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COVID-19; Background and objectives: Due to their professional characteristics and future career orienta-
Medical students; tion, medical students have a deeper understanding of COVID-19 and enact disease prevention and
Psychological health; control measures, which may cause psychological burden. We aimed to assess the psychological
Nomogram impact during the COVID-19 outbreak period(OP) and remission period(RP) among medical students.

Methods: We surveyed the medical students in Shantou University Medical College twice-during
the OP and the RP, surveying psychological burden of COVID-19 lockdowns and its associated fac-
tors. 1069 respondents were recruited in OP and 1511 participants were recruited in RP. We con-
structed nomograms to predict the risk of psychological burden using risk factors that were
screened through univariate analysis of the surveyed data set.

Results: There was a statistically significant longitudinal increment in psychological burden from
OP to RP, and stress as well as cognition in psychological distress were the most dominant ones.
Common impact factors of the depression, anxiety and stress included frequency of outdoor
activities, mask-wearing adherence, self-perceived unhealthy status and exposure to COVID-19.
In addition, the high frequency of handwashing was a protective factor for depression and anxi-
ety. The C-index was 0.67, 0.74 and 0.72 for depression, anxiety and stress, respectively.
Conclusion: The psychological impact of COVID-19 was worse during the RP than during the OP.
Thus, it’s necessary to continue to emphasize the importance of mental health in medical stu-
dents during the pandemic and our proposed nomograms can be useful tools for screening high-
risk groups for psychological burden risk in medical students.
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Infectious diseases remain one of the largest threats to the
well-being of the human race [1]. The coronavirus disease
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2019 (COVID-19) has spread at a startling rate throughout
China and several other countries, causing an outbreak of
acute infectious pneumonia [2,3]. In China, many regions (i.
e., cities or districts) initiated first-level responses and insti-
tuted mitigation policies to curtail further transmission of
the virus [2,4]. For example, confirmed cases were quaran-
tined, suspicious cases were monitored and restricted by
house arrest, university campuses remained closed, and
individuals were encouraged to stay at home as much as pos-
sible [5]. By early March 2020, more than 70% of infected
patients had recovered and been discharged from hospital,
and by April 7, 2020, most cities and districts were declared
“low-risk areas” [6]. The World Health Organization (WHO)
said that the restrictions enacted by China helped mitigate
the spread of this highly contagious and fatal disease, and
that the virus had entered a period of remission in China [7].
However, prolonged lockdown that substantially restrict rou-
tine activities for extended periods can adversely affects
daily life, including work and study habit. Such measures
can engender more serious mental health problems charac-
terized by states of anxiety, depression, helplessness and
hopelessness [8,9].

Numerous studies have evidence suggesting that the
COVID-19 epidemic has led to a significant increase in mental
health problems among the general public in China, mani-
festing in a host of cognitive, emotional, physiological and
behavioral changes [2,10,11]. During the outbreak, colleges
and universities postponed campus openings. Stressors such
as fear of infection, prolonged duration of quarantine, mal-
adjustment to remote learning platforms and family finan-
cial loss, among many others, can initiate or exacerbate
mental health difficulties [12]. During the COVID-19 out-
break in Beijing China, a survey has suggested that 25.63%
students were in a state of anxiety, and 31.87% students
were in a state of anxiety [13]. Another study reported that
155,077 (50.9%) of the students in their sample self-reported
significant symptoms of stress, and 1565 (0.5%) self-reported
poorer mental health [12].

College students are a distinct group in that they are gen-
erally more tolerant of novel ideas (i.e., greater openness
to experience), acquire information from multiple channels
for information acquisition, and have high levels of social
media engagement [12]. However, medical students are
expected to hold a deeper understanding of this infectious
disease and to enact disease prevention and control measure
more effectively than their non-medical counterparts. As
the main force and reserve talents of the future medical
career, they shoulder the sacred mission of saving lives and
protecting people's health, playing an extremely important
role in the construction and development of health care.
Due to their professional characteristics and future career
orientation, they are not only moved by the dedication of
the medical workers who are fearless of life and death, but
also aware of the psychological impact that the medical pro-
fession may bring life-threatening.

Recent study on mental health effects of on COVID-19 are
largely cross-sectional [14], and focus on health professio-
nals [15—19] or ordinary college students [20], they also lack
data on longitudinal changes in the mental health status of
medical students throughout the COVID-19 epidemic. The
aim of our longitudinal study was to assess the psychological
effects of COVID-19 lockdowns during the outbreak period
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and remission periods in medical students in China, so as to
provide a theoretical basis for future psychological interven-
tions by using a nomogram model to identify risk and protec-
tive factors.

Methods
Participants and procedures

This longitudinal study was conducted from February 9 to
February 15 and from April 16 to April 26, 2020, which
encompassed the outbreak period (OP) and remission period
(RP) of COVID-19 epidemic in China [4,21]. Medical students
from Shantou University Medical College were invited to par-
ticipate and fulfill the questionnaire. Due to restrictions lim-
iting, face-to-face interactions and isolate themselves [21],
the questionnaire was completed remotely and anonymously
via an online survey platform anonymously (Survey Star). For
quality control, questionnaires completed within <100 s and
those who incomplete data were excluded . Ethical approval
was obtained from the Research Ethics Board of the Univer-
sity of Shantou university (project no. SUMC-2020-01). All
respondents provided informed consent.

Measures

Data were collected using a self-administered questionnaire
that included demographic information and information on
the psychological burden (i.e., presence of psychological
distress, depression, stress and anxiety) of COVID-19 lock-
downs and its associated factors. The psychological distress
subscales are composed of three items (related to cognition,
emotion and behavior), and the critical threshold of >11
was used to determine the presence of group differences on
measures of psychological distress. The 21-item Depression
Anxiety Stress Scales (DASS-21), a well-validated psychomet-
ric to measure the core symptoms of depression, anxiety,
and stress [22] was deemed suitable for application within
the context of the COVID-19 epidemic. Each subscales con-
sisted of seven items and the subscale scores (depression,
anxiety, and stress) ranged from normal to extremely severe
[23]. The cut-off score of >9 is considered to indicate the
presence of depression, a cut-off score of >7 is considered
indicative of the presence of anxiety and a cut-off score of
>14 is considered indicative of the presence of stress.
Finally, participants were queried on their frequency of
engagement in outdoor activities during the peak and remis-
sion periods, mask-wearing adherence, their health status,
hand hygiene, and COVID-19 exposure, among others.

Statistical analyses

All the statistical analysis were carried out with IBM SPSS
Statistics, version 24.0 (IBM Corp.,Armonk, NY) and R (ver-
sion 3.3.2). Categorical variables for basic characteristics
were expressed as percentages (%), while continuous varia-
bles for the participants’ ages and their psychological bur-
den scores were expressed as the mean and standard
deviation (SD). The independent samples t-test was per-
formed to compare the psychological impact between the
first and second survey. Two datasets were integrated, and
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multivariate logistic regression analysis was conducted to
assess risk factors for psychological burden. P values below
0.05 were considered to be statistically significant.

To predict the risk of psychological burden, we pro-
posed visual nomograms (one for depression, one for
anxiety, and one for stress) which is composed of
graphical lines of risk factors, points, total points, in
order to predict the risk of psychological burden. The
length of each risk factor’s line was made to reflect
the regression coefficient estimated by multiple logistic
regression analysis [24]. We used Harrell’s C-index and
the Hosmer-Lemeshow test to assess the proposed
nomogram. Harrell’s C-statistic was calculated by 1
000-fold bootstrap resampling iterations to an initial fit-
ted logistic model in the derivation set. The concor-
dance index ranges from 0 to 1, with 1 indicating
perfect concordance, 0.5 indicating no better concor-
dance than would be expected by chance, and 0 indi-
cating perfect discordance [25].

Results
Participant characteristics

The response rates were 94.85% (1069 of 1127 medical stu-
dents) and 94.85% (1511 of 1653 medical students) in the
first and second survey, respectively. A comparison of the
demographic description of the respondents between the OP
and RP are shown in Table 1. The majority of respondents in
the OP were female (58.65%), had a mean age of 20.93 years,
were unmarried (98.78%) and were junior students (51.45%).
Similarly, the majority of respondents in the remission
period were female (53.01%), had a mean age of 21.21 years
and were unmarried (98.78%); however, more senior stu-
dents (51.09%) characterized this sample relative to that of
the outbreak period. No statistically significant differences
were found between two groups, with the exception of age
and gender. We considered that the differences were attrib-
uted to the relatively small number of participants who
responded during the OP than during the RP, and thus, we
justified the inclusion of age and sex as covariates in all sub-
sequent analyses.

Psychological burden between the OP and RP

Table 2 presents the various types of psychological burden
reported by medical students during the COVID-19 epidemic
from OP to RP. The t—test results indicated that from the OP
to the RP, measures of psychological burden, namely stress
(t = —10.94,P < 0.001), anxiety (t = —8.56,P < 0.001) and
psychological distress(t = —10.94,P < 0.001) all increased
significantly. For the three dimensions of psychological dis-
tress, levels of cognition(t = —13.86,P < 0.001), emotion
(t = =5.30,P < 0.001), behavior (t = —10.28,P < 0.001)
increased significantly between the OP and the RP(Table 2).
Mental health during the RP was significantly worse than in
the OP, the most predominant symptoms of which were
stress as well as cognition in psychological distress were the
most dominant ones. A more intuitive result are shown in
Fig. 1.

Nomogram prognostic model

We constructed a nomogram to predict the risk of psy-
chological burden using risk factors that were screened
through univariate analysis of the surveyed data set (Sup-
plementary Table 1). The developed nomogram is shown
in Fig. 2.

The longer the length of line, the greater the impact of
the risk factors on the prevalence rates of depression, anxi-
ety, and stress. Each risk factor has its corresponding
‘points’. For example, as shown in the Fig. 2a, an ‘Outdoor
activities’ level of 5 which is proven to have the greatest
impact on the prevalence of depression corresponded to 23
points. Given that the risk factor line for ‘Outdoor activities’
level of 5 was relatively longer than that of other factors, it
can be interpreted that the effect of the extent of ‘always
outdoor activities’ was largest. The cumulative sum of these
‘points’ was referred to as the ‘total points’. Compute the
sum of points for all predictors, and denote this value as the
Total points. Identify the value of the Linear predictor (LP)
associated with the total points by placing a vertical ruler
onto the nomogram.

Common impact factors of the depression, anxiety,
and stress included frequency of outdoor activities,
mask-wearing adherence, self-perceived unhealthy sta-
tus, and exposure to COVID-19. In addition, the high

Table 1  Comparison of characteristics between outbreak and remission period.
Outbreak Period Remission Period P-value
(n=1069) (n=1511)
Age 20.93 +1.64 21.21 +1.69 P < 0.001
Gender P =0.005
male 442(41.35%) 710(46.99%)
female 627(58.65%) 801(53.01%)
Grade P=0.203
Senior 519(48.55%) 772(51.09%)
Junior 550(51.45%) 739(48.91%)
Marital status P=0.053
Unmarried 1056(98.78%) 1477(97.75%)
Married 13(1.22%) 34(2.25%)

Data is n (%) or mean=SD.
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Table 2 Psychological burden of medical students.
Outbreak period Remission period t value P value
Psychological Distress 5.65+ 6.74 8.93 + 8.45 —10.94 <0.001
Cognition 1.98 +2.58 3.55£3.17 —13.86 <0.001
Emotion 1.75 £2.45 2.31+£2.96 —5.30 <0.001
Behavior 1.93 £2.53 3.07 + 3.09 —10.28 <0.001
Stress 1.45 +2.88 2.89 +3.80 -10.95 <0.001
Anxiety 0.95+2.27 1.89 +£3.30 —8.56 <0.001
Depression — 2.73 £3.82 — —

Data is mean=SD.

frequency of handwashing was found to be a protective
factor against depression and anxiety. Medical students
were more likely to have anxiety and stress during the
RP than the OP. Furthermore, a diagnosis of infection
was found to be a unique risk factor for anxiety. The
results were shown in Fig. 2.

The Hosmer—Lemeshow test and C-index were applied
to validate the model. The Hosmer—Lemeshow test
showed no statistically significantly differences between
predicted and actual outcomes, (x> = 5.18, P = 0.638;
x% = 6.97, P =0.0.539; and x? = 5.93, P = 0.655, respec-
tively). The C-index was 0.67 (95%Cl, 0.64—0.70), 0.74
(95%Cl, 0.69-0.79), and 0.72(95%Cl,0.66—0.78) for
depression, anxiety, and stress, respectively. The closer
the C-index gets to 1, the greater the predictive value
afforded by this regression model [26,27]. The models
discriminate to a good extent, indicating that the pre-
dicted probability of psychological burden in medical stu-
dents can be judged as very high.

Discussion

Our study investigated the temporal changes in psychologi-
cal health status in Chinese medical students from the

Cognition
4

35

Anxiety

Stress

Figure 1

outbreak to the remission phase of the COVID-19 pandemic.
A Meta-analysis [28] of medical students before the COVID-
19 outbreak found that anxiety among medical students was
common and more likely to occur among medical students in
the Middle East and Asia, which suggested that greater
attention should be paid to the mental health status of this
population. A subsequent the Meta-anlysis found that fol-
lowing the COVID-19 outbreak, the self-reported anxiety
levels of medical students did not differ significantly [29]. At
the beginning of the outbreak, although the medical stu-
dents were more alert to the virus, it did not have a huge
adverse psychological impact on the students' psychology.
Moreover, our study likewise found that medical students'
psychological burden was superior to that of the RP in the
early stages of the OP. This may be that the mental health
consequences of COVID-19 could persist over extended peri-
ods, and that mental health problems could peak after—
rather than during— the actual pandemic [4,30].

Our results were consistent with the prediction and
showed that the score of psychological burden score of med-
ical students during the COVID-19 RP was higher than during
the OP, indicating greater psychological burden. Firstly, the
epidemic in China has entered a period of remission, the epi-
demic trend of the COVID-19 has shifted from China to
abroad, however, domestic travel agencies remained

= First sample

= Second sample

Behavior

Emotion

Radar plot with the distribution of psychological burden mean scores of Chinese medical students during OP and RP.
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Figure 2 Nomogram to estimate probability of (a)depression rate, (b)anxiety rate and (c)stress rate at COVID-19. Gender: 1, male;
2, female. Investigation Period: 1, outbreak period; 2, remission period. Outdoor activities: 1, never; 2, seldom; 3, Sometimes; 4,
usually; 5, always. Mask wearing adherence:1, never; 2, seldom; 3, Sometimes; 4, usually; 5, always. Unhealthy status: 1, never; 2,
seldom; 3, Sometimes; 4, usually; 5, always. Exposed to COVID-19: 1, yes; 2, no; 3, uncertainty. Diagnosis of infection: 1, yes; 2, no.
Handwashing: 1, 0—5 times per day; 2, 6—10 times per day; 3,11—15 times per day; 4,more than 15 times per day. .
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vigilant, entertainment, shopping areas and stadiums were
still restricted or closed, and the government’s recom-
mended home isolation has not been lifted, which means
people's activities are still restricted. With the reduction in
face-to-face communication, loneliness and anxiety can
readily occur, thereby increasing psychological burden. In
addition, although the epidemic in China has been allevi-
ated, various colleges and universities still use portals and
web-based applications to provide lectures or other teaching
activities to further mitigate the risk to patients and stu-
dents alike [31,32]. Medical schools officially canceled for-
mal teaching on wards and delayed the examination,
hindering the education of medical students in the face of
the newly emerging epidemic [31,33]. Not only the uncer-
tainty and potential negative will effects on academic
development would have adverse effects on students’ psy-
chological health [34], but also the sudden increase in aca-
demic tasks would lead to bad feeling, such as stress and
anxiety, among medical students. Thirdly, senior students in
this study accounted for approximately half of the study
sample. In China, most new graduates are required to com-
plete their final dissertation, prepare for graduation and
consider the issue of employment option before June: the
closer they get to the graduation time, the more likely they
are to have pre-employment stress. A meta analysis [35]
revealed that the impact of online learning appeared to be
greater on senior students, most likely due to a more inten-
sive curriculum. Affected by the epidemic, the employment
prospects are poor in 2020, and various job fairs have been
postponed or cancelled entirely. Medical students are more
likely to be nervous and anxious.

To make the bias minimized, we used a novel and vali-
dated prognostic model. The nomogram, which was consid-
ered as a trustworthy method for accurately predicting
prognosis [26], can visualize the results of complex regres-
sion equations, making the prediction model more easily
understood.

The result of the nomogram were consistent with the
radar plot, in that during RP of the epidemic, the risk of
experiencing anxiety and stress as a medical students is
higher than during the OP. Another finding is that good
health can reduce the psychological burden of medical
students. With the increase of the frequency of physical
discomfort, the risk of negative emotion (depression, anx-
iety, and stress) is greater. This is consistent with physical
symptoms reported and with the mental health literature
indicating that the presence of physical symptoms was
associated with higher mean scores in the DASS anxiety,
stress, and depression subscales during the COVID-19 out-
break [36]. Due to the interaction between physical dis-
comfort and psychological burden, it is crucial not to
neglect physical symptoms, as they may be a reflection of
underlying psychological distress [36]. Furthermore, stu-
dents who were poorly adherent to wear a mask were
more likely to develop negative emotions than those were
adherent. Medical masks can effectively limit the spread
of the COVID-19 virus and reduce the risk of infection. In
the early stages of the epidemic in China, work and pro-
duction were suspended due to the Chinese Spring Festi-
val, resulting in a shortage in mask supply. Coupled
with the rapid spread of COVID-19, the fact that personal
protection (e.g., masks) cannot be guaranteed, so an
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adequate supply of masks can effectively reduce the neg-
ative mood of students. Our study found that people who
were suspected or confirmed cases have an increased risk
of psychological impact compared to those without con-
tacted. The nomograms show that students were at
greater risk of negative emotion if they are were unsure
whether they had been exposed. Furthermore, the psy-
chological burden of medical students with exposure to
COVID-19 was higher than that of students who were not
exposed. Previous a large cross-sectional study from China
observed that the risk of depression symptoms in students
with a family member who was a confirmed cases was
three times higher than that in students with no family
history of infection [37]. The severity and fatality of the
disease were high. Medical students who were uncertain
or exposed to suspected/susceptible people would worry
about infecting COVID-19, due to poor health or exposure
to the epidemic. Thus, these students were prone to ten-
sion and anxiety.

Limitations

Our study had some limitations. Firstly, we were unable to
directly compare individual participants longitudinally from
the OP to RP, due to the anonymous nature of the question-
naires. But non-anonymity may cause investigators to delib-
erately cover up the truth. Secondly, although our study
shows that the nomograms have certain accuracy in predict-
ing the probability of psychological burden of medical stu-
dents during COVID-19, large-scale data are still needed for
external recommendations, which will help verify the accu-
racy of our results are more reliable. Thirdly, more large
scale cohort studies are needed to investigate the long-term
psychological health effects of COVID-19 on medical
students.

Conclusions

The psychological impact of COVID-19 was worse during the
RP than during the OP. Thus, educational and health authori-
ties should continue to emphasize the importance of mental
health in medical students during the pandemic and are
encouraged to implement regular health assessments to pro-
mote serious psychological well-being. Our proposed nomo-
grams can be a useful tool for screening high-risk groups for
psychological burden risk in Chinese medical students in
order to identify at-risk individuals and help inform preven-
tative measures.
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