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The current study aims to compare compliance with the COVID-19 prevention guidelines among citizens from 13 districts in Wuhan and to explore the influence of individual-level psychological factors and district-level factors on compliance. A total of 811 participants (52% females) from 13 districts in Wuhan were invited to complete surveys regarding demographics, psychosocial factors and compliance with epidemic prevention guidelines. Individual-level characteristics were combined with district-level measures to create multilevel predictive models of compliance with prevention guidelines, and used the Hierarchical Linear Model (HLM) to analyze the data. Findings revealed that there were significant differences in the compliance of citizens from 13 districts of Wuhan (F = 5.65, P < 0.001). Hierarchical linear model analysis revealed that the risk factors case growth rate, COVID-19-related perceived stress, anxiety, significantly negatively predicted compliance. Hope and conscientiousness significantly positively predicted compliance with prevention guidelines, and the negative predictive effect of anxiety disappeared. Overall, we found significant differences in compliance with prevention guidelines among different districts. Risk factors at the individual level have had a negative impact on individuals’ compliance with prevention guidelines, but this impact can be mitigated by the positive role of personal protective factors such as conscientiousness and hope.
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INTRODUCTION

The 2019 coronavirus disease (COVID-19) epidemic is a global health threat. The outbreak was first revealed in late December 2019 in the city of Wuhan in Hubei Province. Since then, the number of cases has continued to escalate exponentially within and beyond Wuhan, spreading to all 34 regions of China by 30 January 2020 (Wang et al., 2020). Since the outbreak, response efforts by the Chinese government have been swift. To prevent further spread, protect the health of the public, and maintain the normal order of production, life and traffic, the Chinese Center for Disease Control and Prevention, under the guidance of the National Administration of Disease Prevention and Control, jointly launched the “Guidelines for Public Protection of Pneumonia Caused by the 2019 Coronavirus” with People’s Medical Publishing House. The purpose is to publicize knowledge about public protection from COVID-19 that is correct, authoritative and professional to prevent the public from panic and to ensure correct understanding, good protection and health maintenance. However, during the epidemic lockdown, the public’s compliance with the guidelines was inevitably affected by many factors. Existing studies have shown that negative factors such as how individuals perceived the difficulty and severity of disease, exposure factors, protective resources negatively affect behavior compliance (Zhou and Luo, 2009). Previous research has revealed a profound and wide range of psychosocial impacts on people at the individual, community, and international levels during outbreaks of infection (Wang et al., 2020).

As the severity of the epidemic is not consistent in different districts of Wuhan, there may be some differences in the protective behaviors of citizens in different districts. The people of Wuhan, Hubei province, China—where the COVID-19 outbreak was first noted, and which has had the highest number of confirmed cases and deaths in China—experienced collective bereavement and grief (Cao et al., 2020) when their city was forced into complete lockdown for 76 days. In addition, changing health alerts and overwhelming media coverage of the spread of COVID-19 in the city have increased fear, anxiety and even stigma among urban residents, all of which can have profound effects on mental health (Li et al., 2021). In this environment, Wuhan citizens’ protective behavior is affected by many factors. In the early stage of the outbreak, there was a great difference in the severity of the epidemic among the districts of Wuhan, as well as in the medical resources and the number of confirmed cases, so it was necessary to conduct hierarchical research.



THEORETICAL FRAMEWORKS AND AIMS


The Impact of Risk Factors on Individuals’ Compliance With Epidemic Prevention Guidelines

Based on resource conservation theory, resource loss can lead to adverse reactions for individuals. When people face despair from resource depletion, it may also trigger the individual defense mechanism with the aim of self-protection that results in showing some irrational behavior, but people will use critical resources in response to the current environment stress scenarios to alleviate the negative effects (Hobfoll, 2011). Resource loss is the main component in the stress process, and COVID-19 is likely to threaten the resources of an individual from many aspects (Zhang et al., 2021). COVID-19 is similar to other stressors, in that it brings about cognitive, physical, and emotional stress (Zhang et al., 2021.).

Wuhan where the COVID-19 outbreak was first noted in China was forced to complete lockdown, which greatly changed the lifestyle of Wuhan citizens and induced a lot of pressure (Cao et al., 2020). In addition to stress over the spread of the disease, uncertainty and changes in routines also put a lot of stress on people, and studies have shown that during the COVID-19 pandemic, people are particularly vulnerable to the three main stressors: infection-related risk, activity-related risk, and financial-related risk (Park et al., 2020; Qiu et al., 2020). Based on the resource conservation theory, COVID-19 is likely to threaten the resources of an individual from many aspects, and may trigger the individual defense mechanism of self-protection, to show some irrational behavior (Hobfoll, 2011; Zhang et al., 2021). Accordingly, Individuals who perceive more epidemic stress are more likely to exhibit irrational behavior. And so is the rate of increase in cases. When there are more diagnosed cases in the area of an individual, there is a higher possibility that a person will get infected, and therefore, the strain is higher and the greater the negative effects that follow.

In addition, individual perception of disease severity, exposure factors, and individual health beliefs have a negative impact on individual compliance with preventive behavior (Zhou and Luo, 2009). The COVID-19 epidemic not only poses a serious threat to people’s physical health and lives, but also causes a variety of psychological problems, leading to an increase in various psychological distress, anxiety and depression (Benke et al., 2020; González-Sanguino et al., 2020; Qiu et al., 2020). Anxiety can also negatively affect individuals as a risk factor during the COVID-19 pandemic (Ding et al., 2021; Zhang et al., 2021). There are also studies showing that mental health has a negative impact on health behavior compliance (Grant et al., 2005; Hu, 2021). Accordingly, based on the resource protection theory, epidemy-related stressors, case growth rate, and anxiety as risk factors may threaten individuals’ resources, exhibit some irrational behaviors, and reduce compliance with epidemic prevention guidelines.



The Impact of Protective Factors on Individuals’ Compliance With Epidemic Prevention Guidelines

In fact, not all individuals are greatly affected by stressful life or traumatic experience, and internal and external resources play an important role as a protective factor (Maschi et al., 2014). Based on the Big Five personality theory, we propose that individuals who are more conscientious and rule-abiding might be more resistant to the impact of COVID-19 and follow epidemic prevention guidelines more closely. Studies have found that the pandemic severity predicted the negative affect of people. Moreover, the relationship was moderated by conscientiousness, which means that people who are conscientious, are more resistant to the psychological impact of COVID-19 pandemic (Qiu et al., 2020). First of all, conscientiousness reflects the extent to which people are responsible and organized (Barrick and Mount, 1991), also reflects a personal characteristic resource for stress coping, they will plan and prevent themselves from maladaptive coping (Vollrath and Torgersen, 2000). Therefore, conscientious people might be more planful in coping with COVID-19, and hence, less negatively impacted. In addition, conscientious individuals are generally more immersed in work and other meaningful activities (Barrick and Mount, 1991). As a result, they may be more distant from the rate of case growth and other negative information from the media, more able to behave rationally and more compliant with epidemic prevention guidelines.

In highly stressful situations caused by the COVID-19 pandemic, protective factors from within individuals – resilient coping and hope levels – can protect individuals from less negative impacts (Ding et al., 2021). Individuals with a high level of hope have a positive attitude toward reality and the future, also actively take actions, which helps individuals better cope with negative events (Herth, 1992). Individuals with high resilience can cope with pressure in a highly adaptive way and actively solve problems (Sinclair and Wallston, 2004). When facing a series of major lifestyle changes such as forced closure management, they can cope more calmly and adapt to the new life mode more quickly. Positive psychosocial strength and proactive behaviors can help individuals cope with public health crises (Ding et al., 2021), and also have a positive impact on individuals’ compliance with preventive behavior (Zhou and Luo, 2009).

Psychological distress levels were also influenced by availability of local medical resources, efficiency of the regional public health system, and prevention and control measures taken against the epidemic situation (Qiu et al., 2020). In the early days of the COVID-19 pandemic, a shortage of medical resources and personal protective equipment is highly likely to have a negative psychological impact on individual (Bozdag and Ergun, 2020; El-Hage et al., 2020). The abundance of hospital beds and medical resources makes it easier for individuals to get medical care if they feel unwell or contract infectious diseases, so individuals are likely to have less anxiety about COVID-19 and less fear of death. Therefore, when individual resources are scarce, the number of hospital beds available, an external medical resource, may act as a protective factor to protect individuals from more rational preventive behavior during the COVID-19 pandemic. Accordingly, there are two main aims in the current study. First, we aimed to examine the impacts of internal and external risk factors (COVID-19 related perceived stress, Anxiety, Rate of case growth) on individual compliance with epidemic prevention guidelines. Second, we aimed to examine whether impact can be mitigated by the positive role of internal and external protective factors (e.g., conscientiousness, hope, resilience coping, and average number of hospital beds available).




MATERIALS AND METHODS


Participants

The characteristics of the overall sample appear in Table 1. The sample consisted of 811 participants from Wuhan, and Jiangxia District had the greatest number of participants (n = 105, 12.9%), followed by Jiang’an District (n = 90, 11.1%) and Hongshan District (n = 89, 11.0%). Of the 811 participants included, 48.0% were male (n = 389), 52.0% were female (n = 422), 45.1% were 18–34 years old (n = 366), 32.8% were 35–54 years old (n = 266), 22.1% were 55 years or older (n = 179), 28.7% had a less than a high school degree (n = 233), 15.8% had a high school degree (n = 128), 35.6% had an associate degree (n = 289), 19.9% had a bachelor’s or higher degree (n = 161), and 55.9% (n = 453) were married, 44.1% (n = 358) were single (Table 1).


TABLE 1. Demographic characteristics of participants in the 13 districts (N = 811).
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Procedures

A snowball sampling method was used. First, six residents from each of the 13 districts of Wuhan were selected as “first-level seeds,” and the male:female ratio was 1:1. In terms of age ranges, a ratio of 1:1:1 was used for the groups of 18–34 years old, 35∼54 years old, and 55 years old and above. Second, the “level 1 seed” forwarded the questionnaire link to their own community or community WeChat group, and their WeChat friends voluntarily and anonymously participated in the questionnaire. We received 881 surveys, of which 811 (86.2%) surveys were retained after excluding those whose IP addresses were not in Wuhan, those with an answer time longer than 15 min and those with missing data.



Study Variables and Measures


Personal Level Factors

Anxiety was measured using the established, empirically validated Adult Patient-Reported Outcomes Measurement Information System (PROMIS) Short Form v1.0-Anxiety 4a (Cronbach’s alpha of 0.93) (Pilkonis et al., 2011), and the Cronbach’s alpha coefficient in this measurement was 0.951. This scale included four questions on a 5-category Likert scale that ranged from 4 to 20, with higher scores representing more anxiety.

According to a self-compiled questionnaire on COVID-19-related perceived stress from previous studies (Park et al., 2020), 27 epidemic-related stressors were measured during the COVID-19 period. This scale included twenty-seven questions on a 5-category Likert scale that ranged from 1 to 5, with higher scores indicating that individuals perceived more COVID-19-related stress. The questionnaire had good internal consistency (Cronbach’s alpha of 0.977) and convergent validity (CMIN/DF = 2.549, CFI = 0.992, NFI = 0.988, TLI = 0.979, RMSEA = 0.044).

The Mini-International Five-Factor Personality Scale was used to measure the conscientiousness level of the participants based on twenty questions on a 5-point Likert scale, and there were four questions for each of the five dimensions: extraversion, conscientiousness, agreeableness, neuroticism, and openness (Donnellan et al., 2006). Higher the score, the more obvious the trait. He Jianhua, a domestic scholar, revised the scale, and the results showed that it has good reliability and validity. Cronbach’s alpha for the questionnaire in this survey was 0.957.

Hope was measured using the 12-item Herth Hope Index, which is a valid scale with a Cronbach’s alpha of 0.97 and test-retest reliability of 0.91 (Herth, 1992). There are three dimensions: having a positive attitude toward reality and the future, taking positive actions, and maintaining close relationships with others. The total score ranges from 12 to 48, and the higher the score, the higher the level of hope. Cronbach’s alpha coefficient for the questionnaire in this survey was 0.904.

The 4-item Brief Resilient Coping Scale was used to measure the subjects’ tendency to respond to stress in a highly adaptive way (Sinclair and Wallston, 2004), using a 5-category symmetrical Likert scale with a Cronbach’s alpha of 0.76 and test-retest reliability of 0.71. This scale was able to significantly positively predict self-efficacy, positive problem solving, life satisfaction and mental health with good predictive validity. Cronbach’s alpha coefficient for the questionnaire in this survey was 0.957.

Compliance with epidemic prevention guidelines refers to the extent to which people are scientifically protected according to the recommendations in the guidelines. According to the “Guidelines for Public Protection of Novel Coronavirus Pneumonia” compiled by the Chinese Center for Disease Control and Prevention, a questionnaire for compliance with the guidelines was established to measure the protective behavior of the general population during COVID-19 prevention and control. Participants were asked to subjectively evaluate their compliance with each item during the quarantine period. According to previous study each item was scored from 0 (never done) to 100 (fully adhered to), and the total score was calculated (Park et al., 2020). The higher the score was, the better the compliance with the epidemic prevention guidelines. The questionnaire had good internal consistency (Cronbach’s alpha of 0.768) and convergent validity (CMIN/DF = 2.228, CFI = 0.984, NFI = 0.972, TLI = 0.976, RMSEA = 0.039).



District Level Factors

District-level factors were measured using two variables based on existing data retrieved from online resources on the daily growth rate of COVID-19 cases per 100,000 people in each district of Wuhan based on the number of confirmed COVID-19 cases from March 6, 2020, to April 26, 2020, released by the Wuhan Municipal Health Commission and the population of each district in Wuhan released by the Hubei Provincial Bureau of Statistics.

The case growth rate was used to represent the severity of COVID-19 in each district. According to the daily hospital bed usage of designated hospitals in Wuhan released by the Wuhan Municipal Health Commission from January 31, 2020, to February 25, 2020, the average number of hospital beds supplied per day in each district of Wuhan during the lockdown period was summarized.

The average number of hospital beds available represents the supply of medical resources in each district during the COVID-19 lockdown period.



Demographic Variables

Demographic variables included gender, age group, highest level of education and marital status.




Statistical Analysis

We conducted descriptive analyses of demographics, district-level factors, and personal compliance with epidemic prevention guidelines. We assessed the zero-order correlations among the district-level factors and personal-level variables. We examined differences in compliance with epidemic prevention guideline variables across the districts using ANOVA tests. We analyzed the associations of district-level factors and personal-level factors with compliance with epidemic prevention guidelines using two-level, linear mixed models in a four-model testing process.

As recommended for multilevel modeling (Bryk and Raudenbush, 1992), we treated the participants (level 1) as clusters within their districts (level 2) to account for correlations among the participants from the same district. We used a random intercept test to ensure accuracy in estimating the variance. Model 1 contained only the random intercept to assess whether or not there was significant variation in compliance with epidemic prevention guidelines across districts. For Model 2, we added district-level and personal-level risk factor variables as fixed factors (rate of case growth, COVID-19-related perceived stress, anxiety). Model 3 further added district-level and personal-level protective factor variables (resilience coping, conscientiousness, hope, average number of hospital beds available). Model 4 adjusted for demographic variables (gender, age, and marital status). SPSS 25.0 and HLM 6.06 statistical software were used for the analyses.




RESULTS

Varied substantially across districts (F = 5.65, p < 0.001), Huangpi District experienced the greatest score at 99.525, and Qingshan District had the lowest score at 90.560 (Table 2). In addition, ANOVAs testing for differences in compliance with epidemic prevention guidelines based on gender, age, marital status and education revealed no significant differences.


TABLE 2. District-level variables.
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The specific results of the district-level factors, the average daily increase in confirmed COVID-19 cases per 100,000 people (case growth rate) and the average number of hospital beds available are shown in Table 2.

Correlation analysis showed that compliance with epidemic prevention guidelines was significantly correlated with COVID-19-related perceived stress, anxiety, case growth rate, hope, and conscientiousness (Table 3).


TABLE 3. Means, standard deviations, and correlation between personal-level and district-level variables.
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The results of the multilevel linear mixed model analysis are depicted in Table 4. Model 1, with no independent variables, showed statistically significant results, which suggests that compliance with epidemic prevention guidelines differs based on the characteristics of the individual’s district (ICC = 0.091, P < 0.001). The intraclass correlation indicated that 9.1% of the variance in compliance with epidemic prevention guideline scores was due to differences across districts. It is necessary to take into consideration both individual-level and district-level variables and how they affect each other related to compliance with epidemic prevention guidelines. In model 2, risk factor variables at the personal level (COVID-19-related perceived stress, anxiety) and district level (rate of case growth) were added to model 1. In the analysis, all the risk factor variables had a significant effect on compliance with epidemic prevention guidelines. In model 2, living in a district with a higher rate of case growth was associated with a significant reduction in compliance with epidemic prevention guidelines (β = −16.084, p = 0.023), as did the presence of higher levels of COVID-19-related perceived stress (β = −0.844, p = 0.002) and anxiety (β = −0.725, p = 0.008).


TABLE 4. Regressions of district-level and personal factors on compliance with epidemic prevention guidelines using multilevel modeling.
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In model 3, the protective factor variables were added to model 2. We found that participants with a higher conscientiousness score had significantly greater compliance with epidemic prevention guidelines (β = 0.274, p = 0.033), as did participants with a higher hope scores (β = 1.844, p = 0.012). Notably, after adding protective factors into the model, the rate of case growth (β = −19.204, p = 0.008) and COVID-19-related perceived stress (β = −0.868, p = 0.001) still had a significant negative effect on compliance with epidemic prevention guidelines, but the negative predictive effect of anxiety factors disappeared. The associations between the average number of hospital beds available and resilience coping were not significant. Finally, the demographic factor variables were added in model 4, and the results were the same as those in model 3.



DISCUSSION

The current study aims to compare compliance with epidemic prevention guidelines among citizens from 13 districts in Wuhan and to explore the influence of individual psychological factors and district-level factors on compliance. An analysis of the characteristics of public health emergencies in Hubei Province shows that the COVID-19 outbreak is a major public health event, and negative factors such as severity, uncertainty and other negative factors cause anxiety, depression and other negative psychological manifestations in individuals. This investigation revealed significant differences in scores related to compliance with the epidemic prevention guidelines among all districts of Wuhan. The scores of citizens in Qingshan District were the lowest, and those in Huangpi District were the highest. Findings of the current study revealed that the risk factors case growth rate, COVID-19-related perceived stress, anxiety, significantly negatively predicted compliance. After protective factors (resilience coping, conscientiousness, hope and average number of hospital beds available) were added, hope and conscientiousness significantly positively predicted compliance with epidemic prevention guidelines, and the negative predictive effect of anxiety disappeared. After the addition of control variables, this result remained the same.


Impact of Risk Factors on Individuals’ Compliance With Epidemic Prevention Guidelines

In this study, individuals’ COVID-19-related perceived stress and anxiety levels and the growth rate of cases at the district level had a significant negative predictive effect on compliance with epidemic prevention guidelines. When individuals perceive more stressors and anxiety related to the epidemic and an increased rate of cases in their district, their compliance with epidemic prevention guidelines is worse. According to resource conservation theory, either potential or actual resource loss can trigger adverse reactions in individuals (Hobfoll, 2011). When people face such a desperate situation of resource depletion, this may also trigger their self-protection defense mechanism, thus leading them to display some irrational behaviors. Many internal and external risk factors (COVID-19-related perceived stress, anxiety, case growth rate) during the COVID-19 pandemic lockdown may cause individuals to be in a state of resource loss and may affect whether universal values or specific resources are affected to a certain degree. When this loss state reaches a certain degree, the probability of rational coping decreases for individuals, so they perform poorly in terms of goal-oriented protective behavior.



Impact of Protective Factors on Individuals’ Compliance With Epidemic Prevention Guidelines

This study also found that conscientiousness and hope have a significant positive effect on compliance with epidemic prevention guidelines, and the negative effect of anxiety on compliance with epidemic prevention guidelines disappeared when protective factors were added. Resource conservation theory assumes that resources exist within and outside of the individual, namely, at different levels, and determines how effectively individuals cope with stress in negative events (Hobfoll, 2011). People use key resources to cope with stressful situations in the current environment to alleviate negative impacts. Individuals have many protective resources, such as stable personality traits and positive psychosocial strengths. These protective factors can protect individuals from excessive arousal, promote recovery from stress and lead to better performance in subsequent tasks (Wolfgang and Paul, 2011). In addition, in the AB5C model of personality, conscientiousness has nine dimensions, including strict rationality and orderliness, and individuals with conscientiousness are more able to comply with social requirements and norms to control their behaviors (Hofstee et al., 1992; John and Srivastava, 1999). Therefore, during the COVID-19 pandemic lockdown, people with conscientiousness are more able to follow the epidemic prevention guidelines and behave better.

Finally, this study originally assumed that the average number of hospital beds available as a protective social resource could alleviate the negative impact, but the impact was not significant in this survey. The reason may be that the average number of hospital beds available in each district reflects not only the social resources of the district but also the serious situation of the epidemic to a certain extent, which may weaken the level of representability relative to the average number of hospital beds available and the degree to which social resources are a factor.




IMPLICATION

The research results have the following implications: First, when people face a major public health event, negative information at the district level may affect their ability to respond positively. At this time, the output of protective resources at the government level should be increased to provide more social support for the public, which may help to alleviate the negative impact of anxiety and other negative factors. Second, in the face of major stressful events, an individual’s sense of conscientiousness and hope play an important and positive role. We should pay attention to cultivating our own strong self-control and strict self-discipline to comply with social requirements and build hope such as community-wide mindfulness-based stress reduction training and popularize positive psychology for the public.



LIMITATIONS

This study also has many limitations, which should be addressed in subsequent studies. First, the representativeness of protective factor index selection at the district level needs to be considered. Future research is needed to expand data collection channels and further explore the influence of protective factors at the district level. Second, the negative effect of anxiety disappeared after the addition of protective factors, which suggests that the specific mechanism of action between variables can be further explored in subsequent studies. Finally, a cross-sectional study could collect dynamic data on compliance with epidemic prevention guidelines and psychological changes in multiple time periods in the future, explore whether protective factors within individuals play a positive role in each stage of event development, and determine the causal relationships among variables.



CONCLUSION

Overall, findings of the current study suggest significant variations in people’s compliance with epidemic prevention guidelines across districts. Internal and external risk factors (COVID-19 related perceived stress, Anxiety, Rate of case growth) have a negative impact on individual compliance with epidemic prevention guidelines, and this impact can be mitigated by the positive role of internal and external protective factors(conscientiousness, Hope). This may assist in providing empirical evidence for related theories of individual compliance with health behavior under stressors, also providing a reference to effectively buffer against anxiety for individuals facing under stressful events and promote compliance with epidemic prevention guidelines.
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