly contribute to the

Internet or smartphone addiction (38, 39) during COVID-19

quarantine. This may exacerbate low well-being and increase

the possibility of emotional disorders caused by procrastination

(40). Although burnout and procrastination among medical

students are positively correlated with adverse emotional factors

and poor emotional management, few studies have discussed

the relationship between burnout and procrastination.

General academic emotions (GAEs) have also been

suggested to play a role in satisfaction with the learning

environment and academic performance in medical campus

(41–43). Pekrun’s control-value theory (44) explained that

subjective control over activities and their outcomes, as well

as subjective appraisals of these activities and outcomes, are

relevant to academic emotions. Desire and a clear expectation

of success promote positive academic emotions and facilitate
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the self-discipline required to achieve good outcomes. Likewise,

unavoidable failure or a lack of internal control result in negative

academic emotions. Against the backdrop of the COVID-19

pandemic, online learning, lockdown of hospitals, inability to

perform actual operations and many other major changes were

unprecedented challenges to the provision of medical education

(45). In the process of adapting to these changes involving peer

interactions and learning evaluations, medical undergraduates

are facing much uncertainty, which may disrupt academic

emotions and achievement (46, 47).

In that case, we hypothesize that: (1) Procrastination

is positively correlated with burnout among medical

undergraduates based on their relationships with emotional

factors and (2) GAEs play mediating roles in the relationship

between burnout and procrastination among Chinese medical

undergraduates. We assessed the association between burnout

and procrastination among Chinese medical undergraduates

studying at home during the COVID-19 pandemic, and the

mediating effects of GAEs in the association of burnout with

procrastination (after adjusting for the demographic variables

and online learning preferences). Looking forward to addressing

the concerns mentioned above and discovering the intervention

targeted to improve mental health of medical undergraduates

during the COVID-19 pandemic.

Methods

Study design and procedure

The Human Research Ethics Committee of China

Medical University approved our study. All participants were

familiarized with the study protocol before signing the consent

form, and ethical principles were adhered to during the whole

survey process. All information collected from participants was

confidential and anonymous. We conducted this cross-sectional

study of China Medical University (CMU) from August to

September 2020. The questionnaire and consent forms were

distributed online by scanning a QR code. In total, 1,045medical

undergraduates who had studied exclusively online in the spring

semester during the COVID-19 pandemic voluntarily took part

in our survey. Ultimately, 995 undergraduates completed the

online questionnaire satisfactorily.

Demographic variables

The medical undergraduates participating in the study

were in their first to the fourth year, and were majoring in

clinical medicine, preventive medicine, nursing, and medical

technology. We collected demographic information including

age, gender, and household registration. Online learning

duration and preference data were also gathered. We applied the

followingmeasuring tools to assess burnout, procrastination and

academic emotions.

Measurement of burnout

Burnout among medical undergraduates was assessed using

the Chinese version of the Student Burnout Inventory, adapted

from the Maslach Burnout Inventory Student Survey (MBI-

SS). This self-report scale contains 16 items, scored from

one point (strongly disagree) to five points (totally agree) and

classified into three dimensions including exhaustion, cynicism

and professional efficacy. The exhaustion dimension consists of

four items (items 2, 5, 8, and 12) and reflects fatigue resulting

from the study. The cynicism dimension is composed of five

items (items 3, 6, 9, 10, 13) and indicates a negative attitude

toward studying. The professional efficacy dimension includes

seven items (items 1, 4, 7, 11, 14, 15, 16) and is concerned

with the sense of personal achievement during learning. The

inventory has adequate reliability and validity for measuring

Chinese samples (48). The Cronbach’s alpha coefficient of our

study was 0.876.

Measurement of procrastination

We measured procrastination among medical

undergraduates using the Chinese version of the Aitken

Procrastination Inventory (API), which is a single- dimension

scale including 19 items; item scores range from one point

(strongly disagree) to five points (totally agree). This self-report

scale evaluates undergraduates’ long-term procrastination. The

Chinese version of the API has proven reliability and validity

(49). The Cronbach’s alpha coefficient in our study was 0.905.

Measurement of GAEs

The General Academic Emotion Questionnaire for

College Students (GAEQ) was applied to evaluate academic

emotions. The GAEQ is adapted from the Academic Emotion

Questionnaire (AEQ) (50) and contains 88 items scored from

one point (strongly disagree) to five points (totally agree).

This self-report instrument measures 10 academic emotions

including anxiety (15 items), boredom (13 items), relief (10

items), hopelessness (10 items), pride (9 items), shame (7

items), enjoyment (7 items), hope (7 items), anger (5 items)

and interest (5 items). Based on the theory of Pekrun (51)

and results of exploratory factor analysis, negative activating

emotions (NAEs: shame, anxiety, and anger), positive activating

emotions (PAEs: interest, enjoyment, and hope), negative

deactivating emotions (NDEs: hopelessness and boredom)

and positive deactivating emotions (PDEs: pride and relief)
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are distinguished. The acceptable reliability and validity of

the GAEQ have been proven in Chinese college students

(52) and the Cronbach’s coefficient in the present study

was 0.926.

Statistical analysis

We report continuous variables as means with

standard deviation (SD) and categorical variables as

frequencies and percentages, based on descriptive

analyses. We applied the t-test or one-way ANOVA to

analyze burnout, procrastination and GAEs according to

demographic factors. Pearson correlation analysis was used

to identify correlations among burnout, procrastination

and GAEs.

Binary logistic regression analysis was applied to assess

the impact of GAEs and procrastination on burnout.

Participants were divided into high- and low-burnout

groups using the mean as the cut-off value. The quartile

spacing method was used to categorize participants into

degree groups (low, relatively low, relatively high and

high), based on their GAEs and procrastination scores,

to estimate relationships between burnout and specific

components (exhaustion, cynicism and professional efficacy);

odds ratios (ORs) and 95% confidence intervals (CIs)

were generated.

We examined the mediation effect of GAEs on the

relationship between burnout and procrastination by

hierarchical linear regression analysis. Procrastination was

modeled as an independent variable, while burnout was the

dependent variable. The enter and resampling methods were

used to assess the mediating role of GAEs. Covariates included

demographic variables and online learning preferences. Figure 1

presents the hierarchical linear regression analysis process. We

performed bootstrap analysis (53) based on the process of Hayes

(version 3.4.1). Five-thousand samples were bias-corrected and

95% CIs were generated for each GAE, to identify significant

mediation effects.

All statistical analyses were conducted with SPSS 20.0 for

Windows software (SPSS, Inc., Chicago, IL, USA). All tests were

two-sided (α = 0.05). P-values < 0.05 and 95% CIs excluding

zero were considered to indicate statistical significance.

Rigor

We implemented several strategies to ensure the credibility

of the results. Suggestions from experts majoring in medical

education, social medicine and health management were taken

into consideration at the design stage. Knowledgeable colleagues

explained the study procedure to the participants before they

filled out the questionnaire. All questionnaire items were

FIGURE 1

Procrastination, Burnout and GAEs in hierarchical linear

regression analysis process among Chinese medical

undergraduates. a, Association of procrastination with GAEs; b,

association of GAEs with burnout; c, direct association between

procrastination and burnout; c’, association between

procrastination and burnout with GAEs as mediators.

TABLE 1 Demographic characteristic of subjects.

Variables Numbers Percentage

(%)

Gender male 342 34.37

female 653 65.63

Household registration rural 352 35.38

urban 643 64.62

Academic year Year 1 461 46.33

Year 2 365 36.68

Year 3 115 11.56

Year 4 54 5.43

Major clinical medicine 615 61.81

preventive medicine 251 25.23

nursing 38 3.82

medical technology 91 9.14

Equipment Desktop computer 45 4.52

Notebook computer 650 65.33

Tablet computer 99 9.95

Mobile phone 201 20.20

Online learning <30 h 142 14.27

time weekly 30–35 h 305 30.65

36–40 h 275 27.64

41–45 h 152 15.28

>46 h 121 12.16

mandatory, and maximum and minimum completion times

were set to guarantee data quality. Participants who responded

“totally agree” or “totally disagree” to all items were excluded.

Double entry was applied in the data collation stage. A

small-scale pre-experiment was performed before the formal

investigation; any problems were recorded in detail.
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TABLE 2 Results of GAEQ among CMUmedical undergraduates under the background of COVID-19.

Variable NAEs PAEs NDEs PDEs

Means ± SD P Means ± SD P Means ± SD P Means ± SD P

Gender Male 78.01± 21.18 0.059 76.93± 13.61 0.986 52.53± 20.89 0.006** 70.32± 13.50 0.006**

Female 75.56± 18.49 75.56± 18.49 48.97± 15.76 67.98± 11.04

Location Rural 77.80± 18.73 0.095 75.91± 12.25 0.060 51.71± 17.02 0.046* 67.63± 11.69 0.025*

Urban 75.64± 19.85 77.47± 12.59 49.36± 18.11 69.41± 12.12

Grade Year 1 76.82± 20.37 0.734 77.35± 12.83 0.025* 50.33± 18.45 0.338 69.55± 12.63 0.090

Year 2 76.32± 18.94 77.61± 12.08 49.19± 17.19 68.72± 11.30

Year 3 74.62± 18.82 74.46± 12.57 51.34± 17.05 66.62± 12.02

Year 4 77.24± 16.77 73.87± 11.23 53.35± 16.94 67.28± 10.31

Major Clinical medicine 76.55± 19.53 0.403 77.45± 12.36 0.152 49.68± 17.77 0.169 69.14± 11.94 0.616

Preventive medicine 76.58± 18.92 75.37± 12.71 51.67± 17.60 68.02± 11.76

Nursing 79.58± 19.63 76.74± 12.48 53.76± 17.24 69.32± 11.77

Medical technology 73.62± 20.62 77.66± 12.60 48.10± 18.09 68.26± 13.05

Equipment Desktop computer 82.53± 22.07 0.036* 77.98± 11.65 0.905 54.91± 19.16 0.085 69.96± 11.08 0.856

Notebook computer 75.66± 18.94 76.92± 12.56 49.41± 17.03 68.79± 11.93

Tablet computer 74.44± 21.13 77.20± 13.11 49.54± 19.42 69.09± 12.26

Mobile phone 78.41± 19.47 76.54± 12.17 51.99± 18.72 68.34± 12.32

Online learning <30 h 79.53± 19.16 0.055 74.39± 12.93 0.006** 54.37± 19.00 0.007** 66.86± 13.29 0.007**

time weekly 30–35 h 77.28± 18.89 76.79± 12.28 51.09± 17.58 68.35± 11.57

36–40 h 74.60± 18.93 77.20± 12.56 47.92± 16.69 69.27± 11.84

41–45 h 74.07± 17.88 76.45± 12.16 48.76± 15.62 67.98± 10.82

>46 h 77.59± 23.65 80.18± 12.19 50.01± 20.64 72.02± 11.99

*P < 0.05, **P < 0.01; Results were all controlled by the covariates; SD, standard deviations; NAE, negative activating emotions; PAE, positive activating emotions; NDE, negative

deactivating emotions; PDE, positive deactivating emotions.

“Bold” mean that the values are statistically significant.

Results

Participant characteristics

In total, 995 medical undergraduates from CMU were

included in our survey. The average age of the participants was

19.83 ± 1.15 years and the majority were female (65.63%) and

residing in an urban area (64.62%). The undergraduates mostly

used notebook computers (65.33%) for online learning and

normally spent 30–40 h (58.29%) engaged in distance learning

per week. Table 1 shows the detailed demographic characteristics

of all participants.

GAEs

There was significant sex difference in terms of the

deactivation of academic emotions. Rural undergraduates’

scored lower for PDEs than urban undergraduates, who

scored higher for NDEs. Junior medical undergraduates

scored highly for PAEs. Participants using desktop

computers for online learning had the highest NAE scores.

Undergraduates with higher PAE scores spent more time

distance learning. All of the GAE results are presented

in Table 2.

Burnout and procrastination levels

Female undergraduates reported higher total burnout

levels than male undergraduates, as well as within the

dimensions of exhaustion and cynicism. Undergraduates from

rural areas showed higher total burnout levels than urban

undergraduates, as well as higher burnout in the exhaustion and

professional efficacy domains. Year 1 medical undergraduates

experienced less burnout in the professional efficacy domain

than undergraduates in other years. Medical undergraduates

who spent less time engaged in online learning experienced

more burnout.

Rural undergraduates showed higher levels of

procrastination. Medical undergraduates who used desktop

computers procrastinated the most during the COVID-19

pandemic. The level of procrastination of participants studying

for < 30 h per week was significantly different from that of the

other participants. Supplementary Tables S1, S2 show the results

in detail.
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TABLE 3 Means, SD and correlations of continuous variables.

Variables Means SD 1 2 3 4 5 6

1. Procrastination 42.27 12.19 1

2. Burnout 34.63 9.52 0.708*** 1

3. NAEs 76.41 19.48 0.519*** 0.573*** 1

4. PAEs 76.92 12.49 -0.566*** -0.637*** -0.249*** 1

5. NDEs 50.19 17.76 0.690*** 0.778*** 0.775*** -0.556*** 1

6. PDEs 68.78 11.99 -0.531*** -0.598*** -0.372*** 0.836*** -0.476*** 1

***P < 0.001; SD, standard deviations; Results were all controlled by the covariates; NAE, negative activating emotions; PAE, positive activating emotions; NDE, negative deactivating

emotions; PDE, positive deactivating emotions.

“Bold” mean that the values are statistically significant.

Relationships among burnout,
procrastination and GAEs

Correlations among burnout, procrastination and GAEs

are shown in Table 3. There was a significant positive

correlation between procrastination and burnout among

the CMU after adjusting for age, major, online learning

equipment and all other covariates. Procrastination and burnout

positively and negatively correlated with negative academic

emotions, respectively.

The associations of burnout and its components with

procrastination and GAEs are presented in Table 4. Binary

logistic regression showed that burnout and its components

significantly decreased with an increase of positive academic

emotions and procrastination, and increased with higher levels

of negative academic emotions.

Mediating roles of GAEs

Table 5 shows themediating effects of GAEs. Procrastination

had positive associations with NAEs and NDEs, and negative

associations with PAEs and PDEs (path a). NAEs and NDEs

positively correlated with burnout, while PAEs and PDEs

showed the opposite correlation (path b). When procrastination

and GAEs were simultaneously entered into the regression

model, NAEs (95% CI: 0.092–0.142), PAEs (95% CI: 0.121–

0.195), NDEs (95% CI: 0.261–0.342) and PDEs (95% CI: 0.095–

0.166) mediated the direct effects (0.553–0.436, 0.394, 0.300

and 0.131 respectively, after adjusting for all covariates (path

c’). The contributions (as mediators) of GAEs to burnout and

procrastination (path c) were 21.16% (NAEs), 29.75% (PAEs),

54.25% (NDEs) and 23.69% (PDEs).

Discussion

In today’s unprecedented COVID-19 pandemic era,

quarantine measures, which have been used effectively for

centuries to slow the transmission of infection, have been

implemented worldwide. Due to the high concentration of

students and frequent social activities on campus, universities

around the world have closed campuses and implemented

online curricula and digital learning (54). Lockdown, isolation

and social distancing effectively controlled the epidemic, but

have had a detrimental impact on students’ mental health

(especially on medical undergraduates whose major emphasizes

practice) (55). In the present study, we first discussed the

positive correlation between procrastination and burnout and

demonstrated mediating effects of GAEs. The mediating effect

of NDEs was the most significant among all GAEs; due to

the significant change in the learning environment, medical

undergraduates’ procrastination led to more serious burnout

in association with major uncertainties and anxiety. In turn,

this may undermine academic performance and psychological

health. We also found that gender, location, online learning

duration and equipment preferences, and academic year were

associated with mental health and GAEs.

The prevalence of burnout differs by gender among medical

professions (56). Female medical professionals suggested suffer

more from burnout, due to discriminative behavior from

patients, occupational biases or gendered macro-aggressions

(57–59). However, an investigation assessing the frequency

of psychological distress among physician residents showed

that, whereas female residents were more likely to suffer from

anxiety and depression, male residents were more vulnerable

to burnout (60). It seems that, during training and earlier

career stages, male medical undergraduates may suffer more

from burnout, which were similar to the result of present

study. The question is, why female medical professionals suffer

more from burnout later in their careers? Whether burnout

among female medical professionals should be labeled as a

“workplace” or “occupational” characteristic also merits further

study (61, 62). Regarding the influence of switching to the

online learning environment, we found that rural medical

undergraduates reported higher burnout and procrastination

levels. This might be related to online learning equipment

proficiency and quality, barriers to accessing learning resources,
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TABLE 4 The relations of burnout, delay and GAEs by using binary logistic regressions.

Variables Burnout Exhaustion Cynicism Professional efficacy

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

NAEs Low (ref.) 1.00 1.00 1.00 1.00

Relatively low 5.04*** (3.125, 8.131) 3.48*** (2.151, 5.643) 4.86*** (3.017, 7.838) 3.71*** (2.508, 5.476)

Relatively high 18.86*** (11.517, 30.893) 15.66*** (9.271, 25.463) 11.03*** (6.828, 17.811) 7.13*** (4.729, 10.762)

High 19.01*** (11.679, 30.938) 22.28*** (13.640, 36.397) 11.48*** (7.141, 11.456) 4.49*** (3.041, 6.639)

PAEs Low (ref.) 1.00 1.00 1.00 1.00

Relatively low 0.19*** (0.112, 0.325) 0.34*** (0.222, 0.514) 0.29*** (0.192, 0.449) 0.42*** (0.247, 0.708)

Relatively high 0.50*** (0.030, 0.083) 0.18*** (0.122, 0.270) 0.11*** (0.073, 0.166) 0.12*** (0.075, 0.192)

High 0.12*** (0.007, 0.022) 0.06*** (0.039, 0.096) 0.05*** (0.028, 0.073) 0.01*** (0.006, 0.020)

NDEs Low (ref.) 1.00 1.00 1.00 1.00

Relatively low 8.94*** (4.423, 18.055) 3.66*** (2.108, 6.353) 6.77*** (3.504, 13.095) 6.28*** (4.058, 9.707)

Relatively high 58.95*** (29.251, 118.810) 20.50*** (11.991,35.037) 25.23*** (13.262,48.015) 13.04*** (8.338, 20.380)

High 218.35*** (101.984, 467.506) 83.33*** (45.752, 151.787) 104.62*** (53.028, 206.415) 15.82*** (10.025, 24.965)

PDEs Low (ref.) 1.00 1.00 1.00 1.00

Relatively low 0.23*** (0.143, 0.384) 0.50*** (0.336, 0.750) 0.35*** (0.236, 0.521) 0.41*** (0.239, 0.703)

Relatively high 0.06*** (0.037, 0.100) 0.21*** (0.137, 0.311) 0.17*** (0.112, 0.255) 0.08*** (0.050, 0.141)

High 0.02*** (0.010, 0.031) 0.02*** (0.046, 0.114) 0.08*** (0.050, 0.124) 0.01*** (0.004, 0.016)

Procrastination Low (ref.) 1.00 1.00 1.00 1.00

Relatively low 5.22*** (2.998, 9.103) 3.47*** (2.120, 5.658) 4.09*** (2.297, 7.264) 5.23*** (3.383, 8.075)

Relatively high 21.47*** (12.468, 36.964) 9.86*** (6.148, 15.809) 14.53*** (8.392, 25.159) 12.58*** (8.097, 19.558)

High 85.11*** (46.283,156.523) 44.56*** (26.112, 76.038) 60.87*** (33.660, 110.093) 15.18*** (9.639, 23.911)

***P < 0.001; Results were all controlled by the covariates; SD, standard deviations; GAEs, general academic emotions; NAEs, negative activating emotions; PAEs, positive activating

emotions; NDEs, negative deactivating emotions; PDEs, positive deactivating emotions.

TABLE 5 The mediating role of GAEs on the associations between procrastination and burnout.

Mediators c a b c’ Mediation (a*b) 95%CI

NAEs 0.553*** 0.848*** 0.138*** 0.436*** 0.117* 0.092–0.142

PAEs 0.553*** −0.594*** −0.268*** 0.394*** 0.159* 0.121–0.195

NDEs 0.553*** 1.012*** 0.297*** 0.253*** 0.300* 0.261–0.342

PDEs 0.553*** −0.247*** −0.532*** 0.422*** 0.131* 0.095–0.166

*P < 0.05, ***P < 0.001; Results were all controlled by the covariates; SD, standard deviations; GAEs, general academic emotions; NAEs, negative activating emotions; PAEs, positive

activating emotions; NDEs, negative deactivating emotions; PDEs, positive deactivating emotions. a, associations of procrastination with GAEs; b, associations of GAEs with burnout; c’,

association between procrastination and burnout after adding GAEs as mediators; 95%CI were calculated by bootstrap method.

and interference with learning by anxiety regarding peer

competition. Furthermore, medical undergraduates who spent

< 30 h studying online per week had higher levels of

burnout and procrastination. Medical undergraduates who

devoted less time to learning online were more likely

to have psychological problems related to a lack of self-

control, uncertainty regarding learning goals and anxiety

about quarantine. In addition, desktop learning appeared to

cause the highest level of procrastination, such that medical

undergraduates preferred using mobile devices to study during

the pandemic.

Lockdown, quarantine measures and social distancing have

had detrimental effects on the mental health of medical

undergraduates, leading to dramatically increased levels of

depression, anxiety and stress (63, 64). We also found positive

correlations of burnout with procrastination and negative

learning-related emotions. Moreover, NDEs showed the highest

correlations with burnout and procrastination among all

academic emotions, indicating that the medical undergraduates

felt confusion and helplessness when trying to learn during

the pandemic. In terms of deactivating emotions, female

undergraduates and those from rural areas felt more helpless

and scared than urban undergraduates. Pekrun pointed out

that academic emotions encompass all emotional experiences

that a person may experience during the life course (44).

Medical undergraduates are already under high academic
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and social pressure, which can cause procrastination (32).

Major events, such as the COVID-19 pandemic, might trigger

learning anxiety, boredom in association with homework,

loss of interest in learning or no expectation of success in

examinations, or even professional identity and professionalism

among medical undergraduates.

We studied the mediating role of academic emotions

and confirmed our hypothesis, i.e., that academic emotions

suggested mediating effects with respect to procrastination

and anxiety. PAEs and PDEs reduced the correlation between

procrastination and burnout by 28.75 and 23.69% respectively.

Thus, the mediating role of PAEs was greater than that

of PDEs. NDEs explained 54.25% of the mediating effect,

which was not only higher than that explained by NAEs

(21.16%), but also higher than all other GAEs. This indicated

that medical undergraduates’ worries about uncertainties of

the learning environment, including pessimism about their

academic prospects and low interest in learning, were most

prominent when engaged in distance learning in the context

of the COVID-19 pandemic. According to Pekrun (44),

NDEs reflect undergraduates’ uncertainty about outcomes,

loss of control, and feelings of powerlessness regarding the

learning process associated with increased telecommunication,

perceptual barriers, and a lack of self-regulation or external

regulation of learning (46, 50). In addition to further verifying

Pekrun’s theory, we also found that, as negative emotions

heightened, the overall risk of burnout increased. Thus,

without timely intervention, negative academic emotions might

exacerbate academic burnout.

There were several limitations to the present study.

The participants were all from CMU, which might reduce

the representativeness and generalizability of our results.

Also, the results may have been affected by recall bias and

survey-driven self-selection bias. Other potential factors,

such as high homework loads, challenging exams, lack of

role models may also contribute to medical undergraduates’

stress and procrastination, that were worthy of further

discussion. Analysis of pre-epidemic data would have

enhanced the usefulness of our study, along with follow-

up. Balancing pandemic prevention measures with the

protection of medical undergraduates’ physical and mental

health is an urgent issue. The present study provides

empirical evidence regarding how to identify targets for,

and formulate, intervention strategies for Chinese medical

undergraduates while simultaneously preventing the spread

of COVID-19.

Conclusions

In summary, the current results highlighted the

correlation between burnout and procrastination with

the mediating role of general academic emotions among

medical undergraduates. In the context of COVID-

19, this study profoundly identified the emotional

maladjustment and confusion of medical undergraduates

in response to changes in their learning environment.

Our findings provide a practical basis for further

accurate optimization of online teaching environment,

improvement of teaching evaluation methods, promotion

of medical undergraduates’ anxiety, stress and depression

management, in terms of improving mental health of

medical undergraduates.

Data availability statement

The datasets presented in this study can be found in

online repositories. The names of the repository/repositories

and accession number (s) can be found in the

article/Supplementary material.

Ethics statement

The studies involving human participants were reviewed

and approved by the Human Research Ethics Committee of

China Medical University. The patients/participants provided

their written informed consent to participate in this study.

Author contributions

ND and DW substantially contributed to the conception

and design of the research. ZC contributed to recruit volunteers

and RC helped with the data acquisition. RQ analyzed the

data, interpreted the results, and prepared the initial draft of

the manuscript. The double check with the dataset was carried

out by XS. ND, HL, and YZ critically reviewed the manuscript

and gave advice for modifications. HL, ND, and DW worked

for the final approval of the version of the manuscript to be

published. All authors contributed to the article and approved

this submitted version.

Funding

This study was supported by the First batch of the 14th Five-

Year Medical Education Scientific Research Project of China

Medical University (YDJK20211051) and China Postdoctoral

Science Foundation (2021MD703900).

Acknowledgments

We would like to thank all the participants who filled in

the questionnaire with patient and responsibility. And we also

would like to express their gratitude to EditSprings for the expert

linguistic services provided.

Frontiers in PublicHealth 08 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1011801
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Qu et al. 10.3389/fpubh.2022.1011801

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.1011801/full#supplementary-material

References

1. Sigdel S, Ozaki A, Dhakal R, Pradhan B, Tanimoto T. Medical education
in Nepal: impact and challenges of the COVID-19 pandemic. Acad Med. (2021)
96:340–2. doi: 10.1097/ACM.0000000000003888

2. Wang Y, Yu R, Liu Y, Qian W. Students’ and teachers’ perspective on the
implementation of onlinemedical education in China: a qualitative study.AdvMed
Educ Pract. (2021) 12:895. doi: 10.2147/AMEP.S323397

3. Guragai M, Achanta A, Gopez AYO, Niyotwambaza J, Cardoso LG, Estavillo
NL, et al. Medical students’ response to the COVID-19 pandemic: experience
and recommendations from five countries. Perspect Biol Med. (2020) 63:623–
31. doi: 10.1353/pbm.2020.0051

4. Li L, Wu H, Ye X, Liu C, Wang W. Students’ initial perspectives on online
learning experience in China during the COVID-19 outbreak: expanding online
education for future doctors on a national scale. BMC Med Educ. (2021) 21:1–
10. doi: 10.1186/s12909-021-03005-y

5. Wang C, Wang W, Wu H. Association between medical students’
prior experiences and perceptions of formal online education developed in
response to COVID-19: a cross-sectional study in China. BMJ Open. (2020)
10:e041886. doi: 10.1136/bmjopen-2020-041886

6. Hong Z, Li N, Li D, Li J, Li B, Xiong W, et al. Telemedicine during the
COVID-19 pandemic: experiences fromWestern China. J Med Internet Res. (2020)
22:e19577. doi: 10.2196/19577

7. Rolak S, Keefe AM, Davidson EL, Aryal P, Parajuli S. Impacts and challenges
of United States medical students during the COVID-19 pandemic. World J Clin
Cases. (2020) 8:3136. doi: 10.12998/wjcc.v8.i15.3136

8. O’Doherty D, DromeyM, Lougheed J, HanniganA, Last J,McGrathD. Barriers
and solutions to online learning in medical education–an integrative review. BMC
Med Educ. (2018) 18:1–11. doi: 10.1186/s12909-018-1240-0

9. Svartdal F, Dahl TI, Gamst-Klaussen T, Koppenborg
M, Klingsieck KB. How study environments foster academic
procrastination: Overview and recommendations. Front Psychol. (2020)
2020:3005. doi: 10.3389/fpsyg.2020.540910

10. Jiang Z, Wu H, Cheng H, Wang W, Xie AN, Fitzgerald SR. Twelve tips
for teaching medical students online under COVID-19. Med Educ Online. (2021)
26:1854066. doi: 10.1080/10872981.2020.1854066

11. Zis P, Artemiadis A, Bargiotas P, Nteveros A, Hadjigeorgiou GM. Medical
studies during the COVID-19 pandemic: the impact of digital learning on medical
students’ burnout and mental health. Int J Environ Res Public Health. (2021)
18:349. doi: 10.3390/ijerph18010349

12. Maslach C, Schaufeli WB, Leiter MP. Job burnout. Annu Rev Psychol. (2001)
52:397–422. doi: 10.1146/annurev.psych.52.1.397

13. Karasek RA Jr. Job demands, job decision latitude, and mental strain:
implications for job redesign. Adm Sci Q. (1979) 24:285–308. doi: 10.2307/2392498

14. Al-Humadi S, Bronson B, Muhlrad S, Paulus M, Hong H, Cáceda R.
Depression, suicidal thoughts, and burnout among physicians during the COVID-
19 pandemic: a survey-based cross-sectional study.Acad Psychiatry. (2021) 45:557–
65. doi: 10.1007/s40596-021-01490-3

15. Dyrbye L, Shanafelt T. A narrative review on burnout experienced bymedical
students and residents.Med Educ. (2016) 50:132–49. doi: 10.1111/medu.12927

16. Kumar S. Burnout and doctors: prevalence, prevention and intervention.
Healthcare. (2016) 4:37. doi: 10.3390/healthcare4030037

17. Ishak W, Nikravesh R, Lederer S, Perry R, Ogunyemi D, Bernstein C.
Burnout in medical students: a systematic review. Clin Teach. (2013) 10:242–
5. doi: 10.1111/tct.12014

18. Frajerman A, Morvan Y, Krebs M-O, Gorwood P, Chaumette B. Burnout
in medical students before residency: a systematic review and meta-analysis. Eur
Psychiatry. (2019) 55:36–42. doi: 10.1016/j.eurpsy.2018.08.006

19. Bianchi R, Schonfeld IS, Laurent E. Burnout–depression overlap: a review.
Clin Psychol Rev. (2015) 36:28–41. doi: 10.1016/j.cpr.2015.01.004

20. Gleason F, Baker SJ, Wood T, Wood L, Hollis RH, Chu DI, et al. Emotional
intelligence and burnout in surgical residents: a 5-year study. J Surg Educ. (2020)
77:e63–70. doi: 10.1016/j.jsurg.2020.07.044

21. Burr J, Beck Dallaghan GL. The relationship of emotions and burnout
to medical students’ academic performance. Teach Learn Med. (2019) 31:479–
86. doi: 10.1080/10401334.2019.1613237

22. Gil-Calderón J, Alonso-Molero J, Dierssen-Sotos T, Gómez-Acebo I, Llorca
J. Burnout syndrome in Spanish medical students. BMC Med Educ. (2021)
21:231. doi: 10.1186/s12909-021-02661-4

23. Thun-Hohenstein L, Höbinger-Ablasser C, Geyerhofer S, Lampert K,
Schreuer M, Fritz C. Burnout in medical students. Neuropsychiatr. (2021) 35:17–
27. doi: 10.1007/s40211-020-00359-5

24. Harries AJ, Lee C, Jones L, Rodriguez RM, Davis JA, Boysen-Osborn M,
et al. Effects of the COVID-19 pandemic on medical students: a multicenter
quantitative study. BMC Med Educ. (2021) 21:14. doi: 10.1186/s12909-020-
02462-1

25. Pinho RDNL, Costa TF, Silva NM, Barros-Areal AF, Salles AM, Oliveira
AP, et al. Mental health and burnout syndrome among postgraduate students
in medical and multidisciplinary residencies during the COVID-19 pandemic
in Brazil: protocol for a prospective cohort study. JMIR Res Protoc. (2021)
10:e24298. doi: 10.2196/24298

26. Klingsieck KB. Procrastination: when good things don’t come to those who
wait. Eur Psychol. (2013) 18:24. doi: 10.1027/1016-9040/a000138

27. Steel P. The nature of procrastination: a meta-analytic and theoretical
review of quintessential self-regulatory failure. Psychol Bull. (2007)
133:65. doi: 10.1037/0033-2909.133.1.65

28. Day V, Mensink D, O’Sullivan M. Patterns of academic procrastination.
J Coll Reading Learn. (2000) 30:120–34. doi: 10.1080/10790195.2000.108
50090

29. Ferrari JR, Diaz-Morales JF, O’Callaghan J, Diaz K, Argumedo D. Frequent
behavioral delay tendencies by adults: international prevalence rates of chronic
procrastination. J Cross Cult Psychol. (2007) 38:458–64. doi: 10.1177/00220221073
02314

30. Schouwenburg, H. C. (2004). “Procrastination in academic settings:
General introduction” in Counseling the Procrastinator in Academic
Settings, eds H. C. Schouwenburg, C. H. Lay, T. A. Pychyl, and J. R.
Ferrari (American Psychological Association), 3–17. doi: 10.1037/108
08-001

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1011801
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1011801/full#supplementary-material
https://doi.org/10.1097/ACM.0000000000003888
https://doi.org/10.2147/AMEP.S323397
https://doi.org/10.1353/pbm.2020.0051
https://doi.org/10.1186/s12909-021-03005-y
https://doi.org/10.1136/bmjopen-2020-041886
https://doi.org/10.2196/19577
https://doi.org/10.12998/wjcc.v8.i15.3136
https://doi.org/10.1186/s12909-018-1240-0
https://doi.org/10.3389/fpsyg.2020.540910
https://doi.org/10.1080/10872981.2020.1854066
https://doi.org/10.3390/ijerph18010349
https://doi.org/10.1146/annurev.psych.52.1.397
https://doi.org/10.2307/2392498
https://doi.org/10.1007/s40596-021-01490-3
https://doi.org/10.1111/medu.12927
https://doi.org/10.3390/healthcare4030037
https://doi.org/10.1111/tct.12014
https://doi.org/10.1016/j.eurpsy.2018.08.006
https://doi.org/10.1016/j.cpr.2015.01.004
https://doi.org/10.1016/j.jsurg.2020.07.044
https://doi.org/10.1080/10401334.2019.1613237
https://doi.org/10.1186/s12909-021-02661-4
https://doi.org/10.1007/s40211-020-00359-5
https://doi.org/10.1186/s12909-020-02462-1
https://doi.org/10.2196/24298
https://doi.org/10.1027/1016-9040/a000138
https://doi.org/10.1037/0033-2909.133.1.65
https://doi.org/10.1080/10790195.2000.10850090
https://doi.org/10.1177/0022022107302314
https://doi.org/10.1037/10808-001
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Qu et al. 10.3389/fpubh.2022.1011801

31. Zacks S, Hen M. Academic interventions for academic
procrastination: a review of the literature. J Prev Interv Community. (2018)
46:117–30. doi: 10.1080/10852352.2016.1198154

32. Jia J, Wang L-L, Xu J-B, Lin X-H, Zhang B, Jiang Q. Self-handicapping
in chinese medical students during the covid-19 pandemic: the role of
academic anxiety, procrastination and hardiness. Front Psychol. (2021)
12:741821. doi: 10.3389/fpsyg.2021.741821

33. Chun Chu AH, Choi JN. Rethinking procrastination: positive effects of
“active” procrastination behavior on attitudes and performance. J Soc Psychol.
(2005) 145:245–64. doi: 10.3200/SOCP.145.3.245-264

34. Peixoto EM, Pallini AC, Vallerand RJ, Rahimi S, SilvaMV. The role of passion
for studies on academic procrastination and mental health during the COVID-19
pandemic. Soc Psychol Educ. (2021) 24:877–93. doi: 10.1007/s11218-021-09636-9

35. Artino Jr AR, Dong T, DeZee KJ, Gilliland WR, Waechter DM,
Cruess D, et al. Achievement goal structures and self-regulated learning:
relationships and changes in medical school. Acad Med. (2012) 87:1375–
81. doi: 10.1097/ACM.0b013e3182676b55

36. Schindler A-K, Polujanski S, Rotthoff T, A. longitudinal investigation of
mental health, perceived learning environment and burdens in a cohort of first-
year German medical students’ before and during the COVID-19 ‘new normal’.
BMCMed Educ. (2021) 21:1–11. doi: 10.1186/s12909-021-02798-2

37. Tian J, Zhao J-y, Xu J-m, Li Q-l, Sun T, Zhao C-x, et al. Mobile
phone addiction and academic procrastination negatively impact academic
achievement among Chinese Medical Students. Front Psychol. (2021)
12:758303. doi: 10.3389/fpsyg.2021.758303

38. Hayat AA, Kojuri J, Mitra Amini M. Academic procrastination of
medical students: the role of internet addiction. J Adv Med Educ Prof. (2020)
8:83. doi: 10.30476/JAMP.2020.85000.1159

39. Geng Y, Gu J, Wang J, Zhang R. Smartphone addiction and depression,
anxiety: the role of bedtime procrastination and self-control. J Affect Disord. (2021)
293:415–21. doi: 10.1016/j.jad.2021.06.062

40. Freyhofer S, Ziegler N, De Jong E, Schippers MC. Loneliness, depression,
and anxiety in times of COVID-19: How coping strategies and loneliness relate
to mental health outcomes and academic performance. Front Psychol. (2021)
4745:684. doi: 10.3389/fpsyg.2021.682684

41. MacCann C, Jiang Y, Brown LE, Double KS, Bucich M, Minbashian A.
Emotional intelligence predicts academic performance: a meta-analysis. Psychol
Bull. (2020) 146:150. doi: 10.1037/bul0000219

42. Tan J, Mao J, Jiang Y, Gao M. The influence of academic emotions on
learning effects: a systematic review. Int J Environ Res Public Health. (2021)
18:9678. doi: 10.3390/ijerph18189678

43. Hayat AA, Shateri K, Amini M, Shokrpour N. Relationships between
academic self-efficacy, learning-related emotions, and metacognitive learning
strategies with academic performance in medical students: a structural
equation model. BMC Med Educ. (2020) 20:1–11. doi: 10.1186/s12909-020-0
1995-9

44. Pekrun R. The control-value theory of achievement emotions:
Assumptions, corollaries, and implications for educational research and
practice. Educ Psychol Rev. (2006) 18:315–41. doi: 10.1007/s10648-006-
9029-9

45. Ryan MS, Holmboe ES, Chandra S. Competency-based medical education:
considering its past, present, and a post–COVID-19 era. AcadMed. (2022) 97:S90–
S7. doi: 10.1097/ACM.0000000000004535

46. Mohammadi Bytamar J, Saed O, Khakpoor S. Emotion regulation
difficulties and academic procrastination. Front Psychol. (2020)
11:524588. doi: 10.3389/fpsyg.2020.524588

47. Diotaiuti P, Valente G, Mancone S, Bellizzi F. A mediating
model of emotional balance and procrastination on academic
performance. Front Psychol. (2021) 4493:665196. doi: 10.3389/fpsyg.2021.
665196

48. Liu Y, Cao Z. The impact of social support and stress on academic
burnout among medical students in online learning: the mediating role of
resilience. Front Public Health. (2022) 10:938132. doi: 10.3389/fpubh.2022.
938132

49. Lu D, He Y, Tan Y. Gender, socioeconomic status, cultural differences,
education, family size and procrastination: a sociodemographic meta-analysis.
Front Psychol. (2022) 12:719425. doi: 10.3389/fpsyg.2021.719425

50. Pekrun R, Goetz T, Titz W, Perry RP. Academic emotions in students’ self-
regulated learning and achievement: a program of qualitative and quantitative
research. Educ Psychol. (2002) 37:91–105. doi: 10.1207/S15326985EP3702_4

51. Pekrun R, Elliot AJ, Maier MA. Achievement goals and discrete achievement
emotions: a theoretical model and prospective test. J Educ Psychol. (2006)
98:583. doi: 10.1037/0022-0663.98.3.583

52. Wang D, Li S, Hu M, Dong D, Tao S. Negative academic emotion
and psychological well-being in Chinese rural-to-urban migrant adolescents:
Examining the moderating role of cognitive reappraisal. Front Psychol. (2017)
8:1312. doi: 10.3389/fpsyg.2017.01312

53. Mediation M and Conditional Process Analysis: A regression-based
approach. New York, NY: the guilford press. J Educ Meas. (2014) 51:335–
7. doi: 10.1111/jedm.12050

54. Mheidly N, Fares MY, Fares J. Coping with stress and burnout associated
with telecommunication and online learning. Front Public Health. (2020)
8:574969. doi: 10.3389/fpubh.2020.574969

55. Kilic R, Nasello JA, Melchior V, Triffaux JM. Academic burnout among
medical students: respective importance of risk and protective factors. Public
Health. (2021) 198:187–95. doi: 10.1016/j.puhe.2021.07.025

56. Dyrbye LN, West CP, Sinsky CA, Trockel M, Tutty M, Satele D,
et al. Physicians’ experiences with mistreatment and discrimination by patients,
families, and visitors and association with burnout. JAMA Network Open. (2022)
5:e2213080-e. doi: 10.1001/jamanetworkopen.2022.13080

57. Kaltiainen J, Hakanen J. Changes in occupational well-being during COVID-
19: the impact of age, gender, education, living alone, and telework in a
Finnish four-wave population sample. Scand J Work Environ Health. (2022)
48:4033. doi: 10.5271/sjweh.4033

58. Lund S, D’Angelo JD, Jogerst K, Warner SG, Busch R, D’Angelo A-LD.
Revealing hidden experiences: gendered microaggressions and surgical faculty
burnout. Surgery. (2022). doi: 10.1016/j.surg.2022.04.032

59. Hiemstra LA, Kerslake S, ClarkM, Temple-Oberle C, Boynton E. Experiences
of Canadian female orthopaedic surgeons in the workplace: defining the barriers to
gender equity. JBJS. (2022) 104:1455–61. doi: 10.2106/JBJS.21.01462

60. de Mélo Silva Júnior ML, Valença MM, Rocha-Filho PAS. Individual
and residency program factors related to depression, anxiety and burnout
in physician residents–a Brazilian survey. BMC Psychiatry. (2022) 22:1–
10. doi: 10.1186/s12888-022-03916-0

61. Madrigal J, Rudasill S, Tran Z, Bergman J, Benharash P. Sexual
and gender minority identity in undergraduate medical education:
impact on experience and career trajectory. PLoS ONE. (2021)
16:e0260387. doi: 10.1371/journal.pone.0260387

62. Hammoud MM, Appelbaum NP, Wallach PM, Burrows HL,
Kochhar K, Hemphill RR, et al. Incidence of resident mistreatment in
the learning environment across three institutions. Med Teach. (2021)
43:334–40. doi: 10.1080/0142159X.2020.1845306

63. Stevens C, Zhang E, Cherkerzian S, Chen JA, Liu CH. Problematic
internet use/computer gaming among US college students: prevalence and
correlates with mental health symptoms. Depress Anxiety. (2020) 37:1127–
36. doi: 10.1002/da.23094

64. Mortier P, Vilagut G, Ferrer M, Serra C, Molina JD, López-Fresneña N,
et al. Thirty-day suicidal thoughts and behaviors among hospital workers during
the first wave of the Spain COVID-19 outbreak. Depress Anxiety. (2021) 38:528–
44. doi: 10.1002/da.23129

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1011801
https://doi.org/10.1080/10852352.2016.1198154
https://doi.org/10.3389/fpsyg.2021.741821
https://doi.org/10.3200/SOCP.145.3.245-264
https://doi.org/10.1007/s11218-021-09636-9
https://doi.org/10.1097/ACM.0b013e3182676b55
https://doi.org/10.1186/s12909-021-02798-2
https://doi.org/10.3389/fpsyg.2021.758303
https://doi.org/10.30476/JAMP.2020.85000.1159
https://doi.org/10.1016/j.jad.2021.06.062
https://doi.org/10.3389/fpsyg.2021.682684
https://doi.org/10.1037/bul0000219
https://doi.org/10.3390/ijerph18189678
https://doi.org/10.1186/s12909-020-01995-9
https://doi.org/10.1007/s10648-006-9029-9
https://doi.org/10.1097/ACM.0000000000004535
https://doi.org/10.3389/fpsyg.2020.524588
https://doi.org/10.3389/fpsyg.2021.665196
https://doi.org/10.3389/fpubh.2022.938132
https://doi.org/10.3389/fpsyg.2021.719425
https://doi.org/10.1207/S15326985EP3702_4
https://doi.org/10.1037/0022-0663.98.3.583
https://doi.org/10.3389/fpsyg.2017.01312
https://doi.org/10.1111/jedm.12050
https://doi.org/10.3389/fpubh.2020.574969
https://doi.org/10.1016/j.puhe.2021.07.025
https://doi.org/10.1001/jamanetworkopen.2022.13080
https://doi.org/10.5271/sjweh.4033
https://doi.org/10.1016/j.surg.2022.04.032
https://doi.org/10.2106/JBJS.21.01462
https://doi.org/10.1186/s12888-022-03916-0
https://doi.org/10.1371/journal.pone.0260387
https://doi.org/10.1080/0142159X.2020.1845306
https://doi.org/10.1002/da.23094
https://doi.org/10.1002/da.23129
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The mediating role of general academic emotions in burnout and procrastination among Chinese medical undergraduates during the COVID-19 pandemic: A cross-sectional study
	Introduction
	Methods
	Study design and procedure
	Demographic variables
	Measurement of burnout
	Measurement of procrastination
	Measurement of GAEs
	Statistical analysis
	Rigor

	Results
	Participant characteristics
	GAEs
	Burnout and procrastination levels
	Relationships among burnout, procrastination and GAEs
	Mediating roles of GAEs

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


