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Background and purpose: As Coronavirus disease (COVID-19) continues to spread around the world, COVID-19 vaccines are the most effective weapons against the global pandemic. Yet vaccine hesitancy remains a serious problem and can pose certain hazards to individuals' mental health, such as rising anxiety. Therefore, based on Self-Discrepancy Theory, this paper aims to explore the role of COVID-19 vaccine hesitancy on individual generalized anxiety disorder and its influence mechanisms through two studies.

Methods: Study one involved 654 Chinese participants using the Vaccine Hesitancy Questionnaire and the Generalized Anxiety Disorder 7-item (GAD-7) scale. In Study two, the Vaccine Hesitation Questionnaire, GAD-7 scale, Perceived Risk of COVID-19 pandemic scale, and Vaccination Status Questionnaire were used and data from 3,282 Chinese residents was collected.

Results: Vaccine hesitancy directly increases generalized anxiety disorder; risk perception plays a partial mediating role between vaccine hesitancy and generalized anxiety disorder; vaccination status moderated vaccine hesitancy's effect on risk perception and generalized anxiety disorder.

Conclusion: Vaccine hesitancy predicts generalized anxiety disorder through risk perception, but the mediating role of risk perception is moderated by vaccination status, which means that for the vaccinated group when their vaccine hesitancy is reduced, it will be easier to reduce the risk perception and thus the generalized anxiety disorder.
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Introduction

The Coronavirus disease (COVID-19) has wreaked great havoc on our society. Until a drug with proven efficacy against this virus is found, COVID-19 vaccines are considered to be the most effective means of controlling this contagion (1), offering a ray of hope for individuals and societies suffering from the pandemic (2). Although several available COVID-19 vaccines have been developed, the current situation of vaccination is not promising (3). The prevalent phenomenon of vaccine hesitancy (VH) undermines global efforts to combat the COVID-19 pandemic (4) and has a negative impact on the psychological state of individuals, bringing about fear and anxiety (5). VH refers to a delay in acceptance or refusal of vaccination despite the availability of vaccination services (6). It is an increasingly prominent problem and is now listed by the World Health Organization (7) as one of the greatest threats to global health. From the perspective of technophobia (8), VH is always accompanied by the emergence of epidemics and the development of vaccine technology. We need to focus not only on the causes of VH but more importantly, on the risks associated with VH. Therefore, this study explores the psychological risks associated with VH from a psychological or psychiatric perspective.


The role of VH in GAD

The public was generally in a state of anxiety during COVID-19 and even suffer from Generalized Anxiety Disorder (GAD) (9, 10), which is characterized by excessive, persistent, and unrealistic worry about everyday things. The epidemiological and social crisis brought about by COVID-19 has amplified the existing social anxiety (11). Does VH also amplify anxiety as a risk factor for GAD? Higgins' Self-Discrepancy Theory proposes that individuals engage in self-evaluation in three domains: the actual self, the ideal self, and the ought self (12). The actual self is what the individual believes he or she is; the ideal self is what the individual would like to be, and the ought self is what the individual believes he or she should be about responsibilities and obligations. Self-Discrepancy Theory focuses on two types of a discrepancy, namely, the discrepancy between the actual self and ideal self, and the discrepancy between the actual self and ought self (13). And actual self-should self-discrepancy is uniquely related to anxious depressive mood (14).

As universal individual decision-making and the cognitive phenomenon, hesitancy is mainly manifested by individuals' hesitation to choose among multiple options or their inability to decide promptly (15). And VH occurs on the continuum between high vaccine demand and complete vaccine refusal (16). When making decisions, the reality of inadequate information for decision-making creates difficulties for decision-makers to anticipate possible outcomes and the probability of each outcome promptly, and decision-makers are prone to hesitate by repeatedly questioning the correctness of the decisions made. Hesitation reflects the actual self-should self-discrepancy, i.e., the discrepancy between the consideration of the efficacy and risk of a vaccine (actual self) and the responsibility for inoculation (should self). This can lead to adverse psychiatric symptoms such as anxiety in individuals (17). A study also demonstrated a high correlation between VH and anxiety related to Coronavirus (5). Based on this, the following hypothesis is proposed in this paper.

H1: VH is positively predictive of GAD.



The mediating role of RP

VH also reflects uncertainty about emerging technologies (11), which arises when it is difficult for the public to predict precisely the probability of occurrence or outcome of vaccine risks. Uncertainty is closely related to people's assessment of risk (18). Risk Perception (RP) describes people's attitudes and intuitive judgments about uncertain events in a given situation (19), or people's attitudes and perceptions of risk. The psychometric theory of risk suggests that people can assess risky events in terms of two factors: “fear of risk” and “uncertainty about risk,” with the first factor referring to “uncontrollable things” and the second factor referring to “unfamiliar things” (20). Vaccine hesitant individuals, unfamiliar with vaccine technology (21), are prone to waver between strategies and fail to decide promptly, resulting in a perception of high risk. Social risk amplification theory suggests that risk events interact in various ways with psychological, social, organizational, and cultural factors that may amplify or diminish public reactions to risks or risk events (22). Moreover, the effects of risk events sometimes far exceed the harm of the event itself and can lead to significant indirect effects (23), such as increased RPs of epidemics. Based on this, the following hypothesis is proposed.

H2: VH is positively predictive of RP.

The Common Sense Model of RP states that information about health threats activates and develops a risk representation of the disease in question (24). It consists of two components: one is threat/risk perception, and the other is the emotional response. At the level of emotional response, it is represented by emotional states such as tolerance and worry about the potential adverse consequences of uncertain (25). When individuals experience negative emotions such as worry, and this process is repeated over and over again, it leads to the development of anxiety symptoms (14). This means that in uncertain situations, factors such as an individual's concern about possible outcomes and tolerance for event uncertainty can lead to the development of anxiety symptoms (26). In addition, the perceived risk of public emergencies also induces an additional load on individuals and is a key factor in depleting their energy, thereby exerting a negative impact on their work and lives (27). Based on this, the following hypothesis is proposed in this paper.

H3: RP is positively predictive of GAD.

H4: The effects of VH on GAD will be partially mediated by the RP.



Mediating role of vaccination status

While the above hypothesis may answer the question of how VH affects generalized anxiety, it does not answer the question of whether the relationship between the two is different under different contexts of vaccination. Does vaccination status have an impact on COVID-19 risk perception? The most important reason for vaccination is self-protection, which reduces the risk of infections to a certain extent (1). But there are also social reasons such as wider economic impact, health equity, moral responsibility, etc. (28), and these benefits of vaccination can reduce the public's perception of COVID-19 risk, affect individual wellbeing, and improves the overall wellbeing of society. Cognitive Dissonance theory suggests that cognitive dissonance occurs when individuals are confronted with new information that contradicts their beliefs or opinions or when they perform actions that go against their personal beliefs or opinions (29, 30). Vaccine-hesitant individuals may develop cognitive dissonance as a result of the fact of being vaccinated or withholding vaccination. Due to the vaccination or non-vaccination facts, individuals who are hesitant about vaccines may have cognitive dissonance. To seek the consistency of the inner world, they either reduce cognitive dissonance by increasing new cognition or avoid increasing the degree of cognitive dissonance by avoiding contacting new cognition (29, 31). After vaccination, individuals may become less hesitant, thereby reducing RP. In addition, vaccination can enhance people's confidence in fighting a pandemic. Therefore, vaccination status may moderate the effects of VH. Based on this, the following hypothesis is proposed in this paper.

H5: Vaccination status negatively moderated the relationship between VH and RP, i.e., the positive association between VH and RP was stronger in vaccinated individuals than in unvaccinated individuals.

H6: Vaccination status negatively moderated the relationship between VH and GAD, i.e., VH was less positively associated with GAD in vaccinated individuals than in unvaccinated individuals.

Based on the above analysis, this paper proposes a mechanism for the effect of VH on GAD through two studies, suggesting that VH affects GAD through RP and that the effect of VH on RP and GAD differs between different vaccination statuses. The relationship model is shown in Figure 1.
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FIGURE 1
 The relationship model.





Study one: The relationship between VH and GAD


Methods
 
Participants

An online questionnaire was administered to Chinese residents between February 4 and 10, 2021. This sampling period was ~1 month after the Chinese government introduced free COVID-19 vaccination (9 January 2021). A total of 811 questionnaires were collected. Invalid questionnaires including those with identical answers and those with an answer time of fewer than 300s were removed. The Mahalanobis distance is used to exclude data outside the 0.001 standards and the SPSS is used to remove abnormal data (32). After the filtering process, a total of 654 valid questionnaires were collected with an effective rate of 80.64%. The age range of the participants was between 16 and 69 years old, with a mean age of 34.27 ± 10.713.



Measures
 
General demographics questionnaire

A general questionnaire that contains various demographic variables such as age is used.



Vaccine hesitancy

VH was measured by a self-administered questionnaire that includes questions such as, “In general, please rate how hesitant you are about getting vaccinated against COVID-19.” A 5-point scale from “very hesitant” to “not at all” was used in the questionnaire, with higher scores associated with higher levels of vaccine hesitancy.



Generalized anxiety disorder

The Generalized Anxiety Disorder-7 (GAD-7) scale, as outlined in “The Diagnostic and Statistical Manual of Mental Disorders,” 5th Edition is an effective evaluation for measuring anxiety symptoms (33). GAD-7 was used to assess the subject's frequency of anxiety symptoms over the past 2 weeks. It consists of 7 questions (e.g., “Feeling afraid that something terrible is going to happen”) on a 4-point scale, the higher the score the more severe the anxiety symptoms. In this study, Cronbach's α coefficient was 0.955.




Data analysis

Quantitative data in this study were expressed as means and standard deviations, while qualitative data were expressed as percentages. SPSS 23.0 was used to statistically analyze data.

Pearson correlation analysis and linear regression analysis were used to explore the relationship between VH and GAD.





Results


Socio-demographic profile of participants and scores of their vaccine hesitancy

Table 1 shows the sociodemographic profile of participants' gender, education, and vaccination status, as well as scores of their vaccine hesitancy.


TABLE 1 Socio-demographic profile of participants and scores of their VH in study one (N = 654).
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Descriptive statistics and correlation analysis

The means, standard deviations, and correlation coefficients for VH and GAD are shown in Table 2. It's evident that VH was negatively correlated with age and positively correlated with GAD.


TABLE 2 Descriptive statistics and correlations for VH and GAD in study one.
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Linear regression analysis

A structural equation was constructed using GAD as the outcome variable and VH as the predictor variable as shown in Table 3. The results showed that the Durbin-Watson coefficient was 1.994, indicating that there was no significant autocorrelation across subjects in the sample. It also showed that VH positively predicted GAD. This result verified hypothesis 1.


TABLE 3 Regression analysis of VH and GAD.
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Study two: The influence mechanism of VH on GAD

Study one explained the relationship between VH and GAD and showed that VH positively predicted public GAD during the COVID-19 pandemic, validating the self-discrepancy theory. However, Study one only tested a part of the theoretical model and was unable to explain the mechanism through which VH contributes to GAD. It's not clear whether the cognitive process of VH increases the RP and, in turn, leads to increased anxiety symptoms. Therefore, building on the result of Study one, Study two will clarify the role of RP in the generation of GAD.


Methods
 
Participants

From 18 February to 4 March 2021, an online questionnaire was administered to Chinese residents using the online survey platform “Questionnaire Star.” A total of 4,301 questionnaires were collected, of which 3,282 were valid with an effective rate of 76.31%. Invalid questionnaires including those with identical answers and those with an answer time of fewer than 300s were removed. The Mahalanobis distance is used to exclude data outside the 0.001 standards and the SPSS is used to remove abnormal data (32). The age range of the participants was between 10 and 81 years old, with a mean age of 33.31 ± 14.591. Among the valid questionnaires, 1,251 of the participants had received the COVID-19 vaccine and 2,031 of them had not received the vaccine.



Measures
 
General questionnaire

A general questionnaire was used that contains various demographic variables, such as age, and vaccination status.



Vaccine hesitancy

Same as study one.



Generalized anxiety disorder

Same as study one and the Cronbach's α was 0.959 in this study.



The COVID-19 risk perception

This study employs the COVID-19 Risk Perception Scale developed by Xi et al. (25), which consists of nine questions, including the emotional feeling dimension (e.g., “How likely do I think I will have COVID-19?”), cognitive judgment dimension (e.g., “I am convinced that I will not be sick with COVID-19”), and psychological representation of unusual severity dimension (e.g., “Imagining myself tested positive for COVID-19 is something I find to be _”). Options are scored on a Likert scale of 4 to 6 points. In this study, Cronbach's alpha coefficient was 0.840.




Statistics and common method deviation test

Quantitative data in this study were expressed as means and standard deviations, while qualitative data were expressed as percentages. SPSS 23.0 was used to statistically analyze data. Pearson correlation analysis was used to explore the relationship between different variables, and pathway analysis was performed using the PROCESS macro program.

The Harman single factor method was used to detect the common method deviation. The results showed that a total of 2 factors were generated without rotation, with the first factor having a variance interpretation rate of 38.464%, (< 50%) (34), indicating that there was no significant common method bias in this study.





Results


Socio-demographic profile of participants and scores of their vaccine hesitancy

Table 4 shows the sociodemographic profile of participants' gender, education, and vaccination status, as well as scores of their vaccine hesitancy. The results showed significantly lower vaccine hesitancy in the vaccinated than in the unvaccinated (t = −17.084, p < 0.001, Cohen's d = 0.619).


TABLE 4 Socio-demographic profile of participants and scores of their VH in study two (N = 3,282).
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Descriptive statistics and correlation analysis

The means, standard deviations, and correlation coefficients for age, VH, GAD, RP, and vaccination status are shown in Table 5. VH, GAD, RP, and vaccination status were all correlated. Age was significantly correlated with VH, GAD, RP, and vaccination status.


TABLE 5 Descriptive statistics and correlation analysis for VH, GAD, RP, and vaccination status.
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Moderated mediation analysis

Model 4 (5,000 Bootstrap samples) in the SPSS PROCESS macro program developed by Hayes (35) was used for testing mediating effects. The results showed that with age as control variables, VH significantly and positively predicted RP [B = 0.898, t = 8.373; 95% CI = (0.688, 1.109)], with the inclusion of mediating variables, RP significantly and positively predicted GAD [B = 0.110, t = 12.271; 95% CI = (0.092, 0.128)], and VH significantly negatively predicted GAD [B = 0.722, t = 13.070; 95% CI = (0.614, 0.830)], indicating that RP plays a partial mediating role in the relationship between VH and GAD (see Table 6). Hypotheses 1, 2, 3, and 4 were verified.


TABLE 6 Mediation effect of RP and moderation effect of vaccination status.
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A moderation effect test was conducted using Model 8 in the SPSS PROCESS macro program to examine the moderating role of vaccination status in the first half of the pathway and the direct pathway in the model of VH's impact on GAD through RP. The results are shown in Table 6. VH was not a significant predictor of GAD [B = −0.108, t = −0.756; 95% CI = (−0.388, 0.172)] and the interaction term between VH and vaccination status was not a significant predictor of GAD [B = 0.033, t = 0.283; 95% CI = (−0.197, 0.263)]. Thus, vaccination status did not play a significant moderating role in the direct pathway by which VH affects GAD. In addition, VH was found to be positively predictive of RP [B = −0.954, t = −3.416; 95% CI = (−1.502, −0.406)]. The interaction term for VH and vaccination status was a significant predictor of RP [B = −0.703, t = −3.068; 95% CI = (−1.151, −0.254)]. Therefore, the moderating effect of vaccination status was significant.

Simple slope analysis was conducted to further examine the moderating effect of vaccination status, with groupings based on vaccination or non-vaccination. It was found that VH in the unvaccinated group significantly and positively predicted RP [Bsimple = 1.436, t = 7.804; 95% CI = (1.075, 1.797)]; whereas in the vaccinated group, the positive predictive effect became smaller [Bsimple = 0.734, t = 5.314; 95% CI = (0.463, 1.004)]. This suggests that the perceived risk of COVID-19 tends to increase with stronger VH, but the trend of change was lower in the unvaccinated group compared to the vaccinated group. The results are shown in Table 6 and Figure 2. Taken together, the moderated mediation model constructed in this study is valid [Index = −0.077, SE = 0.028, 95% CI = (−0.134, −0.024)], with vaccination status moderating the first half of the mediating effect, confirming the hypothesis 5 and rejecting hypothesis 6.
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FIGURE 2
 The moderation effect.


For those who have been vaccinated, when their vaccine hesitancy is reduced, it will be easier to reduce risk perception and thus GAD.





Discussion


VH positively predicts GAD

Through two cross-sectional studies, it was found that VH was a significant positive predictor of GAD, i.e., as individuals became more hesitant about vaccination, their disorder also increased. This finding is consistent with previous studies (5). The result reveals the predictive effect of VH on anxiety symptoms, thus confirming the self-discrepancy theory (36). Individuals with high VH tend to repeatedly question whether their decision about vaccination is correct. There is a contradiction between the concern about the efficacy and risk of the COVID-19 vaccine (the real self) and the moral and social obligation of vaccination (the should self). The actual-ideal self-discrepancy and the actual-should self-discrepancy a contributing factors to many mental health issues, such as depression, anxiety disorders, and eating disorders (36). They may believe that they will be punished or blamed for their failure to fulfill their responsibility and this negative feeling often leads to anxious moods (36, 37) and even psychiatric disorders. In contrast, individuals with low VH have weaker actual-should self-discrepancy and less associated negative feelings such as anxiety.



Mediating role of RP

COVID-19 risk perception partially mediates the relationship between VH and GAD. It means that VH can either directly contribute to elevated GAD or indirectly act upon GAD by increasing RP. Vaccine hesitant individuals who are unfamiliar with vaccine technology due to, for example, a lack of comprehensive information (21) tend to rely on intuitive judgments and assessments of risk events, predisposing them to perceptions of high risk. And due to the amplification effect, risk events may amplify or attenuate the public's response to a risk or risk event in a risky situation (23). Because of the amplification effect, VH can lead to high perceptions of COVID-19 risk, leaving individuals in a state of panic. Furthermore, the actual-should self-discrepancy embodied in VH may also exacerbate uncertainty among residents, and hesitancy about vaccine technology may extend to the uncertainty about society as a whole (38). This vicious cycle can then lead to the development of anxiety symptoms (14).

The result reveals a mechanism for the generalization of VH and its effect on psychological risk, i.e., individual's GAD will increase through the amplification of RP. It confirms that VH is not only harmful in the medical sense but also poses a threat to an individual's mental health.



Moderating role of vaccination status

This study also examined the moderating effect of vaccination status, which played a role in the first half of the mediated pathway, namely the relationship between VH and RP. Vaccination status negatively moderated the relationship between vaccine hesitancy and risk perception, i.e., there was a lower trend of change in the unvaccinated group compared to the vaccinated group. And we found that the vaccine hesitancy was significantly lower in the vaccinated group compared to the unvaccinated group. Therefore, it can be concluded that for the vaccinated group, when their vaccine hesitancy is reduced, it will be easier to reduce the risk perception and thus the GAD. When vaccination becomes a fact, vaccine-hesitant individuals who want to seek consistency between their cognition and behavior tend to mitigate the degree of cognitive dissonance by absorbing new information (29, 30). Therefore, they may be more receptive to interventions such as vaccine science knowledge that affect GAD by intervening in vaccine hesitation. Furthermore, this study found that vaccination status did not moderate the direct pathway of VH on GAD, i.e., VH's direct effect on GAD will not be influenced by the vaccination status. It is evident that vaccination status only moderates VH's effect on GAD when RP is at play. This result further validates the cognitive dissonance theory.



Inspiration

The emergence of the COVID-19 pandemic has made many determinants of poor mental health more seriously (39). During the COVID-19 pandemic, a meta-analysis shows that there were an additional 762 million cases of anxiety disorders worldwide (a 25.6% increase), with an overall prevalence of 4,802,400 cases per 100,000 population (40). How to deal with the vast amount of anxiety disorders group throughout the COVID-19 pandemic? Our results suggest that vaccine hesitation may be a mediated predictor, and the vaccine status could be an effective moderated factor in the first half of the mediating pathway. And these results enlighten us that the methods of anxiety disorder intervention could be found in a new psycho-social way of vaccine hesitation and vaccination. Vaccinated group has significantly lower vaccine hesitation than the unvaccinated, and furtherly moderates more significantly on risk perception, which could lead to fewer anxiety disorders in some extent. This result also has a positive implication for the promotion of vaccination, i.e., vaccination not only physically has a protective effect on individuals, but also psychologically.



Limitations and prospect

This study is still a cross-sectional study and can only discuss the correlation between variables, not the causal effect between them. Follow-up studies could be conducted using a longitudinal design to provide more evidence to reveal the causal effect between variables. Because we consider less socio-demographic information when taking data, this results in our inability to effectively identify which individuals exhibit lower vaccine hesitancy. Future studies could further refine the demographic distribution of vaccine hesitancy. In addition, we need to note that vaccine hesitancy exists at all times.




Conclusion

Vaccine hesitancy predicts generalized anxiety disorder through risk perception, but the mediating role of risk perception is moderated by vaccination status, which means that for the vaccinated group when their vaccine hesitancy is reduced, it will be easier to reduce the risk perception and thus the generalized anxiety disorder. This can be used for the development of interventions to improve mental health and decrease the anxiety disorders through the new psycho-social way of vaccine hesitation and vaccination.
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