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Objective: This study aims to explore the nexus between students’ psychological well-being and the manifestation of gastrointestinal
symptoms (GISs) amid the health lockdown enforced in Xi’an, focusing on the student populace of Xi’an Medical College and
Shaanxi University of Traditional Chinese Medicine.

Materials and methods: A survey encompassing psychological parameters and GISs was administered to a randomized cohort of
1327 college students drawn from Xi’an Medical College and Shaanxi University of Traditional Chinese Medicine. The survey
instrument was developed utilizing the Questionnaire Star platform. Subsequent to data collection, analysis was performed using
GraphPad Prism 9 and SPSS 22.0.

Results: Comparative analysis revealed statistically significant disparities (P < 0.05) in various GISs between the periods during and
preceding the health lockdown, encompassing symptoms such as nausea/vomiting, acid reflux, postprandial fullness/early satiety,
anorexia, decreased appetite, bloating, abdominal discomfort, abdominal pain, diarrhea, and constipation. Notably, the mean score for
Generalized Anxiety Disorder 7 (GAD-7) was 3.3143.92, indicating mild anxiety, while the mean score for Patient Health
Questionnaire-2 (PHQ-2) was 1.15+1.28, suggesting mild depression. Detailed evaluation of anxiety revealed prevalence rates of
34% among respondents, with 34.2% of these individuals reporting concurrent GISs, while among those evaluated for depression
(38.8% of the sample), 44.2% reported concurrent GISs. Furthermore, multiple linear regression analysis unveiled a negative
correlation between GISs during the health lockdown and lifestyle scores, while positive correlations were observed with GISs
preceding the lockdown, anxiety, and depression. The formulated multiple linear regression equation for GISs during the health
lockdown is delineated as follows: 14.693-0.342 life style + 0.725GISs before health lockdown + 0.218anxiety + 0.564 depression.
Conclusion: This investigation underscores the substantial impact of anxiety and depression on the student body, accentuating their
role in precipitating GISs during health lockdown situations. The psychological well-being of medical students during exigent
circumstances such as natural disasters warrants heightened attention, necessitating proactive measures aimed at emotional regulation
to mitigate the onset of GISs.
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Introduction

Since December 31, 2019, when Wuhan, Hubei Province, reported the initial case of Coronavirus Disease 2019 (COVID-
19), the contagion swiftly disseminated across the globe. This phenomenon has led to profound alterations in societal
routines and has significantly impacted individuals’ physical and mental well-being. Within the context of this global
pandemic, an increasing number of individuals are grappling with psychological distress.' > Research from China, Italy,
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Iran, Saudi Arabia, and Vietnam have revealed that anxiety, depression, and sleep difficulties were more prevalent during
the COVID-19 pandemic.* '* These findings align with the notion that anxiety and depression constitute principal factors
impacting individuals’ mental well-being in response to the COVID-19 pandemic.*’ Whether it was the outbreak of
SARS in 2002, the Middle East respiratory syndrome, or the ongoing COVID-19 pandemic since 2019, numerous nations
have resorted to implementing quarantines as a preventive measure against the spread of the virus. However, such
quarantine measures can detrimentally affect individuals’ psychological well-being, contributing to negative mental
health outcomes such as anxiety and depression.'"'? Because the “brain-gut axis” is bidirectionally regulated, negative
emotions like anxiety and depression can impact how the gastrointestinal system functions, leading to a range of GISs."?
Given the bidirectional regulation of the “brain-gut axis”, negative emotions such as anxiety and depression have the
potential to influence the functioning of the gastrointestinal system, thereby precipitating a spectrum of GISs."* Similar
findings have been corroborated by other studies wherein health restrictions exacerbated feelings of depression and
anxiety, consequently precipitating a diverse array of GISs.'*'> During health lockdowns, GISs encompass a spectrum of
manifestations including nausea/vomiting, heartburn, acid reflux, early satiety, anorexia, loss of appetite, bloating,
abdominal discomfort, abdominal pain, diarrhea, constipation, as well as vomiting of blood and black stools.
Psychological status, comprising anxiety and depression, is assessed using the GAD-7 Anxiety Scale and the PHQ-2
depression scale, respectively. It is noteworthy that medical personnel, confronting heightened stress levels amidst an
epidemic, are more prone to experiencing GISs associated with negative emotions compared to the general
population.'®!” Research suggests that worry can significantly affect a substantial proportion of college students,
particularly those affiliated with medical institutions.'® Medical students, constrained by their academic and professional
commitments, may possess limited expertise in disease pathology. Consequently, they are susceptible to heightened
levels of anxiety and depression, attributed to the prolonged duration of study, heightened academic pressure, and
workload overload, in contrast to their counterparts in non-medical fields.'**

A city-wide health lockdown was enforced in Xi’an, Shaanxi Province, on December 23, 2021, in response to the
epidemic outbreak. The objective of our study was to examine the association between psychological well-being and
GISs among students of Xi’an Medical College and Shaanxi University of Traditional Chinese Medicine (located in
Xianyang, albeit subject to the health lockdown in Xi’an) during the period of health lockdown in Xi’an.

Participants and Methods

Participants

During the health lockdown in Xi’an, spanning from December 5th, 2022, to January 15th, 2023, a random sampling
approach was employed to select 1089 students from a total of 5000 students enrolled at Shaanxi University of
Traditional Chinese Medicine, alongside 238 students from a pool of 1200 enrolled at Xi’an Medical College.
Subsequently, the questionnaire was administered utilizing the Questionnaire Star software. The inclusion criteria were
as follows: (1) Enrollment at either Xi’an Medical College or Shaanxi University of Traditional Chinese Medicine as
a medical student; (2)Residence under sealed and controlled management conditions during the health lockdown period,;
exclusion criteria: (1)Individuals testing positive for the novel coronavirus nucleic acid test; (2) Students residing in areas
unaffected by health lockdown measures; (3) Survey respondents not affiliated with either of the two aforementioned
universities.

Methods

Survey content (Supplementary Tables 1 and 2): (DBackground characteristics of the participants (gender, ethnicity, age,

single situation, school, household registration, education level, serving as a volunteer, infecting new crowns in the
sealing and control area, etc.) 9 questions. 2)Good life style (fruits, vegetables, meat, eggs and milk, irregular diet,
exercise, a Likert 5-point scale score was used, with 1=never, 2=rarely, 3=sometimes, 4=often, and 5=always). Bad life
style(alcohol consumption, smoking, staying up late, irregular diet, Multiple-choice a Likert 5-point scale score was used,
with 5=never, 4=rarely, 3=sometimes, 2=often, and 1=always), calculate the total score.3The 12 questions were asked
whether there were GISs (nausea/vomiting, heartburn, acid reflux, early satiety, anorexia, loss of appetite, bloating,
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abdominal discomfort, abdominal pain, diarrhea, constipation, vomiting of blood and black stools, etc.) during and before
health lockdown. The same Likert 5-point scale was used to score the questions, l=never, 2=rarely, 3=sometimes,
4=often, and S5=always. We divided the results into two categories: No and Yes GISs, or calculate the total score.
(®)GAD-7 Anxiety Scale:The GAD-7 was developed to screen and assess the severity of GAD-7 symptoms in clinical
and research settings.?' There were seven self-assessment items total. The items used a 4-point rating system, with 0
representing not at all, 1 representing 1-7 days, 2 representing 2—7 days, and 3 representing virtually every day. The
frequency of symptoms was primarily graded based on the previous two weeks. The overall score was 21, where 0—4
represented no anxiety symptoms, 5-9 represented moderate anxiety, 10—14 represented medium anxiety, and 15—plus
represented severe anxiety. You can also calculate the entire score. We divided the results into four categories: no anxiety,
light anxiety, medium anxiety, and heavy anxiety, or divided into categories: no or yes anxiety, or the total score. ©PHQ-
2 depression scale: The PHQ-2 scale, which is extremely simple and has a high sensitivity and specificity, was chosen for
depression screening.”” Two self-assessment items were included, using a 4-point scale of 0-3, with the frequency of
symptoms rated mainly on the basis of the last 2 weeks, with the following criteria: O=not at all, 1<7 days, 2>7 days;
3=almost every day. The total score was 6, with 0—1 indicating no depression,1-2 indicating light depressive tendency, 3—
4 indicating medium tendency, and 4—6 indicating heavy depressive tendency. We divided the results into four categories:
no depression, light depression, medium depression, and heavy depression, or divided into categories: no or yes
depression, or calculate the total score

Data Collection

During the health lockdown, a random sampling approach was employed to select 1327 students from Xi’an Medical
College and Shaanxi University of Traditional Chinese Medicine. Among these, 1089 students from Shaanxi University
of Traditional Chinese Medicine, constituting 5000 students in total, and 238 students from Xi’an Medical College,
amounting to 1200 students overall, were included in the study sample.

Confidence Validity Analysis and Sample Size Estimation

The reliability and validity of the scale were demonstrated by the Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy, which yielded a value of 0.901, indicating good reliability. Additionally, the internal consistency of the scale
was confirmed by the Cronbach’s alpha coefficient, which was calculated as 0.942. The scale comprised 41 questions,
and the estimated sample size required for analysis was 410. However, the actual sample size utilized in this survey was
1327, which substantially exceeded the estimated sample size, thereby enhancing the statistical robustness of the study.

Statistical Analysis

Initially, Excel 2019 was employed for organizing the raw data, while SPSS 26.0 statistical software served as the
primary tool for data processing and analysis. Discontinuous rank data between groups were compared using either the
chi-square test or Fisher’s exact test, while the independent samples #-test was applied to compare continuously variable
measures across groups. To assess the normality of measurement data, the Shapiro—Wilk test was initially conducted. In
cases where the data followed a normal distribution, results were presented as mean + standard deviation (x + s).
Conversely, for skewed distributions, results were expressed as median (IQR). Statistical significance was determined at
a threshold of p < 0.05.

Results
GISs During and Before Health Lockdown

The demographic profiles of the subjects selected for this investigation are summarized in Supplementary Materials.

Statistical analysis revealed that 80.6% of the respondents reported experiencing gastrointestinal symptoms (GISs) during
the health lockdown, while 70.6% reported GISs prior to the implementation of the health lockdown (Table 1). Figure 1
illustrates a clustered bar chart presenting the contingency table depicting the relationship between GISs before and
during the lockdown period. Among the 1327 participants, the distribution of GISs can be categorized as follows: 68.5%
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Table | GIS State: Frequency Analysis

Group Frequency | Percent

Before | No 390 29.4%
Yes 937 70.6%
Total | 1327 100%

During | No 258 19.4%
Yes 1069 80.6%
Total | 1327 100%

exhibited GISs both during and prior to the health lockdown; 12.1% manifested GISs solely during the lockdown; 2.1%
did not experience GISs either during or prior to the health lockdown; and 17.3% were devoid of GISs both during and
prior to the health lockdown. Furthermore, the association between GISs before and during the health lockdown was
evaluated using a nonparametric correlation analysis based on the Spearman approach, revealing a highly significant
statistical relationship between these variables in our dataset.

The paired ¢-test results indicate varying impacts of the epidemic on gastrointestinal symptoms (GISs) (refer to
Figure 2). Specifically, the occurrence rates of nausea/vomiting, acid reflux, postprandial fullness/early satiety, anorexia,
decreased appetite, abdominal distention, abdominal discomfort, abdominal pain, diarrhea, and constipation exhibited
statistically significant differences between the periods during and prior to the health lockdown (P < 0.05).

Anxiety and Depression State During Health Lockdown

The mean GAD-7 score was calculated to be 3.31+£4.00, indicative of minimal anxiety, with scores ranging from 0 to 21.
As illustrated in Table 2, the PHQ-2 score ranged from 0 to 6, suggesting a tendency towards depression, with a mean
score of 1.15+1.28. Upon thorough examination, it was revealed that 34% of the surveyed individuals reported symptoms
of anxiety, while 38.8% exhibited signs of depression (Table 3).

1,000

800+
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Cases

4001

GISs during lockdown

Figure | Clustered bar chart based on the contingency table related to the interactions between GISs during lockdown and GISs before lockdown. The blue bar graph
represents No GISs before lockdown, the red bar graph indicates yes GISs before lockdown, the horizontal axis NO represents No GISs during lockdown, the horizontal
axis Yes represents yes GISs during lockdown. Crosstabs Person Chi-Square, p-value:0.000(<0.001).
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Figure 2 Clustered bar chart based on paired t-test of GISs before and during lockdown. In academic statistical analysis, NS typically denotes a P-value greater than 0.05,
indicating a lack of statistical significance in the results. The symbol * is used to denote a P-value less than or equal to 0.05, signifying statistical significance. Similarly, **
represents a P-value less than or equal to 0.01, while **indicates a P-value less than or equal to 0.001, highlighting varying degrees of significance in the findings.

The Relationship Between GISs with Anxiety and Depression State

In order to elucidate the potential relationship between anxiety and depression and GISs during health lockdown,
depression and anxiety states were dichotomized as “no” and “yes”. Subsequent analyses were conducted to explore
the associations between the presence of GISs and the states of anxiety and depression, as well as the interplay between
anxiety and depression themselves. Spearman’s rank correlation coefficient revealed a positive correlation between the
presence of GISs during the health lockdown and both anxiety and depression states, with correlation coefficients of 0.22
(P < 0.001) for anxiety state and 0.23 (P < 0.001) for depression state.

Further investigation is warranted to ascertain the potential causal relationship between GISs during a health lock-
down and anxiety and depression. Anxiety and depression were stratified into categories of heavy, medium, and absent.
A comprehensive analysis revealed that 34% of the surveyed individuals reported experiencing anxiety, with 34.2% of
them also reporting GISs (Figure 3). Additionally, anxiety was observed in 38.8% of the participants, among whom
44.2% also reported GISs (Figure 4). To explore the association between GISs during health lockdown and the states of
anxiety and depression, a nonparametric correlation analysis employing the Spearman approach was conducted. Our
findings demonstrated a high level of statistical significance between these variables in our dataset.

The preceding analysis established an association between gastrointestinal symptoms (GISs) and the states of anxiety and
depression. However, the specific factors influencing GISs during the epidemic remained unidentified. Consequently, a multiple

Table 2 Psychological Status Scores

Scoring Items | XS Max | Min
GAD-7 Scores | 3.31+4.00 | 21 0
PHQ-2 Scores 1.15¢£1.28 | 6 0

Table 3 Anxiety and Depression State
During Health Lockdown: Frequency Analysis

Group Frequency | Percent

Anxiety No 876 66.0%
Yes 451 34.0%
Total | 1327 100%

Depression | No 812 61.2%
Yes 515 38.8%
Total | 1327 100%
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Figure 3 Clustered bar chart based on the contingency table related to the interactions between GISs and anxiety state during the lockdown period.The blue bar graph
represents No anxiety, the red bar graph indicates light anxiety, the yellow bar graph indicates medium anxiety, the purple bar graph indicates heavy anxiety, the horizontal
axis NO represents No GISs during lockdown, the horizontal axis Yes represents yes GISs during lockdown. Crosstabs Person Chi-Square, p-value:0.000(<0.001).
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Figure 4 Clustered bar chart based on the contingency table related to the interactions between GISs and depression state during the lockdown period.The blue bar graph
represents No depression, the red bar graph indicates light depression, the yellow bar graph indicates medium depression, the purple bar graph indicates heavy depression,
the horizontal axis NO represents No GISs during lockdown, the horizontal axis Yes represents yes GISs during lockdown. Crosstabs Person Chi-Square, p-value:0.000
(<0.001).

linear regression analysis was conducted to address this gap. The results indicated that GISs during the health lockdown exhibited
a negative correlation with lifestyle scores, while demonstrating positive correlations with GISs before the health lockdown,
anxiety, and depression (Table 4). The multiple linear regression equation describing GISs during the health lockdown is
expressed as 14.693-0.342* lifestyle + 0.725* GISs before health lockdown + 0.218* anxiety + 0.564* depression (Figure 5).

Discussion
In the context of the global pandemic, an increasing number of individuals are grappling with psychological challenges.
COVID-19 has emerged as the most formidable public health crisis of our era, profoundly reshaping the fabric of human
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Table 4 Multiple Linear Regression of GISs During Health Lockdown

Coefficients
Model Unstandardized Standardizd t P
Coefficients Coefficients
B Std. Error Beta
(Constant) 14.693 1.177 12.488 <0.001
Scores of life style —0.342 | 0.038 —0.162 —9.032 | <0.001
Scores of GISs before health lockdown 0.725 0.021 0.628 33.725 <0.001
Scores of anxiety 0.218 0.048 0.113 4.593 <0.001
Scores of depression 0.564 0.143 0.096 3.958 <0.001

Note: *Depndent Variable: Scores of GISs during health lockdown.

existence.! Simultaneously, enforced isolation not only precipitates psychological issues but also gives rise to a spectrum
of GISs."***?* Medical students constitute a distinctive cohort, possessing a deeper understanding of medicine compared
to the general college populace, yet lacking the extensive clinical exposure characteristic of practicing physicians.
A study documented a spectrum of psychological distress and GISs experienced by medical students during the enforced
city closure in Italy.>> With the objective of investigating the correlation between students’ psychological well-being and
GISs, we conducted a survey among students enrolled in two medical schools situated in the epicenter of the outbreak in
Xi’an during the health lockdown period.

Our study revealed that 34% and 38.8% of students encountered adverse psychological issues, namely anxiety and
depression, while nearly 80.6% experienced gastrointestinal symptoms (GISs) during the health lockdown period. These
findings align with a global investigation into anxiety and depression among medical students, which reported
a prevalence rate of 33.8%.'® Paired t-tests the results suggested that nausea/vomiting, acid reflux, postprandial full-
ness/early satiety, anorexia, decreased appetite, bloating, abdominal discomfort, abdominal pain, diarrhea, and constipa-
tion were significantly different (p < 0.05) during and before health lockdown. It has been shown that a range of GISs can
occur or exacerbate existing GISs during the outbreak.?®?’ Paired t-tests revealed significant differences (p < 0.05)
between the occurrences of nausea/vomiting, acid reflux, postprandial fullness/early satiety, anorexia, decreased appetite,
bloating, abdominal discomfort, abdominal pain, diarrhea, and constipation during and before the health lockdown

period. These results indicate that various GISs may either manifest or worsen during the outbreak.*”'° Furthermore,

80+

60+ .

Scores

Scores of GISs during lockdown

Figure 5 Multiple linear regression of GISs during lockdown. The red represents scores of life style, the blue represents scores of GISs before lockdown, the purple
represents scores of anxiety, the black represents scores of depression. The multiple linear regression equation of GISs during health lockdown is 14.693-0.342*life style +
0.725*GlISs before health lockdown + 0.218*anxiety + 0.564*depression.
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studies have indicated that medical professionals are particularly prone to experiencing negative psychological phenom-
ena such as anxiety and depression, attributed to the heightened stress they encounter amidst the pandemic.”?**’ Given
their distinctive circumstances, medical students are predisposed to a heightened susceptibility to negative psychological
manifestations, notably anxiety and depression.'®'? According to research findings, a minimum of 20% of individuals
routinely present with “functional” GISs, meeting the diagnostic criteria for conditions characterized by the interplay
between the brain and the stomach, such as irritable bowel syndrome (IBS) and/or functional dyspepsia (FD).*° Aberrant
gastrointestinal function and perturbed visceral sensory processing within the brain constitute integral components of the
pathogenesis of these disorders. Mental states and various forms of stress have the potential to modulate the central
processing of visceral sensations.”!

In conclusion, our study revealed a negative correlation between GISs during the health lockdown and lifestyle
scores, while positive associations were observed with GISs preceding the health lockdown, as well as anxiety and
depression. Multiple linear regression analysis confirmed these findings. Moreover, a 12-year follow-up investigation
demonstrated a heightened likelihood of GISs among individuals with anxiety, underscoring the bidirectional
influence of the brain-gut axis.*> A separate investigation involving medical school students in Italy during the
epidemic yielded congruent findings to our study, affirming the presence of GISs among students during the Italian
health lockdown. However, unlike our study, they did not conduct linear regression analysis to elucidate the
association with anxiety and depressive states.”> These findings substantiate the notion that detrimental psychological
manifestations, such as anxiety and depression, may precipitate GISs. While health lockdown serves as a primary
catalyst for anxiety and depression, these outcomes are notably pronounced within the distinct cohort of medical
students.

Hence, clinicians should remain cognizant of the impact of psychological conditions on GISs during lockdown
scenarios, and proactively offer psychological counseling and lifestyle guidance to patients. Given the magnitude of
a major catastrophic event, heightened attention should be directed towards individuals’ negative emotions, with timely
counseling interventions being imperative. However, this study also bears certain limitations: (1) The survey encom-
passed only two institutions, which may not adequately represent the entirety of the medical student population; (2) Sole
reliance on online questionnaires raises concerns regarding response bias and necessitates validation of respondents’
attitudes towards questionnaire completion; (3) The study solely delineates the association between GISs and negative
mood without delving into further depth, leaving room for subsequent researchers to explore this relationship
comprehensively.

Conclusion

Our research underscores the pivotal role of the gut-brain axis in human health, particularly in how stress-inducing
life events interact with it to precipitate gastrointestinal symptoms (GISs). Specifically, we shed light on the
stressors associated with health lockdowns and unveil a direct correlation between escalating health-related anxiety
among medical students and a deterioration in GISs. Our findings accentuate the ramifications of prolonged stress
conditions on psychological well-being and elucidate the indirect repercussions of the COVID-19 pandemic on the
gastrointestinal system. Furthermore, our study reveals a noteworthy prevalence of anxiety symptoms among
medical students. In circumstances of adversity, such as earthquakes and fires, heightened attention to the psycho-
logical well-being of both medical students and individuals experiencing GISs is imperative. Increasing awareness
regarding the necessity to mitigate negative emotions and implementing proactive measures to prevent the onset of
GISs is paramount.

Abbreviations
Corona Virus Disease 2019(COVID-19); gastrointestinal symptoms(GIS); Inflammatory bowel disease(IBD); Irritable
bowel syndrome(IBS).
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