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Introduction: Studies have shown that the psychological impact of the COVID-19 pandemic may lead to long-term health problems; therefore, more attention should be paid to the mental health of university students. This study aimed to explore the longitudinal effects of preventive behaviors and psychological resilience on the mental health of Chinese college students during COVID-19.

Methods: We recruited 2,948 university students from five universities in Shandong Province. We used a generalized estimating equation (GEE) model to estimate the impact of preventive behaviors and psychological resilience on mental health.

Results: In the follow-up survey, the prevalence of anxiety (44.8% at T1 vs 41.2% at T2) and stress (23.0% at T1 vs 19.6% at T2) decreased over time, whereas the prevalence of depression (35.2% at T1 vs 36.9% at T2) increased significantly (P < 0.001). Senior students were more likely to report depression (OR = 1.710, P < 0.001), anxiety (OR = 0.815, P = 0.019), and stress (OR = 1.385, P = 0.011). Among all majors, medical students were most likely to report depression (OR = 1.373, P = 0.021), anxiety (OR = 1.310, P = 0.040), and stress (OR = 1.775, P < 0.001). Students who wore a mask outside were less likely to report depression (OR = 0.761, P = 0.027) and anxiety (OR = 0.686, P = 0.002) compared to those who did not wear masks. Students who complied with the standard hand-washing technique were less likely to report depression (OR = 0.628, P < 0.001), anxiety (OR = 0.701, P < 0.001), and stress (OR = 0.638, P < 0.001). Students who maintained a distance of one meter in queues were less likely to report depression (OR = 0.668, P < 0.001), anxiety (OR = 0.634, P < 0.001), and stress (OR = 0.638, P < 0.001). Psychological resilience was a protective factor against depression (OR = 0.973, P < 0.001), anxiety (OR = 0.980, P < 0.001), and stress (OR = 0.976, P < 0.001).

Discussion: The prevalence of depression among university students increased at follow-up, while the prevalence of anxiety and stress decreased. Senior students and medical students are vulnerable groups. University students should continue to follow relevant preventive behaviors to protect their mental health. Improving psychological resilience may help maintain and promote university students' mental health.
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1. Introduction

Historically, humans have experienced various health emergencies caused by pandemics and epidemics worldwide. By 30 January 2020, the WHO had declared the COVID-19 outbreak to be a public health emergency of international concern (1). To efficiently address the COVID-19 outbreak, the Chinese government implemented rapid and comprehensive public health emergency interventions. From 24 January 2020, all 31 provincial-level regions in China with confirmed COVID-19 cases activated a Level 1 public health emergency response (2). To prevent the spread of the disease, the Chinese Government delayed the re-opening of all schools, including universities. Therefore, university students in China have been required to stay at home, in isolation, for longer periods of time, which may increase their risk of depression (3). Previous studies have shown that the COVID-19 pandemic has exerted negative psychological effects on people (4–6). Several cross-sectional studies have shown that Chinese university students experienced varying degrees of mental health problems during COVID-19 (7–9). One study has suggested that the psychological impact of the pandemic may lead to long-term health problems (10). Therefore, greater attention should be paid to the mental health of university students.

Wearing a mask (11), maintaining hand hygiene (12), and maintaining physical distance from others (13) during COVID-19 have been recognized as effective pandemic prevention measures and are strongly advocated by the WHO. The Chinese government implemented laws mandating these preventive behaviors (14, 15). Studies have found that engaging in preventive behaviors affects mental health. University students in Ethiopia who engaged in poor prevention practices were twice as likely to experience psychological problems due to COVID-19 (16). A study by Green et al. with university students in Pakistan showed that higher levels of fear of COVID-19 were linked to greater adherence to COVID-19 preventive behaviors (17). However, Ikram et al. showed that wearing a mask was a predictor of poor mental health among Asian Indians (18). In contrast, Abir et al. found that Bangladeshis who did not wear masks and who did not comply with WHO precautions were more likely to report psychological ill health (19). Guan et al. (20) found that positive preventive behaviors showed protective effects against anxiety among Chinese university students (20).

In the context of the COVID-19 pandemic, psychological resilience may be a potential factor affecting university students' mental health. Psychological resilience is the process and outcome of successful adaptation to difficult or challenging life experiences (21). A high level of resilience protects against various mental health conditions (22). Previous studies have shown that psychological resilience has been negatively correlated with depression, anxiety, and stress during COVID-19 (23–25). A study of young adults in Turkey during COVID-19 showed that resilience mediated the effect of finding meaning in life on young people's psychological, emotional, and social wellbeing. Therefore, resilience might modify the adverse effect of the coronavirus pandemic on young people's mental wellbeing (26). A study of Korean adults by Kim et al. showed that individual resilience had an effect on mental health after the COVID-19 outbreak (27). Additionally, a study conducted in Minnesota and Hong Kong found that individual resilience was associated with positive mental health during COVID-19 (28). Azizah et al. (29) found that lower levels of psychological resilience during the COVID-19 pandemic were associated with increased levels of depression, anxiety, and stress among university students (29). Similarly, Tan et al. (30) reported that psychological resilience had a strong positive effect on university students' mental health during the pandemic (30).

Most extant studies on the mental health of university students during COVID-19 have employed cross-sectional designs (31–33), with few studies conducting longitudinal investigations. Theoretically, existing research has shown that individual psychological factors and behaviors could affect health (34). However, to date, no study has longitudinally examined the relationship between preventive behaviors, psychological resilience, and mental health (depression, anxiety, and stress). Thus, this study explored longitudinal changes in mental health and the longitudinal effects of preventive behaviors and psychological resilience on the mental health of university students in Shandong Province, China during COVID-19 (as shown in the conceptual model in Figure 1). We conducted a large-scale longitudinal survey and followed up with the same population of students before and after the winter holiday and COVID-19 vaccination. We aimed to identify trends in the development of depression, anxiety, and stress to accomplish the abovementioned research purposes, and to provide stronger statistical evidence than can be obtained from cross-sectional data.
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FIGURE 1
 The conceptual model of this study.




2. Methods


2.1. Study design and participants

This prospective study was conducted at five universities in Shandong Province. Various majors (such as art, science, medicine, and agriculture) offered at the five universities were selected via stratified random sampling according to geographical location (east, middle, or west) and college category (key or general). Students from one class were randomly selected from each year of each selected major to participate.

A total of 4,832 students (valid response rate: 82%) completed the initial survey between 20 October 2020 and 6 November 2020 (T1); participants were on-campus, non-graduating students who were returning to campus after having studied under the pandemic-preventive order for approximately two months. During the second wave of the survey from 18 January to 25 January 2021 (T2), 4,408 students (valid response rate: 91.54%) completed the survey. During this period, the Chinese government began to provide COVID-19 vaccines for all citizens; this was also the time at which students returned home for the winter vacation after completing their autumn term of study on campus. Using the student numbers of the university students to match initial and follow-up responses, a total of 2,948 students were found to have participated in both the T1 and T2 surveys and were selected as our study participants.



2.2. Procedures

Due to limited resources and the implementation of social distancing, the survey was completed through the China Survey Star website. Informed consent was obtained from every student who participated in the study. Full-time counselors organized the administrative processes for both waves, and electronic questionnaires were distributed to class groups, where students were asked to fill them out within a specified time frame. Only one response was permitted from any IP address. For the second wave, counselors followed up with the students via WeChat and phone. After the data were collected, invalid sets of responses were removed, as identified by one of the three following criteria being met: (1) the response time was <120 s; (2) information on sociodemographic characteristics was missing or not relevant to the survey; or (3) the responses were illogical.



2.3. Measurement


2.3.1. Sociodemographic characteristics

The sociodemographic characteristics measured included gender (male vs. female), age, year of university study (1st year, 2nd year, 3rd year, or 4th/5th year), major (science, engineering, agriculture, liberal arts, art, or medicine), ethnicity (Han Chinese vs. minority), and student leader (yes or no).



2.3.2. Preventive behaviors

According to the WHO, preventive behaviors for COVID-19 include hand-washing, wearing a mask, and maintaining social distancing (35). Preventive behaviors were measured using the following questions: “Have you been wearing a mask outside in the past 2 weeks?” (yes/no), “Have you followed standard hand-washing techniques in the last 2 weeks?” (yes/no), and “Have you been standing one meter apart in line for the last 2 weeks?” (yes/no).



2.3.3. Depression anxiety stress scale

The DASS-21 was used to assess participants' levels of depression, anxiety, and stress. The scale consists of seven items on each dimension (depression, anxiety, and stress). Response options range from 0 to 3 (0 = did not apply to me at all, 1 = applied to me to some degree, or some of the time, 2 = applied to me to a considerable degree or a good part of the time, and 3 = applied to me very much or most of the time) (36). Additionally, because the DASS-21 is a short version of the original 42-item DASS instrument, DASS-21 scores were multiplied by 2 to characterize the level of severity relative to the population. Depression severity was classified into five categories: normal (0–9), mild (10–13), moderate (14–20), severe (21–27), and very severe (28+). Similarly, for anxiety, the categories were normal (0–7), mild (8–9), moderate (10–14), severe (15–19), and very severe (20+). Stress scores were categorized as normal (0–14), mild (15–18), moderate (19–25), severe (26–33), or very severe (34+) (37). The scores obtained on these three subscales were dichotomized (38). Specifically, students falling in the moderately, severely, and extremely severely depressed, anxious, and stressed categories were considered to be depressed, anxious, and stressed, respectively; others were considered to be not depressed, not anxious, and not stressed, respectively. Cronbach's alpha values in the current study for the depression, anxiety, and stress subscales were 0.915, 0.876, and 0.892, respectively, at T1, and 0.928, 0.901, and 0.917, respectively, at T2, indicating good internal consistency.



2.3.4. Psychological resilience (CD-RISC-10)

Psychological resilience was assessed using the Connor-Davidson Resilience Scale (CD-RISC-10), which consists of 10 items with 5 response options ranging from 0 (never) to 4 (almost always) (39, 40). The CD-RISC-10 is widely used to assess an individual's perception of their ability to thrive under adversity. Total scores range from 0 to 40, with higher scores indicating greater resilience. The CD-RISC-10 has been shown to have satisfactory validity and reliability in Chinese university students (41). In this study, Cronbach's α was 0.971 at T1 and 0.979 at T2.



2.3.5. Statistical analysis

First, we described the characteristics of participants at TI and T2 and used the chi-square test and paired t-tests to examine changes in depression, anxiety, stress, psychological resilience, and related variables for participants at both time points. Second, the longitudinal effect of psychological resilience on depression, anxiety, and stress was analyzed using generalized estimating equations (GEEs), and three models were built to control for confounding variables. Demographic characteristics were included in Model 1; demographic characteristics and pandemic preventive behaviors were included in Model 2; and demographic characteristics, pandemic preventive behaviors, and psychological resilience were included in Model 3. All statistical tests were performed using IBM SPSS 26.0. Statistical significance was set at P < 0.05.





3. Results


3.1. Description of the sample and study variables

A total of 2,948 university students who completed both the baseline and follow-up surveys were included in the analyses. Detailed sample demographics, along with data on preventive behaviors and psychological resilience at both time points, are shown in Table 1. University students who participated at both T1 and T2 were mostly women (63.6%). Participants were aged 19.85 ± 1.449 years at T1 and 20.20 ± 1.521 years at T2. The proportion of students who wore a mask outside was 90.6% at T1 and 97.8% at T2; the rate of compliance with the standard hand-washing technique was 76.8% at T1 and 84.0% at T2; and the proportion of students who maintained a one-meter distance in queues was 60.6% at T1 and 78.1% at T2. In all three cases, the proportion increased at T2. The average psychological resilience score at T2 was 29.22 ± 8.532, which was lower than that at T1 (29.25 ± 8.406; P = 0.653). As shown in Table 2, the prevalences of depression, anxiety, and stress at T1 were 35.2, 44.8, and 23.0%, respectively. Rates of anxiety (44.8% at T1 vs. 41.2% at T2) and stress (23.0% at T1 vs. 19.6% at T2) decreased over time, whereas the rate of depression (35.2% at T1 vs. 36.9% at T2) increased significantly (P < 0.001).


TABLE 1 Changes in COVID-19-related variables between T1 and T2.

[image: Table 1]


TABLE 2 Prevalence of and change in depression, anxiety, and stress at T1 and T2.
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3.2. Association of pandemic preventive behaviors and psychological resilience with depression

The findings of the GEE analysis of depression are presented in Table 3; Model 3 represents the results after controlling for sociodemographic characteristics and preventive behavior. Gender, year of university study, major, preventive behavior-related variables, and psychological resilience were significantly associated with depression. Specifically, women were less likely to report depression than men (OR = 0.686, P < 0.001), while students in their 4th or 5th year of university (OR = 1.710, P < 0.001), as well as those majoring in liberal arts (OR = 1.238, P = 0.012), art (OR = 1.286, P = 0.032), or medicine (OR = 1.373, P = 0.021), were more likely to report depression over time. Those who wore a mask outside (OR = 0.761, P = 0.027), complied with the standard hand-washing technique (OR = 0.628, P < 0.001), maintained a distance of one meter in queues (OR = 0.668, P < 0.001), and had high psychological resilience scores (OR = 0.973, P < 0.001) were less likely to report depression over time.


TABLE 3 Longitudinal associations of epidemic preventive behaviors and psychological resilience with depression based on GEE.
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3.3. Association of pandemic preventive behaviors and psychological resilience with anxiety

The GEE results for anxiety, presented in Table 4, demonstrate that, in Model 3, women were less likely to report anxiety (OR = 0.752, P < 0.001). Participants in their 2nd year of study (OR = 0.815, P = 0.019) were less likely to feel anxiety than those in their 1st year. Participants majoring in medicine were more likely to report anxiety than those majoring in science (OR = 1.310, P = 0.040). University students who wore a mask outside (OR = 0.686, P = 0.002), complied with the standard hand-washing technique (OR = 0.701, P < 0.001), maintained a one-meter distance in queues (OR = 0.634, P < 0.001), and had high psychological resilience scores (OR = 0.980, P < 0.001) were less likely to report anxiety over time.


TABLE 4 Longitudinal associations of epidemic preventive behaviors and psychological resilience with anxiety based on GEE.
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3.4. Association of pandemic preventive behavior and psychological resilience with stress

Table 5 presents the GEE analysis for stress. Model 3 included demographic variables, pandemic preventive behaviors, and psychological resilience. Women were less likely to report stress over time (OR = 0.656, P < 0.001). Participants in their 4th or 5th year of study were more likely to report stress over time than those in their first year (OR = 1.385, P = 0.011). Those majoring in liberal arts (OR = 1.358, P = 0.002), art (OR = 1.373, P = 0.021), or medicine (OR = 1.775, P ≤ 0.001) were more likely to report stress over time. Additionally, people who complied with the standard hand-washing technique (OR = 0.638, P < 0.001), maintained a one-meter distance in queues (OR = 0.638, P < 0.001), and had higher psychological resilience scores (OR = 0.976, P < 0.001) were less likely to report stress over time.


TABLE 5 Longitudinal associations of epidemic preventive behaviors and psychological resilience with stress based on GEE.
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4. Discussion

This study investigated the prevalence of depression, anxiety, and stress among Chinese university students during the COVID-19 pandemic while on campus and when returning home for the winter vacation, with an interval of 3 months between these time points. In addition, the longitudinal association of demographic variabless, preventive behaviors, and psychological resilience with depression, anxiety, and stress were examined. To our knowledge, the present study is the first longitudinal study on the associations between mental health, preventive behaviors, and psychological resilience among university students in China during the COVID-19 pandemic. We found that the prevalence of anxiety and stress decreased over time, whereas the rate of depression increased between the time at which university students were on campus and the time at which they returned home for the winter vacation. Additionally, students' psychological resilience decreased longitudinally and the rate of compliance with preventive behaviors increased.

In this longitudinal survey, we found that students' reported rates of depression significantly increased over time (35.2 vs. 36.9%). This may be because COVID-19 may have lasting effects on university students' psychological health (42, 43), and the risk of psychological disorders may increase over time (44). In addition, it is worth noting that, although our investigation was conducted at a time when the pandemic was under control in China, there was still a risk of imported and sporadic cases. Students' psychological status may have fluctuated with the emergence of cases and this may have led to increased rates of depression. The proportion of students reporting anxiety (44.8 vs. 41.2%) and stress (23.0 vs. 19.6%) decreased over time. A possible reason for this decrease is that, while we were conducting the T2 phase of the survey, the Chinese government began to provide COVID-19 vaccines for all citizens, which may have provided psychological comfort to the students (37). Moreover, students returning home for the winter vacation period would feel more secure at home than at school (45).

We also found that students in their 3rd, 4th, or 5th year of study were more likely to report depression and stress than those in their 1st year, which is consistent with previous research (8). This pattern may be because there is more academic pressure on final-year students. They must be prepared for graduation, employment, and internships, but the prevalence of COVID-19 inevitably affects various matters. Additionally, we found that medical students were more likely to report depression, anxiety, and stress. Higher anxiety levels among medical students than among non-medical students were also found during the SARS-CoV-1 outbreak (46). Even in the absence of a pandemic outbreak, studies have shown that medical students report higher levels of psychological distress than their peers of the same age (47). This distress may arise because medical students are more knowledgeable about illnesses than other students (48), which makes them more likely to develop psychological problems.

Our findings suggest that measures taken to prevent the spread of COVID-19 may have had a protective psychological effect on university students. Consistent with previous studies (49), we found that those who wore a mask outside were less likely to report mental health problems. Similarly, those adhering to standard hand-washing techniques and maintaining a one-meter distance in queues were less likely to report mental health problems (50, 51). These findings highlight the importance of promoting preventive behaviors among university students during the COVID-19 pandemic. We also found that more students complied with preventive behaviors in the second survey than in the first, indicating an increased awareness of prevention among students.

The present study also examined the effect of psychological resilience on depression, anxiety, and stress. Consistent with previous studies (23, 24), we found that greater resilience was negatively associated with depression, anxiety, and stress. This may be because students with high psychological resilience can more clearly understand the meaning of positive coping styles (52). Additionally, being better able to handle negative emotions and respond flexibly to external pressures can help individuals to overcome the effects of negative emotions (53). These results suggest that increasing resilience can reduce depression, anxiety, and stress among university students.



5. Implications

First, universities should pay attention to the mental health of university students during COVID-19, focusing particularly on the mental health problems of male university students, senior students, and those majoring in liberal arts, arts, and medicine, and should provide timely guidance and support. Second, government departments and universities should continue to publicize and provide guidance on preventative behaviors that can reduce the spread of COVID-19, highlight the importance of protecting university students from the pandemic, and urge students to engage in good preventive behaviors. Finally, universities should encourage students to cultivate psychological resilience through provision of mental health education in order to reduce depression, anxiety, stress, and other psychological problems in the face of major public health emergencies such as COVID-19.



6. Limitations

First, the data used in this study were self-reported, which may have resulted in recall bias. Second, other variables that were not measured in this study, such as coping style, length of time spent in isolation, and other potential factors, may have influenced the results. Third, this study used only “yes/no” responses to measure preventive behavior, which may not be a scientific way to capture this variable. Fourth, the ORs for some variables in this study were close to 1, which may be due to the large sample size that made it easy to achieve statistical significance even for small effects. Finally, findings in relation to university students may not apply to the general population, especially to those with lower levels of education. Despite these limitations, this study used a longitudinal design to reveal the psychological changes in university students on campus and during the winter break during the COVID-19 pandemic and to examine the relationships of these changes with preventive behaviors and psychological resilience. In addition, this study had a large number of participants, enabling significantly reliable conclusions to be drawn.



7. Conclusion

In the period between two surveys, the prevalence of depression among university students increased, and the prevalence of anxiety and stress decreased. Senior students and medical students were more likely to experience psychological problems. Therefore, these groups of students should receive greater attention. Preventive behaviors were significantly associated with depression, anxiety, and stress; therefore, university students should continue to follow relevant preventive behaviors. Furthermore, psychological resilience was a protective factor against depression, anxiety, and stress, suggesting that improving psychological resilience may help maintain and promote university students' mental health.
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