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A B S T R A C T   

This study investigated sex differences in the relationship between post-vaccination adverse reactions, decision 
regret, and willingness to pay (WTP) for the booster dose of COVID-19 vaccines. This research carried out an 
online cross-sectional investigation among healthcare workers (HCWs) in Taizhou, China. In total, 1,054 re
spondents (165 males and 889 females) have received two-dose COVID-19 vaccination. We performed 
descriptive analysis, chi-square test, and mediation analysis on the exported data. In this study, 67 (40.6%) males 
and 429 (48.3%) females had WTP for the booster dose. Our study presented that decision regret mediated the 
effect of adverse reactions after vaccination on WTP for the booster dose in both male and female groups. In 
males, decision regret played a completely mediating role, while in females, it acted as a partial mediator. Sex 
differences in the relationship between post-vaccination side effects, decision regret, and WTP for the third dose 
were demonstrated in a sample of healthcare workers.   

1. Introduction 

It has been more than three years since the COVID-19 outbreak 
began in Wuhan, China, in late December 2019. The COVID-19 
pandemic has created huge economic burdens globally (Harapan 
et al., 2020; Dong et al., 2020; Majumder and Minko, 2021). Available 
epidemiological data showed that the most common mechanism of 
transmission was from droplets generated during face-to-face conver
sation, coughing, or sneezing (Wiersinga et al., 2020). Among many, 
healthcare workers (HCWs) are at high risk of catching the disease due 
to their direct contact with a wide range of patients (Serrano-Ripoll 
et al., 2020). At this point, a safe and effective preventive vaccine would 
be considered a useful tool to reduce spread rates and subsequent 
infection (Polack et al., 2020; Russell and Greenwood, 2021; Palacios 
et al., 2020). Vaccines are therefore essential for HCWs to prevent 
COVID-19 infection and to keep health systems safe (Lazarus et al., 
2021; Ripabelli et al., 2022; Noushad et al., 2021). 

COVID-19 vaccines may be sold on the private market in the future, 
despite the fact that they are free in China. It is therefore important to 
evaluate the willingness to pay (WTP) for the COVID-19 vaccine. As we 

know, WTP is an indicator that people will consider paying for a service 
or health technology (He and Anderson, 2021). Knowing about people’s 
WTP for vaccines can help future pricing discussions and provide in
formation to assist decision-making on COVID-19 vaccine pricing. Pre
vious studies have focused on the acceptance and WTP for COVID-19 
vaccines (Mengistu et al., 2022; Zhou et al., 2022). HCWs are vulnerable 
to the highly contagious virus since they are in direct contact with 
COVID-19 patients (Sabetian et al., 2021). Evidence regarding the WTP 
for COVID-19 vaccines among HCWs is critical to ensuring that it is 
accepted and valued, resulting in positive outcomes for the promotion of 
willingness to pay in the largest community. 

So far, there have been a lot of studies concentrated on the WTP for 
vaccines. Reports showed that about 25 % of vaccinated people have 
experienced adverse reactions, such as pain in the muscles and fever 
(Kałucka et al., 2022; Maruyama et al., 2022). Therefore, investigating 
whether and how post-vaccination side effects influence individuals’ 
WTP for booster shots is necessary. Of interest, a previous study showed 
that men had more severe symptoms of COVID-19 than women 
(Rozenberg et al., 2020). Based on experience in monitoring post- 
vaccination adverse effects, many vaccines displayed gender 
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differences (Zhu et al., 2021; Tadount et al., 2020). Our previous 
research has reported that post-vaccination side effects could influence 
WTP for the booster dose of COVID-19 vaccines, with decision regret 
mediating the above relations (Luo et al., 2022). Considering the po
tential sex difference in post-vaccination adverse reactions and WTP, sex 
disparity should also be taken into account in vaccine development and 
promotion. Hence, the objective of this study was to investigate sex 
differences in the relationship between post-vaccination adverse re
actions, decision regret, and WTP for the booster dose of COVID-19 
vaccines. 

2. Methods 

2.1. Study design 

A cross-sectional online survey was carried out on the Wen-Juan 
Xing platform. The target participants were HCWs at a tertiary hospi
tal in Taizhou, Zhejiang, China. Interviewees answered the question
naires from August 31 to September 8, 2021. The information collected 
from the questionnaires was checked logically, including the exclusion 
of outliers; the exclusion of respondents under the age of 18; and the 
exclusion of respondents who took less than 120 s to fill out the ques
tionnaire. This investigation was reviewed and approved by the Ethics 
Committee of Taizhou Hospital, Zhejiang Province, China (Approval 
number: K20210823). All related procedures were conducted according 
to the guidelines of the institutional Ethics Committee and the principles 
of the Declaration of Helsinki. We did not require separate written 
informed consent, as respondents were considered to have given 
informed consent by participating in the study. All participant infor
mation was kept anonymous. 

2.2. Questionnaires 

The main contents of the survey have been described previously (Luo 
et al., 2022). The collected information included the following four 
parts. (1) Basic characteristics, including sex, age, occupation, educa
tion, professional title, and underlying diseases; (2) Vaccination history, 
including the COVID-19 vaccination status and post-vaccination side 
effects; (3) Decision regret, including 5 items (Haun et al., 2019); and (4) 
The WTP for the booster dose. 

2.3. Statistical analysis 

The main objective was to investigate whether there were sex dif
ferences in the relationship between side effects after vaccination, de
cision regret, and WTP for the booster dose of COVID-19 vaccines. Here, 
we adopted mediation regression methods to study the above relations. 
The exposure (X) in this research was post-vaccination adverse reactions 
(yes or no); the potential mediator (M) was decision regret; and the 
outcome (Y) was WTP for the booster dose (yes or no). We adopted the 
following equations for mediation analysis: 

logit(P(Y = 1)) = c1 + γX + δT Z + ε1 (1)  

M = c2 + αX + θT Z + ε2 (2)  

logit(P(Y = 1)) = c3 + γ*X + βM +ϑT Z + ε3 (3)  

Category variables were described in terms of counts and percentages. 
Chi-square tests were used to compare differences between groups. 
Continuous variables were presented as mean(sd). We adopted the 
above equations to perform the mediation analysis. Variables with P- 
values < 0.05 were considered statistically significant. 

3. Results 

3.1. Basic characteristics 

In this survey, a total of 1,054 participants have received two-dose 
COVID-19 vaccination. The collecting process of the WTP for the 
COVID-19 vaccine in males and females was shown in Fig. 1. There were 
165 (15.7 %) males and 889 (84.3 %) females. Among the participants, 
only 47.1 % of them were willing to pay for the third dose, while another 
52.9 % had no WTP for the booster vaccination. Among those who had 
no WTP for the booster dose, males and females accounted for 59.4 % 
(98/165) and 51.7 % (460/889), respectively. 

The basic characteristics of the interviewees were presented in 
Table 1. The average(sd) age of respondents was 34.2(8.5) years old, and 
the median age was 34. The mean(sd) age for males and females was 
36.0(9.6) and 33.8(8.1) years old, respectively. For males, the propor
tion of the WTP for the booster dose was 40.6 % (67/165). Among the 
male participants, most had undergraduate or above education levels. 
The majority occupation for male respondents was doctor. More than 
half of the respondents had medium or lower professional titles. Very 
few participants had underlying diseases, given that the participants 
were healthcare workers. Male participants who had post-vaccination 
adverse reactions accounted for 9.7 % (16/165). On the whole, male 
participants with older age, higher professional titles, no underlying 
diseases, and no post-vaccination adverse reactions had higher WTP for 
the booster dose. However, we did not see any statistically significant 
differences among the above subgroups. The average(sd) score of deci
sion regret among males was 8.3(3.4). Of note, the mean(sd) score of 
males who had WTP for the booster dose was 7.5(3.4), while those 
without WTP had higher scores (8.9(3.3)). There were significant dif
ferences between the two groups. 

Female participants who had the WTP for the third dose of COVID-19 
vaccines accounted for 48.3 % (429/889). A similar distribution of data 
was found in the female group. Among the female participants, most had 
undergraduate education levels (71.2 %, 633/889). The majority 
occupation for females was the nurse (74.1 %, 659/889). Also, most of 
them had medium or lower professional titles and very few had under
lying diseases. In total, females with older age, higher professional titles, 
and no underlying diseases had higher WTP for the booster dose, while 
the differences among the above subgroups were not found. In addition, 
female participants who had post-vaccination adverse reactions 
accounted for 12.0 % (107/889), which was higher than males. Among 
those who have experienced post-vaccination adverse reactions, only 
33.6 % (36/107) of them had the WTP for the booster dose. Females 
without any side effects after vaccination had a higher WTP, with the 

Fig. 1. Process of collecting the WTP in males and females.  
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percentage accounting for 50.3 % (393/782). The total average(sd) 
score of decision regret among females was 8.6(3.5). Females who had 
WTP obtained lower scores (7.8(3.2)) than those without WTP (9.3 
(3.6)). On the whole, female participants without post-vaccination 
adverse reactions or with lower scores of decision regret would be 
more willing to pay for the booster dose. 

3.2. The mediation effect 

Mediation analyses were performed based on Equation (1) - (3) on a 
subgroup of sex (male and female). Mediation regression models were 
adjusted for basic characteristics, including age, education, occupation, 
professional title, and underlying disease. The regression results were 
shown in Tables 2 and 3. 

In male group, respondents who experienced adverse reactions after 
vaccination had lower WTP for the booster dose than those without (OR 
= 0.24, 95 %CI: 0.05 ~ 0.84). Besides, males who have experienced 
adverse reactions after vaccination would also have higher scores of 
decision regret (Coef = 2.40, 95 %CI: 0.69 ~ 4.11). In addition, after 
controlling for post-vaccination adverse reactions, the effect of decision 
regret on WTP for the booster dose was also significant (OR = 0.85, 95 % 
CI: 0.75 ~ 0.95). This means that the higher scores of decision regret, the 
less willingness to pay for vaccines would be achieved. However, the 
direct effect of post-vaccination adverse reactions on WTP had no sta
tistical significance, which suggested that decision regret played a 
completely mediating role in the relationship between post-vaccination 
side effects and WTP. 

We also carried out mediation analyses for female participants. 
Compared to females with no post-vaccination adverse reactions, those 
who experienced adverse reactions after vaccination had lower WTP 
(OR = 0.51, 95 %CI: 0.33 ~ 0.78) and higher decision regret scores 
(Coef = 1.36, 95 %CI: 0.66 ~ 2.06). Moreover, the direct effect of post- 
vaccination adverse reactions on WTP was significant (OR = 0.59, 95 % 
CI: 0.37 ~ 0.90). After controlling for post-vaccination adverse re
actions, the effect of decision regret on WTP was also significant (OR =
0.85, 95 %CI: 0.75 ~ 0.95), which indicated that decision regret 
partially mediated the influence of post-vaccination adverse reactions 
on WTP for the booster dose. 

4. Discussion 

4.1. Clinical implications 

To our best knowledge, although previous research has presented the 
mediating role of decision regret in the association between adverse 
post-vaccination reactions and WTP, few studies have investigated sex- 
specific differences in the above relations. The findings of this research 
showed that decision regret mediated the association between post- 
vaccination adverse reactions and WTP for the booster dose in both 
male and female groups. In males, decision regret played a completely 
mediating role, while in females, it acted as a partial mediator. 

This study reported that the proportion of WTP for the booster 

Table 1 
Univariate analysis of factors associated with WTP for the booster dose of COVID-19 vaccine (n = 1054) in females and males, in Taizhou, Zhejiang, China: 2021.  

Variables n WTP for the booster dose in males n = 889 WTP for the booster dose in females 

Yes 
[n (%)] 

No 
[n (%)] 

P-value Yes 
[n (%)] 

No 
[n (%)] 

P-value 

WTP for the booster dose 165 67(40.6) 98(59.4)   429(48.3) 460(51.7)  
Age(years)     0.456     0.676 
<34 71 26(36.6) 45(63.4)  465 228(49.0) 237(51.0)  
≥34 94 41(43.6) 53(56.4)  424 201(47.4) 223(52.6)  
Education     0.660     0.890 
Junior college or below 18 8(44.4) 10(55.6)  215 105(48.8) 110(51.2)  
Undergraduate 76 28(36.8) 48(63.2)  633 303(47.9) 330(52.1)  
Graduate 71 31(43.7) 40(56.3)  41 21(51.2) 20(48.8)  
Occupation     0.267     0.586 
Doctor 105 46(43.8) 59(56.2)  69 31(44.9) 38(55.1)  
Nurse 13 2(15.4) 11(84.6)  657 325(49.5) 332(50.5)  
Medical Technician 38 15(39.5) 23(60.5)  89 42(47.2) 47(52.8)  
Others 9 4(44.4) 5(55.6)  74 31(41.9) 43(58.1)  
Professional titles     0.169     0.115 
Primary grade or below 67 23(34.3) 44(65.7)  495 231(46.7) 264(53.3)  
Medium grade 54 20(37.0) 34(63.0)  305 146(47.9) 159(52.1)  
Associate professor 23 12(52.2) 11(47.8)  63 34(54.0) 29(46.0)  
Professor 21 12(57.1) 9(42.9)  26 18(69.2) 8(30.8)  
Underlying disease     0.130     0.450 
Yes 30 8(26.7) 22(73.3)  91 40(44.0) 51(56.0)  
No 135 59(43.7) 76(56.3)  798 389(48.7) 409(51.3)  
Post-vaccination adverse reaction     0.108     0.002 
No 149 64(43.0) 85(57.0)  782 393(50.3) 389(49.7)  
Yes 16 3(18.8) 13(81.2)  107 36(33.6) 71(66.4)  
Decision regret 8.3(3.4) 7.5(3.4) 8.9(3.3)  0.008 8.6(3.5) 7.8(3.2) 9.3(3.6)  <0.001  

Table 2 
Testing of the mediating role of decision regret in males (n = 165) in Taizhou, 
Zhejiang, China: 2021.  

Variable Model 1  Model 2  Model 3 

OR 95 % 
CI  

Coef 95 % 
CI  

OR 95 % 
CI 

Independent 
variable         

Post- 
vaccination 
adverse 
reaction         

Yes vs. No 0.24* 0.05 
~ 
0.84  

2.40** 0.69 
~ 
4.11   

0.35 0.07 
~ 
1.25 

Mediator         
Decision 

regret 
— —  — —   0.85** 0.75 

~ 
0.95 

Note: ***, P-value < 0.001; **, P-value < 0.01; *, P-value < 0.05. The outcome 
of Model 1 and 3 was WTP for the booster dose of COVID-19 vaccine (1 denotes 
“Yes”); the outcome of Model 2 was decision regret. 
Abbreviation: OR, odds ratio; CI, confidence interval; Coef, standardized beta 
regression coefficient. 
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vaccines was 47.1 % (40.6 % for males and 48.3 % for females), which 
was similar to previous research conducted among HCWs in eastern 
Ethiopia (Merga et al., 2022). The magnitude of WTP for COVID-19 
vaccines in this research was higher than in studies focused on school 
teachers or other general populations (Shitu et al., 2021; Salman et al., 
2022). Considering that HCWs were among the highest risk groups for 
contracting COVID-19, studies have found that vaccines are essential for 
them to protect themselves from infection (Voysey et al., 2021; Ram
asamy et al., 2021; Yigit et al., 2022). However, the WTP rate is lower 
than other studies conducted in Indonesia, which showed that 66.2 % 
had WTP for a booster dose (Harapan et al., 2022). Therefore, investi
gation is needed to understand the influencing factors leading to the low 
WTP. 

This study further demonstrated an interesting foundation that the 
occurrence of post-vaccination side effects has a significant impact on 
WTP for booster vaccines in both males and females. In this investiga
tion, the incidence of post-vaccination adverse reactions among male 
participants (9.7 %) was lower than among females (12.0 %). This 
foundation was different from the previous study (Rozenberg et al., 
2020). The possible reason might be the heterogeneity of the population. 
Also, the previous study indicated that the incidences of overall side 
effects among HCWs after the first and second doses were 15.6 % and 
14.6 %, respectively (Zhang et al., 2021). Another study showed that the 
overall incidence of adverse effects among HCWs after the first and 
second vaccinations was 38.2 % and 31.0 %, respectively (Cheng et al., 
2022). Also, a study conducted in Italy reported that 89.1 % of inter
viewed participants described at least one adverse event after the 
booster dose of either of the licensed mRNA Comirnaty (Pfzer/Bio
NTech) or Spikevax (Moderna) vaccines (Tamburro et al., 2022). It can 
be seen that the incidence of vaccine side effects fluctuates widely, so 
reducing the side effects of COVID-19 vaccines is an important prereq
uisite for improving the vaccination rate and WTP. 

In addition to the risk factor of post-vaccination side effects on WTP, 
decision regret was found to play a mediating role in the association 
between post-vaccination side effects and WTP. Previous studies have 
shown that about a quarter of people vaccinated will experience an 
adverse reaction to the vaccine (Kałucka et al., 2022). Although all side 
effects disappear within a week, individuals may regret their previous 
vaccine choices. Poor physical health outcomes are one of the most 
commonly reported risk factors associated with decision regret (Becerra 
Pérez et al., 2016). Adverse reactions and decision regrets after vacci
nation were risk factors for WTP for booster vaccines in both males and 
females. Therefore, in future booster dose campaigns for COVID-19 
vaccines, in addition to information on the efficacy and safety of the 
vaccine, adverse reactions after vaccination need to be included, which 
may increase the willingness to vaccinate. 

4.2. Methodological considerations 

The main strength of this study was that it used real-world designs to 
reflect real phenomena and investigated sex differences in the rela
tionship among post-vaccination adverse reactions, decision regret, and 

WTP. However, this research was not without limitations. First of all, the 
study sample was focused on HCWs from one hospital, hence, sample 
representativeness is the main limitation. In addition, the sample might 
also not be representative enough, since there were many fewer men 
than women in this survey. Moreover, interviewees recruited for this 
survey are likely to be healthier than the general public, as they are 
healthy enough to work in medical institutions. Nevertheless, there may 
also be differences between HCWs and the general population. Further 
surveys with large sample sizes are essential not only to extrapolate 
findings from other parts of China, but also to better understand these 
relationships. Second, decision regret scores may vary over time, while 
our estimates are made at one-time points and do not reflect the long- 
term risk of various factors. Statistical methods of interest such as 
multiple repeated measurements and time-varying covariates can better 
address this type of problem. Third, in this investigation, only partici
pants who have received two-dose COVID-19 vaccination were consid
ered, while WTP for those without completing two-dose vaccination was 
ignored. At the same time, these are also important parts of exploring sex 
differences. Therefore, to further identify the role of decision regret in 
the relationship between adverse reactions after vaccination and WTP 
among males and females, the generalization and external validity 
should be further studied. 

5. Conclusions 

This study showed that the WTP for the booster dose in females was 
higher than in males. Both post-vaccination adverse reactions and de
cision regret were risk factors for WTP. In addition, the findings of this 
study found that decision regret mediated the relationship between 
adverse post-vaccination reactions and WTP for the booster dose in both 
male and female groups. Of note, decision regret played a completely 
mediating role in the male group, while in females, it acted as a partial 
mediator. 
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Independent variable         
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Note: ***, P-value < 0.001; **, P-value < 0.01; *, P-value < 0.05. The outcome of Model 1 and 3 was WTP for the booster dose of COVID-19 vaccine (1 denotes “Yes”); 
the outcome of Model 2 was decision regret. 
Abbreviations: OR, odds ratio, CI, confidence interval, Coef, standardized beta regression coefficient. 
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