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Purpose: After a year of the COVID-19 pandemic, countries have repeatedly imposed strict 
quarantine regimes as the virus mutates and becomes more contagious. Medical under-
graduate education has been disrupted and transformed into prolonged home isolation and 
online learning. Although studies have reported that the COVID-19 pandemic tends to 
increase perceived stress (PS) and affect the mental health of medical students, the influen-
cing factors are unclear. Therefore, based on the stress process model, this study will 
comprehensively evaluate the distribution of stressors of medical students and explore the 
personal and environmental predictors of PS during the epidemic.
Participants and Methods: An online survey was conducted among medical students 
(n=369) from three medical universities in western China who engaged in online learning. 
A stress process conceptual framework was formed to explore the influencing factors of PS. 
The survey items contained four sections: (a) the potential stressors derived from academic, 
psychosocial and health-related demands; coping resources such as (b) online learning 
environment support and (c) personal resilience, including online learning behavior and 
individual characteristics; and (d) PS, perception of imbalanced demands and coping 
resources.
Results: The mean PS score was 17.39 (SD=4.58), and over four-fifths (82.3%) of the 
students had moderate to high levels of stress. The average item scores of academic, 
psychosocial and health-related stressors were 2.72 (SD=0.55), 2.31 (SD=0.55) and 2.07 
(SD=0.50), respectively. Gender, grade, psychosocial stressors, health-related stressors, spe-
cific online learning behavior (persistence, attitude and flexibility), and the online learning 
environment (teaching, social and cognitive presence) were predictors of PS.
Conclusion: Our results specify that a reduction in psychological and health-related stressor 
stimulation, specific online learning behavior promotion, and well-established online learn-
ing environment support could be considered essential for alleviating the negative impacts of 
COVID-19 on the psychosocial health of medical undergraduates.
Keywords: perceived stress, stressor, learning behavior, learning environment, COVID-19

Introduction
Due to the global COVID-19 outbreak, undergraduate students from Chinese 
universities were quarantined at home, face-to-face teaching has been suspended 
since late February, and courses have moved entirely online according to the 
requirements of the Ministry of Education (MOE).1 Because of their strong self- 
awareness of hygienic habits, social isolation and professional courses, medical 
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students were more vulnerable to the negative effects of 
these public health emergencies and showed higher levels 
of perceived stress (PS) compared to the general learning 
period.2

PS is defined as a condition or feeling experienced 
when a person perceives that the demands exceed the 
personal and coping resources the individual can 
mobilize.3 Facing extreme changes in study habits and 
living styles, the current PS among medical students 
could therefore be understood as an imbalance between 
their living and online learning needs during the COVID- 
19 pandemic and the existing social support and resources 
of individuals’ capabilities to respond.4 The modified 
stress model conducted for medical students identified 
the direct effects of personal resources (eg optimism, resi-
lient coping, etc.) on perceived stress and indirect effects 
on stress reactions (eg depression, anxiety, etc.).5 Serval 
studies also revealed that prolonged periods of high levels 
of PS strongly affect mental health and also have unfavor-
able effects on academic performance.5–8

In the absence of COVID-19, given the strikingly 
higher proportion of stress among undergraduate medical 
students compared to the age-matched general popula-
tion and students in other academic fields, Western and 
Asian studies have assessed PS and explored the poten-
tial stressors for improving students’ stress and mental 
health.9,10 Generally, medical students’ main stressors 
can be classified into three groups: academic pressure, 
psychosocial issues and health-related stressors.11,12 In 
other words, these sources of stress could be considered 
to be the students’ unmet needs from learning, psycho-
social and healthy aspects.13 Although interventions have 
been developed based on the identified stressors, the 
leading stressors also vary across cultural backgrounds 
and learning environments.14,15 A large sampled survey 
across 12 nations found that parental expectations as 
a key stressor among medical students from India.15 

Financial instability in the family would be more likely 
reported as a stressor in high-income group countries, 
such as Portugal, Italy and Poland, while performance in 
examinations was the main stressor in Chinese 
students.15,16 Before the COVID-19 pandemic, online 
learning has been growing steadily worldwide over the 
past 20 years resulting in a significant change in the 
academic environment and the experience of stress 
among students.17 Keeping up with information is one 
of the most cited stressors in online education. Online 
educators and learners need to be available any time of 

the day via mobile phones and/or electronic mail.18 

Furthermore, the students are exposed to unique stres-
sors, such as the diversity in using social media and 
acceptance of ever-changing technology to enable flex-
ible learning, independent learning, and participation in 
online communities.19,20 Therefore, it is necessary to 
include the influence of cultures and social backgrounds 
on the PS of the target student group in future studies.

Currently, the COVID-19 pandemic represents the 
most universal shared stressor threatening health, is more 
serious, and may indirectly increase students’ PS through 
the negative effects on learning behavior, attitude and 
online education.21 A review showed that the intense 
shift to online learning during the outbreak may lead to 
increased PS because of increased on-screen time.22 

A study in Saudi Arabia stated that long-term COVID-19 
quarantine may cause 56.2% of all medical students to 
decrease the time they spend studying.23 Medical students 
with a higher level of severe stress were reported to prefer 
face-to-face classes rather than the current online learning 
and have trouble with time management.24 Learning envir-
onmental barriers to online education, such as the absence 
of practice and inadequate online learning material, con-
tribute to students’ stressed emotions.25 It is worth noting 
that both developed and developing countries faced an 
enormous challenge, due to the unprecedented circum-
stances of COVID-19 and conversion from lectures or 
tutorials to online learning.26 Medical students (29.8%) 
from Japan reported concerns about the shift toward online 
education, as they thought online education could have 
been ineffective compared with in-person learning.27 

More than half of medical students (56.3%) from Libya 
disagreed that online learning better than traditional teach-
ing methods during the COVID-19 pandemic.28 Although 
China plans to emphasized the building of online educa-
tion by 2025, according to a document jointly issued by 
the MOE which proposed the nationwide construction of 
first-class online medical courses, to ensure that online 
education resources are accessible to all students.29 

Recent literature has also pointed to 30% of Chinese 
medical students had no prior learning experiences with 
most of the online learning modes and 64.97% were low 
satisfaction with the ongoing online education as the sup-
port and service of platforms to be insufficient.30 In front 
of a sudden outbreak of the disease, however, might be too 
fast to create a proper online learning environment without 
a specific theoretical framework for meeting learning 
needs.31
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The Community of Inquiry framework (CoI) provides the 
basis for creating a learner-centered environment for online 
education, and the framework includes three core components 
that have been confirmed as considerable predictors of meet-
ing students’ learning experience and optimizing their aca-
demic performance in higher online medical education: 
teaching presence, social presence and cognitive 
presence.32,33 Since then, the CoI instrument has gradually 
developed based on the CoI framework and has been widely 
used to measure the online learning environment.33 However, 
compared with assessments the completion of the online 
learning program, the medical students’ needs and perception 
of the online learning environment have received less attention 
during the outbreak of the COVID-19 pandemic. Whether the 
learning environment can meet students’ needs and may con-
tribute to PS during isolation needs to be further investigated.

Public health emergencies could affect the PS among 
medical students in both direct and indirect ways by chan-
ging their needs, learning and lifestyles. Therefore, under-
standing the potential stressors and risk factors for PS to 

alleviate the negative impacts of public health emergencies 
on medical students to obtain candidate targets for pre-
ventive strategies will be very significant. This study 
hypothesized a conceptual framework (Figure 1) in 
which there is a change in terms of stressors among 
medical students before and after the full-scale switch to 
online learning due to the outbreak of the COVID-19 
pandemic, and the amount of PS is associated with indi-
vidual characteristics, behaviors and online learning envir-
onments. PS occurs when stressors (ie demands) go up, 
and resources (ie supports) go down, that is, demands 
overload. To verify the hypothesis, the present study 
sought (1) to investigate the level and sources of the stress 
experienced by Chinese undergraduate medical students 
due to online learning and (2) to identify the predictors 
related to why undergraduate medical students do not 
receive the necessary support. Focusing on the stressors 
and risk factors of PS among medical students in such 
a pandemic period is indispensable before developing 
adapted and targeted interventions to maintain good 

Figure 1 The conceptual framework to demonstrate the influencing factors of medical students’ perceived stress.
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mental health. This study would also strengthen the 
impacts of medical education and especially provide refer-
ences for better understanding online learning facilitators 
and barriers and creating innovative online teaching stra-
tegies among medical students.

Materials and Methods
Study Design, Setting and Sample
This Internet-based cross-sectional survey was conducted 
among students majoring in clinical medicine across three 
medical schools in Western China. The medical schools 
that participated in the study were free-standing health 
professional institutions and develop comprehensive 
online teaching plans. All clinical medicine students parti-
cipate in school curricula in the first 4 years and engage in 
one year of clinical practice in the fifth year. There are two 
learning phases in school curricula: (a) general skills and 
basic medical education in the first two years; (b) clinical 
medical knowledge education, from third-year to fourth- 
year study. A policy called “Suspend classes, no stop 
learning” was banned by MOE of China on February 1, 
2020. The majority of students, containing medical under-
graduates, involve in online learning at their own homes 
since late February. The times of getting back to school 
and the end times of online learning of these three 
involved medical schools varied. The participants meeting 
inclusion criteria were invited via convenience sampling to 
complete questionnaires two weeks before they got back to 
school. Inclusion criteria: Clinical medicine students who 
engaged in formal online learning at home. Exclusion 
criteria: (a) Students who were infected with COVID-19 
and (b) in the clinical practice stage without formal con-
tinuous online learning during the epidemic at the time of 
the survey.

A total of 756 medical students were invited via con-
venience sampling method and 403 students (53.31%) 
completed the questionnaires voluntarily. Invalid question-
naires with all options consistent (n=13) and completed 
questionnaires with response time less than 3 minutes 
(n=30) were eliminated and final samples were 369 ques-
tionnaires, with an effective sample rate of 91.5%. The 
sample size was computed by conducting linear multiple 
regression prior to power analysis using the G* Power 3.1 
software34 The required sample size was 191 based on an 
alpha error of 0.05, a power of 0.90, a medium effect size 
of 0.15 and an assumed number of tested predictors of 15.

Measurements
Demographics
Demographic information included the participants’ age, 
gender, year of study, GPA, monthly household income, 
network conditions, number of online courses, online 
learning time per day, prior online learning experiences, 
the inclination to online learning. GPA of the student, the 
mean of grades from weighted compulsory courses for 
previously taken by students throughout the preceding 
studies. Students could obtain their previous GPA and 
relevant ranking among all nursing students from the uni-
versity’s intranet network. GPA and GPA ranking were 
self-reported by participants. Students in the first 2 years 
of study are categorized as juniors, seniors are third-year 
to fourth-year study students.

Perceived Stress
PS was measured with the Perceived Stress Scale (PSS- 
10), which was developed by Cohen et al.35 The Chinese 
revised version scale showed good reliability and validity 
among Chinese undergraduates.36 It is a self-reported 
questionnaire that assessed PS over the past month. The 
scale included 6 negative items and 4 positive items that 
were scored ranging from 0 (never) to 4 (very often). For 
example, “In the last month, how often have you been 
upset because of something that happened unexpectedly?” 
“In the last month, how often have you felt that things 
were going your way?” The total score (0 to 40) was 
computed by reversing positive items’ scores and sum-
ming up all items’ scores. A higher score indicates 
a greater perception of stress. The total PS score was 
categorized as low (0~13 points), moderate (14~26 
points), and high (27~40 points).37 The Cronbach’s alpha 
of the scale in this study was 0.768.

Stressors
The potential stressors in this study were adapted from the 
Source of Stress Questionnaire applied to medical students 
in previous similar publications of Sreeramareddy et al and 
Gazzaz et al.11,38 There were 29 stressors listed, including 
academic-related stressors (10 items), psychosocial stres-
sors (11 items), and health-related stressors (8 items). For 
example, the items of academic-related stressors contained 
performance in examinations and practical, competition 
with peers and the vastness of the academic curriculum, 
etc. The sources of psychosocial stress included high par-
ental expectations, loneliness, worrying about the future, 
adjustment with families, etc. Sleeping difficulties, 
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physical disability, illness affecting academic performance, 
quality of food in mess, etc. played roles in health-related 
stress. We revised the item “political situation of the 
country” to “COVID-19 prevention and control situation 
of the country”. The occurrence frequency of each stressor 
was scored ranging from 1 (never) to 5 (always). The 
higher score indicates the higher frequency of stressors. 
The Cronbach’s alpha of the scale in this study was 0.920.

Online Learning Behavior
Online learning behavior was measured by the Chinese 
Undergraduate Students’ Online Learning Behaviour 
Questionnaire.39 It was adopted from Li-An’s40 e-learning 
behavior scale and Jin’s41 online learning behavior question-
naire. The questionnaire contained 22 items that were 
divided into 5 categories, including cooperation (eg interac-
tion with classmates and teachers, sharing with peers, invol-
vement, etc.), persistence (eg concentration, enthusiasm, and 
giving up), attitude (eg self-confidence, goal achievement, 
and initiative), online learning preference (eg network use 
and learning time), and flexibility (eg technology application 
and innovation). Items were scored ranging from 1 (strongly 
disagree) to 5 (strongly agree). Behavioral persistence refers 
to the degree of concentration in the online learning process. 
It was measured by negative items, such as “Once something 
else affects me, I can not concentrate on learning”, that is, 
a higher score of the item indicated less persistence. All other 
categories were positive items, such as the item of attitude 
category “I am very confident in learning by using the net-
work”. The scores of the negative item were reversed into 
positive item scores for analysis. The Cronbach’s alpha of the 
scale in this study was 0.912.

Online Learning Environment
The CoI instrument developed by Arbaugh et al,43 which has 
been widely used in the context of medical education, was 
used to measure the online learning environment.32,42,43 It 
has also shown good reliability and validity among Chinese 
undergraduate students.44 It contained 3 sections and 10 
subsections, including teaching presence (13 items), social 
presence (9 items) and cognitive presence (12 items). 
Teaching presence is interpreted as the role of teachers before 
and of the teaching, including course design and organiza-
tion, facilitation, and direct instruction. For example, “The 
instructor clearly communicated important subject topics”. 
Social presence refers to the ability to express oneself and 
establish social interactions among learning groups, includ-
ing affective expression, open communication, and group 

cohesion such as “Online discussions help me to develop 
a sense of collaboration”. Cognitive presence outlines the 
establishment of critical and higher-order thinking during the 
following four stages of the inquiry learning process: trigger-
ing event, exploration, integration, and resolution, eg “I can 
describe ways to test and apply the knowledge created in this 
subject”. Items were scored ranging from 1 (strongly dis-
agree) to 5 (strongly agree). The higher score indicates the 
better online learning environment created for students. The 
Cronbach’s alpha of the scale in this study was 0.969.

Data Collection
The study was conducted in accordance with the Declaration 
of Helsinki and approved by the Ethics Committee of 
Chongqing Medical University.The questionnaires were dis-
tributed to participants using Survey Monkey® (https://sur 
veymonkey.com). The data collection in every medical 
school remained open for two weeks. We designed local 
covering emails to encourage medical students to participate 
in the survey and sent reminders at intervals. The purpose of 
the study was explained to the participants before their enrol-
ment. Participation was anonymous, and students’ responses 
did not affect the teacher’s evaluation of students’ perfor-
mance. All students volunteered to participate in the survey 
and signed an informed consent form on the first page of the 
questionnaire. The questionnaires used unified instructions, 
and all questions were required to be answered before sub-
mission. To ensure data quality, the same IP address can be 
answered only once.

Data Analysis
SPSS version 23.0 was used for data analysis. A descriptive 
analysis of the variables was performed using percentages 
for dichotomous variables and means (M) and standard 
deviation (SD) for continuous variables. The correlation 
among continuous variables was assessed by Pearson’s lin-
ear correlation. The independent sample t-test and one-way 
ANOVA test were used to examine the mean differences in 
PS between demographic variables. Multiple linear regres-
sion analyses were then used to determine the predictors of 
PS. We defined PS as the dependent variable and the sub- 
dimensions of stressors, online learning behavior and envir-
onment as independent variables. The statistically significant 
demographic variables in the univariate analysis were also 
entered into the linear regression analysis and analyzed using 
dummy variables. The multivariate linear regression analysis 
model fit was tested by model residual and normal prob-
ability graphs. A significant two-tailed ɑ value was 0.05.
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Results
Demographic Characteristics of 
Participants
Of 369 medical students, the mean age was 20.20 (SD=1.41) 
with a range from 18 to 28. 189 (51.2%) were junior students 
and 180 (48.8%) were seniors. Nearly two-thirds of students 
had a GPA ranked in the top 50%, and only 26 (7.05%) had 
a GPA ranked in the last 25%. 330 (89.43%) of students 
thought that the proportion of online learning should be less 
than 50% while 39 (10.57%) held the opposite view. 219 
(59.3%) female students had a higher mean PS score than 
that of 150 (40.65%) males, and the difference was reported 
to be significant (t= −3.709, P< 0.001). Students who often or 
always attended online learning previously had lower mean 

PS scores and the difference was statistically significant (t= 
−2.890, P=0.004). Additionally, the mean difference in PS 
was found to be significant for grade (t=2.256, P< 0.05) and 
the number of online courses (t= 2.161, P< 0.05). The results 
are shown in Table 1.

Medical Students‘ Responses to Stressors
Figure 2 illustrates that academic stressors were mainly 
derived from terms of performance in examinations and prac-
tical, competition with peers and the vastness of the academic 
curriculum. Psychosocial stressors were mainly manifested in 
the three aspects of worrying about the future, family financial 
instability and high parental expectations. Last, 10.57% of 
students often felt stressed about the COVID-19 prevention 

Table 1 Demographic Characteristics of Participants and the Mean Difference in Perceived Stress Between Demographic Variables

Variables Category N % Mean SD t/F P

Gender Male 150 40.65 1.63 0.48 −3.709 <0.001

Female 219 59.35 1.81 0.43

Age <20 years 136 36.86 1.75 0.46 0.487 0.627

≥20 years 233 63.14 1.72 0.45

Grade Junior students 189 51.22 1.79 0.44 2.256 0.025

Senior students 180 48.78 1.68 0.48

GPA ranking Top 20% 94 25.47 1.72 0.49 0.547 0.650

21%～50% 139 37.67 1.73 0.44

51%～75% 110 29.81 1.78 0.45

Last 25% 26 7.05 1.69 0.45

Monthly household income (RMB, Yuan) <3000 143 38.75 1.79 0.45 1.837 0.067

≥3000 226 61.25 1.70 0.46

Network conditions Limited 113 30.62 1.79 0.42 1.557a 0.121

Unlimited 256 69.38 1.72 0.47

Number of online courses <8 243 65.85 1.78 0.41 2.161a 0.032

≥8 126 34.15 1.66 0.54

Online learning time <6h 199 53.93 1.73 0.47 −0.503 0.615

≥6h 170 46.07 1.75 0.44

Prior online learning experiences Often/always 130 35.23 1.65 0.45 −2.890 0.004

Less than often 239 64.77 1.79 0.45

Inclination to online learning Online courses > 50% 39 10.57 1.63 0.41 −1.521 0.129

Online courses ≤ 50% 330 89.43 1.75 0.46

Notes: aValues when equal variance not assumed.
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and control situation of the country. Among the sources of 
stress, the mean item scores of academic, psychosocial and 
health-related stressors were 2.72 (SD=0.55), 2.31 (SD=0.55), 
2.07 (SD=0.50), respectively (Figure 3C).

Descriptive Analysis and the Correlations 
of Continuous Variables
The mean total PS score in this study was 17.39 (SD=4.58) 
and over four-fifths (82.3%) ranked moderate to high 
(Figure 3A and B). For online learning behavior, persistence 
and attitude were reported to have relatively low scores with 

mean scores of 3.12 (SD=0.70) and 3.29 (SD=0.61), respec-
tively (Figure 3C). Concerning the online learning environ-
ment, social presence was ranked the lowest (M=3.43, 
SD=0.53), closely followed by the cognitive presence 
(M=3.45, SD = 0.54) (Figure 3C). Figure 3D demonstrates 
that three sources of stress (academic, psychosocial and 
health-related) and teaching, social and cognitive presence 
in the online learning environment were all positively asso-
ciated with PS (r >0, P<0.05). For online learning behavior, 
cooperation, persistence, attitude, preference and flexibility 
were negatively related to PS (r <0, P<0.05).

Figure 2 The medical students’ responses to stressors (N=369).
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Linear Regression Analysis
Table 2 indicates that gender (female, β= 0.156, P < 0.001) 
and grade (junior students, β= 0.108, P= 0.007) were 

positive predictors of PS. The persistence, attitude and 
flexibility of students’ online learning played a negative 
role in PS. Regarding sources of stress, psychosocial 

Figure 3 Descriptive analysis and the correlations of continuous variables included in the model. (A) Distribution of severity of PS. (B) Mean scores of PS. (C) Average item 
score of continuous variables included in the model. (D) The correlations of continuous variables included in the model, all the correlation coefficients were statistically 
significant (P<0.05). 
Abbreviations: TP, teaching presence; SP, social presence; CP, cognitive presence; PS, perceived stress.
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stressors (β= 0.212, P= 0.003) and health-related stressors 
(β= 0.166, P= 0.008) increased students’ PS. For the 
online learning environment, teaching presence (β= 
−0.140, P= 0.025) and social presence (β= −0.160, P= 
0.033) were significant and negative predictors correlated 
with PS. Additionally, the model revealed that cognitive 
presence (β= 0.259, P= 0.005) positively predicted PS. All 
the above predictors collectively accounted for 44.70% of 
the variance in PS (adjusted R2= 0.447).

Discussion
This study indicated that the majority of medical stu-
dents engaging in online learning during the COVID- 

19 outbreak experienced moderate to high levels of PS, 
most prominently in female and junior students. 
Although the level of PS among medical students in 
this study did less differentiated from that before the 
COVID-19 outbreak,45 the distribution of stressors var-
ied, psychosocial (P=0.003) and health-related stressors 
(P=0.008) significantly associated with the level of PS. 
Besides, the better persistence, attitude and flexibility 
of learning behavior, and greater teaching and social 
presence in the learning environment could alleviate 
students’ PS. Nevertheless, a higher PS was found to 
be related to a greater application of cognitive 
presence.

Table 2 Linear Regression Model Predicting Students’ Perceived Stress (N=369)

Model Unstandardized 
Coefficients

Standardized 
Coefficients

t P 95% CI

B SE β Lower Upper

Constant 2.122 0.218 – 9.718 <0.001 1.692 2.551

Gender (ref: Male)  

Female 0.145 0.037 0.156 3.911 <0.001 0.027 0.170

Number of online courses (ref: <8)  

≥8 −0.034 0.039 −0.035 −0.866 0.387 −0.110 0.043

Prior online learning experiences (ref: Often/ 

always)  
Less often 0.001 0.039 0.001 0.036 0.972 −0.075 0.078

Grade (ref: Senior students)  
Junior students 0.099 0.036 0.108 2.723 0.007 0.027 0.170

Cooperation −0.044 0.062 −0.050 −0.698 0.486 −0.166 0.079

Persistence −0.126 0.034 −0.193 −3.743 <0.001 −0.193 −0.060

Attitude −0.110 0.045 −0.146 −2.430 0.016 −0.199 −0.021

Preference 0.085 0.054 0.093 1.576 0.116 −0.021 0.191

Flexibility −0.150 0.071 −0.172 −2.102 0.036 −0.290 −0.010

Academic stressors 0.032 0.048 0.038 0.657 0.512 −0.063 0.127

Psychosocial stressors 0.177 0.058 0.212 3.027 0.003 0.062 0.291

Health related stressors 0.151 0.057 0.166 2.663 0.008 0.040 0.263

Teaching presence −0.124 0.055 −0.140 −2.250 0.025 −0.232 −0.016

Social presence −0.138 0.064 −0.160 −2.145 0.033 −0.265 −0.011

Cognitive presence 0.221 0.079 0.259 2.814 0.005 0.067 0.376

Notes: R= 0.685, R2=0.470, adjust R2=0.447.
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The Status of Perceived Stress and 
Stressors
The participants in this study reported moderate levels of 
PS, which was consistent with other studies regarding the 
level of PS of medical students during the COVID-19 
outbreak.46,47 The proportions of moderate to high levels 
of PS differed from some studies conducted using the 
same instrument (PSS-10). The prevalence of medical 
students with moderate to high levels of PS in this study 
was 82.3%, which was in line with a study in Nepal 
(82.0%).48 However, a higher proportion was reported in 
dental students from Pakistan (96.9%) and nursing stu-
dents (96.01%) in Pune.46,49 The potential reasons for 
such variability may be that (1) the severity and isolation 
modes of COVID-19 prevention and control vary during 
the different survey times and locations and (2) the char-
acteristics of the investigation population are different. For 
instance, studies revealed that dental and nursing students 
experienced higher PS due to early practice stage.10,50

The present study comprehensively investigated the 
Chinese subpopulation from a total of 29 stressors classi-
fied as academic, psychosocial and health-related 
demands. Specifically, the top two stressors were “perfor-
mance in examinations” from the academic area and 
“worry about the future” from the psychosocial area. 
This result seemed consistent with another Chinese study 
that noted that the strongest stressor among Chinese dental 
students was “performance pressure”, specifically, fear of 
examinations, competition with peers, and uncertainty 
about the future.51 This result suggested that “academic 
performance” and “career expectations” may be sustained 
demands or challenges among Chinese medical school 
students. In addition, health-related stressors were also 
proposed by our participants. The “COVID-19 prevention 
and control situation of the country” was the most men-
tioned stressor while “alcohol/drug abuse/smoking” was 
the least mentioned stressor. In contrast, “alcohol/drug 
abuse” was the leading stressor of Nepal and Brazilian 
medical students.11,52 The occurrence of stressors may 
vary due to the differences in national cultures and stu-
dents’ character traits. Thus, the number and distribution 
of stressors varied with the various cultural backgrounds 
and survey contexts.15,53

Predictors of Perceived Stress
According to the definition of PS, in addition to describing 
the amount and distribution of stressors, the investigators 

in this study extracted the potential resources that respond 
to PS in the context of the COVID-19 crisis to jointly 
identify the predictors of PS.54,55 In terms of individual 
backgrounds, female students perceived higher stress than 
males, which agrees with the findings from other 
studies.24,56 Females are more sensitive to perceiving aca-
demic and interpersonal demands and more willing to 
express their feelings, thus, a higher level of PS was 
reported. Also, females in medicine are more likely to 
experience different expectations, pressures, obstacles, 
and harassment in the process of developing the capacity 
to gain scientific excellence and gender equality-related 
management positions.57 Besides, a previous study 
revealed that females perceived higher stress was due to 
the differences in neuroendocrine and hypothalamic–pitui-
tary–adrenal (HPA) axis reactivity.58 Gender as a predictor 
of PS that could not be underestimated, thus, special con-
sideration to female students was needed. In agreement 
with other literature on preclinical students,47 this study 
revealed that junior-year students experienced higher 
stress than seniors. The junior-year students mainly 
engaged in basic medical courses such as gross anatomy 
during the pandemic. They experienced higher pressure 
may be due to the maladjustments to online learning of 
basic medical practical courses such as gross anatomy in 
quarantine and more worry about the final examination.59 

In addition, lower levels of professional knowledge, skills 
and the absence of a learning strategy of junior-year stu-
dents could be one explanation of this finding.60 This 
suggested that adequate resources such as coping strate-
gies, resilience and learning environment supports were 
considerable to support junior-year students.

The studies before the COVID-19 pandemic reported 
that academic stressor was the significant predictor of PS 
among medical students, which contradicts the finding in 
this study.61,62 In the current study, there seemed to be few 
significant associations between academic-related stressors 
and PS, instead, the greater the exposure to social-related 
stressors and health-related stressors, the greater the per-
ceived stress. For instance, medical students who were 
concerned about “high parental expectations”, “worry 
about the future”, “lack of entertainment”, “sleeping diffi-
culties”, “COVID-19 prevention and control situation of 
the country”, etc. might experience high stress levels. 
Different from a previous study conducted at 
a university, the participants in this study have been learn-
ing at home and quarantining together with their parents 
for nearly four months; furthermore, they might frequently 
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perceive that their parents strongly expect them to gain 
a prestigious career in line with Asian cultural values, 
which contributes to negative long-term effects.63,64 

Moreover, the strict isolation in Chongqing, China led to 
a lack of entertainment and irregular daily routines, and 
medical students expressed an urgent desire to return to 
normal school life and tended to pay special attention to 
the control of the coronavirus, which showed a positive 
association with PS, in line with a study of nursing stu-
dents in Turkey.47 Comparing the pre-epidemic literature, 
the results of this study suggested that the COVID-19 
crisis did affect the distribution of stressors among medical 
students.

The pandemic has accelerated the inevitable imple-
mentation of online learning in medical education. 
Online learning behavior and the online learning environ-
ment might be the critical internal and external associated 
factors of PS among medical students.24,25 Consistent 
with the perspective from Puljak et al, this result of the 
regression model revealed a significant correlation 
between the online learning environment and PS.25 

Among the online learning environments, teaching pre-
sence and social presence were negative predictors of PS. 
Namely, if the instructor provided a trusting environment 
to communicate in and clear instructions on how to parti-
cipate in subject learning activities, the students might be 
satisfied with the learning activity and experience less PS. 
Besides, the better social presence of online learning 
represents more cooperative and interactive learning 
environment. It helped students to develop interpersonal 
relationships and active learning patterns, which could 
alleviate the mental distress of students.65 Cognitive pre-
sence was, however, a positive predictor of PS. That is, if 
the course starts with more exploratory learning activities, 
such as brainstorming or online discussions to develop 
solutions to subject problems that can be applied in prac-
tice, PS will be increased among Chinese medical stu-
dents. This finding agreed with a study conducted by 
Katernyak et al.66 Besides, this study identified that 
some dimensions of online learning behavior, such as 
worse persistence, attitude and flexibility of students, 
contributed to increased PS. For instance, being unable 
to “concentrate on actively learning, solve problems over 
the internet and transfer new technology for learning” 
were more likely to be risk factors for PS. Interestingly, 
some studies67,68 described some inhibitors of online 
learning behavior that could arouse distress and discou-
rage students from active engagement in online learning. 

These inhibitors include poor communication, the 
absence of collaboration, difficulty engaging in social 
interaction, collapsed online identity management across 
multiple network platforms, the desire for ideal self- 
expression and uncertainty of online social norms, etc. 
that indicate the absence of social presence and teaching 
presence in an online learning environment.69 In that 
sense, we therefore reasoned that the lack of social pre-
sence and vague teaching presence could increase PS by 
interfering with medical students’ online learning 
behavior.

Strengths and Limitations
This study contributed to understanding multiple aspects 
of the unmet needs of medical students and the predictors 
of their PS due to the coronavirus outbreak in China. First, 
considering that individual stress comes from many 
aspects, mainly academic, psychosocial, and health- 
related stressors, this study conducted a comprehensive 
investigation of the three sources of stress, which compen-
sated for the limitations of COVID-19 as a single inde-
pendent source of stress. Furthermore, compared with 
other stress scales that focus on learning issues and the 
lack of the inclusion of individual life issues, the PSS-10 
does not link an assessment to a specific situation and 
covers situations in students’ lives that are regarded as 
stressful and as their reactions. In addition, PS was mea-
sured relatively reliable through self-reported real feelings 
in the past month when the epidemic was smoothly con-
trolled and online learning was stable and not based on the 
discretion of simple symptoms and stress at a certain time. 
Ultimately, in the special case of an overall shift to online 
learning, to our knowledge, this was the first study to 
assess the impact of the online learning environment and 
behavior on PS. Meanwhile, the valid online learning 
environment and behavioral measurements were used to 
enhance the credibility of the results.

Several limitations of our study should be addressed. 
According to students’ self-reported GPA ranking, only 
7.05% of them had a GPA ranked in the lowest 25%. 
This might cause a selection and/or self-reported bias in 
the sample because students tend to report higher GPA 
than actual GPA or higher-performance students more 
likely to participate in the survey. Meanwhile, due to the 
lack of probability sampling and moderate response rates 
(53.31%), the existence of some selection or nonresponse 
bias is yet another limitation. Fortunately, the distribution 
of grade, gender and age of medical students in our study 
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was relatively balanced. Our results should be proved and 
expanded with less selection bias and in larger student 
samples. Furthermore, the analysis of the predictors was 
based on cross-sectional survey data, unlike a longitudinal 
design, which could not determine the causal relationships 
among the study variables. The COVID-19 outbreak is 
still ongoing. Online learning is still vital means. Future 
prospective studies to develop interventions based on pre-
dictive factors and explore the occurrence mechanism of 
PS among college students in public health emergencies 
in-depth may be conducted.

Conclusions
Our study revealed that mental stress facing the challenges 
of significant changes in social life and learning patterns is 
inevitable and obvious among medical undergraduates in 
southwestern China. Under the epidemic situation, first, 
the main stressors showed as psychosocial and health- 
related aspects. Second, certain individual characteristics, 
online learning behavior and the online learning environ-
ment play vital roles in medical students’ PS. These find-
ings will be regarded as a reference for helping educators 
cope with the psychological problems of medical students 
and the construction of online learning courses during 
public health emergencies.
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