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Object:During the later period of theCOVID-19 pandemic, the public has been

at risk of the evolving COVID-19 variants and hesitated to be vaccinated against

COVID-19 to a certain extent. In this context, the health belief model (HBM)

and the theory of planned behavior model (TPB) were used to compare and

summarize the relationship between vaccine hesitation/non-hesitation and

the intentions to get COVID-19 vaccines and its influencing factors.

Methods: The cross-sectional, population-based online survey was

conducted from 14 April to 30 April 2021, and 1757 respondents were

recruited to participate in the survey through the Wenjuanxing online survey

platform. The HBM and TPB covariate scores were expressed using means and

standard deviations and compared between groups using t-tests. Backward

multiple linear regression models were used to explore the factors influencing

the public’s intentions to receive the COVID-19 vaccines.

Results: This study found that educational background is one of the factors

influencing vaccine hesitation. Most people with high education do not

hesitate (65.24%), while a more significant proportion of people with low

education have vaccine hesitation (66.00%). According to HBM, for the vaccine

hesitation group, self-e�cacy, family advice, and doctor’s advice were the

most critical factors a�ecting the public’s future vaccination intentions; for

the vaccine non-hesitation group, self-e�cacy, doctor’s advice, and perceived

benefits are the most important influencing factors. According to the TPB,

the subjective norm is the most critical factor a�ecting the future vaccination

intention of the vaccine hesitation group, and the attitude toward behavior is

themost critical factor a�ecting the future vaccination intention of the vaccine

non-hesitation group.

Conclusions: In the context of COVID-19, the public’s hesitation on the

“current” vaccines will still a�ect future vaccination intentions. Using HBM

and TPB would help health policymakers and healthcare providers formulate

intervention plans.

KEYWORDS

vaccination intention,COVID-19, TPB (theoryof plannedbehavior), HBM (healthbelief

model), vaccine hesitation
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Introduction

COVID-19 is a fast-growing disease that spreads globally

(1, 2), which seriously endangers human health and causes

significant damage to social and economic development. Global

public health practices have demonstrated that vaccination

is one of the safest and most effective measures to prevent

control and infectious diseases (3, 4). Since December 2020, the

COVID-19 vaccine has been used in some countries. However,

not everyone is willing to be vaccinated due to the relatively

short development time of the COVID-19 vaccine, misleading

information, negative emotion, easy access to the vaccine, and

concern about vaccine safety (5, 6). As a result, a phenomenon

of vaccine hesitation exists, that is, to refuse or delay the

vaccination for COVID-19. Vaccine hesitation was proposed

in 2012 by the World Health Organization Strategic Advisory

Group of Experts (SAGE), meaning that “the public continues

to delay or refuse vaccination despite available vaccination

service” (7). In an early April 2020 study of 991U.S. adults

assessing attitudes toward COVID-19 vaccines, Fisher et al.

found that 31.6% were unsure about getting vaccinated, and

10.8% were not planning to get vaccinated (5). Lazarus et al.

studied 13,426 randomly selected individuals in 19 countries

for possible COVID-19 vaccines, of which 71.5% responded

that they would be vaccinated if proven safe and effective, and

61.4% of people said they would get vaccinated if their employer

recommended it (8). LIU et al. surveyed 2,531 Chinese adults,

of which 44.3% were hesitant about vaccines (9). Vaccine

hesitation is one of the world’s top ten health threats and has

a strong negative relationship with the vaccination rate. It

impacts public acceptance of the vaccine (10, 11), thus reducing

the vaccination rate and herd immunity, weakening the

vaccine’s protective effect, increasing the outbreak and epidemic

of vaccine-preventable diseases, and threatening public

health (12, 13).

At the same time, virus variation is one of living beings’

natural characteristics. The majority of viruses vary over

time, and the potential for viruses to mutate increases as

the number of people infected increases. For example, the

variant Omicron of the COVID-19 found in South Africa in

November 2021 is spreading worldwide at tremendous speed,

leading to a new peak of cases and deaths, which has become

the dominant strain worldwide (14). In response, the WHO

experts suggest that regular vaccination against COVID-19

may be required in the future (15). The theoretical model

related to health belief and risk perception is an essential tool

for understanding the factors underlying behavioral decision-

making by assessing factors that motivate or inhibit the

public from adopting health-related behavior (16). Theoretical

models such as the Health Belief Model (HBM) and the

Theory of Planned Behavior model (TPB) indicate that

behavioral intention is essential for individuals to produce

healthy behaviors. Therefore, theoretical models can be used

to explore and explain the influencing factors of the public’s

intentions to get the COVID-19 vaccines from a social and

psychological perspective.

Health Belief Model (HBM) is one of the models widely

used to understand health or disease behavior (17). Based on

the HBM, factors influencing the public’s future willingness to

be vaccinated against COVID-19 include that.

1) Perceived severity is the perception of the severity and

consequences of individuals or others when infected with

the virus;

2) Perceived susceptibility is the perception of the risk

possibility of contracting the virus;

3) Perceived benefits are the perception of the potential

advantages brought by vaccination (such as reducing the risk

of infection);

4) Perceived barriers are the perception of the difficulties caused

by vaccination (including physical ones, such as side effects,

and both psychological and financial ones);

5) Self-efficacy is an individual’s evaluation and judgment of the

ability to solve the problems resulting from vaccination;

6) Cues to action are the ’triggers’ that inspire or evoke the actor

to take action.

Previous studies have shown that the structure of HBM

is an essential predictor of influenza vaccination (18–21).

Wong LP et al. assessed the acceptability and willingness

to pay (WTP) of COVID-19 vaccines using the Health

Belief Model (22), and Wong MCS et al. predicted the

acceptance of a COVID-19 vaccine among Hong Kong

adults using the Health Belief Model and found that the

government recommendation was a significant predictor

(23).

Therefore, using HBM to explore further the influencing

factors of the future COVID-19 vaccination intention is

critical for developing targeted interventions to improve

vaccine acceptance.

The theory of Planned Behavior (TPB), adapted from the

theory of self-rational behavior, is one of the most influential

theories for predicting and understanding whether individuals

will take specific actions (24, 25). It has been widely used

in the study of protection behavior during an infectious

disease epidemic, such as self-isolation intention (26), H1N1

vaccination intention, and behavior (27, 28). The TPB assumes

that an individual’s behavioral intention is influenced by

three factors: attitude toward behavior, subjective norms, and

perceived behavior control, while behavioral intention further

affects individual behavior (29). In the case of COVID-19

vaccination, attitude toward behavior is the positive attitude

of an individual toward COVID-19 vaccination, including

behavioral beliefs and evaluation of behavioral outcomes;

subjective norms refer to the social pressure an individual feels

in deciding whether to be vaccinated or not, for example,

important others (parents, spouse, friends, colleagues) advice

the individual to be vaccinated, including normative beliefs
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and motivation to comply; perceived behavior control is

an individual’s perception of the degree of control over

behavior, which indicates the degree of ease or difficulty that

an individual feels about COVID-19 vaccination, including

perceived power and perceived behavioral control. The above

three factors may affect the degree or trend of an individual’s

behavioral intention to vaccination (30). The TPB believes

that when behavior is controlled by intention, the attitude

toward behavior, subjective norms, and perceived behavioral

control jointly determine an individual’s behavioral intention,

and perceived behavioral control can directly influence the

behavior. In the context of COVID-19, Yahaghi et al. found that

perceived behavioral control, subjective norms, and perceived

behavior control in TPB significantly explained individuals’

intention to vaccinate against COVID-19 (31), and Berg and

Lin found that TPB structural variables were the essential

predictors of individuals’ willingness to get the COVID-19

vaccines (32).

Multiple studies have reported sociodemographic factors,

health-related factors (33–37), and behavioral theories such

as TPB and HBM (22, 30, 32, 38, 39) that predict the

public intention to be vaccinated against COVID-19. However,

during the later period of COVID-19, the public was at

risk of the evolving COVID-19 variant strain and hesitated

to be vaccinated against COVID-19 to a certain extent.

In this context, HBM and TPB were used in this study

to target populations with different COVID-19 vaccination

tendencies. It compares and summarizes the relationship

between vaccine hesitation/non-hesitation and the intentions

to get COVID-19 vaccines and its influencing factors through

different models. The study will provide scientific reference and

theoretical guidance for helping health-relevant departments

develop vaccination intervention plans and publicity and

education programs to emerge more infectious and pathogenic

variant strains.

Materials and methods

Participants and procedures

A national anonymous network survey was conducted

using an electronic questionnaire distributed via “WJX.CN,”

China’s largest online survey platform, which can provide online

questionnaire design and survey functions for enterprises,

research institutions, and individuals. It has more than 2.6

million sample resources, helping users quickly recover accurate

and effective sample data. This survey was conducted during

17–30 April 2021, when most Chinese cities were in a

period of expanded vaccination coverage. The government

advocated that residents eligible for COVID-19 vaccination

should be vaccinated as soon as possible. This study was

based on a sample database of the platform, and stratified

random sampling was performed in terms of gender (1:1),

age, and location; selected adults aged 18 and above who

live in the Chinese mainland from the sample pool to

participate in the questionnaire survey. Finally, a total of

2,098 respondents completed the survey. This study was

reviewed and approved by the Peking University Institutional

Review Board (IRB00001052-20081), and all respondents

were informed of the survey content before signing the

informed consent.

Measures and variables

The dependent variable was the intention to get the COVID-

19 vaccine in the future, as measured by three-item questions

i,e., “If a booster of COVID-19 vaccine is required in the

future, will you get vaccinated?” for measurement using the

1–5 scale (1 = strongly disagree, 5 = strongly agree). The

independent variables contain four aspects. The first was basic

information, including gender, age, education, marital status,

and per capita monthly income. The second was the reason

for vaccine hesitation, asking respondents, “What are the main

reasons that you have not yet been vaccinated or delayed your

vaccination?” and then select 3–5 out of the 12 alternative

answers (Figure 1). The third was HBM covariables, using the

Linkert 5-point scale and including perceived severity (four

items assessing the individual’s perception of the seriousness and

consequences of COVID-19 infection), perceived susceptibility

(four items assessing the individual’s judgment of the likelihood

of contracting COVID-19), perceived benefits (four items

assessing the individual’s judgment of the benefits or efficacy

of receiving COVID-19 vaccine), perceived barriers (four items

assessing the individual’s perceived difficulties and resistance

to receiving the COVID-19 vaccine), self-efficacy (four items

to assess the individual’s belief in their ability to perform the

COVID-19 vaccination), and cues to action (including advice

from family, friends, colleagues, doctors, and the government).

The fourth was TPB covariables, using the Linkert 5-point

scale and including (1) attitude toward behavior: behavioral

beliefs (such as “Do you agree that COVID-19 vaccination can

effectively reduce the risk of virus infection?”) and evaluation of

behavioral outcomes (such as “Do you think it is important to

reduce your own risk of COVID-19 infection?”), containing four

items each in the evaluation; (2) subjective norms: normative

beliefs (such as “My family thinks I should be vaccinated against

Covid-19”) and motivation to comply (such as “I would like to

follow the advice from those important for me to get vaccinated

against COVID-19”), containing five items each; (3) perceived

behavior control: control beliefs (such as “I will get vaccinated

against COVID-19 even if it takes a certain amount of time and

effort”) and perceived power (such as “Vaccination does not take

me much time and effort”), containing two items each.
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FIGURE 1

Hesitancy reason.

Quality control

Quality control questions were set up in the questionnaire.

It will be treated as an invalid questionnaire if the answer is not

logical; questionnaires with the same answer for all options or

using the same account to fill in the answers, valid questionnaires

will be rewarded with gifts for thanks. Due to the online

survey conducted during the particular period of COVID-19, the

questionnaire content was enormous, so the effective response

rate was 67.5%.

Statistical analyses

Data processing and analysis were done using SPSS (version

26.0). Based on the WHO definition of vaccine hesitancy,

the following question was used to assess the presence of

vaccine hesitancy among the respondents: “Did you vaccinate

at this stage?” Those who selected “vaccinated” (n = 860)

were considered to be “Vaccine non-hesitation” For those who

selected “not vaccinated” (n = 1,238) excluded the one selected

“waiting for the unit or community arrangements” as a reason

for vaccine hesitancy (n = 341), the remaining respondents (n

= 897) were considered to be “Vaccine-hesitant.” Categorical

variables were expressed as composition ratios, and differences

in their distributions were assessed using chi-square tests.

Reasons for vaccine hesitation were expressed using bar charts.

The HBM and TPB covariate scores were expressed using means

and standard deviations and compared between groups using t-

tests. Backward multiple linear regression models were used to

explore the factors influencing the public’s intentions to receive

the COVID-19 vaccine in the future. In addition, to address the

issue of dimensionality in the scale and achieve homogeneity

of the measurement entries, we recalculated the mean of the

product sum of the corresponding entries in each of the three

variables in the TPB (24, 40), at a test level of α = 0.05.

Results

Participant characteristics

Overall, 1757 respondents entered the final analysis.

The majority are between 18 and 39 years old (85.14%),

predominantly with a bachelor’s degree (82.13%), married

(62.78%), and about 33.30% had a per capita monthly household

income of 5000–9999 (yuan). Of these, 51.05% (n=897) have

vaccine hesitancy, and 48.95% do not have hesitancy. Significant
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TABLE 1 Characteristics of the participants (n = 1757).

Characteristics Total (n = 1757) Vaccine hesitancy X2
P

YES (n = 897, 51.1%) NO (n = 860, 48.9%)

Gender Male 920 (52.36) 455 (49.46) 465 (50.54) 1.970 0.160

Female 837 (47.64) 442 (52.81) 395 (47.19)

Age group 18–29 757 (43.08) 404 (53.37) 353 (46.63) 6.319 0.097

30–39 739 (42.06) 358 (48.44) 381 (51.56)

40–49 202 (11.50) 99 (49.01) 103 (50.99)

≥50 59 (3.36) 36 (51.05) 23 (48.95)

Education level High school and below 150 (8.54) 99 (66.00) 51 (34.00) 30.892 <0.001

Undergraduate 1443 (82.13) 741 (51.35) 702 (48.65)

Postgraduate and above 164 (9.33) 57 (34.76) 107 (65.24)

Marital status Unmarried 654 (37.22) 357 (54.59) 297 (45.41) 5.207 0.022

Married 1103 (62.78) 540 (48.96) 563 (51.04)

Monthly household income (RMB) <2999 125 (7.11) 72 (57.60) 53 (42.40) 5.482 0.241

3000–4999 290 (16.51) 160 (55.17) 130 (44.83)

5000–9999 585 (33.30) 293 (50.09) 292 (49.91)

10000–14999 339 (19.29) 168 (49.56) 171 (50.44)

≥15000 418 (23.79) 204 (48.80) 214 (51.20)

differences are found between vaccine-hesitant and vaccine non-

hesitant in terms of education level and marital status. People in

the low education level, 66.00% have vaccine hesitancy, whereas,

at the higher education level, 65.24% do not have hesitancy; the

proportion of people (54.59%) with vaccine hesitancy is higher

in the unmarried or single status, the proportion of people

who without vaccine hesitancy is higher in the married status

(51.04%) (as shown in Table 1).

Reasons for the hesitation of COVID-19
vaccine

As shown in Figure 1, concerns about the vaccine side effects

(57.97%), vaccine safety (51.84%), and vaccine efficacy (38.35%)

are the most important reasons for the public to hesitate about

the vaccine, followed by about 20% who chose “lack of time” and

“their conditions do not meet the vaccination requirements.”

Univariate analysis

Table 2 shows the means of HBM and TPB variables for

the vaccine hesitancy or not state. According to the HBM,

the vaccine-hesitant group scores lower than the vaccine non-

hesitant group in perceived susceptibility, perceived benefits,

self-efficacy, and cues to action (including advice from family,

friends, colleagues, doctors, and government) but higher than

the vaccine non-hesitant group in perceived barriers. According

to the TPB model, the vaccine-hesitant group scores lower

than the vaccine-hesitant group on attitude toward behavior,

subjective norms, and perceived behavioral control. The vaccine

non-hesitant group is higher than the vaccine-hesitant group in

the future vaccination intention scores.

Multivariate analysis

As shown in Table 3, the acceptance of future vaccines in

the vaccine-hesitant group was explored based on HBM and

TPB. Model 1, which includes sociodemographic variables, the

health-related factor, and HBM variables, explains 42.3% of the

vaccine-hesitant group’s intention to receive the future COVID-

19 vaccine. According to the model, younger individuals (β =

– 0.107, P < 0.001), more excellent vaccine knowledge (β =

0.032, P = 0.002), perceived benefits (β = 0.122, P < 0.001),

self-efficacy (β = 0.241, P < 0.001) and advice from family

(β = 0.155, P < 0.001) and doctors (β = 0.099, P < 0.001)

are significant predictors of future vaccination intentions in

the vaccine-hesitant group. Model 2 includes sociodemographic

variables, vaccine knowledge, and TPB variables, which explains

46.4% of future COVID-19 vaccination intentions. In Model

2, age (β = – 0.094, P < 0.001), vaccine knowledge (β =

0.020, P = 0.043), attitude toward behavior (β = 0.189, P <

0.001), subjective norms (β = 0.580, P < 0.001), perceived

behavioral control (β = 0.241, P < 0.001) are essential

predictors of the future vaccination willingness of vaccine

hesitating groups.
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TABLE 2 Univariate analysis between HBM and TPB variables and the hesitation to vaccinate with COVID-19.

Variables Vaccine hesitancy t P

YES (n = 897) NO (n = 860)

HBM Perceived severity 4.290± .66 4.620± .44 – 1.742 0.082

Perceived susceptibility 4.280± .67 4.220± .772 – 2.511 0.012

Perceived benefits 4.120± .57 4.310± .50 7.274 <0.001

Perceived barriers 2.400± .71 2.000± .63 – 12.365 <0.001

Self-efficacy 3.710± .83 4.250± .57 15.894 <0.001

Advice from family 3.870± .86 4.320± .69 12.017 <0.001

Advice from friends 3.600± .89 3.970± .80 9.084 <0.001

Advice from colleagues 3.810± .93 4.200± .80 9.503 <0.001

Advice from doctors 4.070± .86 4.240± .76 4.419 <0.001

Advice from government 4.220± .78 4.300± .76 2.035 0.042

TPB Attitude toward behavior 4.320± .44 4.450± .38 6.508 <0.001

Subjective norms 3.930± .61 4.220± .47 11.369 <0.001

Perceived behavioral control 3.440± .74 3.890± .65 13.431 <0.001

Future vaccination intention 4.290± .66 4.620± .44 12.328 <0.001

HBM, Health Belief Model; TPB, Theory of Planned Behavior.

In Table 4, we used HBM and TPB to explore the vaccination

intentions of the vaccine non-hesitant group for the future

COVID-19 vaccine. According to Model 3, education level (β =

0.059, P= 0.045), marriage (β = – 0.096, P= 0.004), perception

Behavior benefits (β = 0.094, P = 0.002), perceived behavior

disorder (β = – 0.062, P = 0.006), self-efficacy (β = 0.273, P <

0.001), advice from family (β = 0.046, P= 0.023) and doctors (β

= 0.065, P= 0.001) are essential factors influencing the intention

of future vaccination with an explanation level of 36.0%.Model 4

explains 33.0% of future COVID-19 vaccination intentions, age

(β = 0.041, P = 0.047), marital status (β = – 0.086, P = 0.010),

attitude (β = 0.341, P < 0.001), subjective behavioral norms (β

= 0.250, P < 0.001) and perceptual behavior control (β = 0.072,

P = 0.001) are important predictors of the future vaccination

willingness of the vaccine unhesitating group.

Discussion

During the investigation of this study, China’s COVID-19

vaccine program had already been available to the general public,

and the government had actively called for eligible individuals to

be vaccinated against COVID-19 as soon as possible. This study

aims at people with different COVID-19 vaccination tendencies,

using HBM and TPB models to understand the relationship

between vaccine hesitation/non-hesitation and the intentions to

get COVID-19 vaccines and its intentions influencing factors

from different aspects but also to compare and summarize the

model results. The obtained results are of specific reference

significance for developing the future vaccination plan and

publicity and education work of health-related departments.

This study found that educational background is one of

the influencing factors for vaccine hesitation. Most people with

high education do not hesitate, while a larger proportion of

people with low education have vaccine hesitation. Secondly,

concerns about the safety, side effects, and efficacy of the

COVID-19 vaccine are the leading cause of public vaccine

hesitation in this study, similar to the results of Robertson

(41) studying vaccine hesitation in the UK general population.

Compared with other vaccines, the speed of the COVID-19

vaccine from research and development and clinical trials to

coming into use is unprecedented (42–44). The COVID-19 virus

has constantly been evolving, and the durability of immune

response after vaccination and the vaccine’s effectiveness for

transmission have not been answered in clinical trials, which

may affect public acceptance of the COVID-19 vaccine. Thirdly,

in the context of COVID-19, vaccine hesitation will still affect

future vaccination intentions. According to HBM, perceived

severity, perceived susceptibility, perceived benefits and barriers,

and self-efficacy are essential predictors of intention to receive

the COVID-19 vaccine. In contrast, the HBM variable scores

are higher in the population without vaccine hesitation (except

for perceived behavioral disorder) than those with vaccine

hesitation. According to TPB, the more positive the attitude

toward vaccines (45–47), the higher the pressure from others or

society (48), and the higher the control ability (49, 50), the higher

the acceptance of vaccination behavior. The results found that

the vaccine non-hesitation group in attitude, subjective norms,

and perceived behavioral control scores were higher than the

vaccine hesitation group.

This study helps to understand further the influencing

factors of future vaccination intentions among populations with
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TABLE 3 Multiple linear regression analysis - predictors of intention to get future vaccinated against COVID-19 (the vaccine-hesitant group).

Model 1: block1,2,3 Model 2: block1,2,4

β Beta 95%CI of β P β Beta 95%CI of β P

Constant 1.401 (1.073,1.728) <0.001 0.869 (0.518,1.220) <0.001

Block1:Sociodemographic

Age –0.107 –0.132 (–0.148,–0.066) <0.001 –0.094 –0.116 (–0.133,–0.054) <0.001

Education level

Block2:Health-related factor

Vaccine knowledge 0.032 0.081 (0.012,0.051) 0.002 0.020 0.051 (0.001,0.039) 0.043

Block3:HBM

Perceived severity

Perceived susceptibility

Perceived benefits 0.122 0.106 (0.055,0.189) <0.001

Perceived barriers

Self-efficacy 0.241 0.305 (0.191,0.291) <0.001

Advice from family 0.155 0.204 (0.105,0.205) <0.001

Advice from friends

Advice from colleagues

Advice from doctors 0.099 0.130 (0.054,0.144) <0.001

Advice from government

Block4:TPB

Attitude toward behavior 0.189 0.158 (0.103,0.275) <0.001

Subjective norms 0.580 0.502 (0.515,0.644) <0.001

Perceived behavioral control 0.077 0.092 (0.028,0.126) 0.002

R2 0.423 0.464

HBM, Health Belief Model; TPB, Theory of Planned Behavior.

different COVID-19 vaccination tendencies through HBM and

TPB. According to models 1 and 3, in sociodemographic and

health-related factors, the vaccine hesitation group is affected by

age and vaccine knowledge, which indicates that younger people

are more receptive than the older, and vaccine knowledge is a

factor in improving future generations’ COVID-19 vaccination

intention. The vaccine non-hesitation group is affected by

educational level and marital status, indicating that more

educated people, unmarried or single, are more likely to receive

COVID-19 vaccination. According to HBM, the common point

of the two groups (vaccine hesitation/non-hesitation) is that the

future vaccination intention is all affected by perceived benefits,

self-efficacy, advice from family and doctors, and self-efficacy

plays the most significant role. The difference is that for the

vaccine hesitation group, in addition to improving vaccination

confidence (self-efficacy), advice from family and doctors could

also help improve future vaccination intention; for the vaccine

non-hesitation group, in addition to improving self-efficacy and

listening to doctors’ advice, the positive attitude toward the

future vaccination can also be enhanced by raising awareness

of the benefits and efficacy of the COVID-19 vaccine, which

can indicate that self-efficacy is an important influencing factor

of future vaccination intentions through HBM. Promoting

the public’s vaccination intentions by publicizing the benefits

of vaccines and making recommendations through family

members and doctors is of great significance. Similar to previous

studies (22, 23, 32), this study used HBM to predict the

acceptance of the COVID-19 vaccine, finding that the public

pays more attention to the vaccine’s efficacy, safety, and cost than

to disease severity or susceptibility.

According to models 2 and 4, the two groups (vaccine

hesitation/non-hesitation) are affected by age. However, the

difference is that younger people have higher vaccination

intentions in the vaccine hesitation group, while in the vaccine

non-hesitation group, older people have higher vaccination

intentions. According to TPB, the future vaccination intention

is affected by three factors: attitude, subjective norms, and

perceived behavioral control. However, in the vaccine hesitation

group, subjective norms are the main influencing factor,

consistent with Berg’s findings that subjective behavioral norms

significantly predict vaccine intentions, further proving that

vaccine-hesitant groups usually need more encouragement

and establishment from people around them to increase

vaccination intentions. In the vaccine non-hesitation group,
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TABLE 4 Multiple linear regression analysis–predictors of intention to get future vaccinated against COVID-19 (the vaccine non-hesitant group).

Mode 3: block1,2,3 Model 4: block1,2,4

β Beta 95%CI of β P β Beta 95%CI of β P

Constant 2.285 (1.891,2.678) <0.001 1.533 (1.185,1.881) <0.001

Block1:Sociodemographic

Age 0.041 0.071 (0.001,0.082) 0.047

Education level 0.059 0.056 (0.001,0.116) 0.045

Marital status –0.096 –0.103 (–0.161,–0.032) 0.004 –0.086 –0.092 (–0.151,–0.021) 0.010

Block2:Health-related factor

Vaccine knowledge

Block3:HBM

Perceived severity

Perceived susceptibility

Perceived benefits 0.094 0.105 (0.034,0.153) 0.002

Perceived barriers –0.062 –0.087 (–0.106,–0.018) 0.006

Self-efficacy 0.273 0.351 (0.217,0.328) <0.001

Advice from family 0.046 0.072 (0.006,0.085) 0.023

Advice from friends

Advice from colleagues

Advice from doctors 0.065 0.113 (0.028,0.103) 0.001

Advice from government

Block4:TPB

Attitude toward behavior 0.341 0.296 (0.259,0.423) <0.001

Subjective norms 0.250 0.267 (0.185,0.316) <0.001

Perceived behavioral control 0.072 0.107 (0.028,0.117) 0.001

R2 0.360 0.330

HBM, Health Belief Model; TPB, Theory of Planned Behavior.

the attitude toward behavior is the main factor in improving

behavioral intention.

In models 1 and 2, HBM and TPB were used to predict

the influencing factors of the future vaccination intention in

vaccine hesitation groups, respectively. In HBM, self-efficacy,

and advice from family and doctors significantly influence the

future vaccination intention, while subjective norms are the

main influencing factor in TPB. In theory, subjective norms refer

to the pressure individuals feel from important others (parents,

friends, colleagues, doctors) when deciding whether or not to

receive the COVID-19 vaccine. Important others think that they

should be vaccinated, and individuals also follow the advice

from “others.” Therefore, for the vaccine hesitation group, self-

confidence and social pressure are the main factors affecting

future vaccination intention. Models 3 and 4 show that in HBM,

self-efficacy, perceived benefits, and medical advice significantly

influence future vaccination intention. In TPB, the attitude

toward behavior is the most significant influencing factor,

theoretically referring to the positive attitude of individuals

to the COVID-19 vaccination and the evaluation of vaccine

effectiveness. Therefore, the benefits and effects of vaccination

are important factors of the future vaccination intention for

such groups. According to TPB, attitude toward behavior

is assessed by behavioral beliefs and behavioral outcomes.

Behavioral beliefs are similar to the concept of perceived benefits

in HBM, so it is further demonstrated through HBM and

TPB that recommendation from others is critical for increasing

vaccination intentions among the hesitant-vaccine group. For

the group who are not hesitant to vaccinate, both HBM and TPB

expressed their intention to increase vaccination intentions by

raising awareness of the benefits of vaccination.

This study demonstrated that public vaccine hesitation does

impact future vaccination intentions in the latter period of the

COVID-19 pandemic. As a result, it is suggested that future

intervention plans should deal with vaccine hesitation and

lower willingness to receive the future vaccination to ensure the

proportion of actual vaccination, especially in high-risk groups.

Specifically, in the future vaccine plan, it can be considered

whether there is hesitation about the “current” vaccine. Since

most people with vaccine hesitation are less educated, single,

or unmarried, public health interventions should focus on

vaccine-related knowledge and improve the confidence and

ability of vaccination. In addition, consideration should also

be given to relatives and doctors who share positive ideas and
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experiences of the COVID-19 vaccination, such as encouraging

them to share the time, location, and feelings of vaccination on

community social platforms or family chat groups. However,

most people with vaccine non-hesitation are highly educated

andmarried and usually have a certain sense of vaccination. Due

to the family’s responsibility, learning ability, and accessibility to

learning resources, they may further explore related information

about the safety, effectiveness, and efficacy of the vaccine

to protect the life safety of themselves and their families.

Therefore, for these people, future public health interventions

should increase awareness of vaccination benefits, provide more

evidence on the safety and efficacy of the COVID-19 vaccine,

and highlight the vaccine benefits for individuals and groups.

Furthermore, both HBM and TPB have a certain degree of

interpretation for the vaccination intention in this study, where

TPB is higher for the vaccine hesitation group. However, HBM is

higher for the vaccine non-hesitation group. Therefore, based on

the premise of public health intervention workload, the design of

intervention or health education plans for different groups (such

as vaccine hesitation) on the theoretical basis of different health

behavior models can also be used as one of the alternatives for

future intervention.

This study has several limitations that should be recognized

when interpreting the results reported here. First of all, like

other surveys in pandemics, this study used online survey

platforms to conduct online surveys, and the sample size may

limit the representativeness of the results. However, to solve this

problem, we increased the sample size and random stratified

sampling based on gender, age, and location. Secondly, the

sample exclusion criteria of this study include people who

do not use smartphones or fill out electronic questionnaires.

Most of them are older people over 50 years old, which

will lack the representativeness of this age group. Third, the

study mainly predicts future COVID-19 vaccination intentions

through self-reports which may have deviations from the

objective measurement of actual vaccination in the future. We

will continue to track the same group to obtain objective

measurement data of actual vaccination in the future.

Conclusions

First, in the context of COVID-19, the public’s hesitation

on the “current” vaccines will still affect future vaccination

intentions. Secondly, HBM and TPB models can help

health policymakers and healthcare providers formulate

intervention plans. Specifically, for vaccine hesitation groups,

it is recommended to improve vaccine-related knowledge and

through the ways of persuasion by others (family members,

doctors) to enhance individual’s willingness to acceptance

vaccinate in the future; for those who do not hesitate about

vaccines, raise awareness of the benefits of vaccination, provide

more evidence on the safety and effectiveness of the COVID-19

vaccine to increase public vaccination intentions.

Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: The data that support the finding of this

study are available on request from the corresponding author.

The data are not publicly available due to privacy or ethical

restrictions. Requests to access these datasets should be directed

to xysun@bjmu.edu.cn.

Ethics statement

The studies involving human participants were reviewed

and approved by the Institutional Review Board of Peking

University. Written informed consent for participation was

not required for this study in accordance with the national

legislation and the institutional requirements.

Author contributions

ZL: conceptualization, methodology, software, and

writing—original draft preparation. XS: review and editing,

supervision, and project administration. YJ: revision of the

manuscript. All authors contributed to the article and approved

the submitted version.

Funding

This work was supported by the National Social Science

Fund of China (22AZD077).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.882909/full#supplementary-material

Frontiers in PublicHealth 09 frontiersin.org

https://doi.org/10.3389/fpubh.2022.882909
mailto:xysun@bjmu.edu.cn
https://www.frontiersin.org/articles/10.3389/fpubh.2022.882909/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2022.882909

References

1. World Health Organization. (2021). WHO Coronavirus Disease (COVID-19)
Dashboard. Available online at: https://covid19.who.int/ (accessed December 8,
2021).

2. Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Bio
Medica Atenei Parm. (2020) 91:157–60. doi: 10.23750/abm.v91i1.9397

3. Kennedy A, LaVail K, Nowak G, Basket M, Landry S. Confidence about
vaccines in the United States: understanding parents’ perceptions. Health Aff.
(2011) 30:1151–59. doi: 10.1377/hlthaff.2011.0396

4. Palache A. Seasonal influenza vaccine provision in 157 countries (2004–2009)
and the potential influence of national public health policies. Vaccine. (2011)
29:9459–66. doi: 10.1016/j.vaccine.2011.10.030

5. Fisher KA, Bloomstone SJ, Walder J, Crawford S, Fouayzi H, Mazor KM.
Attitudes toward a potential SARS-CoV-2 vaccine: a survey of US. Adults Ann Int
Med. (2020) 173:964–73. doi: 10.7326/M20-3569

6. Reno C, Maietti E, Fantini MP, Savoia E, Manzoli L, Montalti
M, et al. Enhancing COVID-19 vaccines acceptance: results from
a survey on vaccine hesitancy in northern Italy. Vaccines. (2021)
9:378–90. doi: 10.3390/vaccines9040378

7. Macdonald NE. Vaccine hesitancy: definition, scope and determinants.
Vaccine. (2015) 32:4161–4. doi: 10.1016/j.vaccine.2015.04.036

8. Lazarus JV, Ratzan SC, Palayew A, Gostin LO, Larson HJ, Rabin K, et al.
global survey of potential acceptance of a COVID-19 vaccine. Nat Med. (2021)
27:225–8. doi: 10.1038/s41591-020-1124-9

9. Liu X, Dai J, ChenH, Li X, Chen S, Yu Y et al. Factors related to public COVID-
19 vaccine hesitancy based on the “3Cs” model: a cross-sectional study. Fudan Univ
J Med Sci. (2021) 48:307–312. doi: 10.3969/j.issn.1672-8467.2021.03.003

10. Harrison EA, Wu JW. Vaccine confidence in the time of COVID-19. Eur J
Epidemiol. (2020) 35:325–30. doi: 10.1007/s10654-020-00634-3

11. Mcateer J, Yildirim I, Chahroudi A. The VACCINES act, deciphering
vaccine hesitancy in the time of COVID19. Clin Infect Dis. (2020) 71:703–
5. doi: 10.1093/cid/ciaa433

12. Dubé E, Laberge C, Guay M, Bramadat P, Roy R, Bettinger J.
Vaccine hesitancy: an overview. Hum Vaccin Immunother. (2013) 9:1763–
73. doi: 10.4161/hv.24657

13. Wiysonge CS, Ndwandwe D, Ryan J, Jaca A, Batouré O, Anya BM,
et al. Vaccine hesitancy in the era of COVID-19: could lessons from the
past help in divining the future? Hum Vaccin Immunother. (2021) 8:1–
3. doi: 10.1080/21645515.2021.1893062

14.WorldHealth Organization. Tracking SARS-CoV-2 variants. Available online
at: https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/ (accessed
April 25, 2022).

15. THE PAPER. Zhong Nanshan: New crown vaccine may be given regularly
in the future. Available online at: https://www.thepaper.cn/newsDetail_forward_
12771276 (accessed May 20, 2021).

16. Prestwich A, Webb T L, Conner M. Using theory to develop
and test interventions to promote changes in health behaviour:
evidence, issues, and recommendations. Current Opin Psychol. (2015)
5:1–5. doi: 10.1016/j.copsyc.2015.02.011

17. Rosenstock IM, Strecher VJ, BeckerMH. Social learning theory and the health
belief model. Health Educ Q. (1988) 15:175–83. doi: 10.1177/109019818801500203

18. Brewer NT, Chapman GB, Gibbons FX, Gerrard M, McCaul KD,
Weinstein ND. Meta-analysis of the relationship between risk perception and
health behavior: the example of vaccination. Health Psychol. (2007) 26:136–
45. doi: 10.1037/0278-6133.26.2.136

19. Shahrabani S, Benzion U, Yom Din G. Factors affecting
nurses’ decision to get the flu vaccine. Eur J Health Econ. (2009)
10:227–31. doi: 10.1007/s10198-008-0124-3

20. Shahrabani S, Benzion U.Workplace vaccination and other factors impacting
influenza vaccination decision among employees in Israel. Int J Environ Res Public
Health. (2010) 7:853–69. doi: 10.3390/ijerph7030853

21. Tsutsui Y, Benzion U, Shahrabani S. Economic and behavioral factors in an
individual’s decision to take the influenza vaccination in Japan. J Socio Econ. (2012)
41:594–602. doi: 10.1016/j.socec.2012.05.001

22. Wong LP, Alias H, Wong PF, Lee HY, AbuBakar S. The use of the
health belief model to assess predictors of intent to receive the COVID-19
vaccine and willingness to pay. Hum Vaccin Immunother. (2020) 16:2204–
14. doi: 10.1080/21645515.2020.1790279

23. Wong MCS, Wong ELY, Huang J, Cheung AWL, Law K, Chong
MKC, et al. Acceptance of the COVID-19 vaccine based on the health belief
model: a population-based survey in Hong Kong. Vaccine. (2021) 39:1148–
56. doi: 10.1016/j.vaccine.2020.12.083

24. Ajzen I. The theory of planned behavior. Organiz Behav Hum Decis Process.
(1991) 50:179–211. doi: 10.1016/0749-5978(91)90020-T

25. Zhang X, Wang F, Zhu C, Wang Z. Willingness to self-isolate when facing a
pandemic risk: model, empirical test, and policy recommendations. Int J Environ
Res Public Health. (2019) 17:197–212. doi: 10.3390/ijerph17010197

26. Agarwal V. A/H1N1 vaccine intentions in college students: an application
of the theory of planned behavior. J Am Coll Health. (2014) 62:416–
24. doi: 10.1080/07448481.2014.917650

27. Liao Q, Cowling BJ, Lam WW, Fielding R. Factors affecting
intention to receive and self-reported receipt of 2009 pandemic (H1N1)
vaccine in Hong Kong: a longitudinal study. PLoS ONE. (2011)
6:e17713. doi: 10.1371/journal.pone.0017713

28. Painter JE, Gargano LM, Sales JM, Morfaw C, Jones LM, Murray D, et al.
Correlates of 2009 H1N1 influenza vaccine acceptability among parents and their
adolescent children. Health Educ Res. (2011) 26:751–60. doi: 10.1093/her/cyr025

29. Ajzen I, Fishbein M. Attitude-behavior relations: a theoretical
analysis and review of empirical research. Psychol Bull. (1977)
84:888–918. doi: 10.1037/0033-2909.84.5.888

30. Ullah I, Lin CY, Malik NI, Wu TY, Araban M, Griffiths MD, et al.
Factors affecting Pakistani young adults’ intentions to uptake COVID-19
vaccination: an extension of the theory of planned behavior. Brain Behav. (2021)
11:e2370. doi: 10.1002/brb3.2370

31. Yahaghi R, Ahmadizade S, Fotuhi R, Taherkhani E, Ranjbaran M, Buchali Z,
et al. Fear of COVID-19 and perceived COVID-19 infectability supplement theory
of planned behavior to explain Iranians’ intention to get COVID-19 vaccinated.
Vaccines. (2021) 9:684–99. doi: 10.3390/vaccines9070684

32. Berg MB, Lin L. Predictors of COVID-19 vaccine intentions in the
United States: the role of psychosocial health constructs and demographic factors.
Transl Behav Med. (2021) 11:1782–8. doi: 10.1093/tbm/ibab102

33. Dror AA, Eisenbach N, Taiber S, Morozov NG, Mizrachi M, Zigron A,
et al. Vaccine hesitancy: the next challenge in the fight against COVID-19. Eur J
Epidemiol. (2020) 35:775–9. doi: 10.1007/s10654-020-00671-y

34. Bish A, Yardley L, Nicoll A, Michie S. Factors associated with uptake
of vaccination against pandemic influenza: a systematic review. Vaccine. (2011)
29:6472–84. doi: 10.1016/j.vaccine.2011.06.107

35. Schmid P, Rauber D, Betsch C, Lidolt G, Denker M-
L. Barriers of influenza vaccination intention and behavior—
a systematic review of influenza vaccine hesitancy, 2005–2016.
PLoS ONE. (2017) 12:e0170550. doi: 10.1371/journal.pone.017
0550

36. Velan B, Kaplan G, Ziv A, Boyko V, Lerner-Geva L. Major motives in
nonacceptance of a/H1N1 flu vaccination: The weight of rational assessment.
Vaccine. (2011) 29:1173–9. doi: 10.1016/j.vaccine.2010.12.006

37. Britt RK, Englebert AM. Behavioral determinants for vaccine acceptability
among rurally located college students. Health Psychol Behav Med. (2018) 6:262–
76. doi: 10.1080/21642850.2018.1505519

38. Shmueli L. Predicting intention to receive COVID-19 vaccine among the
general population using the health belief model and the theory of planned
behaviormodel. BMCPublic Health. (2021) 21:804–17. doi: 10.1186/s12889-021-10
816-7

39. Rosental H, Shmueli L. Integrating health behavior theories to predict
COVID-19 vaccine acceptance: differences between medical students and
nursing students. Vaccines. (2021) 9:783–96. doi: 10.3390/vaccines907
0783

40. Ajzen I. Constructing a TPB questionnaire: conceptual and methodological
considerations. Revised January (2006) 1–14.

41. Robertson E, Reeve KS, Niedzwiedz CL, Moore J, Blake M, Green
M, et al. Predictors of COVID-19 vaccine hesitancy in the UK household
longitudinal study. Brain Behav Immun. (2021) 94:41–50. doi: 10.1016/j.bbi.2021.
03.008

42. WHO. Update on COVID-19 Vaccine Development. Available online
at: https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/
update45-vaccines-developement.pdf?sfvrsn=13098bfc_5 (accessed January 5,
2021).

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2022.882909
https://covid19.who.int/
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.1377/hlthaff.2011.0396
https://doi.org/10.1016/j.vaccine.2011.10.030
https://doi.org/10.7326/M20-3569
https://doi.org/10.3390/vaccines9040378
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1038/s41591-020-1124-9
https://doi.org/10.3969/j.issn.1672-8467.2021.03.003
https://doi.org/10.1007/s10654-020-00634-3
https://doi.org/10.1093/cid/ciaa433
https://doi.org/10.4161/hv.24657
https://doi.org/10.1080/21645515.2021.1893062
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.thepaper.cn/newsDetail_forward_12771276
https://www.thepaper.cn/newsDetail_forward_12771276
https://doi.org/10.1016/j.copsyc.2015.02.011
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1037/0278-6133.26.2.136
https://doi.org/10.1007/s10198-008-0124-3
https://doi.org/10.3390/ijerph7030853
https://doi.org/10.1016/j.socec.2012.05.001
https://doi.org/10.1080/21645515.2020.1790279
https://doi.org/10.1016/j.vaccine.2020.12.083
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.3390/ijerph17010197
https://doi.org/10.1080/07448481.2014.917650
https://doi.org/10.1371/journal.pone.0017713
https://doi.org/10.1093/her/cyr025
https://doi.org/10.1037/0033-2909.84.5.888
https://doi.org/10.1002/brb3.2370
https://doi.org/10.3390/vaccines9070684
https://doi.org/10.1093/tbm/ibab102
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1016/j.vaccine.2011.06.107
https://doi.org/10.1371/journal.pone.0170550
https://doi.org/10.1016/j.vaccine.2010.12.006
https://doi.org/10.1080/21642850.2018.1505519
https://doi.org/10.1186/s12889-021-10816-7
https://doi.org/10.3390/vaccines9070783
https://doi.org/10.1016/j.bbi.2021.03.008
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update45-vaccines-developement.pdf?sfvrsn=13098bfc_5
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update45-vaccines-developement.pdf?sfvrsn=13098bfc_5
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2022.882909

43. WHO. Draft Landscape and Tracker of COVID-19 Candidate Vaccines.
Available online at: https://www.who.int/publications/m/item/draft-landscape-of-
covid-19-candidate-vaccines (accessed February 18, 2021).

44. Lurie N, Saville M, Hatchett R, Halton J. Developing covid-19 vaccines at
pandemic speed. N Engl J Med. (2020) 382:1969–73. doi: 10.1056/NEJMp2005630

45. Godin G. L Vézina-Im, Na Cc Ache H. Determinants of Influenza
Vaccination among Healthcare Workers? Infect Control Hospital Epidemiol. (2010)
31:689–93. doi: 10.1086/653614

46. Hauri AM, Uphoff H, Gussmann V, Gawrich S. Factors that affect influenza
vaccine uptake among staff of long-term care facilities. Infect Control Hosp
Epidemiol. (2006) 27:638–41. doi: 10.1086/504361

47. Lehmann BA, Ruiter RA, van Dam D, Wicker S, Kok G. Sociocognitive
predictors of the intention of healthcare workers to receive the influenza vaccine

in Belgian, Dutch and German hospital settings. J Hosp Infect. (2015) 89:202–
9. doi: 10.1016/j.jhin.2014.11.009

48. Robin G, Myers L B. Determinants of adults’ intention to
vaccinate against pandemic swine flu. BMC Public Health. (2011)
11:1–8. doi: 10.1186/1471-2458-11-15

49. Nowrouzi-Kia B, Mcgeer A. External cues to action and influenza
vaccination among post-graduate trainee physicians in Toronto,
Canada. Vaccine. (2014) 32:3830–4. doi: 10.1016/j.vaccine.2014.04.
067

50. Rebmann T, Iqbal A, Anthony J, Knaup RC, Wright KS, Peters EB. H1N1
influenza vaccine compliance among hospital- and non-hospital-based healthcare
personnel. Infect Control Hosp Epidemiol. (2012) 33:737–44. doi: 10.1086/66
6336

Frontiers in PublicHealth 11 frontiersin.org

https://doi.org/10.3389/fpubh.2022.882909
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://doi.org/10.1056/NEJMp2005630
https://doi.org/10.1086/653614
https://doi.org/10.1086/504361
https://doi.org/10.1016/j.jhin.2014.11.009
https://doi.org/10.1186/1471-2458-11-15
https://doi.org/10.1016/j.vaccine.2014.04.067
https://doi.org/10.1086/666336
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The impact of vaccine hesitation on the intentions to get COVID-19 vaccines: The use of the health belief model and the theory of planned behavior model
	Introduction
	Materials and methods
	Participants and procedures
	Measures and variables
	Quality control
	Statistical analyses

	Results
	Participant characteristics
	Reasons for the hesitation of COVID-19 vaccine
	Univariate analysis
	Multivariate analysis

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


