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ABSTRACT
Background: Vaccine hesitancy was listed as one of the top 10 issues threatening global health in 2019. 
The objectives of this study were to (a) use an extended protection motivation theory (PMT) with an added 
trust component to identify predictors of vaccine hesitancy and (b) explore the predictive ability of 
vaccine hesitancy on vaccination behavior.
Methods: We conducted an online questionnaire from February 9 to April 9, 2021, in China. The target 
population was Chinese residents aged 18 and over. A total of 14,236 responses were received. Structural 
equation modeling was used to test the extended PMT model hypotheses.
Results: A total of 10,379 participants were finally included in this study, of whom 52.0% showed 
hesitancy toward vaccination. 2854 (27.5%) participants reported that they got flu shots in the 
past year, and 2561 (24.7%) participants were vaccinated against COVID-19. 2857 (27.5%) participants 
engaged in healthcare occupation. The model explained 85.7% variance of vaccine hesitancy. Self-efficacy 
was the strongest predictor, negatively associated with vaccine hesitancy (β = −0.584; p < .001). Response 
efficacy had a negative effect on vaccine hesitancy (β = −0.372; p < .001), while threat appraisal showed 
a positive effect (β = 0.104; p < .001). Compared with non-health workers, health workers showed more 
vaccine hesitancy, and response efficacy was the strongest predictor (β = −0.560; p < .001). Vaccine 
hesitancy had a negative effect on vaccination behavior (β = −0.483; p < .001), and the model explained 
23.4% variance of vaccination behavior.
Conclusions: This study demonstrates that the extended PMT model is efficient in explaining vaccine 
hesitancy. However, the predictive ability of vaccine hesitancy on vaccination behavior is limited.
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1. Introduction

With the development of medical technology, vaccination has 
become an important method to control diseases and contrib
uted to a dramatic reduction in the prevalence and incidence of 
vaccine preventable disease (VPD). However, people’s hesitancy 
to get vaccinated is widespread worldwide,1–4 leading to 
a decrease in vaccine coverage and an increase in VPD. The 
Strategic Advisory Group of Experts (SAGE) defined vaccine 
hesitancy (VH) as “delay in acceptance or refusal of vaccination 
despite availability of vaccination services.”5 VH was listed as 
one of the top 10 issues threatening global health in 2019.6

In China, VH is a serious problem that needs attention. In 
2013, a hepatitis B vaccine produced by Shenzhen Biokangtai 
was reported to have caused infant deaths, leading to a decline 
in parents’ confidence in the vaccines and rejection of 
vaccination.7 In 2018, the Changsheng vaccine scandal 
broke out in mainland China, with 252,600 unqualified 
diphtheria, tetanus, and pertussis combined vaccines reported 
to be used for child vaccination, undermining public confi
dence in vaccines.8 Du, Fanxing et al. suggested that 60% of 
caregivers expressed hesitancy about vaccination. Moreover, 
recent studies showed that 44.2% of Chinese adults were 

unwilling to get the COVID-19 vaccine and overall parental 
acceptance of childhood COVID-19 vaccines was only 
50.0%.9,10 Therefore, VH has become an issue to be solved; 
exploring the influencing factors of VH may be crucial for 
effective interventions.

Effective behavior prevention intervention needs to be 
based on the corresponding theoretical basis. Health-related 
behavior changes theory constructed from the perspective of 
psycho-social plays an important role in the prediction, pre
vention and intervention of health behavior.11–13 Protection 
motivation theory (PMT) is a classical theory extensively used 
to explain and predict human behaviors.14–16 According to 
PMT, individual threat appraisal and coping appraisal jointly 
form the protective motivation and further promote the occur
rence of behavior.17,18 Threat appraisal depends on an indivi
dual’s cognition about the severity and vulnerability of the 
negative consequences of the health threatened event. Coping 
appraisal consists of self-efficacy (cognition of individual’s 
ability to successfully perform protective behavior), response 
efficacy (cognition of the effectiveness of the protective beha
vior) and response cost (barriers to conducting protective 
behavior).19,20
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A previous study concluded that PMT accounted for 62% of 
the variance in vaccination intention for seasonal influenza, 
with response efficacy being the strongest predictor.21 More 
recently, Xiao Q et al reported that the PMT model explained 
26.6% of the variance in the vaccine willingness, and response 
efficacy, self-efficacy, and response cost were significantly cor
related with willingness.9 Additionally, SAGE concluded that 
VH is influenced by factors such as confidence (do not trust 
vaccine or provider), complacency (do not perceive a need for 
a vaccine, do not value vaccination), and convenience (access 
to vaccines).22 The utility in interpreting VH is almost consis
tent between PMT and the standard 3 C model, with confi
dence and convenience reflecting coping appraisal and 
complacency reflecting threat appraisal.21 Consequently, 
PMT may be a rational theory to explain the VH.

However, inconsistencies exist in the different contexts of 
the relationship between PMT composition and vaccine 
intention. Camerini A-L et al reported that only response 
efficacy showed to be related to parents’ intention to MMR 
vaccination among central PMT concepts.23 Recent research 
showed that only the perceived severity of PMT was asso
ciated with motivation to have a vaccination against COVID- 
19.24 Furthermore, according to PMT, the intention is the 
best predictor of behavior. As for VH, although we generally 
agree that is an important reason for the reduced vaccine 
coverage, the predictive ability of VH on actual vaccine 
uptake remains unclear. Some studies even suggest that VH 
may not be directly related to vaccine uptake. For example, 
Freed et al. research showed that despite parents showing 
some degree of concern, the vast majority of them accept all 
vaccines for their children on schedule and are less likely to 
have ever refused a vaccine.25 In addition, in previous studies, 
PMT was mostly focused on the explanation of vaccination 
intention, but few studies on vaccination behavior. Moreover, 
PMT is substantially consistent with the standard 3 C model 
of vaccine hesitancy. Still, the confidence component is 
defined as “trust in the vaccines or the system that delivers 

them,”26 whereas PMT lacks the consideration of trust in 
providers. Thus, we attempted to develop an extended PMT 
model with a trust component to examine VH and vaccina
tion behavior prediction.

In this study, we aimed to 1) use an extended protection 
motivation theory (PMT) with an added trust component to 
identify predictors of VH and 2) examine the predictive ability 
of VH on vaccination behavior. Moreover, healthcare workers 
(HCWs) are a key focus group for vaccination; their attitudes 
influence patients’ vaccination decisions.27,28 Thus, this study 
further examined whether there are differences influences 
between HCWs and the general population. Accordingly, we 
proposed the following hypotheses: 

H1: a) Perceived severity, b) perceived vulnerability, c) self- 
efficacy, d) response efficacy, and e) trust negatively affect VH. 
f) Response cost has a positive effect on VH.

H2: VH negatively affects vaccine uptake.

Based on these hypotheses, the theoretical model is depicted 
in Figure 1.

2. Materials and methods

2.1. Participants and procedure

We conducted a cross-sectional online survey from February 9 
to April 9, 2021, via the website Wenjuanxing, a widely used 
electronic questionnaire survey platform in China. The 
research team disseminated the survey link through social net
work platforms of OpenICQ, WeChat, Sina Weibo to their 
respective online communities and encouraged family mem
bers, friends, and voluntary participants to forward it to more 
people. The Ethics Committee of Wuxi Center for Disease 
Control and Prevention (2020No10) approved this study. The 
target population of the survey was Chinese residents aged 18 

Figure 1. Hypothesis model.
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and over. Each participant obtained informed consent before 
completing the questionnaire online. Participants received 
a CNY 1.5 reward (equivalent to $0.23) upon survey comple
tion, and a mobile phone number can only be used to complete 
the questionnaire once.

2.2. Measures

We developed a questionnaire consisting of four parts: socio- 
demographic characteristics, PMT measures, vaccine hesitancy 
and vaccination behavior. After we developed a preliminary 
questionnaire, 20 students and five professors of the Southeast 
University were invited to perform a pilot test. Adjustments were 
made in some items to ensure clarity, readability and logicality. 
The reliability and validity analysis results of the pilot test are 
shown in Supplementary 2 Table S1 and Table S2. Measurement 
items were referenced and modified from existing literature.21,29 

The final questionnaire measures are shown in Table 1 and the 
full questionnaire is shown in Supplementary 1.

Socio-demographic characteristics. We collected informa
tion on participants’ age, gender, educational background, 
annual household income, healthcare occupation, and health 
status.

PMT measures. Derived from the extended PMT model, the 
survey included measures of perceived severity (items PS1, 
PS2), perceived vulnerability (items PV1, PV2), self-efficacy 
(items SE1, SE2), response efficacy (items RE1, RE2, RE3), 
response cost (items RC1, RC2) and trust (items T1, T2, T3, 
T4). Each item was measured on a 5-point Likert scale with the 
answer ranging from 1 (“strongly disagree”) to 5 (“strongly 

agree”). A higher item score indicates a higher level of PMT 
component, whereas scores of items PS2, PV2 and RC2 were 
flipped because they were worded reverse.

Vaccine hesitancy. We measured VH using two items 
(“VH1. I’m hesitant (intent to delay or reject) about getting 
vaccinations.” and “VH2. If my family, friends, or doctor 
suggests I get the vaccine, I usually get it.”) with 5-point 
Likert scale also. Similarly, we flipped the score on reverse 
item VH2. Higher scores of the two items represented higher 
intention to VH.

Vaccination behavior. Vaccination behavior was assessed by 
two items (“VB1. Did you get a flu vaccine in the last year?” and 
“VB2. Did you get a COVID-19 vaccine?”) with a binary 
response format where 1 indicates “No” and 2 indicates 
“Yes.” We chose these two vaccines to represent vaccination 
behavior because they were more closely related to the indivi
dual’s recent vaccination attitude. The flu vaccine is an optional 
and self-pay non-EPI vaccine in China; meanwhile, it can be 
obtained every epidemic season. As for the COVID-19 vaccine, 
COVID-19 is a global pandemic, and whether or not to be 
vaccinated against the newly developed vaccine is a choice 
many people face.

2.3. Data analysis

Based on the pilot test, we found that it took at least 40 seconds 
to complete the questionnaire, so 40 seconds was set as the 
cutoff value to exclude participants who did not seriously 
participate in the survey. We defined the completion rate of 
the complete questionnaire as 80%, so the questionnaire with 

Table 1. Questionnaire measures.

Measures Items Response scale

Perceived severity PS1. Diseases can seriously affect health and cannot be 
resisted by natural immunity alone.

Strongly disagree (1) to strongly agree (5)

PS2. My body can fight off disease even if I get it, so 
there is no need for vaccination.

Strongly disagree (1) to strongly agree (5)

Perceived vulnerability PV1. Without vaccinations, I am vulnerable to diseases. Strongly disagree (1) to strongly agree (5)
PV2. I don’t think it’s necessary to get vaccinated 

because the disease risk is low.
Strongly disagree (1) to strongly agree (5)

Self-efficacy SE1. I’d be able to get vaccines if I wanted to. Strongly disagree (1) to strongly agree (5)
SE2. I can afford vaccines. Strongly disagree (1) to strongly agree (5)

Response efficacy RE1. I think vaccines are safe. Strongly disagree (1) to strongly agree (5)
RE2. I think vaccines are effective. Strongly disagree (1) to strongly agree (5)
RE3. I think it’s good for my health to get vaccinated. Strongly disagree (1) to strongly agree (5)

Response cost RC1. I think the vaccination clinic service is poor. Strongly disagree (1) to strongly agree (5)
RC2. I think it’s convenient and takes a short time to 

get the vaccination.
Strongly disagree (1) to strongly agree (5)

Trust T1. I think the management process of vaccines is 
reliable and trustworthy.

Strongly disagree (1) to strongly agree (5)

T2. The information about vaccines I receive from 
nurses or doctors is reliable and trustworthy.

Strongly disagree (1) to strongly agree (5)

T3. The information about vaccines I receive from the 
Center for Disease Control is reliable and 
trustworthy.

Strongly disagree (1) to strongly agree (5)

T4. The information about vaccines I receive from the 
government is reliable and trustworthy.

Strongly disagree (1) to strongly agree (5)

Vaccine hesitancy VH1. I’m hesitant (intent to delay or reject) about 
getting vaccinations.

Strongly disagree (1) to strongly agree (5)

VH2. If my family, friends, or doctor suggests I get the 
vaccine, I usually get it.

Strongly disagree (1) to strongly agree (5)

Vaccination behavior VB1. Did you get a flu vaccine in the past year? No (1) or Yes (2)
VB2. Did you get a COVID-19 vaccine? No (1) or Yes (2)
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more than 3 unfilled items were excluded. In addition, logical 
contradiction questionnaires were excluded in the subsequent 
analysis.

Descriptive statistics were used to analyze the socio- 
demographic characteristics of the participants. Additionally, 
we used the average score of the two items (item VH1 and 
VH2) to measure the level of VH of the respondents, with 
a cutoff of 3 points, and 3 points or above were considered 
VH. Multivariate logistic regression analysis was performed to 
explore the influence of socio-demographic characteristics to 
vaccine hesitancy.

We calculated Cronbach’s α to determine the reliability of 
the measurement model (Supplementary 2 Table S3). We per
formed confirmatory factor analysis (CFA) to assess the valid
ity of the measurement model and calculated average variance 
extracted (AVE) and composite reliability (CR) to assess con
vergent validity (Supplementary 2 Table S3). Cronbach’s α 
values above 0.70 indicated that the reliability was acceptable, 
while AVE values above 0.50 and CR values above 0.70 were 
considered as acceptable validity. Then Pearson correlation 
analysis was used to examine the associations between studied 
variables.

Structural equation modeling (SEM) was utilized to verify 
the research model. Fit indexes including goodness-of-fit index 
(GFI) >0.90, adjusted goodness-of-fit index (AGFI) >0.90, 
comparative fit index (CFI) >0.90, parsimony normed fit 
index (PNFI) >0.50, and root mean square error of approxima
tion (RMSEA) <0.08, which indicated the acceptable model 
fit.30 Further, we employed the multi-group SEM to analyze 
the differences between HCWs and non-HCWs. We per
formed the analysis to compare the measurement weights, 
structural weights, structural covariance, structural residual, 
and measurement residual of HCWs and non-HCWs.

Statistical analyses were conducted in SPSS 25 and AMOS 
24. The two-side p-value of <0.05 was considered statistically 
significant.

3. Results

3.1. Socio-demographic characteristics of participants

A total of 14,236 responses were received, and 10,379 were 
finally included in the study after excluding unqualified ques
tionnaires. The flow chart of questionnaire inclusion is shown 
in Figure 2. The socio-demographic characteristics of these 
participants are shown in Table 2. Among these participants, 
people aged 26–35 make up the largest proportion (n = 4081; 
39.3%), and just over half of were women (n = 5564; 53.6%), 
and almost two-thirds were college-educated (n = 6909; 
66.6%), and people earning between 50,000 and 100,000 RMB 
made up the largest percentage (n = 3591; 34.6%), and 2857 
(27.5%) participants engaged in healthcare occupation. 2854 
(27.5%) participants reported that they got flu shots in the 
past year, and 2561 (24.7%) participants were vaccinated 
against COVID-19.

3.2. Vaccine hesitancy of the participants

Measured by items VH1 and VH2, 5398 (52.0%) of them 
showed hesitancy toward vaccination (3 points or above). 
The multivariate logistic regression analysis (Table 2) showed 
that those aged 18–25 were more hesitant than any other age 
groups. Females were more hesitant compared with males 
(OR = 1.142; 95%CI: 1.052, 1.238). Participants with low-level 
income presented more hesitant than other groups. HCWs 
showed more VH compared with non-HCWs (OR = 1.734; 

Figure 2. Flow chart of questionnaire inclusion.
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95%CI: 1.569, 1.916). Participants who reported being in very 
good health were more positive about the vaccines. In addition, 
participants who were not vaccinated against influenza or 
COVID-19 reported more VH compared with those 
vaccinated.

3.3. Measurement model

According to the reliability and validity analyses results, stan
dard loadings of item PS1 was −0.022, and Cronbach’s α of 
perceived severity was −0.042 (Supplementary 2 Table S3). 
Therefore, item PS1 was deleted. Due to the limited number 
of items, we combined perceived severity and perceived vul
nerability into threat appraisal, with items PS2, PV1 and PV2 
as the measurement variables of threat appraisal. Then the 
reliability and validity were analyzed again. The results satisfied 
the reliability and validity requirements (Supplementary 2 
Table S4). The Pearson correlation analysis results are shown 
in Supplementary 2 Table S5, and the correlation is significant.

3.4. Structural equation model and testing results

3.4.1. Hypothesis testing results of the research model
The model is illustrated in Figure 3 with a goodness-of-fit 
results of GFI = 0.920, AGFI = 0.885, CFI = 0.900, 
PNFI = 0.610, and RMSEA = 0.052. Standardized path 

coefficients of the model are presented in Table 3. VH 
significantly affected vaccination behavior (β = −0.483; p 
< .001), which supported H2. Both self-efficacy (β = −0.584; 
p < .001) and response efficacy (β = −0.372; p < .001) 
showed significant negative effects on VH. Thus, H1c and 
H1d hypotheses were proven. However, we merged per
ceived severity and perceived vulnerability into threat 
appraisal, and the coefficients of threat appraisal 
(β = 0.104; p < .001) indicated a positive effect. So H1a 
and H1b were not proven. Trust (β = −0.032; p = .693) and 
response cost (β = −0.030; p = .299) were not statistically 
significant. Therefore, these results failed to confirm H1e 
and H1f. Further, the R2 value explained 85.7% of VH 
variance and 23.4% in vaccination behavior.

3.4.2. Subgroup analysis results
Table 4 lists the multi-group analysis results. The standardized 
path coefficients of the HCWs and non-HCWs groups were 
consistent with the significant results of the overall SEM model 
path test done above. In comparison, response efficacy was the 
strongest predictor of HCWs (β = −0.560; p < .001), while self- 
efficacy was the strongest predictor of non-HCWs (β = −0.584; 
p < .001). For the path of vaccine hesitancy to vaccination 
behavior, vaccine hesitancy showed a higher negative effect of 
HCWs (β = −0.584; p < .001) than non-HCWs (β = −0.493; 
p < .001).

Table 2. Socio-demographic characteristics and logistic regression analysis.

Vaccine hesitancy

Socio-demographic characteristics n (%) No (%) Yes (%) OR 95% CI p-Value

Total 10379 (100.0) 4981 (48.0) 5398 (52.0)
Age (years)

18–25* 3152 (30.4) 1438 (45.6) 1714 (54.4)
26–35 4081 (39.3) 2015 (49.4) 2066 (50.6) 0.891 (0.808, 0.984) 0.022
36–45 1899 (18.3) 917 (48.3) 982 (51.7) 0.870 (0.770, 0.982) 0.024
≥46 1247 (12.0) 611 (49.0) 636 (51.0) 0.729 (0.632, 0.840) <0.001

Gender
Man* 4815 (46.4) 2448 (50.8) 2367 (49.2)
Woman 5564 (53.6) 2533 (45.5) 3031 (54.5) 1.142 (1.052, 1.238) 0.001

Education background
Junior high school or below * 554 (5.3) 257 (46.4) 297 (53.6)
High school graduate or equivalent 1566 (15.1) 779 (49.7) 787 (50.3) 0.954 (0.780, 1.167) 0.648
College or equivalent 6909 (66.6) 3403 (49.3) 3506 (50.7) 0.906 (0.751, 1.092) 0.299
Postgraduate or above 1350 (13.0) 542 (40.1) 808 (59.9) 1.212 (0.975, 1.505) 0.083

Annual household income (10,000 RMB)
<5* 1695 (16.3) 699 (41.2) 996 (58.8)
5–10 3591 (34.6) 1793 (49.9) 1798 (50.1) 0.707 (0.626, 0.799) <0.001
11–15 2559 (24.7) 1363 (53.3) 1196 (46.7) 0.618 (0.541, 0.705) <0.001
≥16 2534 (24.4) 1126 (44.4) 1408 (55.6) 0.781 (0.680, 0.897) <0.001

Healthcare occupation
No* 7522 (72.5) 3731 (49.6) 3791 (50.4)
Yes 2857 (27.5) 1250 (43.8) 1607 (56.2) 1.734 (1.569, 1.916) <0.001

Health status
Very good* 4862 (46.8) 2718 (55.9) 2144 (44.1)
Good 4087 (39.4) 1730 (42.3) 2357 (57.7) 1.591 (1.456, 1.738) <0.001
Fair 1332 (12.8) 495 (37.2) 837 (62.8) 1.943 (1.708, 2.211) <0.001
Poor 79 (0.8) 31 (39.2) 48 (60.8) 1.790 (1.126, 2.845) 0.014
Very poor 19 (0.2) 7 (36.8) 12 (63.2) 1.892 (0.731, 4.899) 0.189

Did you get a flu vaccination in the last year?
No* 7525 (72.5) 3341 (44.4) 4184 (55.6)
Yes 2854 (27.5) 1640 (57.5) 1214 (42.5) 0.745 (0.670, 0.828) <0.001

Did you get a COVID-19 vaccination?
No* 7818 (75.3) 3466 (44.3) 4352 (55.7)
Yes 2561 (24.7) 1515 (59.2) 1046 (40.8) 0.558 (0.500, 0.624) <0.001

*Reference variable.
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4. Discussion

In this cross-sectional online survey of vaccine hesitancy 
among Chinese adults, 52.0% of them expressed hesitation 
about vaccination, which is a high rate of vaccine hesitancy 
that needs our attention. In this study, we construct an 
extended PMT model to predict VH and vaccination behavior. 

VH had a negative association with vaccination behavior, and 
the model explained 85.7% variance of VH and 23.4% variance 
of vaccination behavior. While PMT is not a perfect predictor 
of vaccination behavior, we think this study still provides 
valuable insights into the prediction of vaccine hesitancy inten
tions. We found that self-efficacy and response efficacy was 
negatively affected VH; conversely, threat appraisal showed 
a positive effect.

The results showed that, as we expected to assume, self- 
efficacy and response efficacy negatively affected vaccine hesi
tancy. In previous studies, response efficacy and self-efficacy 
had significant influences on the willingness to receive the 
COVID-19 vaccine among a cross-sectional online survey.9 

A Switzerland study reported that response efficacy showed 
to be related to parents’ intention to MMR vaccination 
among central PMT concepts.23 Similar results have been 
found in studies in Mainland China and Hong Kong.31,32 

Our results provide further support for this relationship. 
Therefore, future VH interventions should reduce the cost of 
vaccination and increase confidence in access to vaccination. 
Meanwhile, increasing the scientific publicity of vaccination 
lets people understand the role and effect of the vaccine.

Existing research generally suggested that the high level of 
threat appraisal was associated with stronger intentions and 
higher uptake of vaccination,21,33,34 yet our study presented an 
opposite result. We speculate that the positive effect of threat 
appraisal maybe because we surveyed at the time of the 
COVID-19 epidemic and introduced the newly developed 
COVID-19 vaccine to the population. At this point, although 
our questionnaire was aimed at the attitude of universal vac
cines, participants may inevitably be associated with the 
COVID-19 vaccine. As a result, both threat appraisal and VH 
increased. This psychology may arise because exposure to 
images of illness and fear can exacerbate anxiety and lead to 
maladaptive behavior. Individuals lack the confidence to deal 

Figure 3. Results of the final research model.

Table 3. Summary of findings regarding hypotheses.

Path
Stand. 
Coeff. S.E. C.R. p-Value

Threat appraisal →Vaccine hesitancy 0.104 0.005 6.477 ***
Self-efficacy →Vaccine hesitancy −0.584 0.025 −11.975 ***
Response efficacy →Vaccine hesitancy −0.372 0.037 −4.973 ***
Trust →Vaccine hesitancy −0.032 0.049 −0.395 0.693
Response cost →Vaccine hesitancy −0.030 0.008 −1.204 0.299
Vaccine hesitancy →Vaccination 

behavior
−0.483 0.024 16.723 ***

Stand. Coeff. = standardized path coefficient; S.E. = Standard error; C.R. = critical 
ratio; *** p < 0.001.

Table 4. Multi-group analysis results of healthcare occupation.

Path

Healthcare workers Non-healthcare workers

Stand. 
Coeff. S.E. p-Value

Stand. 
Coeff. S.E. p-Value

Threat appraisal 
→Vaccine hesitancy

0.284 0.019 *** 0.043 0.008 0.011

Self-efficacy →Vaccine 
hesitancy

−0.476 0.080 *** −0.584 0.044 ***

Response efficacy 
→Vaccine hesitancy

−0.560 0.136 *** −0.268 0.081 0.001

Trust →Vaccine 
hesitancy

0.234 0.268 0.121 −0.161 0.111 0.076

Response cost →Vaccine 
hesitancy

−0.053 0.025 0.138 −0.031 0.018 0.351

Vaccine hesitancy 
→Vaccination 
behavior

−0.584 0.015 *** −0.493 0.009 ***

Stand. Coeff. = standardized path coefficient; S.E. = Standard error; *** p < 0.001.
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directly with the threat.35,36 Therefore, while publicizing the 
risk of disease, the government should also popularize scien
tific countermeasures to avoid excessive anxiety over the 
condition.

Vaccine hesitancy performed a significant negative effect on 
vaccination behavior. Meanwhile, threat appraisal, response 
efficacy, and self-efficacy had indirect effects on vaccination 
behavior. However, even the extended PMT model could pre
dict only around 20% vaccination behavior. There are two 
possible reasons for the intention-behavior gap. First, VH is 
a context-specific phenomenon, varying across time, place and 
vaccines.22 Different vaccines produce different behavioral out
comes, and people may accept one vaccine but decline another 
because their decision is based on vaccine-specific features.37 

We used flu and COVID vaccines as the measure of vaccina
tion behavior may get one-sided results. Second, vaccination 
acceptance is a behavior that results from a complex decision- 
making process, with socio-cultural and political factors also 
influencing the decision.5 Studies have suggested that descrip
tive norms (copying others’ behavior) explain significant var
iance in vaccination behavior.32,38 Therefore, the influence of 
social descriptive norms can be explored in future studies.

In consistent with some previous studies, HCWs showed 
more hesitation than non-HCWs.39,40 Many studies have 
found that HCWs refuse vaccination because of the risk of 
side effects and lack of confidence in vaccines.41–43 In our 
study, PMT elements presented different effects between 
them. Response efficacy was a strong predictor of VH for 
HCWs, while self-efficacy was the strongest predictor of non- 
HCWs. These results are probably due to HCWs making 
decisions based on their medical knowledge about the vaccine’s 
efficacy; in contrast, the ability of the general population to 
believe that they can perform vaccination is critical in stimu
lating motivational, cognitive and affective processes.44

Our study found that the impact of some demographic char
acteristic factors on VH is also noteworthy. In the present study, 
age, gender, annual household income and health status were 
associated with VH. People aged 18 to 25 were more hesitant 
than any other age group, similarly, previous research has shown 
that older people show more positive attitudes toward 
vaccines.45 In line with previous studies, women were more 
hesitant than men, probably because men are more likely to 
engage in risky behavior than women.28,46 Participants with low- 
level income presented more hesitation, the hesitation of these 
people may be related to trust issues in the health provider.47 

Participants who thought they were very healthy showed less 
hesitation, possibly because people with less confidence in their 
health are more cautious about making health decisions.

This study has several limitations. First, our survey collected 
the data via an online questionnaire survey, a convenient sam
pling approach. Our study sample had disproportionately 
more HCWs and was only collected in China, which might 
limit the generalizability of our results. Second, this study was 
a cross-sectional survey, so the test of intention-behavior rela
tion did not satisfy causal inference. Further longitudinal stu
dies with interventions are needed to determine the ability of 
intention to predict behavior. Third, data collection was self- 
reported, which could have a recall bias. Moreover, we per
formed this survey when the COVID-19 vaccine was beginning 

to be promoted, and people might be affected by the new 
vaccine, which could cause potential biases. Finally, due to 
the limited number of items, we merged perceived severity 
and perceived vulnerability into threat appraisal. However, 
the positive effect of threat appraisal on VH cannot prove the 
effect of perceived severity and perceived vulnerability, and the 
effects of these constructs must be further clarified.

5. Conclusion

This study demonstrates that the extended PMT model is effi
cient in explaining vaccine hesitancy. Self-efficacy and response 
efficacy had negative effects on vaccine hesitancy, while threat 
appraisal showed a positive effect. Response efficacy was a strong 
predictor of VH for HCWs, while self-efficacy was the strongest 
predictor of non-HCWs. Vaccine hesitancy had a significant 
negative effect on vaccination behavior. However, the model’s 
predictive ability for vaccination behavior is limited, which 
needs further exploration in the future.
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