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ABSTRACT

Objectives: To determine preferences for COVID-19 vaccinations in the young adult population in the
United Kingdom (UK).

Method: A discrete choice experiment survey was conducted in UK young adults. Participants were
asked to choose between two hypothetical vaccines the one they preferred the most. Vaccines were
defined by five attributes (effectiveness, risk of side effects, duration of protection, number of doses,
confidence in available evidence), identified following a systematic literature review and qualitative
interviews with 13 young adults. A random parameters logit model, a latent class model, and subgroup
analyses were used to identify preferences.

Results: One hundred and forty-nine respondents were included (70% women, mean age 23 years). All
five attributes significantly influenced respondents’ vaccination decisions. Respondents valued higher
effectiveness, lower risk of side effects, longer protection duration, and a smaller number of doses.
Based on the range of levels of each attribute, vaccine effectiveness was the most important attribute
(relative importance 34%), followed by risk of side effects (32%), and duration of vaccine protection
(22%).

Conclusions: The five investigated vaccine attributes appear to play an important role in young adults’
decision-making process. Results of this study may help health authorities designing appropriate
strategies in future vaccines campaigns in the younger UK population.
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1. Introduction and promote effective policies and promotional activities to
ensure that vaccine uptake is sufficient to provide herd immu-
nity [9].

Vaccine hesitancy in the UK has been estimated at around
82% [10] and has been shown to correlate with the relative
newness of the disease and the associated knowledge gaps
[11,12] as well as with younger age [10]. The Office for
National Statistics [8] confirmed the highest vaccine hesitancy
in the population aged 16-29 years, with 10% of this group,
while overall public attitudes toward COVID-19 vaccines

COVID-19 resumes being a major global threat affecting the
lives of people worldwide [1]. Within the European region and
also worldwide, the United Kingdom (UK) was one of the most
affected countries at the beginning of 2021 [2-4]. To stabilize
the situation, the UK approved vaccines very early and imple-
mented a vaccination program that prioritized the elderly and
at-risk populations [5], resulting in a steady decline in inci-
dence and mortality [6]. As of 28 July 2021, 71.1% of the adult

population in the UK was fully vaccinated, demonstrating
a high vaccine uptake. However, the decline in case numbers
reached a plateau in mid-June and the trend reversed. In early
July, an increase of more than 50% in case numbers and about
20% in hospitalization rates was recorded [7]. Infection rates
are highest among younger adults, who are often not fully
vaccinated and therefore more susceptible to COVID-19 [6].
The future success of the UK vaccination program will
depend on uptake rates in the young population, as the
majority of older people in the UK have been vaccinated [8].
Vaccine hesitancy could significantly undermine efforts to
control the COVID-19 crisis. It is therefore essential to develop

improved between May 30 and 4 July 2021 [8]. Although an
expected vaccine uptake rate of about 90% in this age group
may seem high, it has been shown that intention and health
behavior uptake can vary, suggesting that actual vaccine
uptake may be lower [13].

Preference research could be a valuable addition to the
already existing body of research by identifying factors that
may influence public acceptance of COVID-19 vaccines [14].
Studies have shown that an individual’s attitude toward vaccine
characteristics is very important for understanding vaccination
behavior [15,16]. In addition to classifying the underlying moti-
vations, estimating the relative importance of these aspects is
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Article highlights

e The discrete choice model identified the preferences in vaccine
characteristics as well as trade-offs made by young adults in the UK
regarding COVID-19 vaccines.

« On average, young adults are in favor of getting vaccinated and value
a higher effectiveness, lower risk of side effects, longer protection
duration, and a smaller number of doses in vaccines.

o Preference heterogeneity among the younger population was
determined.

e Young adults who are against being vaccinated still have
a preference for vaccines with higher effectiveness and a lower risk
of side effects.

¢ Health authorities should develop policies considering the variation
in expectations regarding COVID-19 vaccines.

essential for designing effective vaccination policies and tailoring
interventions to the needs of specific groups [17].

Preference research is now widely used to understand
people’s decision-making processes. Discrete choice experi-
ment (DCE), a widely used preference research method, pro-
vides participants with a set of attributes and allows them to
assess the relative importance or the trade-offs between these
different attributes [18]. This is particularly relevant for vaccine
research, as DCEs can also be used to predict the uptake of
potential vaccines-based observed preferences [19].

Previous DCEs examining COVID-19 vaccine preferences
have found that vaccine efficacy, number of side effects, and
duration of protection are among the most important attri-
butes [20-25]. However, no study has focused solely on the
preferences of young adults, despite data showing that this
age group has the highest reported vaccine hesitancy.
Ensuring that herd immunity is achieved requires not only
sufficient health system capacity [9] but also policies that
promote vaccine acceptability and uptake. Looking ahead to
future vaccine strategies, the revealed preferences observed in
this study may also be useful in formulating effective policies.
Therefore, it seems crucial to understand vaccination prefer-
ences and decision-making in the young population as well.
This study aims to elicit preferences for features of COVID-19
vaccines in the young UK population using a DCE method.

2. Methods

The research followed the ISPOR guidelines for conducting
a DCE. First, attributes and levels were identified. Based on
this, the questionnaire was developed. This was followed by
a pilot phase, data collection, and statistical analysis [26,27].

2.1. Identification of attributes and levels

A sequential process was followed to identify and select
COVID-19 vaccine-related attributes and levels of relevance
to the UK public. The first step was to conduct a literature
search using PubMed and Web of Science. The search was
conducted in April 2021. To identify important factors influen-
cing public attitudes and acceptance in the decision-making
process regarding vaccination uptake, the search terms used
were preference research, DCE, vaccine characteristics, and

vaccination behavior. Using a combination of these key search
terms, 20 publications published since 2010 were identified as
potentially relevant to our research. In addition, available
information on COVID-19 vaccines was considered, such as
the weekly updated WHO publication on the candidate vac-
cines developed worldwide [3].

Of the 20 potential references identified during our litera-
ture search, 8 appeared to be relevant to our research: 2 DCEs
on pandemic vaccination [17,28] and 6 on COVID-19 vaccine
preference [20-25]. From these eight studies, a preliminary list
of nine attributes was identified. The characteristics selected
were those that were most frequently mentioned and were
considered to be applicable to the UK setting, given that
vaccines are already available (Appendix Table A1.1). This list
was then reviewed in a second step during interviews with
young adults living in the UK (n=13) to prioritize and poten-
tially identify other relevant attributes. The interviewees were
recruited through the same channel as the final study popula-
tion (see section ‘Sample and data collection’). They were also
asked to select the attributes they considered important and
to give reasons for their decision. Further, they were asked to
rank the selected attributes in order to assess their impor-
tance, which in turn should facilitate the narrowing down of
the list [26,29].

In the third step, the results of the previous steps were
discussed with the research team (n=35), consisting of
researchers with experience in preference research. The list
of attributes was reviewed, and the five attributes that seemed
most relevant were decided and approved. There are no spe-
cific rules regarding the number of attributes that can be
included in a DCE. However, in practice, most DCEs include
a maximum of 10 attributes, with a mean of 5.74 reported in
a recent systematic review [30], to ensure that responders are
able to consider all proposed attributes when making
a selection. The final selection of attributes was made in
a research meeting, and five important attributes emerged
from this meeting. The choice of five attributes seemed suffi-
cient to capture preferences while keeping decisions simple.
The appropriate levels were identified from the literature and
cross-checked with the research team. Accordingly, the follow-
ing five attributes were included in the DCE: effectiveness, side
effects, protection duration, number of doses, and confidence
in the available evidence (see Table 1). The attribute ‘side
effects’ was divided into four different levels. Because both
mild and severe side effects could be of interest, and to
distinguish between severe and mild side effects, two levels
were associated with the risk of mild side effects and two
levels were associated with the risk of severe side effects. In
each choice set, one of the four levels was selected for each
hypothetical option. More details on the procedure can be
found in Appendix S1 Supplemental Material.

2.2. Experimental design

Choice sets containing different combinations of the selected
attributes and levels were constructed. To define the best
combinations, a Bayesian efficient design was applied using
the Ngene software that maximized the D-efficiency.
A multinomial logit model was designed including main effect
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Table 1. Attributes and levels included in the DCE.

923

Attributes Description Levels
Effectiveness (after full The percentage of individuals given the vaccine who become immune to 80%
doses) the virus 85%
90%
95%
Risk of side effects Number of minor side effects incidences lasting not longer than a few days 1in 5 people
such as flu-like symptoms, local reactions, fatigue, and nausea/vomiting 1in 10 people

Number of severe side effects incidences such as blood clotting, cardiac
arrest (myocarditis and pericarditis), and allergic reaction
The duration of protection against COVID-19 after being fully vaccinated

Duration of vaccine
protection

Number of doses
needed to be fully
vaccinated

The number of doses needed to be fully vaccinated

Confidence in available The number of people vaccinated with the vaccine as well as the number

evidence and in which countries this vaccine is available

1 in 100,000 people
1 in 300,000 people
6 months
12 months
18 months
1 dose
2 doses

Medium level of confidence (i.e. a small number of
people received this vaccine; only available in < 35
countries)
High level of confidence (i.e. a high number of people
received this vaccine; available in > 35 countries)

only. Thereby, sets were created that were the smallest size
possible but still could determine all essential parameters and
minimize the parameter-estimate variance [31]. In total, a set
of 36 choice sets were designed, which were grouped into
three blocks. Each block consisted of 12 choice tasks randomly
assigned to the participants. For each choice task, the partici-
pant had to decide between Vaccine A, Vaccine B, or No
Vaccine, introducing an opt-out option to maximize the exter-
nal validity [32]. Moreover, a test-retest was included as a 13th
choice task in which the participant was presented with the
same choice task twice [32]. Figure 1 shows an example of
a choice task.

2.3. Questionnaire

The questionnaire consisted of three sections. The first section
contained an introductory text about the research and
a detailed explanation of the tasks, attributes, and levels, and
an example of a completed choice task. In the second section,
the choice sets were presented to the respondents. After

completing the item sets, participants were asked about the
perceived difficulty of the task using a five-point Likert scale
ranging from ‘very difficult’ to “very easy. The final part of the
questionnaire collected information on participants’ sociode-
mographic characteristics (i.e. age, gender, and education) and
experience with COVID-19, such as vaccination status and
a seven-point Likert scale question asking participants
whether they were concerned about contracting COVID-19.
The questionnaire was developed online using the software
Qualtrics.

Prior to the actual study, a pilot study was conducted to
check for interpretation problems, face validity, and the length
of the questionnaire. A convenience sample of five young
adults living in the UK was asked to complete the survey in
Qualtrics. Only minor textual changes were made.

2.4. Sample and data collection

Data were collected through an online questionnaire using
Quialtrics and completed by 150 UK residents between 25

Vaccine A Vaccine B None
Effectiveness 90% 95%
Risk of side-effects 1in 300,000 people 1in 5 people

Duration of vaccine

protection

Number of doses needed to be
fully vaccinated

Confidence in available
evidence

will experience severe side
effects (e.g. blood clotting,
cardiac arrest)

12 months

1 dose

Medium level of
confidence
(i.e., a small number of
people received this
vaccine; available in
< 35 countries)

will experience minor side

effects lasting not longer

than a few days (e.g. flu-

like symptoms, fatigue)
6 months

2 doses

High level of confidence
(i.e., a high number of
people received this
vaccine; available in
= 35 countries)

I would choose

Figure 1. Example of choice task.
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and 27June 2021. The questionnaire was distributed through
the Prolific online participant recruitment tool. Participants are
recruited via the Prolific participant pool, which is representa-
tive of the UK population. To utilize Prolific, the researchers
had to pay participants. Prolific shared the link to the ques-
tionnaire with a random group of participants. After complet-
ing the study, participants were redirected to the Prolific
website and were paid a small incentive (£7.52 per hour, for
15 min participants got £1.88. The £7.52 was the minimum
recommended by Percipio).

Previously proposed research standards [33,34] have sug-
gested that a sample of more than 100 participants allows for
modeling preference data. Therefore, a sample of 150 survey
participants was deemed sufficient. In addition, as there is cur-
rently no standard for determining the minimum sample size for
a DCE, Johnson and Orme (2010) have established a way to
approximate the best fit: nta/c>500, where n=number of
respondents, t = number of tasks, a = number of alternatives per
task, and ¢ =the largest number of levels for any one attribute.
Based on this estimate, the minimum sample size for this DCE was
established to be 55. The inclusion criteria applied were age (18-
29 years) and UK residency. The age range was selected as this
group reported the highest vaccine hesitancy in the UK [35] and
are the last group to be vaccinated [8].

Ethical approval was obtained from the Brunel Research
Ethics Committee (30721-MHR-Jun/2021- 32776-2) and the

Maastricht University Research Ethics Committee (FHML/
HPIM/2021.020). Informed consent was obtained from all par-
ticipants by including an informed consent part within the
questionnaire. Only if respondents agreed with the data col-
lection, they were allowed to continue and participate in the
study.

2.5. Statistical analysis

Data analysis was performed using Nlogit software 6.0.
Respondent characteristics were analyzed by utilizing descrip-
tive statistics.

The following utility model was estimated:

Ujsie = Bojc + Ba|cEffect(95) . + By cEffect(90) . + B Effect(85) .+
BscSideEffect(300) . + Be|cSideEffects(100),. + By SideEffect(10) .+
Bo|cProtect(18). + Bm‘CP.rote.ctU 2)gct+

BralcDose(2) ¢ + Bral Evid(High) .

where Uy represents the utility of respondent i belonging to
class ¢ (c=1, 2, 3) for scenario j (j=1,2,3) in choice sets (s=
1,...,12), B is a parameter vector measuring the effect of the
vaccine attributes described in Table 2. A dummy sentence
was used for the opt out.

First, a random parameter logit model was run to estimate
preferences and heterogeneity across the data set. A total of
1,000 Halton draws were used to evaluate the model. By

Table 2. Patient characteristics of the total sample (n=149).

Sample (149)

Characteristics % (N)
Gender
Male 27% (40)
Female 70% (104)
Non-binary 3% (5)
Age in years
18-23 61% (91)
24-29 39% (58)
Education
A-level 44% (66)
Undergraduate 42% (63)
Postgraduate 13% (2)
Region
Scotland 9% (13)
Wales 5% (7)
Northern Ireland 2% (3)
North (including N.E. & N.W. England, Yorkshire/Humberside) 21% (32)
Midlands (including E. & W. Midlands, E. England) 30% (44)
South (including London, S.E. & S.W. England) 34% (50)
Vaccination status
Completely vaccinated 22% (33)
Partially vaccinated (first shot) 42% (63)
Planning to get vaccinated 27% (40)
No wanting 9% (13)
Positive tested for COVID-19 13% (20)
Contracted COVID-19 without being diagnosed 30% (45)
Hospitalized with COVID-19 1% (1)
Family or friends contracted COVID-19 65% (97)
Family or friends died because of COVID-19 13% (19)
| am not worried about getting COVID-19
Strongly agree 1% (17)
Agree 13% (20)
Somewhat agree 13% (20)
Neither agree nor disagree 7% (11)
Somewhat disagree 27% (41)
Disagree 17% (25)
Strongly disagree 10% (15)
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yielding not only the mean coefficient but also the standard
deviation across the sample, the model allowed to measure
the distribution of preferences weights across the sample.
Thereby variation within the responses is revealed, i.e. het-
erogeneity, meaning that a standard deviation, which signifi-
cantly varies from zero, implies a significant preference
heterogeneity for the attribute in the sample. All variables
were expected to be normally distributed and incorporated
as effects-coded categorical variables. Hence, mean attributes
were standardized to zero, and added preference weights
were proportional to the different levels of the attribute’s
mean effect. The sign of a coefficient indicates whether
a certain attribute level increases (positive) or decreases
(negative) the willingness to get vaccinated. The importance
that respondents attached to each attribute level was repre-
sented by the value of each coefficient. The variation in
preference weights was deemed statistically significant if
the 95% confidence interval around two levels did not
overlap.

The conditional relative importance of attributes was calcu-
lated based on the preference estimates from the model using
the range method. The relative importance of attributes cal-
culated using this method always depends on the range of
levels chosen per attribute and on the other attributes
included in the experiment [27]. The main analysis was per-
formed on the full sample of the participants including those
who failed the test-retest as it was seen as a learning process.
However, a sensitivity analysis excluding the participants who
failed the test-retest was also proposed to test the impact of
this decision on the results.

Second, a latent class model was fitted to identify poten-
tial classes of respondents. In a latent class model, indivi-
duals are grouped into mutually exclusive groups based on
differences in preferences or shared values within the sample
[36]. The model with the best fit was chosen utilizing
Akaike’s information criterion. This model determined the
number of classes needed to explain the preference hetero-
geneity. Subsequently, ‘preference to be vaccinated’ was
assessed in the three classes and, thus, the probability of
being in one of the classes was linked to this covariate.
Participants were assigned to latent classes based on their
posterior probability of membership and each respondent
was assigned to a class when its probability to belonging
was = 80%. To analyze whether participants’ characteristics
significantly differed between the latent classes, multiple
pairwise tests were performed using software IBM SPSS
24TM. The Bonferroni approach was utilized as a multiple
testing to adjust p-values. For the results, a significance level
of < 0.05 was deemed as statistically significant as suggested
by Hauber et al. [27].

Finally, subgroup analyses were conducted to understand
the preference heterogeneity found within the sample.
Subgroups on age (<23 years old vs. >23years old), gender
(female vs. male), worrying about contracting COVID-19 (yes
vs. no), and contracting COVID-19 (yes vs. no) were considered
based on the characteristics of the final sample. A joint model
was estimated using interaction terms to assess whether pre-
ferences were significantly different between subgroups.
Preferences were considered to vary across subgroups if the

parameters estimated for the interaction terms were statisti-
cally (at a 5% level) different from zero. A normally distributed
random component was added to each subgroup dummy.

A joint model was estimated using interaction terms to
assess the significance of the differences between subgroups.
A normally distributed random component was added for the
dummy variable describing the age group.

3. Results
3.1. Respondent characteristics

The final sample consisted of 149 participants. A total of 150
questionnaires were completed; however, one participant did
not meet the eligibility criteria (age) and was excluded from
the final analysis. The majority of the participants were female,
aged 18-23years old, and lived in the south of the UK.
Approximately 80% of the participants had either completed
secondary school or an undergraduate degree. Sixty-two per-
cent of the respondents were either fully or partially vacci-
nated, and 27% planned to be vaccinated. The rest (9%) did
not want to be vaccinated, which is consistent with national
statistics (i.e. 10% vaccine hesitancy) (Statistics, 2021b). Most
respondents did not contract COVID-19 undiagnosed (69%) or
were not tested positive (86%), and only 1 participant was
hospitalized for COVID-19. Yet, more than half of the partici-
pants (65%) reported that at least one of their family members
and/or friends contracted COVID-19. Of this group, 13% had
died because of COVID-19. Finally, the perceived COVID-19 risk
was moderate: only 27% disagreed or strongly disagreed with
the statement that they were not worried about getting
COVID-19, while 24% agreed or strongly agreed with the
statement. Most of the votes (27%) were given for ‘somewhat
disagree.’ The summary of the sample characteristics is shown
in Table 2.

On average, the difficulty of the task was rated as moder-
ately easy with a mean score of 2.72, based on the results of
a five-point Likert scale where one was extremely easy and five
extremely difficult. Twenty-three respondents failed the test-
retest (i.e. 15.3%).

3.2. Respondents’ preferences

The random parameter logit model results are shown in
Table 3 and Figure 2. All attributes were statistically significant
at a p-value <0.01, indicating that all attributes were important
for the respondents. Overall, the constant was positive and
statistically significant (p <0.01), indicating that respondents
preferred to be vaccinated. No major difference was found
between the full sample (n = 149) and the sample restricted to
participants who did not fail the test-retest (n=126)
(Appendix S2 Table A2.1).

Based on the range of levels of each attribute, vaccine
effectiveness was the most important attribute (relative impor-
tance 34%), followed by risk of side effects (relative impor-
tance 32%), and duration of vaccine protection (relative
importance 22%). The least important attributes were confi-
dence in available evidence (relative importance 8%) and
number of doses (relative importance 4%). Respondents had
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Table 3. Results from the random parameters logit model.

Standard deviation®

Conditional relative importance (%)

Estimate
Attributes and levels (95% C1)°
Constant 1.295%**

(1.099-1.491)

Vaccine effectiveness (%) 34%
95 1.19%** 0.792%**
(0.752-1.626)
90 0.52%** 0.52%**
(0.254-0.785)
85 —0.38%** 0.642
(-0.644 - —0.116)
80° —1.329%** -
(—1.827 - —0.83)
Risk of side effects 32%
1 in 5 people experience minor side effects® 0.94%** -
(0.577-1.304)
1in 10 people experience minor side effects 1.285%** 0.629%**
(1.035-1.537)
1 in 100,000 people experience severe side effects —1.115%** 1.232%**
(—1.458 - —0.772)
1 in 300,000 people experience severe side effects —1.17171%** 0.97%**
(-1.43 - —0.791)
Duration of vaccine protection (months) 22%
18 0.568*** 0.916%**
(0.212-0.924)
12 0.467%** 0.302%**
(0.203-0.731)
6° —1.035%** -
(=1.296 — —0.775)
Number of doses 4%
1 dose® 0.139%** -
(0.042-0.236)
2 doses —0.139*** 0.127%**
(—0.236 — —0.042)
Confidence in available evidence 8%
High level of confidence 0.306*** 0.571%**
(0.106-0.506)

Medium level of confidence® —0.306***

(=0.506 — —0.106)

Model fit
Pseudo R squared 0.408
Log likelihood —1961.02

“Reference value.

Given the use of effects coding, the reported results for each of the attribute levels indicate the distance from average utility derived from a specific attribute.
A positive (negative) sign for a given level indicates a level has a positive (negative) effect on utility compared to the mean effect of the attribute.
beStandard deviations correspond to the random component of the model coefficients.

*p < 0.1; **p < 0.05; ***p < 0.01.

a greater aversion to severe and rare side effects than to minor
and more common side effects, but the difference between
rare side effects did not appear to be of great importance, as
indicated by the similar and non-significantly different
coefficients.

All the relationships observed were in the expected direction:
the coefficient increased as the level of each attribute improved.
In general, respondents preferred a vaccine with higher effec-
tiveness, a longer duration of protection, fewer number of doses,
and for which they had a high level of confidence in the available
evidence. A lower risk of minor side effects compared to the
severe and rare side effects was preferred.

Significant standard deviations were observed for all coeffi-
cients, i.e. significant heterogeneity for all attributes, revealing
variation in preferences among respondents for all attributes.

3.3. Latent class model

The results of the latent class model are presented in Table 4.
All participants had a = 80% probability of belonging to a class
and were therefore included in the latent class analysis. Three

preference latent classes were identified and included 81
(Class 1), 51 (Class 2), and 17 (Class 3) participants, respec-
tively. Within each class, heterogeneity in the preferences was
identified which may be due to differences in vaccination
preferences explained by the constants (positive =in favor of
vaccination; negative =against vaccination). A positive con-
stant was reported for classes 1 and 2 while a negative con-
stant was reported for Class 3.

In all classes, the coefficients and their significance of attri-
bute levels differed from those estimated by the random
parameter model for the full sample, meaning that prefer-
ences also varied. This also led to changes in the ranking of
importance of attribute levels. Only the risk of side effects and
almost all associated attribute levels remained statistically sig-
nificant at a p-value of < 0.01 across all classes.

Respondents in classes 1 and 3 preferred the highest vaccine
effectiveness (95%), whereas respondents in class 2 appeared to
be indifferent if the vaccine had a higher effectiveness than 80%.
Particularly, the respondents of class 3 seemed to consider high
vaccine effectiveness to be extremely important. The risk of side
effects was considered important in all three classes. In case of
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Figure 2. Patients’ preferences estimate.

Risk of minor side effects: 1 in 5
Risk of minor side effects: 1 in 10
Risk of severe side effect: 1 in 100,000

risk of severe but rare side effects, the coefficient was negative
for respondents in all three classes suggesting a preference for
lower risk of severe side effects. However, only in classes 2 and 3
the response was statistically significant in both attribute levels
(1 in 100,000 and 1 in 300,000). For minor side effects, the
response was statistically significant in the case of ‘1 in 10 people’
indicating that all respondent (classes 1, 2, 3) preferred a vaccine
with lower risk of minor side effects. In terms of duration of
vaccine protection and number of doses seemed to be of no
relevance for classes 2 and 3. Only in Class 1 statistically signifi-
cant responses were measured. Respondents in class 1 preferred
a longer duration of vaccine protection and a lower number of
doses. Finally, a higher level of confidence in available evidence
was preferred in all groups but the strongest preference for
a high level of confidence was measured in class 1
(p-value <0.01).

No difference in terms of characteristics of participants in
the different latent classes was observed at one exception
(Table A2.2 Appendix S2 Supplementary Materials). In fact,
a significantly higher proportion of young adults do not plan
to be vaccinated (58.8%) in latent class 3 compared to young
adults belonging in the other classes (p < 0.001).

3.4. Subgroup analyses

The subgroup analysis ‘worry about contracting COVID-19’
showed a significant difference between the two groups.
Difference in the relative importance of attributes were also

18 months protection
12 months protection
6 months protection
2 Doses

1 Dose

Risk of severe side effect: 1 in 300,000
High level of confidence in evidence

Medium level of convidene in evidence

observed. Respondents who were not concerned about con-
tracting COVID-19 were less willing to be vaccinated, rated
vaccine effectiveness as more important, and were less con-
cerned about the severity of side effects than respondents
who were concerned about contracting COVID-19. Moreover,
number of doses and the confidence in available evidence
were not significant and thus not predictor when deciding
to get vaccinated. The respondents appeared to be indifferent
about the difference. Participants worried about contracting
COVID-19 were most concerned about side effects followed by
vaccine effectiveness. In addition, these participants preferred
a lower number of doses and higher level of confidence.

A significant difference in the constant was also found in
the subgroup analysis ‘age’. The constant for the younger age
group (18-23) was observed to be higher than the one for the
older age group (24-29) indicating that the respondents aged
between 18 and 23 years were more in favor of getting vacci-
nated. The only significant difference at a 5% level was
observed for risk of side effects. Besides that, age did not
appear to have a significant impact on respondents’ prefer-
ence. The subgroup analysis on gender found that the female
participants were more likely to get vaccinated (constant
coefficient of 1.442) compared to the male participants
(0.812). The analysis showed that male participants valued
lower side effects more than female participants.
Furthermore, a lower number of doses was preferred by
male participants compared to female participants. No other
significant differences were observed for other attributes/
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Table 4. Results from the latent class model.

Class 1 Class 2 Class 3
(n=281) (n=51) (n=17)
Estimate Estimate Estimate
Attributes and levels (95% CI)° (95% CI)° (95% CI)°
Constant 3.089%** 3.5714%*x —1.952%**
(2.564-3.613) (2.696-4.332) (—2.488 - —1.417)
Vaccine effectiveness (%)
95 0.598%* 0.56 0.965%*
(0.515-1.144) (—0.7-1.82) (0.485-1.881)
90 0.19 0.179 0.447
(—0.118-0.499) (—0.486-0.845) (-0.173-1.067)
85 -0.219 —0.065 0.732**
(—0.554-0.117) (=1.105-0.975) (0.103-1.361)
80* —-0.569 -0.675* —2.144*%
(=1.221-0.082) (-1.326 - —0.023) (-2.796 - —1.492)
Risk of side effects
1in 5 people experience minor side effects® 0.165 1.492* 0.798
(—0.658-0.987) (0.669-2.315) (—0.024-1.62)
1in 10 people experience minor side effects 0.363%** 1.874%** 1.614%**
(0.142-0.583) (1.202-2.546) (1.037-2.192)
1 in 100,000 people experience severe side effects —-0.159 —2.285%** —1.352%**
(—0.44-0.121) (—3.334 - -1.236) (—2.235-0.468)
1 in 300,000 people experience severe side effects —0.368** —1.081*** —1.061***
(-0.715 - —0.02) (—1.664 — —0.498) (=1.789 - —0.333)
Duration of vaccine protection (months)
18 0.762*** 0.274 —0.044
(0.279-1.244) (—0.705-1.253) (—0.666-0.579)
12 0.161 -0.7 0.124
(—0.189-0.511) (—0.928-0.786) (—0.469-0.717)
6 —0.923* —-0.203 —-0.079
(-=1.184 - —0.661) (—0.465-0.058) (-0.341-0.182)
Number of doses
1 dose® 0.109 0.073 0.038
(-0.373-0.592) (—0.408-0.556) (—0.445-0.52)
2 doses —0.109** —0.073 —0.038

Confidence in available evidence
High level of confidence

Medium level of confidence®
Model fit

Pseudo R squared
Log likelihood

(-0.203 - —0.015)

(—0.272-0.126)

(-0.325-0.249)

0.317* 0.145 0.337
(0.099-0.534) (—0.354-0.643) (—0.108-0.782)
-0.317% -0.145 -0.337
(-0.332 - —0.301) (-0.16 - —0.129) (-0.352 - -0.322)
0.506
—-1961.023

Reference value.

3Given the use of effects coding, the reported results for each of the attribute levels indicate the distance from average utility derived from a specific
attribute. A positive (negative) sign for a given level indicates a level has a positive (negative) effect on utility compared to the mean effect of the

attribute.
*p <0.1; **p < 0.05; ***p <0.01.

levels. Finally, the subgroup analysis comparing participants
who contracted COVID-19 versus those who did not revealed
no significant difference. More detailed results of the analyses
are shown in Table A2.3, A2.4, A2.5, and A2.6 Appendix S2
Supplementary Materials.

4. Discussion

This DCE identified the importance of COVID-19 vaccines attri-
butes for young adults. Vaccine effectiveness, the severeness
and incidence of side effects, the duration of the vaccine
protection, the number of doses needed, and the level of
confidence in the available evidence appeared to influence
people’s decisions. Given the range of levels included, the
most important outcomes to respondents were a high level
of effectiveness and low risk of side effects, whilst high con-
fidence in evidence and a small number of doses were the
least important. Although these results are in the expected

direction, this is the first time preferences for characteristics of
COVID-19 vaccines are provided for young adults using a DCE
robust methodology. Nevertheless, because relative impor-
tance is based on the range between the highest and lowest
coefficient for attribute levels, the results should be inter-
preted with caution.

The results of this study are largely consistent with previous
DCEs of COVID-19 vaccines. Most of the previous studies also
reported that the vaccine effectiveness was one of the most
important influencing factors, although some studies consid-
ered additional characteristics [20-25]. Yet, although often still
perceived as a decisive factor the importance of the risk of
side effects differed between the studies [20-22,25]. For exam-
ple, Dong et al. [25] observed that the protective duration of
the vaccine was more important for the Chinese population
than the risk of few adverse events. Additionally, the results of
other studies showed that the location of administration, the
number of acquaintances vaccinated, and potential proof of
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vaccination could also impact the peoples’ choice of vaccine
[20,21,23].

Furthermore, the latent class model revealed some differ-
ences in the importance of attributes among the participants.
Contrarily to respondents of classes 1 and 2, the constant of
class 3 was negative, revealing that the probability of accept-
ing the vaccination is lower for respondents of this class. As
expected, a lower proportion of respondents belonging in
class 3 reported to be fully vaccinated or partially vaccinated
at the time of the survey. For classes 1 and 2, the attitude
toward vaccination appeared to be similarly positive; however,
differences in preferences were observable. Respondents in
class 1 perceived all attributes to be important, whereas in
class 2 respondents seemed to be indifferent to all attributes
besides the risk of side effects. The findings are in contrast to
the studies of Borriello et al. [20] and Leng et al. [22] which
revealed that side effects were observed to be less important
and vaccine effectiveness appeared to have a greater influ-
ence in the latent classes.

Finally, the subgroup analyses found that the preference of
vaccines, while positive in all cases, did significantly differ
between the groups in the subgroup analysis ‘age’ (18-23 vs.
24-29) as well as in the subgroup analysis ‘worry’ (not worried
vs. worried). In addition, respondents who were concerned
about contracting COVID-19 were also more concerned
about severe but rare side effects.

The identified preferences of young adults in the UK for
COVID-19 vaccines may be considered when developing stra-
tegies and interventions to increase vaccine coverage. As the
young adult population appears to be less fearful of contract-
ing COVID-19 which in turn also affects potential uptake rates
[10], targeted information campaigns on the benefits of the
vaccines and the need to be vaccinated need to be devel-
oped. Proactively communicating the effectiveness, the risk of
side effects, and the length of protective duration of vaccines
could be critical factors to boost vaccine uptake. Moreover,
ensuring that the information and evidence available is per-
ceived of high quality appears to positively influence the
willingness of people to get vaccinated. Particularly, the mis-
trust and concerns about future adverse effects of vaccines
should be taken seriously and accounted for in these com-
munications. Another point to consider in the planning pro-
cess is the complexity of vaccine hesitancy. Not only the
found heterogeneity of preferences in the study sample sug-
gests that personal attitudes toward vaccines differ but also
the results of the latent class model and subgroup analyses.
For example, according to the latent class model, the prefer-
ence of people not willing to be vaccinated is mostly influ-
enced by effectiveness and side effects whereas for the two
groups willing to get vaccinated either side effects or all
attributes appeared to have the greatest impact on the
choice of the vaccine. Notwithstanding the potential implica-
tions of the findings, one has to consider that because of the
rapidly changing COVID-19 pandemic the results might not
be as useful in informing communication strategies. Yet, at
the time of data collection (June 2021), the vaccine hesitancy
in the younger population was evident and was proposed to
have a potential impact on the success of the vaccination

strategies. This might also be the case in future vaccine
strategies related to COVID-19 vaccine and others.
Therefore, findings of the attitudes toward vaccine in this
population was thought to be of interest. Further research
could investigate young adults’ attitudes toward and prefer-
ences in vaccines not only for COVID-19 but in general since
vaccine hesitancy appears to be especially high in these
groups.

5. Study limitations

Several limitations of the study must be addressed. First,
although the selection and definition of attributes and
levels followed a comprehensive methodological process,
it is still possible that some relevant attributes in people’s
preferences were omitted. Also, the attribute ‘confidence
in available evidence’ was a broad attribute that could
potentially include a very large number of levels. To
make a clear difference between efficacy and side effects,
this attribute was rather focused on the number of parti-
cipants who already received the vaccine and the number
of countries in which the vaccine is available. Nevertheless,
it is obvious that this attribute would have been able to
provide additional information if it would also have cov-
ered other aspects of confidence. Second, the range
method was used to assess the conditional relative impor-
tance of attributes, with the inherent limitation that the
number and range between levels of an attribute has an
impact on the measured importance of it. Although this
method is a common way to present DCE data as sug-
gested by ISPOR guidelines [27], the interpretation of the
relative importance should be done with caution. Third,
the generalizability of the results cannot be disregarded.
Indeed, although the sample was representing all ages in
the selected age group, gender, and regions in the UK, an
overrepresentation of females and the younger age group
(19-23) is observed and needs to be considered when
assessing the generalizability of the study. Also, the sample
was small and only people having knowledge about and
being registered at Prolific were considered. Fourth, indif-
ference between rare and common severe side effects, and
between probabilities of minor side effects could be due
to the fact that all side effects levels combing severity and
frequency were included into one attribute. Finally, we did
not estimate interaction effects but focused on main
effects, both when planning the experiment and when
analyzing the data. Nevertheless, it would be interesting
in the future to assess potential interaction effects by
example between side effects and vaccine effectiveness.

6. Conclusion

Overall, the study revealed that young adults have strong
preferences for vaccine attributes. All five attributes appear
to play an important role in the decision-making process of
young adults. Based on the results of the study, it can be
concluded that a high level of effectiveness and duration of
protection as well as a reduced risk of severe and mild side
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effects have a positive impact on individual vaccine prefer-
ence. It appears to be of critical importance to promote vac-
cine uptake by clearly communicating these factors. Policies
should be tailored to address the concerns and preferences of
younger people in order to achieve better uptake rates in the
future, which is essential to ensure the stabilization of COVID-
19 infection rates. The observed heterogeneity of preferences
among the younger population should encourage health
authorities to develop policies that take into account the
different expectations regarding COVID-19 vaccines. Hence,
in the case of people who are not worried about COVID-19
and not in favor of getting vaccinated, policies should target
strategies promoting the effectiveness and reduced risk of
side effects of vaccines. Finally, for future vaccine strategies
the findings may help to develop effective strategies for the
younger population.
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