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ABSTRACT

Objectives This study explores the association between
vaccine hesitancy, vaccine knowledge and psychological
well-being with (1) receipt of/willingness to receive an
initial vaccine against COVID-19, and (2) willingness to
get vaccinated yearly against COVID-19. The importance
of different vaccine attributes (eg, vaccine technology,
effectiveness, side effects) to choose a specific COVID-19
vaccine was also assessed.

Design Cross-sectional survey administered during May
to June 2021 on vaccine hesitancy, vaccine knowledge,
psychological well-being, willingness to receive COVID-19
vaccines, sociodemographics and COVID-19-related
factors.

Setting UK.

Participants A self-selected sample of 1408 adults.
Outcome measures Receipt of/willingness to receive
COVID-19 vaccine for the first time and yearly.

Results Receipt of/willingness to receive a vaccine against
COVID-19 initially and yearly were high (97.0% and 86.6%,
respectively). Vaccine hesitancy was negatively associated
with receipt of/willingness to receive vaccine initially/yearly
(adjusted OR (aOR)=0.09, 95% Cl 0.04 to 0.26, p<0.001/
a0R=0.05, 95% CI 0.03 to 0.09, p<0.001). Vaccine knowledge
and psychological well-being were positively associated

with willingness to receive a yearly vaccine (20R=1.81,

95% Cl 1.43 10 2.29, p<0.001 and aOR=1.25, 95% Cl

1.02 to 1.51, p=0.014, respectively), and general vaccine
knowledge also with receipt of/willingness to receive vaccine
initially (@0R=1.69, 95% Cl 1.18 t0 2.42, p=0.004). Vaccine
effectiveness was the most important attribute for participants
to choose a specific COVID-19 vaccine.

Conclusions Improving vaccine knowledge and
emphasising vaccine efficacy may minimise vaccine
hesitancy and increase COVID-19 vaccine uptake.

INTRODUCTION

COVID-19, caused by SARS-CoV-2, is one
of the deadliest communicable diseases of
the 21st century,' which led to a pandemic
that burdened all aspects of life worldwide.

," Emily Shoesmith,? Aleksandra Herbec

. Lion Shahab'

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study benefited from a large sample size.

= The use of validated measures of vaccine hesitancy
and vaccine knowledge.

= Examining willingness to get vaccinated against
COVID-19 during the roll-out of the first COVID-19
vaccine programme, which improves the validity of
findings and minimises recall bias.

= Use of a convenience sample, which may not be
representative of the general population.

= Self-reported data and thus susceptible to social
desirability bias.

To contain the pandemic, vaccines against
COVID-19 were quickly produced and
approved for use in the general popula-
tion in late 2020 and early 2021 across
different countries. The development of
the COVID-19 vaccines unfolded in real
time, lending a sense that they were devel-
oped more rapidly than other vaccines; some
used new technology to trigger an immune
response (ie, mRNA technology), raising
concerns regarding their safety and effec-
tiveness.” Subsequently, these concerns have
increased COVID-19 vaccine hesitation, a
delay in acceptance or refusal of vaccina-
tion despite the availability of vaccination
services,” around the world.” Understanding
correlates of COVID-19 vaccine acceptance
and vaccine attributes that are important for
people when considering getting a COVID-19
vaccine (ie, vaccine technology) is therefore
critical to designing a successful immunisa-
tion programme that will continue to contain
the COVID-19 pandemic and prevent poten-
tially devastating outbreaks in the future.
Also, it will help with the development of
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evidence-based interventions to address vaccine hesi-
tancy in general, which further increases the importance
of research in this area.

A growing literature studies the determinants of
vaccine hesitancy related to COVID-19 and willingness to
get vaccinated against COVID-19. Factors associated with
willingness to get vaccinated against COVID-19 include
multiple sociodemographics, behavioural and psycho-
logical correlates, as well as pandemic-related factors.”
Specifically, it has been shown that being older, male, of
white ethnicity, with high income and post-16 qualifica-
tion have been consistently related to higher COVID-19
vaccine acceptance and lower COVID-19 vaccine hesi-
tancy.” " Additionally, a positive correlation has been
reported between willingness to get vaccinated against
COVID-19 and negative affect, with those reporting more
worry and anxiety related to COVID-19 also reporting
more willingness to get vaccinated against COVID-19.'" 12
However, some data suggest that poor psychological well-
being and significant levels of depression are associated
with vaccine hesitancy.” Pandemic experiences, such
as history of COVID-19 infection, and higher perceived
likelihood of getting COVID-19,%" 1219 35 well as vaccine-
related attributes such as efficacy and side effects'” have
also been associated with higher COVID-19 vaccine
acceptance. However, most of these studies were assessing
hypothetical vaccine acceptance and hesitancy.

Most COVID-19 vaccination regimes require at least
two doses to reach the desired immunisation level, and
additionally many countries encouraged and facilitated
booster doses among its population.”® Examining rates
of COVID-19 vaccination, it seems that they were higher
for the first dose of COVID-19 vaccine in comparison
with follow-up/booster doses. For example, in the UK,
the prevalence of receipt of the first COVID-19 vacci-
nation dose was 93.6%, while 88.3% and 70.2% for the
second and the third dose, respectively.'” These rates
confirm earlier research, suggesting that a considerable
proportion of the general population who have received
two doses of a COVID-19 vaccine were either unwilling
or unsure about accepting a booster vaccine.'?'* Factors
associated with this unwillingness and uncertainty include
lower levels of stress about catching or becoming seriously
ill from COVID-19, lower levels of educational qualifica-
tion, lower socioeconomic position and younger age.'*

Emerging data also consistently show that vaccine
effectiveness against COVID-19 infection declines over
time.”” Thus, administering additional COVID-19 vaccine
doses to appropriate individuals (ie, elderly, those with
vulnerabilities, healthcare professionals) regularly may
be necessary to protect susceptible individuals against
hospitalisation and death. Indeed, similar to influenza
vaccines, the COVID-19 vaccine autumn boosters have
been offered in the UK to vulnerable groups and health-
care professionals.'” Officials in the USA and the UK have
suggested that we will need to include annual COVID-19
vaccinations, with a schedule similar to influenza shots to
prevent potentially devastating outbreaks in the future.'?*!

Crucially, the effectiveness of such programmes depends
on vaccine uptake.

While several studies have sought to identify factors
associated with willingness to get vaccinated against
COVID-19, research examining people’s willingness
to get vaccinated against COVID-19 on a yearly basis
is scarce. For example, Pal e al® examined attitudes
towards a hypothetical annual booster vaccine against
COVID-19 in US healthcare workers, and they reported
that overall acceptance was 83.6%.** However, this accep-
tance was widely divergent among the vaccine-hesitant
and non-hesitant groups (18.8% vs 89.9%).** Moreover,
most studies were conducted prior to the approval of a
COVID-19 vaccine.*'° Thus, it is not known whether these
factors have the same importance when the outcome is
real rather than hypothetical. Data for the current study
were collected during the first COVID-19 vaccine roll-out
(May to June 2021), and therefore our participants were
asked about their willingness or acceptance of the initial
COVID-19 vaccine, and willingness of a yearly COVID-19
vaccination while they had been already offered the first
dose of COVID-19 vaccine or were likely to be offered it
soon.

The aim of this study is to explore whether there is an
association between vaccine hesitancy, general vaccine
knowledge (eg, the process related to vaccination, the
impact of vaccination) and psychological well-being
during the COVID-19 pandemic with (1) receipt of/
willingness to receive vaccine against COVID-19 for the
first time, and (2) willingness to get vaccinated against
COVID-19 on a yearly basis in a sample of UK adults
during the period of the first COVID-19 vaccine roll-out.
Greater understanding of the associations between
vaccine hesitancy, vaccine knowledge and psycholog-
ical well-being with willingness to get vaccinated against
COVID-19 could help us design mitigating strategies or
interventions going forward (ie, educational or psycho-
logical support). We also assess to what extent different
vaccine attributes (ie, vaccine technology, effectiveness,
side effects) are important for people to choose a specific
COVID-19 vaccine, if they had the choice, which may also
indicate attributes that are important for getting a vaccine
against COVID-19.

Research questions

Research question 1 (RQIl): Is there an association
between (1) vaccine hesitancy, (2) vaccine knowledge
and (3) psychological well-being during the COVID-19
pandemic with receipt of /willingness to receive an initial
vaccine against COVID-19 in a sample of UK adults
during the period of the first COVID-19 vaccine roll-out,
adjusting for relevant covariables?

RQ2: Is there an association between (1) vaccine
hesitancy, (2) vaccine knowledge and (3) psychological
well-being during the COVID-19 pandemic with will-
ingness to get vaccinated against COVID-19 on a yearly
basis in a sample of UK adults during the period of the
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first COVID-19 vaccine roll-out, adjusting for relevant
covariables?

RQ3: Which attributes (ie, vaccine technology, effec-
tiveness, side effects) are most important to people when
considering getting a COVID-19 vaccine, if they had the
choice?

METHODS

Study design

This is a cross-sectional study using data of a longitudinal
online survey of adults residing in the UK; the HEalth
BEhaviours during the COVID-19 pandemic (HEBECO)
study (https://osf.io/sbgru/). Baseline data collection
occurred between April and June 2020, and follow-up
surveys were administered at 1 month, and 3, 6 and 12
months from the baseline participation date. The current
study uses data from the baseline and 12-month follow-up
surveys.

Patient and public involvement

At the end of every survey, we asked participants to provide
comments related to the content of the surveys, which was
considered when the following survey was created. There
was no patient and public involvement in the design of
the baseline survey, but participants’ comments on base-
line, 1 month, and 3 and 6-month surveys were consid-
ered when designing the 12-month follow-up survey.
Participants and the public can access study results at the
study website, which is freely available.

Study sample

A selfselected sample of UK-based adults (18+ years) who
completed both the baseline survey of the HEBECO study
between 23 April 2020 (initiation of recruitment) and
14/June/2020 (inclusive; marking the end of the first
national UK lockdown), and a 12-month follow-up survey
collected between May and June 2021. At the time of the
12-month follow-up survey, all clinically extremely vulner-
able individuals and those aged 40+ had been offered at
least one dose of COVID-19 vaccine in the UK.

Initial recruitment into the baseline survey was online
and involved sharing study invitations via multiple chan-
nels, including unpaid and paid advertisements on social
media (eg, Facebook), an email campaign across the
network of University College London, other universi-
ties in the UK, Public Health England, Cancer Research
UK, charities and local authorities across the UK. The full
recruitment strategy is available online (https://osf.io/
sbgru/).

Participants gave their consent prior to data collection.
Data were captured and managed by the REDCap elec-
tronic data system.” ** Participants were followed up at
12 months after their baseline survey via email (except
for participants who explicitly opted out), with up to
three reminders to complete the survey sent at 12-month
follow-up.

Measures

The questionnaires were developed by a multidisciplinary
team of academics with input from Cancer Research UK
and Public Health England (https://osf.io/sbgru/). The
questionnaires included validated items and new items
based on expert consensus relating to emerging COVID-
19-related aspects, as detailed below. All measures were
self-reported.

Outcomes (assessed at 12-month follow-up)

Receipt of/willingness to receive vaccine against
COVID-19 for the first time. As COVID-19 vaccines
became available in mid-December 2020 in the UK, at
12-month follow-up (May to June 2021), individuals
reported whether they had been offered a vaccine for
COVID-19 (yes/no). Those who replied yes were asked if
they had received a COVID-19 vaccine with the following
answer options: (1) yes, both doses; (2) yes, one dose;
(3) no, but I am scheduled to receive the vaccine; (4)
no, I decided not to get vaccinated; (5) prefer not to say.
Participants were classified as willing to receive/received
the vaccination if replied (1), (2) or (3), and not willing
if they selected (4) and (5). This measure was structured
by researchers and was based on previous assessments of
COVID-19 vaccine.”

Willingness to get vaccinated against COVID-19 on a
yearly basis was assessed with a question ‘would you be
willing to get vaccinated against the novel coronavirus
(SARS-CoV-2) on a yearly basis?’” with the following
answer options: (1) yes, (2) no, (3) not sure. Willingness
to get vaccinated against COVID-19 on a yearly basis was
conceptualised as a binary variable, yes versus no/not
sure. We also ran sensitivity analysis where willingness was
treated as a three-category variable, yes/no/not sure.

Importance of COVID-19 vaccine attributes was assessed
by asking participants to rank in order of importance for
them, if they had the choice to select a specific COVID-19
vaccine, the following six attributes: (1) vaccine tech-
nology (established vs novel), (2) level of protection (how
effective it is), (3) side effect profile (how easy it is toler-
ated), (4) delivery method (injected or not, one dose
or more), (5) ease of access (walk-in centres vs general
practitioner appointment), (6) reputation (manufac-
turer, media coverage). Participants could rank the attri-
butes from l=most important to 6=least important, and
they could not assign the same ranking to more than one
attribute.

Explanatory variables (assessed at 12-month follow-up)

Vaccine hesitancy was assessed using a 9-item scale,
revised from the 10-item vaccine hesitancy survey tool
developed by the SAGE Working Group on Vaccine
Hesitamcy.27 The original scale assesses parental attitudes
about childhood vaccines, while this adapted version
focused on the respondents themselves and is validated
in the UK population.27 Participants were asked to answer
nine questions related to their confidence in vaccines in
general, rather than vaccines for COVID-19 specifically,
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on a b-point Likert scale (1=strongly agree to b=strongly
disagree). A continuous score was calculated, with higher
scores reflecting a higher level of vaccine hesitancy. Cron-
bach’s alpha values in the present study were 0.70.

Knowledge about vaccines was assessed using a 9-item
scale that includes questions about the immunisation
process related to vaccination, the impact of vaccination
and the consequences of vaccination in general, rather
than vaccines for COVID-19 specifically. This scale has
shown good psychometric properties.”® Answer options
were dichotomised into 1=correct and O=incorrect/don’t
know. A continuous score was calculated, with higher
scores presenting a higher knowledge about vaccines.
Cronbach’s alpha values in the present study were 0.61.

Psychological ~well-being during the COVID-19
pandemic was assessed with the question ‘How would you
rate psychological well-being’ measured on a scale from
‘I=poor’ to ‘b=excellent’. It was treated as a continuous
variable with higher scores presenting better psycholog-
ical well-being.*

Covariables

Sociodemographic characteristics were assessed at base-
line and included age (continuous in years), gender
(female vs all other), education (post-16 qualification vs
not), ethnicity (any white ethnicity vs all other/prefer not
to say) and health conditions (any health condition vs
none/prefer not to say).

COVID-19-related characteristics were assessed at
12-month follow-up and include COVID-19 risk to one’s
health (major risk/significant vs moderate/minor/no
risk at all/don’t know), isolation status (total vs some/
general/no isolation), diagnosed/suspected COVID-19
(yes vs no/prefer not to say) and worry about future
COVID-19 waves (continuous; O=not at all, 50=neutral,
100=extremely, higher scores representing more worry).

Confounder variable

Timing (day) of the 12-month follow-up survey comple-
tion (daily basis; continuous) was included to control for
changes in willingness to get vaccinated in light of the
changes in social distancing measures in the UK during
the period of data collection.

Statistical analysis
Descriptive statistics were calculated to characterise the
sample. Data were analysed with SPSS V.27 on complete
cases only. The protocol and analysis plan were pre-
registered on Open Science Framework (https://osf.io/
s46qm). To account for the non-random nature of the
sampling, data were weighted to the proportions of sex,
age, ethnicity, education and country of living obtained
from the Office for National Statistics (2018) for the
descriptive analysis. Data were unweighted for the infer-
ential analysis.

Logistic regressions for unweighted data were
conducted to examine the association between (1) vaccine
hesitancy, (2) vaccine knowledge and (3) psychological

well-being during the COVID-19 pandemic and (RQ1)
receipt of /willingness to receive an initial vaccine against
COVID-19 and (RQ2) willingness to get vaccinated against
COVID-19 on a yearly basis. We run both unadjusted and
adjusted analyses controlling for relevant covariables
and timing of 12-month follow-up survey. To identify the
relevant covariables for each model, we drew directed
acyclic graphs (DAGs) to make the assumptions about
the relationships between variables explicit.”” We used
an online tool, DAGitty v3.0, to create the DAGs (http://
www.dagitty.net/). Variables and their measurements are
depicted by nodes and connected by unidirectional arcs
depicting the hypothesised relationship. For RQ1 models,
our DAG (online supplemental figure 1) implied that the
following confounding variables required conditioning
(as a minimal sufficient adjustment set): COVID-19 risk
to one’s health, age, diagnosed or suspected COVID-19,
education, health conditions, isolation status and worry
about future COVID-19 waves. For RQ2 models, our
DAG (online supplemental figure 2) implied that the
following confounding variables required conditioning
(as a minimal sufficient adjustment set): COVID-19 risk
to one’s health, age, diagnosed or suspected COVID-19,
health conditions, isolation status, receipt of/willingness
to receive vaccine against COVID-19 for the first time and
worry about future COVID-19 waves.

In the sensitivity analysis, multinomial regressions were
conducted to examine the association between (1) vaccine
hesitancy, (2) vaccine knowledge and (3) psychological
well-being during the COVID-19 pandemic and willing-
ness to get vaccinated against COVID-19 on a yearly basis,
where willingness was treated as a three-category variable:
(1) yes, (2) no, (3) not sure. The reference category for
the outcome variable was the response option ‘yes’.

For RQ3, descriptive analysis of the proportions
and 95% CIs of the most important vaccine attributes
for people to choose a specific COVID-19 vaccine was
conducted using weighted data.

RESULTS

Out of a total of 2992 UK adults recruited into the
HEBECO baseline survey, 1565 (weighted 1408) partic-
ipants were successfully followed up at 12 months and
provided data on the variables of interest, and hence met
the inclusion criteria for the present analysis. Comparison
of those included in the presentanalysis and those meeting
criteria for exclusion showed that included participants
were more likely to be older, female, of white ethnicity
and had post-16 qualifications (online supplemental table
1). The weighted characteristics of the included sample
are presented in table 1. Included participants were on
average in their 50s, half of them were female, most of
them were of white ethnicity and two-thirds had post-16
qualifications. Just under half had a health problem,
most had low-risk perceptions for COVID-19, two-thirds
were worried about future COVID-19 waves, only 17 were
in total isolation and one-third reported diagnosed/
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Table 1 Sample characteristics (weighted; n=1408)

Age in years, M (SD)

49.87 (16.14)

suspected COVID-19. The sample had low vaccine hesi-
tancy, high vaccine knowledge and their psychological
well-being was average.

Female sex, % (n) 50.4 (709)

White ethnicity, % (n) 89.9 (1261) RQ1 results

Post-16 qualifications, % (n) 68.1 (958) g;" 2{}6 zggg pérlti%igzlg/ts ind;gdgg/ ;n hthcflr %resentfs;udz

. . o 89. ad been offere

Health problems, % (n) 44.1(617) 2 vaccine for COVID-19 by the time of the 12-month

rereeivedinighii=ISefiC OVIDRIR 70N () 11.5(161) survey and of these, 97.0% (95% CI 96.0% to 98.0%)

Being in isolation, % (n) 1.2(17) had received or were willing to receive the initial vaccine

Diagnosed/suspected COVID-19, % (n) 29.7 (418) against COVID-19.

Worry about future COVID-19 wave, M (SD)  65.54 (23.36) ~ Both unadjusted and adjusted analyses showed a signif-

Vaccine hesitancy score, M (SD) 1.99 (0.48) lcanF negatlYe .assoc1at10n between vaceme hes.ltancy z.md
receipt of/willingness to receive an initial vaccine against

Vel [erielse seets; W (D) 2wy COVID-19 (OR=0.05, 95% CI 0.03 to 0.10, p<0.001;

Psychological well-being, M (SD) 3.18 (1.07) adjusted OR (aOR)=0.09, 95% CI 0.04 to 0.26, p<0.001,

Vaccine hesitancy scores range from 1 to 5, with higher score
representing higher vaccine hesitancy; vaccine knowledge scores
range from 0 to 9, with higher score representing higher vaccine
knowledge; psychological well-being scores range from 1 to 5,
with higher score representing better psychological well-being.

M, mean.

table 2). A significant positive association was found
between vaccine knowledge and receipt of/willingness
to receive a vaccine against COVID-19 for the first time
(OR=2.71, 95% CI 2.17 to 3.39, p<0.001; aOR=1.69,
95% CI 1.18 to 2.42, p=0.004). No significant association
was observed between psychological well-being during

Table 2 Receipt of/willingness to get vaccinated against COVID-19 for the first time: association with vaccine hesitancy,

knowledge and psychological well-being (unweighted sample)

Receipt of/willingness to get an initial vaccine against COVID-19*

n=1415

n=1406

Q
OR (95% Cl) Pvalue  aOR (95% Cl) Pvalve 3
Vaccine hesitancy 0.05 (0.03 to 0.10) <0.001 0.09 (0.04 to 0.26) <0.001 =1
Vaccine knowledge 2.71 (2.17 to 3.39) <0.001 1.69 (1.18 to 2.42) 0.004 -
Psychological well-being 1.39 (0.97 to 1.99) 0.072 0.92 (0.56 to 1.48) 0.719
Post-16 qualifications
Yes 1 (ref) 1 (ref)
No 0.83 (0.28 to 2.41) 0.728 0.53 (0.19 to 1.48) 0.227
Health problemst
Yes 1 (ref) 1 (ref)
No 0.55 (0.25 to 1.21) 0.134 0.80 (0.27 to 2.43) 0.699
Perceived high risk of COVID-19
No 1 (ref) 1 (ref)
Yes 1.51 (0.35 to 6.40) 0.580 1.20 (0.17 to 8.46) 0.852
Confirmed/suspected COVID-19
No 1 (ref) 1 (ref)
Yes 0.50 (0.24 to 1.06) 0.069 1.10 (0.40 to 3.03) 0.854
Being in isolation
No 1 (ref) 1 (ref)
Yes 0.20 (0.038 to 1.64) 0.135 1.29 (0.04 to 38.77) 0.885
Age (continuous) 1.04 (1.02 to 1.07) 0.001 1.09 (1.04 to 1.14) <0.001
Worry about future COVID-19 wave 1.05 (1.03 to 1.06) <0.001 1.03 (1.01 to 1.05) <0.001
Time of completion 1.01 (0.96 to 1.05) 0.843 1.04 (0.97 to 1.11) 0.308

*Only three participants did not disclose their preference and selected ‘don’t know’.
TIn unadjusted analysis of health problems, n=1406, as data were missing for some of the participants.
aOR, adjusted OR; ref, reference category.
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Table 3 Willingness to get vaccinated against COVID-19 yearly: association with vaccine hesitancy, knowledge and

psychological well-being (unweighted sample)

Willingness to get yearly vaccination against COVID-19

n=1565 n=1406

OR (95% Cl) P value aOR (95% CI) P value
Vaccine hesitancy 0.03 (0.02 to 0.05) <0.001 0.05 (0.03 to 0.09) <0.001
Vaccine knowledge 2.80 (2.37 to0 3.32) <0.001 1.81 (1.43 to 2.29) <0.001
Psychological well-being 1.39 (1.19 to 1.62) <0.001 1.25 (1.02 to 1.51) 0.014
Health problems*

Yes 1 (ref) 1 (ref)

No 0.99 (0.72 to 1.36) 0.937 0.98 (0.61 to 1.54) 0.816
Perceived high risk of COVID-19

No 1 (ref) 1 (ref)

Yes 1.57 (0.83 t0 2.97) 0.163 2.58 (0.99 to 6.72) 0.053
Confirmed/suspected COVID-19

No 1 (ref) 1 (ref)

Yes 0.53 (0.38 t0 0.73) <0.001 0.77 (0.49 to 1.21) 0.256
Being in isolation

No 1 (ref) 1 (ref)

Yes 0.41 (0.11 to 1.49) 0.173 0.65 (0.07 to 6.36) 0.714
Receipt of/willingness to receive an initial
COVID-19 vaccinet

Yes 1 (ref) 1 (ref)

No 0.01 (0.003 to 0.04) <0.001 0.05 (0.01 to 0.26) <0.001
Age (continuous) 1.02 (1.01 to 1.03) <0.001 1.06 (1.04 to 1.08) <0.001
Worry about future COVID-19 wave 1.03 (1.02 to 1.03) <0.001 1.03 (1.01 to 1.05) 0.008
Time of completion 0.98 (0.97 to 1.00) 0.074 0.98 (0.95 to 1.01) 0.130

*In unadjusted analysis of health problems, n=1554, as data were missing for some of the participants.
TIn unadjusted analysis of receipt of/willingness to receive COVID-19 vaccine for the first time, n=1415, as data were missing for some of the

participants.
aOR, adjusted OR; ref, reference category.

the COVID-19 pandemic and receipt of/willingness to
receive an initial vaccine against COVID-19. Being older
and higher levels of worry about future COVID-19 waves
were significantly associated with receipt of/willingness to
receive an initial vaccine against COVID-19 (table 2).

RQ2 results

Of the 1408 participants, 86.6% (95% CI 84.7% to
88.5%) were willing to get vaccinated against COVID-19
on a yearly basis. Both unadjusted and adjusted analyses
showed a significant negative association between vaccine
hesitancy (OR=0.03, 95% CI 0.02 to 0.05, p<0.001;
aOR=0.05, 95% CI 0.03 to 0.09, p<0.001) and willingness
to get vaccinated against COVID-19 on a yearly basis. Will-
ingness to get yearly vaccinations against COVID-19 was
positively associated with vaccine knowledge (OR=2.80,
95% CI 2.37 to 3.32, p<0.001; aOR=1.81, 95% CI 1.43 to
2.29, p<0.001) and psychological well-being (OR=1.39,
95% CI 1.19 to 1.62, p<0.001; aOR=1.25, 95% CI 1.02 to
1.51, p=0.014, table 3). Being older, higher levels of worry

about future COVID-19 waves and receipt of/willing-
ness to receive an initial COVID-19 vaccine were signifi-
cantly associated with willingness to get yearly vaccination
against COVID-19 (table 3).

Sensitivity analysis confirmed results, finding a signifi-
cant negative association between vaccine hesitancy and
willingness to get vaccinated against COVID-19 on a yearly
basis (online supplemental table 2). Similarly, there was
a significant positive association between vaccine knowl-
edge and psychological well-being with willingness to get
yearly vaccines against COVID-19 (online supplemental
table 2).

RQ3 results

By far, the most important vaccine attribute for partici-
pants to choose a specific COVID-19 vaccine was effec-
tiveness (57.2%, 95% CI 54.5% to 59.8%), while the least
important was related to reputation of the vaccine based
on the manufacturer and media coverage (9.7%, 95% CI
8.2% to 11.8%). All other vaccine attributes were rated
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as similarly unimportant; vaccine technology: 13.3%, 95%
CI 11.6% to 15.2%; side effects: 13.6%, 95% CI 11.9% to
15.5%; delivery method: 12.4%, 95% CI 10.7% to 14.2%;
and ease of access: 13.4%, 95% CI 11.6% to 15.2%.

DISCUSSION

In this sample of UK adults, vaccine hesitancy was nega-
tively associated with receipt of/willingness to receive a
first vaccine against COVID-19 and willingness to get a
yearly COVID-19 vaccine. Vaccine knowledge was posi-
tively associated with receipt of/willingness to receive the
initial vaccine against COVID-19 and willingness to get
a yearly COVID-19 vaccine, while there was also a posi-
tive association between psychological well-being during
the COVID-19 pandemic and willingness to get a yearly
COVID-19 vaccine only. Effectiveness of the vaccine was
the most important attribute for participants to choose a
specific COVID-19 vaccine if they had the choice, while
the least important was reputation of the vaccine based
on the manufacturer and media coverage.

It should be noted that in the current study an over-
whelming majority of respondents had either received
or were willing to receive the first dose of COVID-19
vaccine, while vaccine hesitancy was low. Previous studies
conducted in the UK have documented higher vaccine
hesitancy and lower vaccine acceptance rates (between
63% and 69%).%' > However, most previous work was
carried out in the early days of the COVID-19 vaccine
roll-out, while our data were collected more than halfway
through the vaccination programme in the UK. At that
point of data collection, people might have had more
confidence in the safety and effectiveness of COVID-19
vaccine, since not many side effects were reported from
individuals who had already received the vaccine. It was
also a period when COVID-19 measures were favourable
for people who were vaccinated (ie, fully vaccinated did
not have to quarantine when travelling back to England),
which might have also influenced individuals’ decision to
get vaccinated in order to enable them to resume travel-
ling and other activities and return to ‘normal living” after
a long period of social distancing measures and quaran-
tines. Longitudinal and cross-sectional studies also have
found that COVID-19 vaccination intention has increased
over time in the UK,” * with high compliance rates."

The present study’s high percentage of COVID-19
vaccine acceptance might also be attributed to the socio-
demographic characteristics of the participants. For
example, vaccine acceptance has been linked with being
older, male, of white ethnicity and having higher qual-
iﬁcation,ﬁ_8 which reflects our sample characteristics.
However, it should be noted that we weighted the sample
to be representative of the population, so this cannot
entirely explain the high acceptance rates observed.

Willingness to get vaccinated against COVID-19 on a
yearly basis was also high, but lower than for the first dose
of COVID-19 vaccine, and similar to previous research on
US healthcare workers, which suggested an acceptance

rate of a hypothetical annual booster vaccine against
COVID-19 of 83.6%.% The lower levels of willingness to
get a yearly COVID-19 vaccine compared with the first
dose might be attributed to the fact that participants
were less worried about a future wave of COVID-19, thus
assuming they will not need protection against COVID-19
provided by the vaccine. Additionally, since people know
that boosters are reserved for special populations (ie, all
adults aged 50 years and over, healthcare professionals
and those with a clinical risk'’), they may think yearly
vaccinations are unnecessary for themselves.

Vaccine knowledge was high in our sample, and it was
positively associated with willingness to get vaccinated
against COVID-19 initially and on a yearly basis. This may
suggest that individuals who are better informed about
vaccines in general have a greater understanding of the
risk-benefit calculus of vaccinations, and thus of the bene-
fits of the COVID-19 vaccine, specifically for individual
and population health. Additionally, most of the partic-
ipants had post-16 qualifications, and it has been docu-
mented that participants with a bachelor’s degree are
more likely to have a higher health literacy leading to a
greater understanding of vaccine development and clin-
ical trials to stop the spread of disease.”* Earlier research
also suggests that insufficient knowledge about the new
COVID-19 vaccine and fears of long-term side effects
were reasons not to get vaccinated. However, as more
knowledge about the vaccine accumulated, and people
become more educated about the vaccines, this may have
increased willingness to accept the COVID-19 vaccine.*™’

Psychological well-being in our sample was average and
positively associated only with willingness to get a yearly
COVID-19 vaccine, and not receipt of/willingness to
receive the initial COVID-19 vaccine. The average levels
of psychological well-being reported by our sample may
be due to the timing of data collection. High levels of
psychological distress were documented during nation-
wide lockdowns and when infection levels and subsequent
death rates were at their peak.” However, our study was
conducted at a time when a new phase in the UK govern-
ment’s response to the pandemic was underway, moving
away from stringent restrictions on day-to-day lives,
towards advising people on how to protect themselves
and others™ and allowing for more socialisation. Addi-
tionally, an effective vaccine had already been developed
and deployed. Previous research has found conflicting
results about the association between psychological well-
being and receipt of COVID-19 vaccine, with some find-
ings linking poor psychological well-being, high levels
of anxiety and worry with willingness to get vaccinated
against COVID-19,"" ' and others reporting significant
association between poor psychological well-being and
high levels of vaccine hesitancy."”” Our results also suggest
that people with higher levels of psychological well-being
were more willing to get vaccinated against COVID-19
on a yearly basis. It could be argued that people with
better psychological well-being may be less prone to
worry/be anxious when it comes to trying new products/
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vaccine, and thus more willing to get vaccinated against
COVID-19.

Consistent with previous studies, our findings indi-
cate that vaccine efficacy is one of the most important
determinants for COVID-19 vaccine acceptance. From
a practical perspective, promotional materials could
emphasise COVID-19 vaccine efficacy as a strategy to
enhance the willingness for COVID-19 vaccine uptake.
Aside from dispelling misinformation about vaccines,
it may also be helpful to provide individuals with more
information on why a particular type of vaccine can be
effective.

30 40

Strengths and limitations

The study benefited from a large sample size, use of
validated measures of vaccine hesitancy and vaccine
knowledge, as well as from examining willingness to
get vaccinated against COVID-19 during a declared
pandemic, and at a time during the roll-out of the first
COVID-19 vaccine programme. This improves the validity
of findings and minimises recall bias as the study was
conducted when vaccination uptake was being actively
promoted by government and health promotion authori-
ties, and participants were faced with the actual question
on whether or not to get vaccinated.

The study also has several limitations, including the use
of a convenience sample who may have participated in
the study due to a higher interest in the pandemic than in
the general population. This interest may also be related
to a higher receipt/willingness to get vaccinated against
COVID-19. Additionally, the majority of participants were
of white ethnicity, which meant we could notlook at other
ethnicities separately, when ethnic disparities in vaccine
uptake/hesitancy have been reported elsewhere.”' All
data were self-reported and thus susceptible to social
desirability bias. However, our rates of receipt/willingness
to receive the first dose of COVID-19 vaccine were similar
to the UK government rates of the first dose of COVID-19
vaccine." Additionally, receipt of/willingness to receive
an initial vaccine against COVID-19 was assessed only
among those who have been offered a vaccine against
COVID-19 at the time of the 12-month survey, thus
excluding some younger participants.

CONCLUSIONS

In conclusion, our findings suggest that willingness to get
vaccinated against COVID-19 in a sample of UK adults
during the time of the vaccine roll-out was high, vaccine
hesitancy was low, general vaccine knowledge was high
and psychological well-being was average. There was a
negative association between vaccine hesitancy and accep-
tance/willingness to receive the initial dose of a COVID-19
vaccine and a yearly booster, a positive association between
vaccine knowledge and willingness to receive both initial
and yearly doses of a COVID-19 vaccine, while there was
also a positive association between psychological well-
being during the COVID-19 pandemic and willingness

to get a yearly COVID-19 vaccine. Effectiveness of the
vaccine was the most important attribute for participants
to choose a specific COVID-19 vaccine, if they had the
choice. Our findings suggest that improving knowledge
about vaccines and emphasising vaccine efficacy could
minimise vaccine hesitancy and enhance the willingness
for COVID-19 vaccine uptake. Thus, tailored education
on vaccine hesitancy along with communication strate-
gies that highlight vaccine efficacy is crucial to improve
vaccination rates during the COVID-19 pandemic and
future outbreaks.
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Supplementary figure 1. Directed acyclic graph (DAG) depicting which covariates should be
included in a multivariable statistical model in order to minimise bias in the estimate of the
total causal effect of i) vaccine hesitancy, ii) vaccine knowledge and iii) psychological well-
being during the Covid-19 pandemic and (RQ1i) receipt of/willingness to receive a vaccine
against Covid-19. The DAG was developed based on evidence from the existing literature
and consensus within the research team.
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Supplementary figure 2. Directed acyclic graph (DAG) depicting which covariates should be
included in a multivariable statistical model in order to minimise bias in the estimate of the
total causal effect of i) vaccine hesitancy, ii) vaccine knowledge and iii) psychological well-
being during the Covid-19 pandemic and (RQ2) willingness to get vaccinated against Covid-
19 on a yearly basis. The DAG was developed based on evidence from the existing literature

and consensus within the research team.
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Supplementary table 1. Baseline characteristics of included and excluded sample

(unweighted).
Total sample Included Excluded
N=2,992 N=1,565 N=1,427 p
(52.3%) (47.7%)

Age in years M(SD) 47.92 (15.46) | 51.74 (14.41) 43.74 (15.49) | <0.001
Female sex, % (N) 68.6 (2,054) 71.3 (1,114) 66.1 (940) 0.002
White ethnicity, % (N) 93.7 (2,804) 95.4 (1,487) 92.6 (1,317) | 0.001
Post-16 qualifications, % | 86.7 (2,595) 88.9 (1,392) 84.3(1,203) |<0.001
(N)
Health problems, % (N) 41.1(1,208) 42.4 (659) 39.6 (549) 0.12

M=Mean, SD=Standard Deviation

Kale D, et al. BMJ Open 2024; 14:¢080778. doi: 10.1136/bmjopen-2023-080778



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

BMJ Open

Supplementary table 2. Associations between vaccine hesitancy and willingness to get
vaccinated against Covid-19 on a yearly basis (sensitivity unweighted analysis).

Willingness to get yearly vaccination against Covid-19 (reference

category=yes)

No Not sure
N=1,565 N=1,406 N=1,565 N=1,406
OR P aOR P OR P aOR P
[95% Cl] [95% ClI] [95% Cl] [95% Cl]
N=1,565
Vaccine 147.70 <0.001 28.68 <0.001 17.89 <0.001 7.94 <0.001
hesitancy [67.78- [14.38- [10.68- [4.48-
321.86] 57.20] 29.96] 14.08]
Vaccine 0.27 <0.001 0.47 <0.001 0.42 <0.001 0.46 <0.001
knowledge [0.22-0.34] [0.36-0.62] [0.34-0.50] [0.36-0.59]
Psychological 0.69 0.003 1.07 0.596 0.74 0.002 0.94 0.580
well-being [0.53-0.88] [0.83-1.39] [0.61-0.90] [0.76-1.17]
*Health 1 (ref) 1 (ref) 1 (ref) 1 (ref)
problems: yes
No 1.30 0.330 1.35 0.290 0.85 0.416 0.82 0.372
[0.77-2.22] [0.77-2.36] [0.58-1.26] [0.53-1.27]
Perceived high 1 (ref) 1 (ref) 1 (ref) 1 (ref)
risk of Covid-
19: no
Yes 0.65 0.411 0.74 0.545 0.63 0.247 0.54 0.128
[0.23-1.82] [0.28-1.94] [0.29-1.37] [0.24-1.20]
Confirmed/sus 1 (ref) 1 (ref) 1 (ref) 1 (ref)
pected Covid-
19: no
Yes 2.50 <0.001 1.52 0.122 1.61 0.022 1.07 0.773
[1.49-4.17] [0.89-2.59] [1.08-2.38] [0.68-1.68]
Being in 1 (ref) 1 (ref) 1 (ref) 1 (ref)
isolation: no
Yes 4.76 0.049 3.60 0.261 1.27 0.821 2.21 0.618
[1.00-20.00] [0.39-33.33] [0.16-10.00] [0.10-
49.46)
**Receipt 1 (ref) 1 (ref) 1 (ref) 1 (ref)
of/willingness
to receive an
initial Covid-19
vaccine: yes
No - - - -
Age (cont.) 0.99 0.087 0.98 0.123 0.98 0.002 0.98 0.005
[0.97-1.00] [0.96-1.01] [0.97-0.99] [0.96-0.99]
Worry about 0.96 <0.001 0.98 0.001 0.98 <0.001 1.00 0.436
future Covid- | [0.95-0.97] [0.97-0.99] [0.97-0.99] [0.99-1.01]
19 wave
3
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Time of 1.03 0.032 1.04 0.021 1.01 0.480 1.00 0.821
completion [1.00-1.06] [1.01-1.07] [0.99-1.03] [0.98-1.03]

OR=odds ratio; aOR=adjusted odds ratio; CI=Confidence Interval; ref=reference category
The reference category for the outcome variable was the response option ‘yes’

*In unadjusted analysis of Health problems N=1,554.

** In unadjusted analysis of Receipt of/willingness to receive Covid-19 vaccine for first time
N=1,415.
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