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Summary
Background The continued success of the COVID-19 vaccination programme in the UK will depend on widespread
uptake of booster vaccines. However, there is evidence of hesitancy and unwillingness to receive the booster vaccine,
even in fully vaccinated adults. Identifying factors associated with COVID-19 booster vaccine intentions specifically
in this population is therefore critical.

MethodsWe used data from 22,139 fully vaccinated adults who took part in the UCL COVID-19 Social Study. Multi-
nomial logistic regression examined predictors of uncertainty and unwillingness (versus willingness) to receive a
COVID-19 booster vaccine (measured 22 November 2021 to 6 December 2021), including (i) socio-demographic fac-
tors, (ii) COVID-19 related factors (e.g., having been infected with COVID-19), and (iii) initial intent to receive a
COVID-19 vaccine in the four months following the announcement in the UK that the vaccines had been approved
(2 December 2020 to 31 March 2021).

Findings 4% of the sample reported that they were uncertain about receiving a COVID-19 booster vaccine, and a fur-
ther 4% unwilling. Initial uncertainty and unwillingness to accept the first COVID-19 vaccine in 2020-21 were each
associated with over five times the risk of being uncertain about and unwilling to accept a booster vaccine. Healthy
adults (those without a pre-existing physical health condition) were also more likely to be uncertain or unwilling to
receive a booster vaccine. In addition, low levels of current stress about catching or becoming seriously ill from
COVID-19, consistently low compliance with COVID-19 government guidelines during periods of strict restrictions
(e.g., lockdowns), lower levels of educational qualification, lower socio-economic position, and age below 45 years
were all associated with uncertainty and unwillingness.

Interpretation Our findings highlight that there are a range of factors that predict booster intentions, with the stron-
gest predictor being previous uncertainty and unwillingness. Two other concerning patterns also emerged from our
results. First, administration of booster vaccinations may increase social inequalities in experiences of COVID-19 as
adults from lower socio-economic backgrounds are also most likely to be uncertain or unwilling to accept a booster
vaccine as well as most likely to be seriously affected by the virus. Second, some of those most likely to spread
COVID-19 (i.e., those with poor compliance with guidelines) are most likely to be uncertain and unwilling. Public
health messaging should be tailored specifically to these groups.
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Introduction
Although highly effective in preventing severe disease
and death,1,2 emerging evidence suggests that immu-
nity from COVID-19 vaccines diminishes over time.3,4

Licensed COVID-19 vaccines may also be less effective
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Research in context

Evidence before this study

Widespread uptake of COVID-19 booster vaccines is
essential for maintaining the progress made in manag-
ing the pandemic. However, little is known about which
factors relate specifically to accepting a COVID-19
booster vaccine amongst adults who have been fully
vaccinated. We searched PubMed for English language
scientific articles published 1 January 2020 to 10
December 2021 using the MeSH terms “COVID-19 Vac-
cines” AND “Vaccination/psychology” OR “Vaccination
refusal”. The search yielded 424 results. Identified stud-
ies focused on socio-demographic, behavioural, and
COVID-19 related factors in relation to uncertainty and
unwillingness to accept a first dose of a COVID-19 vac-
cine, but not COVID-19 booster vaccines.

Added value of this study

This is the first study, to our knowledge, to examine
socio-demographic and COVID-19 related predictors of
COVID-19 booster vaccine hesitancy. Using a sample of
fully vaccinated adults, our analyses build on this prior
research and demonstrate that the strongest predictors
of booster vaccine hesitancy were initial uncertainty
and unwillingness to accept a COVID-19 vaccine, poor
compliance with government guidelines, younger age,
and indicators of lower socio-economic status (e.g., edu-
cation and income).

Implications of all the available evidence

Initial uncertainty and unwillingness to accept a COVID-
19 vaccine will be a significant barrier to widespread
uptake of booster vaccines. Other factors associated
with initial COVID-19 vaccine hesitancy also appear to
predict booster vaccine uncertainty and unwillingness:
lower levels of education and income, low levels of
compliance with behavioural guidelines to control the
pandemic, and younger age.
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against new more transmissible variants5,6 and may

therefore need to be updated.7 Consequently, in

response to the new Omicron wave of the virus in the

autumn of 2021, some countries, such as the UK,

announced plans to introduce booster vaccinations.

This announcement was not without controversy, par-

ticularly given the continued unequal access to vaccina-

tions worldwide.8 Nonetheless, the strategic rationale

behind this decision was that widespread uptake of

COVID-19 booster vaccines in the general population

could help to prevent further deaths and serious illness

due to COVID-19 and reduce the burden on the health-

care system whilst reducing the need for more stringent

social restrictions.
Although COVID-19 vaccine uptake in the UK has,

overall, been high,9 some groups have been more likely
than others to refuse the vaccine.10 People from ethnic
minority groups, those who have already been infected
with COVID-19, people living in more deprived areas,
people who are unemployed or not working, and smok-
ers are less likely to have received at least one dose of a
COVID-19 vaccine.10 Some of these same groups had
also expressed hesitancy or unwillingness to receive a
COVID-19 vaccine before they were available: people
with lower levels of education,11−16 lower household
incomes,11,12,17 and people from ethnic minority
groups.13,15,16 However, other demographic groups
reporting COVID-19 vaccine hesitancy before the vac-
cines were available11 have not shown differential
uptake in the UK (e.g., women).10

Recent data from the Opinions and Lifestyle Survey
(OPN) in the UK suggest a considerable proportion of
the general population who have received two doses of a
COVID-19 vaccine are either unwilling (5%; very
unlikely or fairly unlikely) or unsure (5%; neither likely
nor unlikely) about accepting a booster vaccine.18 Young
adults (ages 16-29; 9%) and adults over the age of 70
(10%) were more than twice as likely as other age
groups (3% of adults ages 30-49 and 1% of adults ages
50-69) to say they are unsure about accepting a booster,
whilst the proportion of men saying they would refuse
was nearly twice that of women (6% vs 4%).19 The pro-
portion of fully vaccinated adults who previously
reported they were unlikely or unsure about having a
first dose of a COVID-19 vaccine is even higher
(22%).20 But further research into predictors of booster
hesitancy or unwillingness is lacking.

Therefore, the aims of this study were to identify
associations between socio-demographic and COVID-19
related factors (e.g., having been infected with
COVID-19) and initial intent to receive the COVID-19
vaccine following the announcement in the UK that the
vaccines had been approved (2 December 2020 to 31
March 2021) with uncertainty and unwillingness to
receive a COVID-19 booster vaccine in adults who had
been fully vaccinated.
Methods

Study design and participants
Data were drawn from the COVID-19 Social Study; a
large population-based panel study of the psychological
(e.g., symptoms of depression and anxiety, worry about
COVID-19 related adversities) and social experiences (e.
g., loneliness, psychological and physical abuse) of over
70,000 adults (aged 18+) in the UK during the COVID-
19 pandemic. See the study User Guide for a complete
listing of study questions and modules (https://osf.io/
jm8ra/). The study commenced on 21 March 2020 and
involves online weekly data collection from participants
for the duration of the COVID-19 pandemic in the UK.
The study is not random and therefore is not
www.thelancet.com Vol 14 Month March, 2022
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representative of the UK population. But it does contain
a well-stratified sample that was recruited using three
primary approaches. First, convenience sampling was
used, including promoting the study through existing
networks and mailing lists (including large databases of
adults who had previously consented to be involved in
health research across the UK), print and digital media
coverage, and social media. Second, more targeted
recruitment was undertaken focusing on groups who
were anticipated to be less likely to take part in the
research via our first strategy, including (i) individuals
from a low-income background, (ii) individuals with no or
few educational qualifications, and (iii) individuals who
were unemployed. Third, the study was promoted via part-
nerships with third sector organisations to vulnerable
groups, including adults with pre-existing mental health
conditions, older adults, carers, and people experiencing
domestic violence or abuse. The study was approved by
the UCL Research Ethics Committee [12467/005] and all
participants gave informed consent. Participants were not
compensated for participation.

In the current study, we included individuals who
had (i) data on intent to receive a COVID-19 booster vac-
cine (collected 22 November to 6 December 2021, here-
after ‘follow-up’), (ii) data on initial intent to receive a
first COVID-19 vaccine (collected 2 December 2020 to
31 March 2021), (iii) received at least two doses of a
COVID-19 vaccine at follow-up, and (iv) complete data
on other study variables.

A total of 32,096 participants met the first criterion,
and of these, 26,619 also had data on initial COVID-19
vaccine intent, and 25,821 also met the third criterion of
having had at least two doses of a COVID-19 vaccine at
follow-up. 3,682 individuals were excluded due to miss-
ing data on other study variables, for example those
who had selected “other/prefer not to say” in response
to gender or “prefer not to say” on ethnicity or income,
due to insufficient statistical power and an inability to
create statistical weights for these individuals, leaving a
total analytical sample of 22,139. See Supplemental
Table S1 for a comparison of excluded and included par-
ticipants on study variables.
Measures
Outcome variable. On 14 September 2021, the UK
Joint Committee on vaccination and Immunisation
(JCVI) announced that booster vaccinations were avail-
able to vulnerable groups (adults over the age of 50,
health and social care workers and people who were
clinically vulnerable), provided they had had their sec-
ond COVID vaccination at least six months ago. On 29
November 2021, in response to the rise of the Omicron
variant, the UK government accelerated the booster pro-
gramme by announcing that all adults over the age of 18
www.thelancet.com Vol 14 Month March, 2022
would be eligible to receive a booster vaccine at least
three months after their second dose.

Intention to receive a COVID-19 booster vaccine was
measured in the November COVID-19 Social Study
with a study developed item (“How likely do you think
you are to get a COVID-19 booster vaccine if/when you
are offered one?”). Response options ranged from 1
“very unlikely” to 6 “very likely”, as well as 7 “I have
already had one/accepted one”. An ordinal variable was
coded: (0) intend to receive the booster vaccine
(responses of 5-7), (1) unsure about whether to receive
the booster vaccine (responses of 3-4), and (2) unwilling
to receive the booster vaccine (responses of 1-2). Partici-
pants who had already received or accepted a booster
vaccine were included in the comparison group in order
to maximise sample size and ensure that older and vul-
nerable groups were part of analyses, under the
assumption that uptake of the booster vaccine so early
in the programme indicated a willingness to receive it.
To examine how their inclusion may have affected
results, a sensitivity analysis which excluded these peo-
ple was carried out. See Supplemental Table S2 for a
listing of all question wording for study developed
items.
Predictor variables
Socio-demographics. Socio-demographic factors were
collected at baseline (i.e., each individual’s first partici-
pation in the study [21 March to 6 September 2020],
which occurred before the measurement of other study
variables) and included gender (male vs female), age
group (60+, 45-59, 30-44, and 18-29) ethnicity (white vs
ethnic minority groups [i.e., Asian/Asian British, Black/
Black British. See Supplemental Table S2 for a full list-
ing of response options]), education (undergraduate
degree or higher [further education after the age of 18],
A- levels (equivalent to education to age 18) or vocational
training, and up to GCSE (General Certificate of Sec-
ondary Education) [equivalent to education to age 16]),
income (annual household income: >£90,0000,
£60,000-89,999, £30,000-59,999, £16,000-29,999,
and < £16,000), smoking status (non-smoker vs former
or current smoker), employment status (not employed
[still at school, at university, unable to work due to dis-
ability, unemployed and seeking work, or retired vs
employed [self-employed, part-time or full-time
employed]), area of dwelling (urban [city, large town,
small town] vs rural [village, hamlet, isolated dwelling]),
living arrangement (living alone vs living with others
but not including children vs living with others, includ-
ing children), and government’s identified key worker
status (not a key worker vs key worker). The latter
included people with jobs deemed essential during the
pandemic (e.g., health and social care, education, and
3
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childcare) and who were required to leave home to carry
out this work during lockdowns.

Participant reports at baseline on whether they had
received a clinical diagnosis of a mental health condi-
tion (e.g., depression, anxiety, or other psychiatric diag-
nosis) or chronic physical health condition (e.g., high
blood pressure, diabetes, or other physical health condi-
tion) were used to create two binary variables (yes/no) to
indicate the presence or absence of pre-existing physical
and mental health conditions.
COVID-19 related factors. Initial intent to receive a
COVID-19 vaccine was measured with a study devel-
oped item administered 2 December 2020 to 31 March
2021. Many participants had vaccine intention data for
all four months during this period, but because we were
interested in their first recorded intention to receive the
vaccine after its authorisation was announced in the UK
on 2 December 2020, we coded initial intent in this
way. In a sensitivity analysis, participants’ last recorded
COVID-19 vaccine intention during the period 2
December 2020 to 31 March 2021 was used.

Ever having had COVID-19 was operationalised from
a study developed item administered at follow-up which
was coded as: yes, confirmed by a test (either a positive
COVID-19 test or an antibody test), yes, suspected by
either a doctor or the participant, and no.

Confidence in government and the health service to
handle the pandemic were assessed with one study
developed question each at follow-up. Response options
ranged from 1 (none at all) to 7 (lots). Two binary varia-
bles were created to indicate a lot of (5-7) versus low (1-
4) confidence in the government and health system.

Self-reported compliance with government COVID-
19 guidelines was measured with one study developed
question with response options ranging from 1 (none at
all) to 7 (very much so). We analyse this as an binary var-
iable reflecting patterns of compliance whilst restric-
tions were in place across the pandemic. As most of our
sample resides in England, we used dates for which
there were strict COVID-19 restrictions in England (e.
g., rather than Scotland or Northern Ireland). See Sup-
plemental Table S3 for a listing of these dates. The
binary variable was coded as: consistently high compli-
ance (a mean score of 6-7 across all strict restriction
periods) vs consistently low compliance (mean score of
1-5 across all strict restriction periods). Sensitivity analy-
ses using a variable reflecting average compliance
across the entirety of the pandemic were conducted.

Self-reported knowledge of COVID-19 was measured
at follow-up with one study developed question and
rated on a 7-point scale from 1 (very poor knowledge) to
7 (very good knowledge). Responses of 1-4 were categor-
ised as low compared to high (5-7) COVID-19 knowl-
edge. The presence or absence of worry about either
contracting COVID-19 or becoming seriously ill from it
were captured from two multiple choice questions
asked at follow-up. A binary variable was created to indi-
cate not having endorsed either as a source of stress vs
having endorsed one or both.
Statistical analysis
Two multinomial regression models were fitted to
examine associations between socio-demographic and
COVID-19 related factors and uncertainty and unwill-
ingness to receive a COVID-19 booster vaccine. The first
model included only socio-demographic variables whilst
the second additionally included COVID-19 related vari-
ables. The outcome variable in these two models was
coded such that those who were uncertain or unwilling
were compared to those who were very likely to receive
the COVID-19 booster vaccine or had already accepted
one. Multinomial regression coefficients were exponen-
tiated and presented as relative risk ratios (RRR) with
corresponding 95% confidence intervals (CI).

To account for the non-random nature of the sample
and increase representativeness of the UK general pop-
ulation, all data were weighted to the proportions of
gender, age, ethnicity, country, and education obtained
from the Office for National Statistics.21 A multivariate
reweighting method was implemented using the Stata
user written command ‘ebalance’.22 Analyses were con-
ducted using Stata version 16.23
Results
Unweighted and weighted sample characteristics are
presented in Table 1. Before weighting, the sample was
disproportionately female, older (ages 60+), white, and
had education levels of at least an undergraduate
degree. But after weighting the sample aligned with
expected population characteristics. Figure 1 presents
proportions of the weighted sample expressing willing-
ness, uncertainty, and unwillingness to receive the
booster vaccine by initial COVID-19 vaccine intent from
a cross-tabulation. One in five (19¢8%) adults who were
initially unwilling to receive a vaccine but did nonethe-
less have two vaccinations were unwilling to accept a
booster. A further 12¢2% who were uncertain about
receiving a first dose of a COVID-19 vaccine (but still
went on to have two vaccinations) were unwilling to
accept a booster. This is compared to just 2¢4% of those
who were initially willing to be vaccinated.

4% of the weighted sample expressed unwillingness
to receive a COVID-19 booster vaccine (e.g., a score of 1-
2 on a scale of 1 to 6), whilst 4% were uncertain (a score
of 3-4) (Figure 1). Descriptive differences between adults
who were unwilling or uncertain about receiving a
COVID-19 booster vaccine vs those who were willing
by several demographic characteristics are shown in
Table S4.
www.thelancet.com Vol 14 Month March, 2022



Unweighted Weighted

Mean SD Mean SD

Gender

Male 0¢26 0¢44 0¢49 0¢50
Female 0¢74 0¢44 0¢51 0¢50
Age

60+ 0¢43 0¢50 0¢30 0¢46
45-59 0¢34 0¢47 0¢27 0¢44
30-44 0¢19 0¢39 0¢24 0¢43
18-29 0¢04 0¢19 0¢20 0¢40
Ethnicity

White 0¢97 0¢18 0¢87 0¢33
Ethnic minority groups 0¢03 0¢18 0¢13 0¢33
Education

Undergraduate degree or higher 0¢71 0¢46 0¢34 0¢47
A-levels or vocational 0¢16 0¢37 0¢34 0¢47
Up to GCSE 0¢13 0¢34 0¢32 0¢47
Income

>£90,000 0¢10 0¢30 0¢07 0¢26
£60,000-89,999 0¢15 0¢35 0¢13 0¢33
£30,000-59,999 0¢35 0¢48 0¢33 0¢47
£16,000-29,999 0¢26 0¢44 0¢29 0¢45
<£16,000 0¢14 0¢35 0¢18 0¢39
Employment status

Not employed 0¢42 0¢49 0¢42 0¢49
Employed 0¢58 0¢49 0¢58 0¢49
Living arrangement

Alone 0¢23 0¢42 0¢20 0¢40
With others, not with children 0¢57 0¢49 0¢59 0¢49
With, including children 0¢20 0¢40 0¢21 0¢41
Area of dwelling

Urban 0¢75 0¢43 0¢79 0¢40
Rural 0¢25 0¢43 0¢21 0¢40
Smoking status

Former or non-smoker 0¢93 0¢25 0¢89 0¢32
Current smoker 0¢07 0¢25 0¢11 0¢32
Key worker status

Not a key worker 0¢80 0¢40 0¢78 0¢41
Key worker 0¢20 0¢40 0¢22 0¢41
Long-term physical health condition

No long-term physical health condition 0¢57 0¢50 0¢59 0¢49
Long-term physical health condition 0¢43 0¢50 0¢41 0¢49
Long-term mental health condition

No long-term mental health condition 0¢85 0¢36 0¢81 0¢40
Long-term mental health condition 0¢15 0¢36 0¢19 0¢40
Confidence in government to handle pandemic

High confidence in government to handle pandemic 0¢33 0¢47 0¢36 0¢48
Low confidence in government to handle pandemic 0¢67 0¢47 0¢64 0¢48
Confidence in health system to handle pandemic

High confidence in health system to handle pandemic 0¢62 0¢49 0¢66 0¢47
Low confidence in health system to handle pandemic 0¢38 0¢49 0¢34 0¢47
Knowledge of COVID-19

High knowledge of COVID-19 0¢87 0¢34 0¢83 0¢38
Low knowledge of COVID-19 0¢13 0¢34 0¢17 0¢38

Table 1 (Continued)
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Figure 1. Changes in willingness to receive a COVID-19 vaccine (2 December 2020 to 31 March) and a COVID-19 booster vaccine (22
November to 6 December 2021) (weighted, N = 22,139).

Unweighted Weighted

Mean SD Mean SD

Compliance across strict restriction periods

Consistently high compliance with COVID-19 guidelines 0¢72 0¢45 0¢65 0¢48
Consistently low compliance with COVID-19 guidelines 0¢28 0¢45 0¢35 0¢48
Have had COVID-19

Have not had COVID-19 0¢79 0¢41 0¢77 0¢42
Have had COVID-19, suspected by self or doctor 0¢10 0¢30 0¢11 0¢31
Have had COVID-19, confirmed by test 0¢11 0¢31 0¢12 0¢33
Stressed in the past week about catching/becoming ill from COVID-19

Stressed 0¢35 0¢48 0¢32 0¢47
Not stressed 0¢65 0¢48 0¢68 0¢47
Initial COVID-19 vaccine intention

Initially willing to accept or had accepted a COVID-19 vaccine 0¢92 0¢27 0¢90 0¢30
Initially uncertain about accepting a COVID-19 vaccine 0¢05 0¢22 0¢07 0¢25
Initially unwilling to accept a COVID-19 vaccine 0¢03 0¢16 0¢03 0¢18
COVID-19 booster vaccine intentions

Willing/accepted a COVID-19 booster vaccine 0¢95 0¢21 0¢92 0¢27
Uncertain about a COVID-19 booster vaccine 0¢02 0¢16 0¢04 0¢20
Unwilling to accept COVID-19 booster vaccine 0¢02 0¢15 0¢04 0¢19

Table 1: Unweighted and weighted sample characteristics (N = 22,139).
Note. Ethnic minority groups refers to Black, Asian and minority ethnicity¢ GCSE refers to General Certificate of Secondary Education. Data in the weighted

sample were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics. GCSE refers to Gen-

eral Certificate of Secondary Education.
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Initially willing to accept a
COVID-19 vaccine

Initially uncertain about accepting
a COVID-19 vaccine

Initially unwilling to accept
a COVID-19 vaccine

Prop. Prop. Prop.

COVID-19 booster vaccine intention

Willing to accept or have accepted a booster 94¢77% 73¢48% 64¢80%
Uncertain about accepting a booster 2¢87% 14¢37% 15¢39%
Unwilling to accept a COVID-19 booster 2¢37% 12¢15% 19¢81%

Table 2: Proportion of adults in each COVID-19 booster vaccine intent category by initial COVID-19 vaccine intention (weighted,
N = 22,319).
Note. Data were weighted to the proportions of gender, age, ethnicity, country, and education obtained from the Office for National Statistics.
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Of those who were initially willing to accept a
COVID-19 vaccine when it became available, 5% said
they were either uncertain (3%) or unwilling (2%) to
accept a booster (Table 2). 73% of those who were ini-
tially uncertain and 65% of those who were initially
unwilling had become willing to accept a booster. But
12% of adults who were initially uncertain about accept-
ing a COVID-19 vaccine were now unwilling to accept a
booster, and 1 in 5 (20%) who were initially unwilling
about a first dose remained unwilling to accept a booster
vaccine.
Socio-demographic predictors of booster uncertainty
and unwillingness
Results from the multinomial regression model predict-
ing uncertainty and unwillingness to receive a COVID-

19 booster vaccine from socio-demographic factors are

shown in Table 3. The strongest predictor of booster

unwillingness was younger age. Young adults were

nearly six times more likely than older adults to be

unwilling to receive a booster (RRR = 5¢74; 95% CI:

2¢82 to 11¢68), and adults ages 30-44 were more than

twice as likely (RRR = 2¢56; 95% CI: 1¢31 to 5¢00). Educa-
tion to A-levels or vocational and up to a GCSE were

each associated with a 2¢1-2¢5 times higher relative risk

of being unwilling to receive a COVID-19 booster vac-

cine relative to people who held degrees (A-levels or

vocational: RRR = 2¢09; 95% CI: 1¢15 to 3¢79; up to

GCSE: RRR = 2¢50; 95% CI: 1¢31 to 4¢79). Adults with

lower household incomes <£16,00 per year) were over

three times as likely to be uncertain (RRR = 3. 48; 95%

CI: , healthy adults were also at increased risk of being

unwilling (RRR 1¢52; 95% CI: 1¢00 to 2¢30) to receive

the booster compared to individuals with long-term

physical health conditions. Ethnicity, living arrange-

ment, smoking status, key worker status, employment

status, income, and having a mental health condition

were not associated with uncertainty or unwillingness.
For booster uncertainty, the same three factors con-

tinued to be predictors. Relative to adults aged 60 and
above, adults aged 18-29 were over five times more
likely to be uncertain (RRR = 5¢30; 95% CI: 2¢87 to
9¢77), adults aged 30-44 were over four times more
www.thelancet.com Vol 14 Month March, 2022
likely (RRR = 4¢31; 95% CI: 2¢63 to 7¢05), and even
adults aged 45-59 were 1¢6 times more likely to be
uncertain (RRR = 1¢60; 95% CI: 1¢00 to 2¢54). Educa-
tion up to GCSE was additionally associated with a
1¢7 times increased risk of being uncertain
(RRR = 1¢76; 95% CI: 1¢09 to 2¢84) relative to having
a degree, but the association for adults with A-levels
or vocational qualifications was not present. As for
unwillingness, healthy adults were also at increased
risk of being uncertain (RRR = 1¢67; 95% CI: 1¢17 to
2¢40) to receive the booster compared to individuals
with a long-term physical health condition. For uncer-
tainty, two further socio-demographic factors emerged
as predictors too. Adults who were employed (vs
unemployed/retired/students/not working) were
more than three times more likely to be uncertain
(RRR = 3¢25; 95% CI: 2¢11 to 5¢02). There were mixed
results for income, with some evidence that house-
hold income levels below £60,000 and below
£16,000 per year were associated with increased risk
of being uncertain (£30,000-59,999: RRR = 2¢43;
95% CI: 1¢06 to 5¢59; <£16,000: RRR = 3¢48; 95%
CI: 1¢32 to 9¢16) relative to higher income house-
holds. But no further socio-demographic factors were
associated with uncertainty, including ethnicity, living
arrangement, smoking status, keyworker status and
having a mental health condition.
COVID-19 related predictors of booster uncertainty
and unwillingness
The strongest predictor of booster uncertainty and
unwillingness was original intention to be vaccinated
when the vaccines were first approved (Table 4). Adults
who were initially uncertain about receiving a COVID-
19 vaccine were nearly five times more likely to say they
were uncertain or unwilling to receive a booster (uncer-
tain: RRR = 4¢92; 95% CI: 2¢98 to 8¢11; unwilling:
RRR = 5¢29; 95% CI: 3¢07 to 9¢09) than those who were
initially willing. Initial unwillingness associated with an
over six times higher relative risk (RRR = 6¢40; 95% CI:
3¢94 to 10¢41) and eleven times higher relative risk
(RRR = 11¢29; 95% CI: 6¢79 to 18¢78) of booster uncer-
tainty and unwillingness, respectively.
7



Uncertain Unwilling

RRR 95% CI RRR 95% CI

Gender (ref male)

Female 1¢06 0¢74 1¢52 0¢96 0¢61 1¢50
Age (ref 60+)

45-59 1¢60 1¢00 2¢54 1¢57 0¢91 2¢72
30-44 4¢31 2¢63 7¢05 2¢56 1¢31 5¢00
18-29 5¢30 2¢87 9¢77 5¢74 2¢82 11¢68
Ethnicity (ref white)

Ethnic minority groups 1¢07 0¢58 1¢95 1¢50 0¢74 3¢05
Education (ref undergraduate degree or higher)

A-levels or vocational 1¢51 0¢95 2¢39 2¢09 1¢15 3¢79
Up to GCSE 1¢76 1¢09 2¢84 2¢50 1¢31 4¢79
Income (ref >£90,000)

£60,000-89,999 0¢50 0¢21 1¢22 0¢35 0¢11 1¢07
£30,000-59,999 2¢43 1¢06 5¢59 0¢58 0¢22 1¢54
£16,000-29,999 2¢25 0¢88 5¢78 1¢38 0¢49 3¢87
<£16,000 3¢48 1¢32 9¢16 2¢20 0¢80 6¢03
Employment status (ref not employed)

Employed 3¢25 2¢11 5¢02 1¢57 0¢92 2¢68
Living arrangement (ref alone)

Living with others, not including children 0¢77 0¢43 1¢39 0¢77 0¢42 1¢39
Living with others, including children 1¢74 0¢95 3¢20 1¢67 0¢91 3¢09
Area of dwelling (ref urban)

Rural 0¢87 0¢57 1¢31 1¢11 0¢65 1¢88
Smoking status (ref former or non-smoker)

Current smoker 1¢61 0¢96 2¢72 1¢08 0¢57 2¢05
Key worker status (ref not a key worker)

Key worker 0¢77 0¢49 1¢21 1¢26 0¢70 2¢24
Long-term physical health condition (ref condition)

No long-term physical health condition 1¢67 1¢17 2¢40 1¢52 1¢00 2¢30
Long-term mental health condition (ref condition)

No long-term mental health condition 1¢19 0¢80 1¢79 1¢43 0¢82 2¢50

Table 3: Socio-demographic predictors of uncertainty and unwillingness to receive a COVID-19 booster vaccine using a multivariable
multinomial regression (weighted, N = 22,139).
Note. ‘Very likely’ to accept a COVID-19 booster vaccine was the reference group in the multinomial regression model. Ethnic minority groups refers to Black,

Asian and minority ethnicity¢ GCSE refers to General Certificate of Secondary Education. Data were weighted to the proportions of gender, age, ethnicity, coun-

try, and education obtained from the Office for National Statistics.
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The second highest predictor of unwillingness
was consistently low compliance with COVID-19
guidelines during strict restriction periods
(RRR = 2¢45; 95% CI: 1¢65 to 3¢65) which also pre-
dicted uncertainty (RRR = 1¢51; 95% CI: 1¢04 to
2¢19). Not having said that catching or falling seri-
ously ill from COVID-19 was a source of stress in
the past week at follow-up also predicted unwilling-
ness (RRR = 1¢91; 95% CI: 1¢19 to 3¢07) and uncer-
tainty (RRR = 1¢80; 95% CI: 1¢19 to 2¢72) about
boosters. Low self-reported knowledge of COVID-19
also predicted uncertainty but not unwillingness to
get a booster (uncertainty: RRR = 1¢78; 95% CI: 1¢19
to 2¢67; unwillingness: RRR = 1¢19; 95% CI: 0¢70 to
2¢05). Confidence in government, confidence in the
health system, and past experience of having
COVID-19 were not predictors of booster intentions.
Sensitivity analyses
Sensitivity analyses conducted using participants’ last
recorded (rather than first recorded) COVID-19 vaccine
intention during the period 2 December 2020 to 31
March 2021 (Supplemental Table S5), from the model
which included a variable indicating average low vs
high levels of compliance with guidelines across the
entirety of the pandemic (rather than only during peri-
ods of strict restrictions) (Supplemental Table S6), and
from the model which included only sample partici-
pants who had had exactly two doses of a COVID-19
www.thelancet.com Vol 14 Month March, 2022



Uncertain Unwilling

RRR 95% CI RRR 95% CI

Confidence in government to handle pandemic (ref high)

Low confidence in government to handle pandemic 1¢19 0¢81 1¢75 0¢87 0¢53 1¢44
Confidence in health system to handle pandemic (ref high)

Low confidence in health system to handle pandemic 1¢32 0¢90 1¢94 0¢85 0¢54 1¢34
Knowledge of COVID 19 (ref high)

Low knowledge of COVID-19 1¢78 1¢19 2¢67 1¢19 0¢70 2¢05
Compliance across strict restriction periods (ref high)

Consistently low compliance with COVID-19 guidelines 1¢51 1¢04 2¢19 2¢45 1¢65 3¢65
Have had COVID-19 (ref have not had COVID-19)

Have had COVID-19, suspected by self or doctor 1¢38 0¢89 2¢15 1¢24 0¢76 2¢03
Have had COVID-19, confirmed by test 1¢11 0¢66 1¢88 1¢06 0¢59 1¢91
Stressed in the past week about catching/becoming ill from COVID-19 (stressed)

Not stressed 1¢80 1¢19 2¢72 1¢91 1¢19 3¢07
Initial COVID-19 vaccine intention (ref willing)

Initially uncertain about accepting a COVID-19 vaccine 4¢92 2¢98 8¢11 5¢29 3¢07 9¢09
Initially unwilling to accept a COVID-19 vaccine 6¢40 3¢94 10¢41 11¢29 6¢79 18¢78

Table 4: COVID-19 related predictors of uncertainty and unwillingness to receive a COVID-19 booster vaccine using a multivariable
multinomial regression (weighted, N = 22,139).
Note. ‘Very likely’ to accept a COVID-19 booster vaccine was the reference group in the multinomial regression model. Ethnic minority groups refers to Black,

Asian and minority ethnicity¢ GCSE refers to General Certificate of Secondary Education. Data were weighted to the proportions of gender, age, ethnicity, coun-

try, and education obtained from the Office for National Statistics. Model includes all socio-demographic variables in Table 3.
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vaccine at follow-up (Supplemental Table S7) resulted
in substantively similar findings. However, amongst
adults who had had exactly two doses of a COVID-19
vaccine at follow-up, age was no longer a predictor of
booster uncertainty (likely because most older adults
had already received boosters by then), whilst education
up to A-levels or vocational and age 30-44 were no lon-
ger predictors of booster unwillingness (Supplemental
Table S7).
Role of the funding source
The funders had no role in the study design; in the col-
lection, analysis, and interpretation of data; in the writ-
ing of the report; or in the decision to submit the paper
for publication. All researchers listed as authors are
independent from the funders and all final decisions
about the research were taken by the investigators and
were unrestricted. All authors had full access to all the
data in the study and had final responsibility for the
decision to submit for publication.
Discussion
This is the first study, to our knowledge, to examine
associations between socio-demographic and COVID-19
related factors, and previously measured initial intent to
receive a COVID-19 vaccine with future uncertainty and
unwillingness to receive a COVID-19 booster vaccine in
fully vaccinated adults. The proportions in our sample
www.thelancet.com Vol 14 Month March, 2022
who were uncertain about receiving (4%) and unwilling
(4%) to receive a COVID-19 booster vaccine are similar
to those in the OPN (4% and 5%, respectively).18 Our
findings broadly align with the factors already identified
as predicting initial vaccine intentions when the vaccine
was first approved (e.g. age, income, employment, and
education),11,15,24,25 showing that some of the same
groups should remain the focus of public health cam-
paigns to increase booster vaccine uptake. Underlining
this finding, our results also highlight that previous
uncertainty and unwillingness to be vaccinated remains
the strongest predictor of intentions to receive a booster
vaccine, even amongst adults who did get fully vacci-
nated despite initial concerns. Two other concerning
patterns also emerged from our results. First, adults
from lower socio-economic backgrounds, who are dis-
proportionately likely to be seriously affected by the
virus, were most likely to be uncertain or unwilling to
accept a booster vaccine. Unequal uptake of booster vac-
cinations may therefore increase social inequalities in
experiences of COVID-19. Second, some of those most
likely to spread COVID-19 (i.e., those with poor compli-
ance with guidelines) were most likely to be uncertain
and unwilling.

Previous vaccine attitudes and intentions are logical
predictors of attitudes to booster vaccines, and prior
research has highlighted a range of reasons for initial
hesitancy, including high levels of mistrust in vaccines
and concerns about unforeseen future side effects,11 as
well as a belief that immunity through infection is safest
9
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and that the COVID-19 vaccines were insufficiently
tested.15 However, the adults in our study had already
received at least two vaccines, so their initial uncertainty
or unwillingness had previously been overcome. Fur-
thermore, not all of the fully vaccinated adults in our
sample who were uncertain or unwilling to receive a
booster vaccine were initially hesitant about receiving a
first dose (Table 2); 5% of the initially willing were now
either uncertain (3%) or unwilling (2%) to accept a
booster vaccine. So, there is a need to understand the
reasons for uncertainty and unwillingness to accept a
booster vaccine in more detail. One potential explana-
tion has to do with misinformation about the length of
protection provided by COVID-19 vaccines. In recent
data from fully vaccinated adults in the OPN study, the
most commonly cited reason for unwillingness to
receive a booster vaccine (59%) was a belief that the first
and second vaccines were enough to keep them safe,
and nearly half (49%) thought that a booster would not
offer them extra protection.18 Indeed, it is notable that
in our sample, healthy adults were 1.5 times more likely
to be uncertain or unwilling to receive a booster vaccine,
suggesting that the booster vaccine is held as less
important than in individuals with pre-existing health
conditions. This indicates an urgent need for public
health messaging to correct widespread misinformation
on the length of protection offered from COVID-19 vac-
cines. A second potential explanation relates to recent
publicised concerns that giving third doses to people in
high income countries, whilst many in lower income
countries do not have access to a first or second dose,
will increase inequities.26 Indeed, recent findings from
the OPN indicate that around one in four (22%) fully
vaccinated adults who are unwilling to accept a booster
vaccine said they were unwilling to do so because they
thought the vaccine should be offered to someone
else.18 Further, a study conducted by Imperial College
London asked respondents specifically if they would be
willing to donate their COVID-19 booster vaccine to peo-
ple in low income countries if a test showed they did not
need a booster dose, and the majority of respondents in
the UK (78%) and the US (69%) said they would do
so.27 Therefore, altruism may be a driver for booster
hesitancy or unwillingness for some adults in our sam-
ple. Further research is needed to understand these new
attitudes further in order that specific strategies to
encourage booster uptake can be designed and imple-
mented.

It is also concerning that some we found a socio-eco-
nomic gradient in intentions to take up the booster vac-
cine, as some of the same socio-demographic groups
most at risk of uncertainty and unwillingness to receive
the COVID-19 booster vaccine are also at increased risk
for severe illness and death from COVID-19, including
those with low incomes and who have low levels of
education.11,13,14,28 These groups have already experi-
enced a disproportionally higher number of infections
and deaths, relative to other groups and had lower
uptake of initial vaccines.29−32 Consequently, our find-
ing of reduced intentions to take up the booster in these
groups, even amongst individuals who have already
received two vaccinations, is concerning as it may exac-
erbate existing inequalities in exposure to and experi-
ence of the virus. However, other socio-demographic
groups did not show any differences in booster vaccine
intentions (key worker status, smoking, ethnicity etc.)
This provides direction as to which groups may require
more specific public health strategies to encourage
booster vaccinations, and such work may need to take
account of specific logistical or financial barriers individ-
uals may face in getting their booster vaccine.

Worryingly, some of those who are most likely to
spread the virus are also the least likely to say they will
accept a booster vaccine. First, the most important
socio-demographic determinant of both uncertainty and
unwillingness to receive a COVID-19 booster vaccine in
our study was age, which has been found in prior
work.13,18,28 Young adults were over five times as likely
to be uncertain about accepting a booster vaccine com-
pared to older adults, and nearly six times as likely to be
unwilling. Young adults may be more hesitant about
accepting a booster vaccine because they feel they are
less likely to be severely affected by the disease. Other
work has shown that young adults are less stressed by
the virus33 and less compliant with government guide-
lines,34 which were also factors identified as predictors
of original COVID-19 vaccine unwillingness and
hesitancy.11,28 Young people may also be less likely to be
vaccinated because of concerns about side effects.11

However, in the OPN study, young adults (and adoles-
cents) who were initially uncertain about accepting a
COVID-19 vaccine were the most likely to have later
received at least one dose.20 Therefore, the younger
adults age group may be most amenable to public
health programmes to provide more information and
clarity around the benefits of booster vaccination. Sec-
ond, we also found an association between uncertainty
and unwillingness to receive a COVID-19 booster vac-
cine and poor compliance with government guidelines
during lockdowns, which is congruent with other
research.11,28 This is concerning, as individuals who are
non-compliant with behavioural interventions such as
mask wearing and isolation when infected or symptom-
atic, or after contact with someone who has been
infected, are more likely to spread the virus.35 Hospital-
isations may subsequently increase, further driving the
need for more of the behavioural interventions these
individuals fail to comply with.

Interestingly, though, having been previously
infected with COVID-19 was not a predictor of either
unwillingness or uncertainty about accepting a booster
vaccine, which was also found in a large multi-national
survey in relation to COVID-19 vaccine intent.24 How-
ever, in prior work using data from the current study,
www.thelancet.com Vol 14 Month March, 2022
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respondents who had previously been infected with
COVID-19 were more likely to be uncertain about
accepting, but not unwilling to accept a COVID-19 vac-
cine,11 and in a national survey conducted in early 2021
in the UK, respondents who had ‘definitely’ or
‘probably’ had COVID-19 were less likely to say they
would accept a vaccine.36 Prior COVID-19 infection was
also associated with reduced likelihood of vaccine
uptake in the Coronavirus (COVID-19) Infection Survey
in October 2021.10 This suggests that individuals who
have not yet received a first dose may be making a trade
in terms of strategies to avoid infection, or are unaware
of how long COVID-19 infection confers immunity.
Future research should examine how factors such as
severity of infection and timing of infection relative to
receiving a COVID-19 vaccine relate to booster vaccine
intentions in fully vaccinated adults.

Finally, it is notable that we found that some people
willing to accept a booster had initially been uncertain
or unwilling to have a vaccination when the vaccines
were first approved in 2020. As our sample was
restricted to people who had received two vaccinations,
it only covers individuals who had overcome initial
uncertainty or unwillingness to be vaccinated. Nonethe-
less, 73% of those who were initially uncertain and 65%
of those who were initially unwilling to be vaccinated
but who had still received two vaccinations were willing
to accept a booster. This highlights that previous vacci-
nation attitudes can be changed not just for single vacci-
nations but for multiple courses of vaccination. It
supports previous research suggesting that people who
were initially uncertain rather than unwilling may be
easier to convince to vaccinate than the latter, and there-
fore a promising group to engage in health communica-
tion programmes.37 For example, the Vaccine Opinions
Study in the UK, adults who were previously unsure
about the COVID-19 vaccine were more likely to later
have accepted at least one dose than those who were ini-
tially unwilling (60% vs 40%).20 However, our data still
suggest there could be a value to trying to engage people
who are supposedly unwilling. We recommend that
more research is undertaken to ascertain why these
groups changed their minds about being vaccinated as
such findings could provide valuable insights for public
health messaging.
Strengths and limitations
Strengths of the current study are that it is a large sam-
ple well-stratified on major demographic characteristics
and analyses were weighted to increase representative-
ness of the general UK population. Analyses of initial
COVID-19 vaccine intentions with outcomes were also
longitudinal and included rich information on a range
of socio-demographic and COVID-19 related factors.
We focused on initial COVID-19 vaccine attitudes in the
four months following the day their approval was
www.thelancet.com Vol 14 Month March, 2022
announced in the UK in 2019 as well as gathering new
data on booster vaccine attitudes to allow comparisons
of attitudes over the past twelve months. However, there
were some limitations. First, our sample is not nation-
ally representative of the general UK population. We
used a heterogeneous and large sample in our analyses
and weighted our responses to population proportions,
but it is possible that more extreme views towards
booster vaccines may therefore not be represented. Sec-
ond, our recruitment strategy could have resulted in
clustering (i.e., individuals from the same households
participating), and attitudes may be more similar within
households. However, this would be considered a mini-
mal risk given the large sample and we used robust
standard errors. Third, due to small sub-group sample
sizes we were unable to examine specific associations of
different ethnicities with booster vaccine attitudes and
we treated this socio-demographic characteristic as
binary. This could have led to oversimplification of the
diverse opinions and experiences held by different eth-
nicity subgroups.
Conclusions
Findings suggest initial uncertainty and unwillingness
about receiving a COVID-19 booster vaccine will be a
barrier to maintaining the progress that has been made
thus far in controlling the COVID-19 pandemic through
vaccines. There is therefore an urgent need for public
health messaging emphasising the safety and impor-
tance of COVID-19 booster vaccines even for fully vacci-
nated adults, in particular focusing on individuals from
lower socio-economic backgrounds and individuals at
greatest risk of spreading the virus. Finally, in light of
evidence showing that existing COVID-19 vaccines offer
protection for limited time periods and therefore will
likely need to be updated on a regular period moving
forwards, there is a need for more research into ongoing
attitudes to COVID-19 vaccinations and boosters.
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