
Citation: Qin, C.; Yan, W.; Tao, L.;

Liu, M.; Liu, J. The Association

between Risk Perception and

Hesitancy toward the Booster Dose of

COVID-19 Vaccine among People

Aged 60 Years and Older in China.

Vaccines 2022, 10, 1112. https://

doi.org/10.3390/vaccines10071112

Academic Editor: S. Louise Cosby

Received: 25 June 2022

Accepted: 11 July 2022

Published: 12 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

The Association between Risk Perception and Hesitancy toward
the Booster Dose of COVID-19 Vaccine among People Aged 60
Years and Older in China
Chenyuan Qin 1 , Wenxin Yan 1, Liyuan Tao 2 , Min Liu 1 and Jue Liu 1,3,4,*

1 Department of Epidemiology and Biostatistics, School of Public Health, Peking University, No. 38,
Xueyuan Road, Haidian District, Beijing 100191, China; qincy@bjmu.edu.cn (C.Q.);
yanwx@bjmu.edu.cn (W.Y.); liumin@bjmu.edu.cn (M.L.)

2 Research Center of Clinical Epidemiology, Peking University Third Hospital, No. 49 Huayuan North Road,
Haidian District, Beijing 100083, China; tendytly@163.com

3 Institute for Global Health and Development, Peking University, Beijing 100871, China
4 National Health Commission Key Laboratory of Reproductive Health, Peking University,

Beijing 100191, China
* Correspondence: jueliu@bjmu.edu.cn; Tel./Fax: +86-10-82805146

Abstract: Background: Given the prevalence of the omicron variant and decreased immunity pro-
vided by vaccines, it is imperative to enhance resistance to COVID-19 in the old population. We
planned to explore the hesitancy rate toward the booster dose of the COVID-19 vaccine and the
association between risk perception and the abovementioned rate among people aged 60 and older.
Methods: This national cross-sectional study was conducted in mainland China from 25 May to
8 June 2022, targeting people who were 60 years old or above. Four dimensions were extracted from
the Health Belief Model (HBM) to assess participants’ perceived risk levels, including perceived
susceptibility, perceived severity, perceived barriers, and perceived benefit. An independent Chi-
square test was used to compare the vaccine hesitancy rates among different groups stratified by
characteristics. Univariable and multivariable logistic regression models were performed to explore
the associations between risk perception and hesitancy rate. Results: Of 3321 participants, 17.2%
(95% CI: 15.9–18.5%) were hesitant about booster shots of COVID-19 vaccines. Believing that they
were ineligible for vaccination due to certain illnesses (38.3%), concern about vaccine safety (32.0%),
believing the booster shots were unnecessary (33.1%), and their limitation on movements (28.0%)
were the main reasons for vaccine hesitation. Adjusted by all the selected covariates, people with low
perception level of susceptibility (aOR = 1.39, 95% CI: 1.00–1.92) and benefit (low: aOR = 3.31, 95% CI:
2.01–5.45; moderate: aOR = 2.23, 95% CI: 1.75–2.85) were less likely to receiving the booster dose, and
the same results were found in people with higher perceived barriers (moderate: aOR = 2.67, 95% CI:
2.13–3.35; high: aOR = 2.04, 95% CI: 1.14–3.67). Our estimates were stable in all four models. Conclu-
sions: In total, 17.2% of the people aged 60 years and older in China were hesitant about booster dose
of COVID-19 vaccines, and it was closely associated with a lower level of perceived susceptibility
and benefit, as well as a higher level of perceived barriers. Concerns about contraindications, vaccine
safety, and limited movements were the main reasons for vaccine hesitancy. Targeted public health
measure is a priority to improve the understanding of the elderly on their own susceptibility and
vulnerability and clear the obstacles to vaccination.

Keywords: COVID-19; vaccination; booster dose; hesitancy; old people

1. Introduction

As one of the worst plagues in nearly a century, coronavirus disease 2019 (COVID-19)
has caused an incalculable disease and economic burden across the globe [1]. Unfortu-
nately, more than 540.5 million people have been directly affected by this pandemic as of
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22 June 2022, with 6.3 million death cases [2]. All viruses, including severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), the virus that caused COVID-19, changed
over time, and five variants of concern (VOCs) have entered the public domain so far [3].
Undoubtedly, the Omicron variant (B.1.1.529) is the currently circulating one, carrying
multiple spike mutations with high transmissibility and immune escape [3,4]. Vaccination
was thought to be the most cost-effective public health intervention to control infectious
diseases and protect people’s lives and property [5]. The old population is usually accom-
panied by poor immunity and more underlying diseases, making them a high-risk group
for SARS-CoV-2 infection and poor prognosis [6,7]. Studies have shown that vaccination
against COVID-19 in older adults is effective in reducing severe illness and death, and the
safety of the vaccine has also been fully recognized [4,7,8]. Data from the US, Germany, and
South Korea all confirmed that prioritizing the oldest people with COVID-19 vaccination
could save the most lives and, surprisingly, maximize the remaining life expectancy [9].

Vaccine hesitancy, one of the ten major threats to global health in 2019, refers to the
reluctance or refusal of people to be vaccinated when available, especially among the older
population [10]. According to a report on the fifth wave of COVID-19 in Hong Kong,
China, people aged 60 or above accounted for 96% of all deaths, and 88% of the deaths
were either unvaccinated or received only one dose of COVID-19 vaccine [11]. Among the
old population, the mortality rate was 0.70% for those who were unvaccinated, albeit to
0.02% for people who have completed two or three doses [11]. Obviously, the emergence
of VOCs and decreased immunity provided by vaccines could lead to an increase in
breakthrough infections, which indicates that receiving a booster dose of the COVID-19
vaccine is imperative [12–14]. However, only 26.4% of the world’s population have received
the booster doses against COVID-19 [15] till 20 June 2022, and the Joint Prevention and
Control Mechanism of the State Council claimed that, as of 16 June 2022, 35.2% of the
elderly (≥60 years old) in China still had not received the booster shots [16]. Another
critical issue that needs to be highlighted is that the overall level of effective antibodies
produced by older people after vaccination was lower than that produced by younger
adults [7,17].

The health belief model (HBM) is widely used to assess public attitudes toward vac-
cines and predict their behavior toward vaccination, revealing significant perception factors
such as perceived susceptibility, perceived severity, perceived barriers, and perceived ben-
efit [18–20]. Risk perception is people’s subjective judgments of a particular risk, which
will eventually affect people’s behavior [21–23]. Studies have shown that higher levels
of knowledge among older people about epidemiological characteristics, the number of
deaths, and effective prevention measures of infectious diseases have been shown to be as-
sociated with positive behavior change [20,23–25]. Perceptions or beliefs about an outbreak
are important in deciding to take specific preventive actions [26,27].

Up to now, no study has been performed to specifically investigate the hesitancy
toward the booster dose of the COVID-19 vaccine and the association between risk percep-
tions among the Chinese elderly (≥60 years old). Accelerating global coverage of vaccina-
tion in the old population, especially the booster dose, is indeed a priority for achieving
herd immunity against COVID-19 [28]. To better understand the elderly’s hesitancy toward
the booster dose and provide a theoretical basis for policy making, it is fundamental to
conduct an anonymous survey to evaluate the hesitancy rate and the association between
risk perception and the abovementioned rate in this specific population.

2. Methods
2.1. Study Design and Participants

This national cross-sectional survey was conducted based on an online platform
called Wen Juan Xing (Changsha Ranxing Information Technology Co., Ltd., Changsha,
China). Owing clear personal information (e.g., age, gender, and residence) of nearly
3 million registered members in China, it could accurately deliver questionnaires to the
representative respondents we expect. The target participants of this study were senior
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citizens aged 60 or above in China. For users who have trouble answering questions using
electronic devices (without cognitive impairment), they can enlist the help of those around
them, and questions could be relayed to the old people by those young adults living with
them. Each question was followed by a reminder that the purpose of the questionnaire was
to find out the true thoughts and situations of people aged 60 and above.

According to previous studies that examined the willingness of Chinese adults to
receive booster shots, 10.56% (95% CI: 6.99–14.14%) were unwilling to receive booster
vaccination among those aged 60 and older [29]. Thus, we set the rate of hesitancy toward
the booster dose of COVID-19 vaccine as 13% (p = 0.13) among old people, calculating
the sample size with α as 0.05 and the confidence interval width as 0.1p (0.013). In total,
2647 valid questionnaires were expected when using the exact (Clopper–Pearson) method
for calculation by the PASS software 15.0 (NCSS LLC., Kaysville, UT, USA). Anonymous
questionnaires were randomly allocated among 31 provinces from 25 May to 8 June 2022.
The minimum number of valid questionnaires for each province was allocated according
to the proportion of the older adults aged 60 or above reported in the Seventh National
Census [30]. A total of 3321 valid questionnaires were ultimately included in the analysis
(Table S1).

2.2. Questionnaire Design

This structured questionnaire was divided into 4 sections in total, which consisted of
the following parts: (1) sociodemographic characteristics and health status, (2) knowledge
of COVID-19 and COVID-19 vaccines, (3) four dimensions of risk perception based on
health belief model (HBM), and (4) attitude toward the booster dose of COVID-19. All
items in our questionnaire were stated by a panel of experts, including one public health
expert and two epidemiologists specializing in infectious diseases. We conducted a pilot
study involving 40 old people before it was officially released to test the questionnaire’s
validity (Bartlett’s Test of Sphericity: p < 0.001). Then the expressions of some items were
modified according to the feedback of the respondents, making them easier to understand.
The reliability of this questionnaire was confirmed by Cronbach’s alpha coefficient by
different dimensions.

The first part comprised questions regarding the sociodemographic characteristics and
health status, including region, age, sex, marital status, education level, monthly household
income, chronic disease history, and history of COVID-19 vaccination.

Ten items were set to test participants’ knowledge of COVID-19 and COVID-19 vac-
cines, ranging from the sources of infection, common symptoms, routes of transmission,
high-risk groups, and self-protection measures to questions related to vaccination. Each
correct choice got 1 score, and a total of 19 scores and 4 scores were assigned to these two
parts, respectively. Then, we divided these scores into three levels, from lowest to highest
on average. Cronbach’s alpha coefficient was 0.83.

The health belief model (HBM) is a conceptual framework based on motivation theory,
cognitive theory, and expectancy-value theory, which has been widely used to assess public
attitudes toward vaccines and predict their behavior toward vaccination [19–21]. Four
dimensions were extracted in this study to evaluate the risk perception of the elderly
population, namely, perceived susceptibility (α = 0.81), perceived severity (α = 0.88),
perceived barriers (α = 0.76), and perceived benefit (α = 0.87) [31]. We set 10 questions to
investigate the risk perception of older adults, and all questions were answered based on a
three-point Likert scale. For questions evaluating perceived susceptibility, scores of 3, 2, and
1 were assigned to “Very Concerned”, “Concerned”, and “Not Concerned”, respectively.
Questions involved in the other three dimensions were answered by “Agree (3 points)”,
“Not Sure (2 points)”, or “Disagree (1 point)”. Individual’s final level of risk perception
was divided equally into three levels (“Low”, “Moderate”, and “High”) according to the
total scores in each dimension.

To assess their attitude toward the booster dose of the COVID-19 vaccine, all eligible
participants were required to answer the question, “Are you willing to receive the booster
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dose of COVID-19 vaccine if available?” The hesitancy rate was defined as the proportion
of participants who answered “No” or “Not sure”, and if the participants had any concerns
about the booster dose, the specific reasons for the reluctance were further asked at the
same time.

2.3. Data Analysis

Frequencies and percentages were used to describe all categorical variables, consisting
of sociodemographic characteristics, health status, knowledge about COVID-19 and the
COVID-19 vaccine, and four dimensions of risk perception. An independent Chi-square
test was used to compare the vaccine hesitancy rates among different groups stratified by
the abovementioned characters. Logistic regression analyses were performed to explore the
associations between risk perception and hesitancy rate toward the booster dose among old
people (≥60 years old), and we finally constructed four models to examine the robustness
of the estimations. Model A is a univariable logistic regression model. Region, age group,
sex, marital status, education, and monthly household income were adjusted in model B.
All covariates were included along with the other three dimensions of risk perceptions
in model C. Additionally, only covariates with significant differences and the other three
dimensions of risk perception were contained in model D. Crude odds ratios (cORs) and
adjusted odds ratios (aORs) with 95% CIs were calculated to explain the effect size in
different risk perception groups.

All statistical analyses were conducted by SPSS 26.0 (IBM SPSS Inc., Armonk, NY, USA)
in this study, and a two-sided p-value less than 0.05 was regarded as statistically significant.

3. Results
3.1. Characteristics of the 3321 Participants Aged 60 and Above

A total of 3331 people aged 60 years and older in China were recruited to fill in this
questionnaire, of which 3321 participants were eligible for the final analysis (Table 1).
Among them, 1097 (33.0%) were aged 70 years old or above, 2290 (69.0%) were married
and lived with their spouses, and 1334 (40.1%) at least had an education level of high
school. In total, 92.7% of 3321 participants had a history of COVID-19 vaccines, including
the single dose (6.9%) and full vaccination (83.4%). Chronic diseases affected the health
of almost 2750 (82.8%) older adults. Regarding risk perception, among 3321 participants,
17.8% and 40.3% perceived high susceptibility and severity for the infection of SARS-CoV-2,
respectively. About one-third perceived high levels of barriers, while 77.3% of participants
have perceived huge benefits of vaccination against COVID-19.

3.2. Hesitancy toward the Booster Dose of COVID-19 Vaccine among the Elderly by Characteristics

Of 3321 participants, 17.2% (95% CI: 15.9–18.5%) were hesitant about the booster shots
of COVID-19 vaccines (Table 1). People who were older, widowed, with lower education
level, or without a history of COVID-19 vaccination were prone to have vaccine hesitancy
toward the booster dose. In terms of four dimensions of risk perception, vaccine hesitancy
differed significantly among different levels of perceived susceptibility, perceived barriers,
and perceived benefit (all p < 0.05). People with lower perceptions of susceptibility (21.6%)
and benefit (45.2%) were less likely to receive a booster dose of vaccination. Perceived
barriers had a negative impact on vaccination willingness in older adults. However, no
significant difference in vaccination hesitancy was found among groups with different
degrees of perceived severity. A total of 571 old people were reluctant about the booster
dose of COVID-19 vaccines. Believing that they were ineligible for vaccination due to
certain illnesses (38.3%), concern about vaccine safety (32.0%), believing the booster shots
were unnecessary (33.1%), and their limitation on movements (28.0%) were the main
reasons for vaccine hesitation (Figure 1).
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Table 1. Hesitancy toward the booster dose of COVID-19 vaccine among 3321 old people in China
by characteristics.

Characteristics N (%)
Hesitancy toward the Booster Dose of COVID-19

Vaccine to Children p-Value
N (%) 95%CI

Total 3321 (100) 571 (17.2) 15.9–18.5
Sociodemographic Characteristics

Region 0.96
Eastern 1443 (43.5) 248 (17.2) 15.3–19.2
Central 1016 (30.6) 177 (17.4) 15.2–19.8
Western 862 (26.0) 146 (16.9) 14.5–19.6

Age Group (Years) <0.05 *
60–64 982 (29.6) 132 (13.4) 11.4–15.7
65–69 1242 (37.4) 185 (14.9) 13.0–17.0
≥70 1097 (33.0) 254 (23.2) 20.7–25.7

Sex 0.76
Female 1731 (52.1) 301 (17.4) 15.7–19.2
Male 1590 (47.9) 270 (17.0) 15.2–18.9

Marital Status a <0.05 *
Married 2290 (69.0) 349 (15.2) 13.8–16.8

Widowed 926 (27.9) 203 (21.9) 19.3–24.7
Others 105 (3.2) 19 (18.1) 11.6–26.3

Education b <0.05 *
Beyond high school 499 (15.0) 71 (14.2) 11.4–17.5

High school 835 (25.1) 120 (14.4) 12.1–16.9
Junior high school 905 (27.3) 154 (17.0) 14.7–19.6
Primary and below 1082 (32.6) 226 (20.9) 18.5–23.4

Monthly Household Income Per Capita (RMB) 0.30
≤1500 503 (15.1) 101 (20.1) 16.8–23.7

1501–3000 719 (21.7) 123 (17.1) 14.5–20.0
3001–5000 1024 (30.8) 179 (17.5) 15.2–19.9

5001–10,000 791 (23.8) 124 (15.7) 13.3–18.3
>10,000 284 (8.6) 44 (15.5) 11.6–20.0

Health Status
History of Chronic Disease 0.22

No 571 (17.2) 88 (15.4) 12.6–18.5
Yes 2750 (82.8) 483 (17.6) 16.2–19.0

History of COVID-19 Vaccination c <0.05 *
No vaccination 322 (9.7) 212 (65.8) 60.5–70.9

Single dose 230 (6.9) 84 (36.5) 30.5–42.9
Full vaccination 2769 (83.4) 275 (9.9) 8.9–11.1

Knowledge Factors
Knowledge Score on COVID-19 <0.05 *

Low (score 0–6) 120 (3.6) 39 (32.5) 24.6–41.2
Moderate (score 7–13) 1762 (53.1) 358 (20.3) 18.5–22.2

High (score 14–19) 1439 (43.3) 174 (12.1) 10.5–13.9
Knowledge Score on COVID-19 Vaccination <0.05 *

Low (score 0–1) 247 (7.4) 59 (23.9) 18.9–29.5
Moderate (score 2–3) 2461 (74.1) 421 (17.1) 15.7–18.6

High (score 4) 613 (18.5) 91 (14.8) 12.2–17.8
Risk Perception

Perceived Susceptibility <0.05 *
Low (score 2–3) 814 (24.5) 176 (21.6) 18.9–24.5

Moderate (score 4–5) 1916 (57.7) 297 (15.5) 13.9–17.2
High (score 6) 591 (17.8) 98 (16.6) 13.8–19.7

Perceived Severity 0.55
Low (score 2–3) 293 (8.8) 49 (16.7) 12.8–21.3

Moderate (score 4–5) 1688 (50.8) 280 (16.6) 14.9–18.4
High (score 6) 1340 (40.3) 242 (18.1) 16.1–20.2

Perceived Barriers <0.05 *
Low (score 3–4) 2275 (68.5) 270 (11.9) 10.6–13.2

Moderate (score 5–7) 955 (28.8) 279 (29.2) 26.4–32.2
High (score 8–9) 91 (2.7) 22 (24.2) 16.3–33.7

Perceived Benefit <0.05 *
Low (score 3–5) 104 (3.1) 47 (45.2) 35.9–54.8

Moderate (score 6–7) 649 (19.5) 184 (28.4) 25.0–31.9
High (score 8–9) 2568 (77.3) 340 (13.2) 12.0–14.6

* p < 0.05. a “Married” referred to the married old people whose spouses were still alive. b “High school” included
high school education and technical secondary school education. c “No vaccination” referred to people who
were not vaccinated at all; “Single dose” meant only received one dose of inactivated vaccine. “Full vaccination”
referred to complete vaccination without a booster dose.
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Figure 1. Reasons for responding “No” or “Not sure” regarding willingness to accept the third dose
of COVID-19 vaccine (n = 571).

3.3. Association between Risk Perception and Hesitancy toward a Booster Dose of COVID-19
Vaccine among Old People

As shown in Table 2, the association between risk perception and hesitancy toward
a booster dose of COVID-19 Vaccine among old people was stable in four models. In
model A, the vaccine hesitancy toward the booster dose was associated with a low level
of perceived susceptibility (cOR = 1.39, 95% CI: 1.06–1.82), higher perceived barriers
(moderate: cOR = 3.06, 95% CI: 2.54–3.70; high: cOR = 2.37, 95% CI: 1.44–3.89), and lower
level of perceived benefit (low: cOR = 5.40, 95% CI: 2.61–8.08; moderate: cOR = 2.59,
95% CI: 2.11–3.18). Associations above were not substantially altered in model B after
controlling for sociodemographic characteristics (region, age, sex, marital status, education,
monthly household income per capita). Adjusted by all the selected covariates, people
with low perception level of susceptibility (aOR = 1.39, 95% CI: 1.00–1.92) and benefit (low:
aOR = 3.31, 95% CI: 2.01–5.45; moderate: aOR = 2.23, 95% CI: 1.75–2.85) were less likely to
receiving the booster dose, and the same results were found in the group with a higher level
of perceived barriers (moderate: aOR = 2.67, 95% CI: 2.13–3.35; high: aOR = 2.04, 95% CI:
1.14–3.67). Multivariate logistic regression of model D with all statistically significant
covariates and three dimensions of risk perception adjusted showed similar association
results to the other models.

3.4. Subgroup Analyses

Subgroup analyses were performed, and no heterogeneity was found in most sub-
groups (Table S2). The associations between booster vaccination hesitancy and four dimen-
sions of risk perception were not modified by age group, sex, marital status, education level,
or chronic disease history (all p for interaction > 0.05). People who perceived low suscepti-
bility in western China (aOR = 2.79, 95% CI: 1.39–5.62) or having lower income (aOR = 2.16,
95% CI: 1.26–3.72) were less likely to accept a booster dose of COVID-19 vaccine (p for
interaction < 0.05, Figure S1). The association between the perception of moderate barriers
and vaccination hesitancy was modified by history of COVID-19 vaccination, knowledge
score on COVID-19 and COVID-19 vaccination (all p for interaction < 0.05, Figure 2). For
people with moderate knowledge scores on COVID-19 vaccination, the highest association
(aOR = 2.52, 95% CI: 1.92–3.32) could be found between moderate perceived benefit and
the hesitancy rate toward the booster dose of COVID-19 vaccine (p for interaction < 0.05,
Figure S2).
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Table 2. The association between risk perception and the hesitancy toward the booster dose of
COVID-19 vaccine to children among 3321 old people in China.

Model A Model B Model C Model D

Crude Odds
Ratio

(95% CI)
p-Value

Adjusted
Odds Ratio

(95% CI)
p-Value

Adjusted
Odds Ratio

(95% CI)
p-Value

Adjusted
Odds Ratio

(95% CI)
p-Value

Perceived Susceptibility

Low (score 2–3) 1.39
(1.06–1.82) <0.05 * 1.34

(1.01–1.77) <0.05 * 1.39
(1.00–1.92) <0.05 * 1.39

(1.00–1.93) <0.05 *

Moderate (score 4–5) 0.92
(0.72–1.18) 0.53 0.89

(0.69–1.15) 0.37 1.08
(0.81–1.45) 0.59 1.09

(0.81–1.46) 0.56

High (score 6) Reference Reference Reference Reference
Perceived Severity

Low (score 2–3) 0.91
(0.65–1.28) 0.59 0.94

(0.67–1.32) 0.72 0.97
(0.65–1.44) 0.88 0.97

(0.66–1.44) 0.90

Moderate (score 4–5) 0.90
(0.75–1.09) 0.29 0.92

(0.76–1.12) 0.40 0.92
(0.74–1.15) 0.48 0.93

(0.74–1.16) 0.50

High (score 6) Reference Reference Reference Reference
Perceived Barriers

Low (score 3–4) Reference Reference Reference Reference

Moderate (score 5–7) 3.06
(2.54–3.70) <0.05 * 3.01

(2.53–3.72) <0.05 * 2.67
(2.13–3.35) <0.05 * 2.66

(2.13–3.33) <0.05 *

High (score 8–9) 2.37
(1.44–3.89) <0.05 * 2.50

(1.51–4.14) <0.05 * 2.04
(1.14–3.67) <0.05 * 2.02

(1.13–3.62) <0.05 *

Perceived Benefit

Low (score 3–5) 5.40
(2.61–8.08) <0.05 * 5.52

(3.65–8.32) <0.05 * 3.31
(2.01–5.45) <0.05 * 3.21

(1.95–5.26) <0.05 *

Moderate (score 6–7) 2.59
(2.11–3.18) <0.05 * 2.57

(2.09–3.17) <0.05 * 2.23
(1.75–2.85) <0.05 * 2.21

(1.73–2.82) <0.05 *

High (score 8–9) Reference Reference Reference Reference

* p < 0.05, Model A is a univariate logistic regression model, using crude odds ratios (cORs) to explain the vaccine
hesitancy in different risk perception groups. Region, age group, sex, marital status, education, and monthly
household income per capita were adjusted in model B. In model C, we adjusted the rest covariates based on
model B—history of chronic disease, history of COVID-19 vaccination, knowledge score on COVID-19, knowledge
score on COVID-19 vaccination, as well as the other three aspects of risk perceptions. Model D only contained the
significant covariates in Pearson χ2 test and the other three risk perceptions.

Figure 2. Subgroup analysis of the association between risk perception and hesitancy toward a
booster dose of COVID-19 vaccine among 3321 old people with moderate perceived barriers.
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4. Discussion

It is a global consensus that timely vaccination is the most effective, economic, and
convenient measure to prevent infectious diseases [5]. To our knowledge, this is the
first national study to specifically target people aged 60 or above in China to explore
the hesitancy rate toward the booster dose of the COVID-19 vaccine and the association
between risk perception and the abovementioned rate. In China, 17.2% (571/3321) were
hesitant about the booster shots of COVID-19 vaccines. Concerns about contraindications,
vaccine safety, and limited movements were the main reasons for vaccine hesitancy. Nearly
a third also thought the booster shots were unnecessary for them. With all covariates
adjusted, we found that the vaccine hesitancy was closely related to a lower level of
perceived susceptibility and benefit, as well as a higher level of perceived barriers. Results
were stable in all four models. Therefore, our findings have important theoretical and
practical significance for understanding the vaccination willingness and the subsequent
formulation of policies to promote the vaccination coverage of booster dose targeting
people aged 60 and older.

Our results showed that 17.2% of older adults were still hesitant about booster vaccina-
tion against COVID-19. As of 19 June 2022, 60.7% of the world’s population has been fully
vaccinated, while only 26.3 per 100 people have received the booster shots, according to Our
World in Data [15]. Meanwhile, for people aged 60 or above in China, nearly 35% still have
not administered a booster dose, in which vaccination hesitancy and the time requirement
for booster dose might be the main reasons [16,32]. Undoubtedly, promoting the global
coverage of initial vaccination and the booster dose of COVID-19 vaccines has become
an urgent issue worldwide, which is closely related to the formation of herd immunity
in countries and even the world [5,33]. Accounting for 13.5% of the global population,
effective immunization in older age groups will play an indispensable role in achieving this
goal [34]. To date, there has been no investigation into the hesitancy of booster vaccination
and its influencing factors specifically targeting older adults, but our findings can still be
compared with specific age groups in some studies [19,35,36]. In a cross-sectional study
conducted by Tao-Hsin Tung et al. in Taizhou, China, only 10.3% (85/827) of adults aged 40
and older were unwilling to receive the booster dose [35]. Another large-scale nationwide
survey also conducted in China found that 10.56% (30/284) of older adults (≥60 years old)
hesitated to receive the booster shots of the COVID-19 vaccine [29]. In Jordan, however,
the acceptance rate was only 65.0% among the elderly [36], and 44.6% of Bangladeshis
aged over 50 were hesitant to receive booster shots [19]. Thus, our results indicated that
the overall acceptance of COVID-19 booster shots among the elderly (≥60 years old) in
China is relatively higher than in other countries, but efforts should also be made to remove
barriers to vaccination given the large population base.

According to our research, vaccination hesitancy toward the booster dose in the older
population was closely associated with low perceived susceptibility, low perceived benefit,
and high perceived barriers, but not with perceived severity. As people’s subjective judg-
ment of the characteristics and severity of a particular risk, Risk perception will eventually
affect people’s behavior [20,21]. Some studies have demonstrated that fear of infection
and trust in the benefits of vaccination could boost the acceptance rates of COVID-19 vac-
cines [29,37–39], which was consistent with our research. A study in Bangladesh showed
that the perceived benefit of COVID-19 vaccination (aOR = 0.85, p ≤ 0.001) was negatively
correlated with hesitation, while perceived barriers (aOR = 1.16, p ≤ 0.001) were positively
correlated [19]. The association between perceived severity and older adults’ responses to
booster shots remains inconsistent [19,29,37–39], but evidently, increasing the perceived
risk of COVID-19 and the safety and effectiveness of vaccines against COVID-19 under this
circumstance is an optimum way to increase the willingness of older adults to receive a
booster vaccination. We also found that for older adults, the higher the knowledge scores
on COVID-19 and COVID-19 vaccines, the lower the vaccination hesitancy toward the
booster shots. A survey conducted in southern Italy suggested that what people over 65
knew about COVID-19 could change their behavior during this pandemic [24]. Chen et al.
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indicated that the practice of prevention behavior among the elderly in China was positively
correlated with the scores of knowledge related to COVID-19 [23]. At different stages of this
pandemic, knowledge about COVID-19 and vaccines have contributed to the vaccination
willingness of older populations in China, Brazil, Malaysia, Singapore, Colombia, and other
countries [40–44]. Therefore, it is of practical significance to improve the understanding of
the elderly on their own susceptibility, effectiveness, and safety of vaccines through various
publicity and education ways (such as social media, offline lectures, etc.) to promote valid
herd immunity.

Unlike young people, older people are more worried and concerned about booster
shots. In this survey, 38.3% of the elderly worried that they were not eligible for booster
shots for their existing diseases. Evidently, advanced age and comorbidities such as
hypertension, diabetes, cardiovascular disease, and chronic respiratory disease were risk
factors for SARS-CoV-2 infection and poor prognosis [6,7]. People with chronic diseases
that are well controlled by drugs are usually not considered contraindicated groups for
COVID-19 vaccines [45]. People with other diseases or special circumstances should
consult professional health workers in detail to determine whether they are eligible for
vaccination [45]. In addition, in order to provide longer-lasting immunity and greater
protection against the evolving SARS-CoV-2 variants, booster vaccination is a natural
choice to build and consolidate herd immunity, especially in high-risk groups such as older
adults. Whether from the perspective of individuals or herds, the benefits of vaccinating
old people based on their own conditions far outweigh the risks, including the booster dose.
Therefore, we should realistically reduce or try to solve the causes of vaccination hesitancy
among the elderly in order to improve vaccination coverage among old people. Measures
such as simplifying the vaccination process, providing door-to-door vaccination services,
and arranging medical professionals to answer elderly people’s doubts about whether they
are eligible for vaccination are also supposed to be promoted.

As with other online cross-sectional surveys, our study also has some limitations. First,
selection bias may exist. Considering the accessibility of online surveys for the elderly,
questionnaires were answered only by Internet users. Moreover, some elderly people who
had difficulty answering questions using electronic devices may seek help from young
people around them and answer questions orally through young people’s dictation. This
may also increase the selection bias of this study. Although we have set up tips at the end of
each question and repeatedly emphasized that the subjective questions were supposed to
be answered by the elderly orally, we cannot completely rule out proxy answers. However,
under the current situation, it is urgent to understand the vaccination willingness toward
the booster shots and promote vaccination coverage among the elderly. In addition, people’s
acceptance of the booster dose of the COVID-19 vaccine was measured only by self-report,
and we were unable to develop a standard scale to assess their willingness. Third, this
survey was only conducted in China and based on a specific theoretical model, so results
need to be interpreted carefully when extrapolated to other countries or compared with
other models. Since this was an online survey, our depth was limited to some extent.
Our results were only a crude supplement to the current research gap, and we hope that
large-scale offline surveys with more participants will be implemented as soon as feasible.
Moreover, this is only a cross-sectional study, which cannot fully verify the relationship
between risk perception and vaccination hesitancy from a causal perspective.

5. Conclusions

Of 3321 participants, 17.2% were hesitant about the booster dose of the COVID-19
vaccine, and it was closely associated with a lower level of perceived susceptibility and
benefit, as well as a higher level of perceived barriers. Concerns about contraindications,
vaccine safety, and limited movements were the main reasons for vaccine hesitancy. Under
this circumstance, it is urgent to improve the understanding of the elderly on their own
susceptibility and vulnerability, reasonably judge whether they could be vaccinated, and
clear the obstacles to vaccination. Therefore, our results have important theoretical and
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practical implications for the subsequent promotion of the coverage of booster doses in the
elderly population.
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the booster dose of COVID-19 vaccine among old people.

Author Contributions: Conceptualization, C.Q. and W.Y.; methodology and analysis, C.Q.; visu-
alization, C.Q.; writing—original draft preparation, C.Q.; review and editing, L.T., W.Y. and M.L.;
supervision, J.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the National Natural Science Foundation of China (72122001;
71934002), the National Statistical Science Research Project (2021LY038), the National R&D Key project
(2021ZD0114101, 2021ZD0114104, 2021ZD0114105) and the National Science and Technology Project
on Development Assistance for Technology, Developing China-ASEAN Public Health Research and
Development Collaborating Center (KY202101004). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the paper. No payment was received by
any of the co-authors for the preparation of this article.

Institutional Review Board Statement: This study met the requirements of the Declaration of
Helsinki and was approved by the Institutional Review Board of Peking University (IRB00001052-21126).

Informed Consent Statement: All participants were informed and agreed to provide relevant data.

Data Availability Statement: All data in the study are available from the corresponding author
by request.

Acknowledgments: We would like to express our sincere gratitude to all the participants who
enrolled in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lal, A.; Erondu, N.A.; Heymann, D.L.; Gitahi, G.; Yates, R. Fragmented health systems in COVID-19: Rectifying the misalignment

between global health security and universal health coverage. Lancet 2021, 397, 61–67. [CrossRef]
2. Johns Hopkins University. COVID-19 Dashboard. Available online: https://coronavirus.jhu.edu/map.html (accessed on

22 June 2022).
3. Tracking SARS-CoV-2 Variants. Available online: https://www.who.int/activities/tracking-SARS-CoV-2-variants (accessed on

22 June 2022).
4. Reynolds, C.J.; Pade, C.; Gibbons, J.M.; Otter, A.D.; Lin, K.-M.; Sandoval, D.M.; Pieper, F.P.; Butler, D.K.; Liu, S.; Joy, G.; et al.

Immune boosting by B.1.1.529 (Omicron) depends on previous SARS-CoV-2 exposure. Science 2022, eabq1841. [CrossRef]
[PubMed]

5. Rauch, S.; Jasny, E.; Schmidt, K.E.; Petsch, B. New Vaccine Technologies to Combat Outbreak Situations. Front. Immunol. 2018,
9, 1963. [CrossRef] [PubMed]

6. Wu, Z.; McGoogan, J.M. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak
in China: Summary of a Report of 72314 Cases From the Chinese Center for Disease Control and Prevention. JAMA 2020,
323, 1239–1242. [CrossRef] [PubMed]

7. Ramasamy, M.N.; Minassian, A.M.; Ewer, K.J.; Flaxman, A.L.; Folegatti, P.M.; Owens, D.R.; Voysey, M.; Aley, P.K.; Angus, B.;
Babbage, G.; et al. Safety and immunogenicity of ChAdOx1 nCoV-19 vaccine administered in a prime-boost regimen in young
and old adults (COV002): A single-blind, randomised, controlled, phase 2/3 trial. Lancet 2021, 396, 1979–1993. [CrossRef]

8. Qu, P.; Faraone, J.; Evans, J.P.; Zou, X.; Zheng, Y.M.; Carlin, C.; Bednash, J.S.; Lozanski, G.; Mallampalli, R.K.; Saif, L.J.; et al.
Neutralization of the SARS-CoV-2 Omicron BA.4/5 and BA.2.12.1 Subvariants. N. Engl. J. Med. 2022, 386, 2526–2528. [CrossRef]
[PubMed]

9. Goldstein, J.R.; Cassidy, T.; Wachter, K.W. Vaccinating the oldest against COVID-19 saves both the most lives and most years of
life. Proc. Natl. Acad. Sci. USA 2021, 118, e2026322118. [CrossRef]

10. World Health Organization. Ten Threats to Global Health in 2019; World Health Organization: Geneva, Switzerland, 2019.

https://www.mdpi.com/article/10.3390/vaccines10071112/s1
https://www.mdpi.com/article/10.3390/vaccines10071112/s1
http://doi.org/10.1016/S0140-6736(20)32228-5
https://coronavirus.jhu.edu/map.html
https://www.who.int/activities/tracking-SARS-CoV-2-variants
http://doi.org/10.1126/science.abq1841
http://www.ncbi.nlm.nih.gov/pubmed/35699621
http://doi.org/10.3389/fimmu.2018.01963
http://www.ncbi.nlm.nih.gov/pubmed/30283434
http://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://doi.org/10.1016/S0140-6736(20)32466-1
http://doi.org/10.1056/NEJMc2206725
http://www.ncbi.nlm.nih.gov/pubmed/35704428
http://doi.org/10.1073/pnas.2026322118


Vaccines 2022, 10, 1112 11 of 12

11. Smith, D.J.; Hakim, A.J.; Leung, G.M.; Xu, W.; Schluter, W.W.; Novak, R.T.; Marston, B.; Hersh, B.S. COVID-19 Mortality and
Vaccine Coverage—Hong Kong Special Administrative Region, China, January 6, 2022-March 21, 2022. MMWR. Morb. Mortal.
Wkly. Rep. 2022, 71, 545–548. [CrossRef]

12. Burki, T.K. Omicron variant and booster COVID-19 vaccines. Lancet Respir. Med. 2022, 10, e17. [CrossRef]
13. Wang, X.; Zhao, X.; Song, J.; Wu, J.; Zhu, Y.; Li, M.; Cui, Y.; Chen, Y.; Yang, L.; Liu, J.; et al. Homologous or heterologous booster

of inactivated vaccine reduces SARS-CoV-2 Omicron variant escape from neutralizing antibodies. Emerg. Microbes Infect. 2022,
11, 477–481. [CrossRef]

14. Khan, N.A.; Al-Thani, H.; El-Menyar, A. The emergence of new SARS-CoV-2 variant (Omicron) and increasing calls for COVID-19
vaccine boosters-The debate continues. Travel Med. Infect. Dis. 2022, 45, 102246. [CrossRef]

15. COVID-19 Vaccine Boosters Administered. Available online: https://ourworldindata.org/covid-vaccinations (accessed on
20 June 2022).

16. Joint Prevention and Control Mechanism of The State Council. 17 June 2022. Available online: http://www.gov.cn/xinwen/
gwylflkjz202/wzsl.htm (accessed on 20 June 2022).

17. Feikin, D.R.; Higdon, M.M.; Abu-Raddad, L.J.; Andrews, N.; Araos, R.; Goldberg, Y.; Groome, M.J.; Huppert, A.; O’Brien, K.L.;
Smith, P.G.; et al. Duration of effectiveness of vaccines against SARS-CoV-2 infection and COVID-19 disease: Results of a
systematic review and meta-regression. Lancet 2022, 399, 924–944. [CrossRef]

18. Qin, C.; Wang, R.; Tao, L.; Liu, M.; Liu, J. Acceptance of a Third Dose of COVID-19 Vaccine and Associated Factors in China Based
on Health Belief Model: A National Cross-Sectional Study. Vaccines 2022, 10, 89. [CrossRef]

19. Hossain, M.B.; Alam, M.Z.; Islam, M.S.; Sultan, S.; Faysal, M.M.; Rima, S.; Hossain, M.A.; Mamun, A.A. COVID-19 vaccine
hesitancy among the adult population in Bangladesh: A nationwide cross-sectional survey. PLoS ONE 2021, 16, e0260821.
[CrossRef]

20. Qin, C.; Wang, R.; Tao, L.; Liu, M.; Liu, J. Association Between Risk Perception and Acceptance for a Booster Dose of COVID-19
Vaccine to Children Among Child Caregivers in China. Front. Public Health 2022, 10, 834572. [CrossRef]

21. Goldman, R.D.; McGregor, S.; Marneni, S.R.; Katsuta, T.; Griffiths, M.A.; Hall, J.E.; Seiler, M.; Klein, E.J.; Cotanda, C.P.;
Gelernter, R.; et al. Willingness to Vaccinate Children against Influenza after the Coronavirus Disease 2019 Pandemic. J. Pediatr.
2021, 228, 87–93.e2. [CrossRef]

22. Liu, C.; Huang, N.; Fu, M.; Zhang, H.; Feng, X.L.; Guo, J. Relationship Between Risk Perception, Social Support, and Mental
Health Among General Chinese Population During the COVID-19 Pandemic. Risk Manag. Healthc. Policy 2021, 14, 1843–1853.
[CrossRef]

23. Chen, Y.; Zhou, R.; Chen, B.; Chen, H.; Li, Y.; Chen, Z.; Zhu, H.; Wang, H. Knowledge, Perceived Beliefs, and Preventive Behaviors
Related to COVID-19 Among Chinese Older Adults: Cross-Sectional Web-Based Survey. J. Med. Internet Res. 2020, 22, e23729.
[CrossRef]

24. Gallè, F.; Sabella, E.A.; Roma, P.; Ferracuti, S.; Da Molin, G.; Diella, G.; Montagna, M.T.; Orsi, G.B.; Liguori, G.; Napoli, C.
Knowledge and Lifestyle Behaviors Related to COVID-19 Pandemic in People over 65 Years Old from Southern Italy. Int. J.
Environ. Res. Public Health 2021, 18, 10872. [CrossRef]

25. Zhong, B.L.; Luo, W.; Li, H.M.; Zhang, Q.Q.; Liu, X.G.; Li, W.T.; Li, Y. Knowledge, attitudes, and practices towards COVID-19
among Chinese residents during the rapid rise period of the COVID-19 outbreak: A quick online cross-sectional survey. Int. J.
Biol. Sci. 2020, 16, 1745–1752. [CrossRef]

26. Rubin, G.J.; Amlôt, R.; Page, L.; Wessely, S. Public perceptions, anxiety, and behaviour change in relation to the swine flu outbreak:
Cross sectional telephone survey. BMJ 2009, 339, b2651. [CrossRef]

27. Gesser-Edelsburg, A.; Cohen, R.; Hijazi, R.; Abed Elhadi Shahbari, N. Analysis of Public Perception of the Israeli Government’s
Early Emergency Instructions Regarding COVID-19: Online Survey Study. J. Med. Internet Res. 2020, 22, e19370. [CrossRef]

28. Mohapatra, R.K.; Kandi, V.; Sarangi, A.K.; Verma, S.; Tuli, H.S.; Chakraborty, S.; Chakraborty, C.; Dhama, K. The recently
emerged BA.4 and BA.5 lineages of Omicron and their global health concerns amid the ongoing wave of COVID-19 pandemic—
Correspondence. Int. J. Surg. 2022, 103, 106698. [CrossRef]

29. Wu, J.; Li, Q.; Silver Tarimo, C.; Wang, M.; Gu, J.; Wei, W.; Ma, M.; Zhao, L.; Mu, Z.; Miao, Y. COVID-19 Vaccine Hesitancy Among
Chinese Population: A Large-Scale National Study. Front. Immunol. 2021, 12, 781161. [CrossRef]

30. Bulletin of the Seventh National Population Census (No. 5). Available online: http://www.stats.gov.cn/tjsj/zxfb/202105/t20210
510_1817181.html (accessed on 23 June 2022).

31. Rosenstock, I.M.; Strecher, V.J.; Becker, M.H. Social learning theory and the Health Belief Model. Health Educ. Q. 1988, 15, 175–183.
[CrossRef]

32. National Health Commission of the People’s Republic of China. Q&A on the Booster Dose of COVID-19 Vaccines. Available
online: http://www.nhc.gov.cn/xcs/yqfkdt/202111/67a59e40580d4b4687b3ed738333f6a9.shtml (accessed on 23 June 2022).

33. McDermott, A. Core Concept: Herd immunity is an important-and often misunderstood-public health phenomenon. Proc. Natl.
Acad. Sci. USA 2021, 118, e2107692118. [CrossRef]

34. United Nations. Department of Economic and Social Affairs Population Dynamics. 2019. Available online: https://population.
un.org/wpp/DataQuery/ (accessed on 1 July 2022).

35. Tung, T.H.; Lin, X.Q.; Chen, Y.; Zhang, M.X.; Zhu, J.S. Willingness to receive a booster dose of inactivated coronavirus disease
2019 vaccine in Taizhou, China. Expert Rev. Vaccines 2022, 21, 261–267. [CrossRef]

http://doi.org/10.15585/mmwr.mm7115e1
http://doi.org/10.1016/S2213-2600(21)00559-2
http://doi.org/10.1080/22221751.2022.2030200
http://doi.org/10.1016/j.tmaid.2021.102246
https://ourworldindata.org/covid-vaccinations
http://www.gov.cn/xinwen/gwylflkjz202/wzsl.htm
http://www.gov.cn/xinwen/gwylflkjz202/wzsl.htm
http://doi.org/10.1016/S0140-6736(22)00152-0
http://doi.org/10.3390/vaccines10010089
http://doi.org/10.1371/journal.pone.0260821
http://doi.org/10.3389/fpubh.2022.834572
http://doi.org/10.1016/j.jpeds.2020.08.005
http://doi.org/10.2147/RMHP.S302521
http://doi.org/10.2196/23729
http://doi.org/10.3390/ijerph182010872
http://doi.org/10.7150/ijbs.45221
http://doi.org/10.1136/bmj.b2651
http://doi.org/10.2196/19370
http://doi.org/10.1016/j.ijsu.2022.106698
http://doi.org/10.3389/fimmu.2021.781161
http://www.stats.gov.cn/tjsj/zxfb/202105/t20210510_1817181.html
http://www.stats.gov.cn/tjsj/zxfb/202105/t20210510_1817181.html
http://doi.org/10.1177/109019818801500203
http://www.nhc.gov.cn/xcs/yqfkdt/202111/67a59e40580d4b4687b3ed738333f6a9.shtml
http://doi.org/10.1073/pnas.2107692118
https://population.un.org/wpp/DataQuery/
https://population.un.org/wpp/DataQuery/
http://doi.org/10.1080/14760584.2022.2016401


Vaccines 2022, 10, 1112 12 of 12

36. Rababa’h, A.M.; Abedalqader, N.N.; Ababneh, M. Jordanians’ willingness to receive heterologous prime-boost COVID-19
vaccination and vaccine boosters. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 7516–7525. [CrossRef]

37. Wang, J.; Lu, X.; Lai, X.; Lyu, Y.; Zhang, H.; Fenghuang, Y.; Jing, R.; Li, L.; Yu, W.; Fang, H. The Changing Acceptance of COVID-19
Vaccination in Different Epidemic Phases in China: A Longitudinal Study. Vaccines 2021, 9, 191. [CrossRef] [PubMed]
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