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Abstract
Background  With the aim to optimize communication during HPV vaccination campaigns in France, we elicited parental 
preferences around HPV vaccination.
Methods  We conducted a single-profile discrete choice experiment (DCE) among parents of 11- to 14-year-old middle-
school pupils, who completed an anonymous, self-administered, internet-based questionnaire during 2020–2021. The DCE 
comprised five attributes (vaccine-preventable disease, justification of optimal age, information on safety, indirect protection 
and coverage) of vaccination against an unnamed disease that were presented to respondents in ten choice tasks, or scenarios. 
We use fixed effect logit models to estimate attribute weights on theoretical vaccine acceptance, and random effect linear 
regression to estimate attribute coefficients on vaccine eagerness (decision and decision certainty). We estimated marginal 
effects of attributes on expected vaccine acceptance.
Results  Vaccination scenarios were accepted by 55.6–89.2% of the 1291 participants. The largest marginal effects on 
expected vaccine acceptance in the full sample arose from prevention of cancer versus genital warts (+ 11.3 percentage 
points); from a “severe side effect suspicion that was not scientifically confirmed” versus a statement about “more benefits 
than risks” (+ 8.9 percentage points), and information on 80% vaccine coverage in neighbouring countries versus on “insuf-
ficient coverage” (+ 4.2 percentage points). Explaining the early age of vaccination by sexual debut had a strong negative 
impact among French monolingual parents with lower education level (vs age-independent, OR 0.48, 95% CI 0.27–0.86), 
but not other socio-economic groups. After removing low-quality responses (unvaried certainty and short questionnaire 
completion), among serial non-demanders with children not vaccinated against HPV, only disease elimination impacted 
vaccine eagerness positively (coefficient 0.54, 0.06–1.02).
Discussion  Using DCEs to elicit parents’ preferences around communication messages, notably on cancer prevention, vac-
cine coverage and information about vaccine safety, could help to optimize HPV vaccination promotion efforts.

Key Points for Decision Makers 

We explored how communication to parents regarding 
the HPV vaccine can be optimized.

Optimized content changed overall hypothetical vaccine 
acceptance by up to 11%.

Information items to favour are cancer prevention, high 
vaccine coverage in neighbouring countries, while the 
formulation “more benefits than risks” had a negative 
effect on acceptance.

1  Introduction

Human papillomavirus (HPV) vaccines are highly effec-
tive against cervical and other HPV-related cancers, while 
additionally having a good safety profile and having the 
capacity for effecting herd immunity [1]. In France, the 
percentage of adolescent girls aged 15 years vaccinated 
with at least one dose of a HPV vaccine has stayed below 
30% for more than 10 years, to reach 45.8% in 2021 [2]. 
As in other countries, HPV vaccination suffers from sub-
optimal accessibility, lack of knowledge among parents 
and adolescents, and doubts about efficacy and side effects 
among the public, including among physicians [3]. Recent 
changes in the French HPV vaccination programme could 
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potentially improve those issues. HPV vaccination has 
been recommended to boys free of charge since 2021 and 
a policy with school-based vaccination campaigns started 
in late 2023.

School systems may be an efficient and equitable chan-
nel to inform parents and provide access to vaccination 
[4], and family physicians are one of the most trusted 
sources of information on vaccination [5]. However, it 
remains challenging to provide parents and adolescents 
with transparent and accurate information that will moti-
vate vaccine intention. In line with behavioural change 
models, such as the COM-B [6] and social marketing [7], 
communication during vaccine promotion should meet the 
target audience’s needs in form and content. For example, 
communication can have unforeseeable negative effects if 
parents’ aversions to specific messages are not taken into 
account [8, 9]. In addition, communication content may 
create social inequalities by educational level or cultural 
reference [10].

Discrete choice experiments (DCEs) are used to explore 
healthcare users’ preferences, including surrounding vac-
cination [11]. Several discrete choice experiments in 
Europe, Canada and Asia have elicited parental prefer-
ences around HPV vaccination [12], focusing mostly on 
biomedical facts such as risk of side effects, duration of 
protection, degree of protection against cancer or genital 
warts, vaccine costs, and preferred age at vaccination. To 
our knowledge, none has explored how the formulation of 
communication messages relating to contextual charac-
teristics of HPV vaccination, such as the rationale for the 
recommended age at vaccination, information on vaccine 
safety, or on vaccine uptake rates, could affect parental 
theoretical decisions to vaccinate their children.

The PrevHPV project is an interventional research pro-
ject aiming at increasing HPV vaccine coverage in France 
through a multicomponent intervention delivered through 
middle schools and general practitioners [13]. Within this 
project, we conducted single-profile discrete choice exper-
iments (DCE) to elicit adolescents’ and parental prefer-
ences around HPV vaccination, with the aim to optimize 
communication during vaccine promotion. Preferences 
of adolescents were described elsewhere [14], and it was 
found that emphasis on cancer prevention, information on 
the scientifically confirmed absence of serious side effects 
(avoiding the notion of a benefit–risk balance), the pos-
sibility of eliminating a disease and information on high 
vaccine coverage in neighbouring countries increased 
HPV vaccine theoretical acceptance. In the present paper, 
we report parental preferences surrounding HPV vaccina-
tion communication.

2 � Material and Methods

2.1 � Study Design and Data Collection

Parents of 11- to 14-year-old middle-school pupils were 
invited to complete an anonymous, self-administered, 
internet-based questionnaire on RedCap®. The survey 
was accessible from 31 January 2020 throughout 9 April 
2021. To obtain a sufficient sample size despite the school 
closures during the Covid-19 pandemic, two recruitment 
procedures were used (Electronic Supplementary Mate-
rial [ESM] A). E-mail invitations to participate were 
sent to parents by 17 randomly selected middle schools 
in four mainland France school districts (academies de 
Nancy, Lyon, Grenoble, Versailles) from 31 January 2020 
onwards. E-mailings were interrupted in mid-March by 
school closures resulting from the Covid-19 epidemic and 
resumed in early 2021. Details on the choice and selec-
tion process of the middle schools have been described 
elsewhere [14]. In addition, during early 2021, a national 
School Parent Association (FCPE) sent invitation emails 
to members of its local branches, with the possibility for 
chain referral. Due to recruitment procedures, the total 
number of parents receiving the invitation is not known. 
We assume that the numbers of parents of the same child 
both responding to the questionnaire, or the same parent 
responding twice through both recruitment procedures is 
negligible.

In addition to the DCE tool, the 15-minute questionnaire 
collected sociodemographic information, parental attitude 
towards vaccination in general, school-based vaccina-
tion and the child’s vaccination status. Parents were asked 
to answer the questionnaire for the oldest of their 11- to 
14-year-old children (girls and boys). We collected infor-
mation on whether the parents also spoke another language 
than French with their children, defining “no, only French” 
as French monolingualism and “yes, also another language” 
as multilingualism.

2.2 � Discrete Choice Experiment (DCE) Tool

We designed a DCE tool targeting parents in parallel to the 
development of a version for adolescents, using a literature 
review, the feedback of experts and think-aloud pilot testing. 
We chose attributes to test hypotheses on potentially moti-
vational statements that could be realistically used in HPV 
vaccine communication in France. A panel of eight experts 
in epidemiology, social psychology, infectiology, sociology 
and general practice provided recommendations. We adapted 
the tool using feedback from a health literacy expert and 
interviews with nine adults using the think-aloud method 
[15]. The final DCE tool comprised five main attributes: 
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disease prevented by the proposed vaccine, justification of 
the age recommendation, safety information, indirect pro-
tection, and coverage information (Table 1, ESM B). The 
tool included ten choice tasks with nine scenarios and one 
repeated scenario with an additional attribute to specifically 
test whether the presence of internet discussions about the 
uncertainty around vaccine effectiveness would significantly 
decrease acceptance [16].

The DCE was designed as a single-profile DCE with a 
binary choice to mimic real-life vaccination decisions [14] 
(Fig. 1). The additional attribute ‘Uncertain effectiveness’, 
was only present in one repeated choice task per respond-
ent (ESM C). We also collected choice certainty on a 1–10 
scale. Parents were asked to imagine the following situa-
tion: their child’s school informed them of a vaccination 

campaign organized at school in two weeks’ time. The cam-
paign would include an individual consultation with a physi-
cian at school, during which their child could be vaccinated 
for free against an unnamed disease. General practitioners 
in their area would be supportive of the vaccination. An 
information sheet would allow parents to accept or refuse 
vaccination for their child by ‘signing’ the consent form. 
We chose not to explicitly name the disease to avoid anchor-
ing biases related to HPV given the French context of this 
vaccine getting media attention around its safety in the past 
10–15 years. Moreover, during the study period, HPV vac-
cination for boys was being implemented in France and we 
wanted to capture parental preferences independently of the 
child’s gender to provide results relevant to the new pro-
gramme. Following recommendations for DCE design, a 

Table 1   Attributes and levels used in a discrete choice experiment for a school-based vaccination campaign, targeting parents

OR Odds ratio

Attributes Levels (labels) Levels (wording) Hypotheses

Disease Febrile illness The vaccine can protect against a disease with high fever and 
breathlessness

Reference

Cancer The vaccine can protect against a cancer, which could occur in 
20 years

H1: OR > 1

Genital warts The vaccine can protect against warts on intimate body parts H2: OR < 1
Pregnancy complications The vaccine can protect against a disease which leads to preg-

nancy complications
H3: OR > 1

Optimal age Age-independent The vaccine is effective whatever the age at vaccination Reference
Better immune response Antibody production is better and the vaccine protects better if 

given before age 14
H4: OR > 1

Before sexual relations For the vaccine to be the most effective, it has to be given before 
the onset of sexual activity

H5: OR > 1

Safety No side effect The vaccine does not cause severe side effects Reference
No scientific confirmation The vaccine safety has been monitored for more than 10 years 

worldwide. No serious side effect has been scientifically 
confirmed

H6: OR > 1

Surveillance other countries In countries where most adolescents are vaccinated, the risk of a 
severe side effect that could be due to this vaccination has not 
increased

H7: OR > 1

More benefits than risks The vaccine can have serious side effects in very rare cases, but 
the provided benefits are much greater

H8: OR < 1

Indirect protection Only your child The vaccine protects only your child Reference
Protects others By vaccinating your child, you can avoid her/him transmitting 

the infection to other persons
H9: OR > 1

Elimination By vaccinating most adolescents, the disease can disappear from 
the population

H10: OR > 1

Coverage Insufficient The number of vaccinated teenagers is insufficient in France Reference
Already 30% Already 30% of teens aged 15 are vaccinated in France H11: OR > 1
80% in France 80% of teens aged 15 are vaccinated in France H12: OR > 1
80% in other countries In some countries like England and Portugal, more than 80% of 

teenagers are vaccinated
H13: OR > 1

Uncertain effectiveness You can read on the internet that we do not know yet if the vac-
cine protects against this cancer. This is true but we do know 
that the vaccine is effective against the infection which leads 
to it

No a priori assumption
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sufficient sample size was defined as 200 per gender group 
and per socio-economic strata, yielding a minimum of 1000 
respondents [17].

For the experimental design, the five attributes yielded 
720 possible combinations of levels in a full factorial 
design. We used NGENE software to obtain a 36-profile 
efficient design with pseudo-informative priors for attribute 
level parameters and a standard error of two for the ran-
dom intercept parameter (thus allowing for heterogeneity in 
intrinsic utility of vaccination independent of an attribute’s 
levels). Combination of the level ‘Disease–Pregnancy com-
plications’ and level ‘Indirect protection–Only your child’ 
would have been unrealistic for parents of boys and was thus 
excluded from the design. We specified a utility function 
allowing estimation of all main effects. The obtained scenar-
ios were divided into four blocks (versions) of nine scenarios 
each. In each block of nine scenarios, one scenario with 
the ‘disease’ level of ‘cancer’ was repeated including the 
Uncertain Effectiveness attribute. This led to a final design 
of four sets of ten scenarios (40 unique scenarios) randomly 
assigned in backward or forward order to each respondent.

2.3 � Statistical Analyses

Parents accepting vaccination in all nine scenarios were clas-
sified as ‘serial demanders’, those refusing as ‘serial non-
demanders’, while those making variable decisions across 
scenarios were named ‘non-uniform respondents’ [18]. We 

compared the characteristics of serial (non-)demanders and 
non-uniform respondents by using Pearson’s chi square 
tests. We estimated preference weights for theoretical vac-
cine acceptance (accept vs refuse) with the five attributes 
as independent variables and using logit models. Results 
were presented as odds ratios (OR) with confidence inter-
vals of 95%. The main analyses were conducted among 
non-uniform respondents with fixed effect specification, 
including stratification by child’s gender. Models did not 
include participant characteristics, as participants were ran-
domized to scenario blocs and saw all scenarios within the 
bloc, making confounding unlikely. We calculated average 
marginal effects among non-uniform respondents, and in the 
full sample (using random effect specification), to predict 
the average changes in probability of vaccine acceptance for 
each attribute level.

Using a two-tailed test for equality of proportions, we 
compared the proportion of parents accepting vaccination in 
the two scenarios with versus without the additional attribute 
‘Uncertain effectiveness’.

We tested interactions between attributes and individual 
participant characteristics. When significant interactions 
were identified, the attribute effects were represented in 
stratified models. Following the hypothesis that multi-
lingualism in the family has different effects on literacy 
depending on educational level (negative impact in the con-
text of low educational level), we used a composite variable 
to assess combined effects of level of education (≤ vs > 

Fig. 1   Example of the choice 
task
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baccalauréat, French high school diploma) and multilingual 
family context.

To explore the potential impact of the COVID-19 pan-
demic on parental preferences, we conducted analyses by 
testing potential interactions with year of participation. 
Because participants differed between 2020 and 2021 by 
socio-demographic characteristics (ESM D), we limited 
this analysis to a homogeneous subgroup that was well rep-
resented in both years (French monolingual mothers with 
higher educational level).

To capture the preferences of serial demanders and non-
demanders, we used a vaccine eagerness scale that combined 
information on decision (accept/refuse) and certainty (0–10 
scale) into a linear variable from −10 to +10 [18]. On this 
scale, a value of −10 represents certain refusal and +10 
certain acceptance, while a value of 0 represents maximal 
uncertainty. We conducted a random effect linear regres-
sion using vaccine eagerness as the dependent variable and 
the attributes as independent variables. To avoid noise from 
low-quality responses and to focus analyses on individuals 
potentially opposed to HPV vaccination, we conducted a 
specific analysis on vaccine eagerness restricting to serial 
non-demanders with good quality responses, defined as 
questionnaire completion duration above the 20th percen-
tile, varied certainty, and declaring that their child was not 
vaccinated against HPV [18].

We defined statistical significance as a two-sided p-value 
< 0.05. All analyses were conducted on Stata 16 (Stata-Corp 
LP, College Station, TX, USA).

3 � Results

3.1 � Participant Characteristics

A total of 2125 connections to the internet questionnaire 
occurred, with 1291 participants completing at least the 
DCE part. A large majority of participants participated 
during 2021 (75.8%) and were mothers (84.5%). Half of 
the parents responded to the questionnaire with regard to 
a daughter (51.4%). Compared with demographic indica-
tors for working-age adults in France [19], they more fre-
quently held a high education diploma (74.5% vs around 
58% at age 35–54 years) (Table 2), but had a comparable 
proportion of professionally active individuals (88.5 vs 88% 
at age 25–49 years) and multilingual context (20.8 vs 18% 
estimated in 2009 [20]). Compared with national one-dose 
vaccination coverage estimates for girls aged 15 years born 
in 2006 (45.8%) [21], more parents (54.4%) declared that 
their daughter was vaccinated against HPV, which could in 
part correspond to higher uptake in the later birth cohorts 
covered by the present study (2006–2010).

A majority of parents declared a favourable attitude 
towards vaccination in general (90.2%). Overall, 59.3% 
were favourable towards school-based vaccination for their 
child and 23.1% were unfavourable (Table 2). The socio-
demographic profile of participants differed between the 
two recruitment periods (2021 vs 2020, during vs before the 
COVID-19 pandemic) with more fathers (16.8 vs 11.5%), 
multilingual parents (23.3 vs. 13.0%) and more parents with 
higher education level (43.4 vs 29.2%) in 2021 (ESM D).

3.2 � Stated Preferences

Mean theoretical vaccine acceptance was 73.9%, ranging 
from 55.6 to 89.2% across scenarios (ESM E). Mean theo-
retical acceptance varied substantially by several participant 
characteristics, including attitude towards vaccination in 
general, educational level and professional category, but not 
by child’s gender (Table 2). Forty-six percent of participants 
(n = 595) were serial demanders and 10% (n = 133) serial 
non-demanders. Among parents declaring that their daugh-
ter was not vaccinated against HPV (n = 726), 40.8% were 
serial demanders, 12.3% serial non-demanders and 47.0% 
made non-uniform choices.

All attributes and most levels had a significant impact 
on theoretical vaccine acceptance of non-uniform respond-
ents (Table 3). Compared with a ‘Febrile illness’, ‘Can-
cer’ (OR 2.68) and ‘Pregnancy complications’ (OR 1.35) 
motivated, whereas ‘Genital warts’ demotivated vaccine 
acceptance (OR 0.55). Compared with ‘Age-independent’ 
vaccination, better immunogenicity before age 14 years 
motivated acceptance (OR 1.56), while ‘Before sexual 
relations’ had no significant impact (OR 1.20 [95% con-
fidence interval 0.94–1.51]). Safety statements referring 
to a positive benefit–risk balance (OR 0.31) or side effect 
surveillance in other countries (OR 0.39) strongly reduced 
acceptance, relative to negation of side effect. By contrast, 
information that no suspected side effect was scientifically 
confirmed had no significant effect on acceptance (OR 
0.99 [0.80–1.24]). Regarding indirect protection, the level 
‘Elimination’ motivated acceptance compared with the 
reference level ‘Only your child’ (OR 1.33), while ‘Pro-
tects others’ did not motivate more than the reference (OR 
1.00 [0.81–1.24]). Compared with ‘Insufficient’ vaccine 
coverage, ‘Already 30%’ demotivated (OR 0.73), while 
‘80%’ in France (OR 1.65) and in other countries (OR 
1.92) increased acceptance.

Acceptance was significantly lower in scenarios with 
the additional attribute ‘Uncertain effectiveness’ (mean 
frequency of acceptance: 52.1% [48.1–56.2] vs 63.3% 
[59.4–67.2]).

The largest marginal effects resulting from these prefer-
ence weights were a difference of 11.3 percentage points in 
expected vaccine acceptance between ‘Cancer’ and ‘Genital 
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Table 2   Participant characteristics, mean theoretical vaccine acceptance and distribution of response profiles

Parents of 11- to 14-year-old middle-school pupils in France, 2020–2021 (N = 1291). Mean theoretical acceptance: percentage of decisions in 
favour of vaccination, across all scenarios and participants
**p < 0.01; ***p < 0.001. p value from Pearson’s Chi square tests for difference between serial demanders, serial non-demanders and non-
uniform respondents

Full sample (N = 1291) Non-uniform respondent 
(N = 563, 43.6%)

Serial demanders 
(N = 595, 46.1%)

Serial non-demand-
ers (N = 133, 10.3%)

N (column %) Mean theoretical vac-
cine acceptance %

N (row %) N (row %) N (row %)

Survey year
 2020 313 (24.2) 72.2 143 (45.7) 137 (43.8) 33 (10.5)
 2021 978 (75.8) 73.7 420 (42.9) 458 (46.8) 100 (10.2)

Recruitment
 Middle schools 538 (41.7) 71.2 252 (46.8) 230 (42.8) 56 (10.4)
 School parent association 753 (58.3) 74.8 311 (41.3) 365 (48.5) 77 (10.2)

Gender of the responding parent ***
 Female 1091 (84.5) 72.3 499 (45.7) 478 (43.8) 114 (10.5)
 Male 200 (15.5) 78.9 64 (32.0) 117 (58.5) 19 (9.5)

Number of children aged 11–14 years (n = 1278)
 One 1007 (78.8) 72.8 450 (44.7) 453 (45.0) 104 (10.3)
 Two or three 271 (21.2) 75.4 110 (40.6) 134 (49.5) 27 (10.0)

Sex of oldest child aged 11–14 years
 Female 664 (51.4) 73.0 287 (43.2) 304 (45.8) 73 (11.0)
 Male 627 (48.6) 73.6 276 (44.0) 291 (46.4) 60 (9.6)

Highest level of education of the parent (N = 1273) ***
 Baccalauréat or below 325 (25.6) 62.9 141 (43.4) 118 (36.3) 66 (20.3)
 Above baccalauréat 948 (74.5) 78.1 410 (43.3) 474 (50.0) 64 (6.8)

Job category ***
 Business leader, white collar, academic 

professor
503 (39.5) 81.3 189 (37.6) 284 (56.5) 30 (6.0)

 Employee 334 (26.2) 65.2 167 (50.0) 118 (35.3) 49 (14.7)
 Intermediate profession 324 (25.4) 75.1 156 (48.2) 147 (45.4) 21 (6.5)
 Blue-collar worker 50 (3.9) 58.0 23 (46.0) 16 (32.0) 11 (22.0)
 Farmer, tradesperson, entrepreneur with fewer 

than ten employees
44 (3.5) 60.0 16 (36.4) 17 (38.6) 11 (25)

 No job category 19 (1.5) 52.6 3 (15.8) 8 (42.1) 8 (42.1)
Language spoken with children at home **
 French monolingual 1007 (79.2) 74.8 451 (44.8) 468 (46.5) 88 (8.7)
 Multilingual 265 (20.8) 68.2 101 (38.1) 122 (46.0) 42 (15.9)

Attitude towards school-based vaccination 
(N = 1272)

***

 Favourable 754 (59.3) 89.5 266 (35.3) 485 (64.3) 3 (0.4)
 Not sure 224 (17.6) 67.2 140 (62.5) 66 (29.5) 18 (8.0)
 Unfavourable 294 (23.1) 39.5 146 (49.7) 39 (13.3) 109 (37.1)

Attitude towards vaccination in general ***
 Very favourable 612 (47.4) 88.4 212 (34.6) 388 (63.4) 12 (2.0)
 Rather favourable 553 (42.8) 65.7 295 (53.4) 193 (34.9) 65 (11.8)
 Not sure 76 (5.9) 64.4 46 (60.5) 7 (9.2) 23 (30.3)
 Rather unfavourable 41 (3.2) 39.2 7 (17.1) 3 (7.3) 31 (75.6)
 Very unfavourable 9 (0.7) 16.3 3 (33.3) 4 (44.4) 2 (22.2)

Daughter vaccinated against HPV (N = 658) ***
 Yes 358 (54.4) 80.9 1305 (40.5) 1728 (53.6) 189 (5.9)
 Does not know 34 (5.2) 79.7 12 (35.3) 20 (58.8) 2 (5.9)
 No 266 (40.4) 63.1 128 (48.1) 90 (33.8) 48 (18.1)
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warts’ in the full sample (34.2 percentage points among 
non-uniform respondents), of 8.9 percentage points (25.5 
percentage points) between ‘No scientific confirmation’ 
and ‘More benefits than risks’ and of 4.2 percentage points 
between high coverage in neighbouring countries and ‘Insuf-
ficient coverage’ (13.7 percentage points) (Fig. 2).

Attribute effects were similar for vaccine eagerness when 
considering the full sample, including serial and non-serial 
demanders (Table 4). Effects were in general substantially 
weaker among serial demanders, and not significant in the 
small sample of serial non-demanders. As an exception, 
potential for disease elimination showed a trend to a positive 
impact on vaccine eagerness in serial non-demanders with 
children not vaccinated against HPV and with good-quality 
responses (n = 26, coefficient 0.54 [0.06–1.02]).

3.3 � Heterogeneity of Preferences According 
to Individual Characteristics

Significantly greater attribute effects among parents of girls 
compared with parents of boys were observed for ‘Preg-
nancy complication’ (OR 1.92 vs 0.92), ‘Better immune 
response’ (OR 1.97 vs 1.23), ‘Before sexual relations’ (OR 
1.57 vs 0.89) and ‘No scientific confirmation’ (OR 1.21 vs 
0.77) on vaccine acceptance (Table 3). Only parents of boys 
were significantly dissuaded by the ‘Already 30%’ level (OR 
0.54 vs 0.92 for parents of girls).

Stratification of theoretical vaccine acceptance by paren-
tal gender was limited by the small number of participating 
fathers (n = 64 non-uniforms), with no significant interac-
tion between parental gender and attributes (ESM F). The 
‘Cancer’ attribute level showed a trend to higher impact 

Table 3   Main effects of attributes on parental vaccine acceptance among non-uniform respondents (N = 563)

Parents of 11- to 14-year-old middle-school pupils in France, 2020–2021. Total sample and stratification by child’s sex. Effects are estimated 
from fixed effects logit models. Reading example: hypothetical vaccine scenarios aiming at prevention of cancer were 2.68 times more likely to 
be accepted by participants who made variable decisions across scenarios than scenarios aiming at prevention of a febrile illness. The pseudo 
R-squared was calculated as R2 = 1 − (Lcomplete/Lempty), based on a fixed-effects model including year (omitted because of no within-group vari-
ance)
95% CI 95% confidence interval. *p < 0.05; **p < 0.01; *** p < 0.001

Total Parent of a girl (N = 287) Parent of a boy (N = 276) Interaction term

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI p value

Disease
Febrile illness (Reference) 1 1 1
Cancer 2.68*** [2.16–3.32] 3.09*** [2.29–4.17] 2.35*** [1.72–3.22] 0.217
Genital warts 0.55*** [0.45–0.67] 0.53*** [0.40–0.71] 0.55*** [0.41–0.74] 0.873
Pregnancy complications 1.35** [1.09–1.69] 1.92*** [1.40–2.64] 0.92 [0.67–1.26] 0.001
Optimal age
Age-independent (Reference) 1 1 1
Better immune response 1.56*** [1.26–1.94] 1.97*** [1.45–2.69] 1.23 [0.91–1.68] 0.035
Before sexual relations 1.20 [0.94–1.51] 1.57** [1.12–2.20] 0.89 [0.64–1.25] 0.021
Safety
No side effect (Reference) 1 1 1
No scientific confirmation 0.99 [0.80–1.24] 1.21 [0.88–1.65] 0.77 [0.56–1.06] 0.048
Surveillance other countries 0.39*** [0.31–0.50] 0.38*** [0.27–0.52] 0.39*** [0.28–0.54] 0.897
More benefits than risks 0.31*** [0.26–0.38] 0.30*** [0.23–0.39] 0.30*** [0.23–0.40] 0.989
Indirect protection
Only your child (Reference) 1
Protects others 1.00 [0.81–1.24] 0.92 [0.69–1.23] 1.14 [0.83–1.56] 0.338
Elimination 1.33** [1.10–1.62] 1.14 [0.87–1.50] 1.62** [1.21–2.17] 0.083
Coverage
Insufficient (Reference) 1 1 1
Already 30% 0.73** [0.59–0.90] 0.92 [0.69–1.23] 0.54*** [0.39–0.74] 0.014
80% in France 1.65*** [1.29–2.11] 1.95*** [1.39–2.74] 1.32 [0.91–1.90] 0.125
80% in other countries 1.92*** [1.53–2.41] 2.16*** [1.58–2.96] 1.59** [1.13–2.24] 0.195
Pseudo R squared 0.133 0.133 0.148
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among mothers (p = 0.074), with a significant interaction 
in analyses on vaccine eagerness (p = 0.006).

‘Before sexual relations’ had a negative effect, specifically 
on French monolingual parents with lower educational level 
(OR 0.48), while this notion was neutral for multilingual par-
ents with lower educational level (OR 1.19) and motivating for 
parents with high education level, irrespective of multilingual-
ism (OR >1.40) (interaction term p < 0.001) (Fig. 3, ESM 
G). The positive impact of ‘Pregnancy complication’ appeared 

only among multilingual parents (OR > 2.70), irrespective of 
education level.

Among French monolingual mothers with higher educa-
tion level, we found several significant interactions between 
survey year and preferences (ESM H). ‘Protects others’ and 
‘Elimination’ motivated only before the pandemic in 2020, 
while ‘Pregnancy complication’ and high coverage levels in 
France or other countries had motivating effects only in 2021. 

Fig. 2   Average marginal effects 
of attribute levels on hypo-
thetical vaccine acceptance. 
Parents of 11- to 14-year-old 
middle-school pupils in France, 
2020–2021. A Full sample 
(N = 1291). B Non-uniform 
respondents only (N = 563). 
Attributes: D disease (ref. 
vaccination against a febrile 
respiratory disease); A age (ref. 
vaccination possible at any 
age); S safety (ref. no severe 
side effect known); IP indirect 
protection (ref. only individual 
protection); C coverage (ref. 
insufficient coverage). Reading 
example: among all partici-
pants, the probability of vaccine 
acceptance was 5 percentage 
points higher in scenarios aim-
ing at prevention of cancer than 
those scenarios in the refer-
ence category ‘prevention of a 
febrile illness’. The difference 
in vaccine acceptance between 
the ‘Cancer’ and ‘Genital warts’ 
attributes sums up to 11%. 
Specifically, among participants 
making variable decisions 
across scenarios (susceptible 
to communication content), the 
probability of vaccine accept-
ance was 21 percentage points 
higher in scenarios aiming at 
prevention of cancer than those 
aiming at prevention of a febrile 
illness
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‘No scientific confirmation’ (relative to absence of side effect) 
demotivated before the pandemic, but not in 2021.

4 � Discussion

In this single-profile discrete choice experiment, we found 
that communication to parents of middle-school pupils about 
HPV vaccination could be optimized to increase theoretical 
acceptance using DCEs. In particular, we found a strong pos-
itive effect from speaking about prevention of cancer instead 
of genital warts (11% gain in acceptance in the entire sam-
ple), and a strong negative effect from the notion of ‘more 
benefits than risks’ (9% loss).

Safety attribute levels had the greatest impact on paren-
tal vaccine acceptance, with strong negative impacts from 
two commonly used formulations, in particular that vaccine 

benefits outweigh the risks related to rare side effects. Simi-
larly, Luyten et al. have described that adults overestimate 
risks due to a vaccine compared with the benefits of avoiding 
the same risks thanks to the vaccine [22]. By contrast, as 
previously described for adolescents, the information that 
the vaccine safety has been monitored for more than 10 years 
worldwide and that no serious side effect has been signifi-
cantly confirmed did not reduce acceptance. This formula-
tion thus appears adequate to reassure parents about vaccine 
safety, while avoiding inappropriate simplification denying 
the existence of side effects.

Following the idea that vaccine promotion should not 
scare to avoid bounce-back [23, 25], healthcare profession-
als in France sometimes avoid speaking about cancer when 
offering HPV vaccination. Our study found that presenting a 
vaccine protecting against a cancer showed clear advantages 
over other pathologies, in particular genital warts, again 

Table 4   Vaccine eagerness towards vaccination of adolescents

Parents of 11- to 14-year-old middle-school pupils in France, 2020–2021 (N = 1291). Vaccine eagerness was estimated from theoretical accept-
ance and choice certainty. Effects are estimated from fixed effects intercept logit models. Reading example: among all participants and on a scale 
ranging from − 10 to + 10, uncertainty to refuse/scertainty to accept vaccination in a hypothetical scenario was 1.31 points higher in scenarios 
aiming at prevention of cancer than those aiming at prevention of a febrile illness
The β-coefficient represents the change in vaccine eagerness on a scale from − 10 to 10. *p < 0.05; **p < 0.01; ***p < 0.001. †p = 0.027

Full sample (N = 1291) Serial demanders (N = 595) Serial non-demanders with 
good response quality and child 
not vaccinated against HPV 
(N = 26)

β-coefficient 95% CI β-coefficient 95% CI β-coefficient 95% CI

Disease
Febrile illness (Reference) 0 0 0
Cancer 1.31*** [1.06 to 1.57] 0.19*** [0.11 to 0.27] − 0.20 [− 0.77 to 0.36]
Genital warts − 1.00*** [− 1.26 to − 0.73] − 0.28*** [− 0.36 to − 0.19] − 0.13 [0.69 to 0.43]
Pregnancy complications 0.46** [0.18 to 0.74] 0.11* [0.02 to 0.20] − 0.26 [− 0.81 to 0.29]
Optimal age
Age-independent (Reference) 0 0 0
Better immune response 0.72*** [0.46 to 0.99] 0.09* [0.00 to 0.18)] 0.38 [− 0.21 to 0.97]
Before sexual relations 0.29* [0.01 to 0.58] 0.01 [− 0.08 to 0.10] 0.42 [− 0.22 to 1.06]
Safety
No side effect (Reference) 0 0 0
No scientific confirmation − 0.23 [− 0.50 to 0.03] − 0.19*** [− 0.27 to − 0.10] 0.23 [− 0.35 to 0.81]
Surveillance other countries − 1.65*** [− 1.93 to − 1.37] − 0.61*** [− 0.70 to − 0.52] 0.12 [− 0.46 to 0.69]
More benefits than risks − 1.99*** [− 2.23 to − 1.76] − 0.72*** [− 0.80 to − 0.65] 0.33 [− 0.14 to 0.81]
Indirect protection
Only your child (Reference) 0 0 0
Protects others 0.05 [− 0.22 to 0.31] 0.09* [0.00 to 0.17] 0.50 [− 0.04 to 1.03]
Elimination 0.31** [0.08 to 0.55] 0.17*** [0.09 to 0.24] 0.54* [0.06 to 1.02]†

Coverage
Insufficient (Reference) 0 0 0
Already 30% − 0.45*** [− 0.72 to − 0.18] − 0.19*** [− 0.28 to − 0.11] − 0.12 [− 0.62 to 0.38]
80% in France 0.68*** [0.38 to 0.97] 0.11* [0.01 to 0.20] 0.33 [− 0.28 to 0.94]
80% in other countries 0.94*** [0.66 to 1.22] 0.16*** [0.07 to 0.25] 0.21 [− 0.30 to 0.73]



	 S. Chyderiotis et al.

in line with the previous adolescent study [14]. Similarly, 
Gilkey had reported that parents valued cancer prevention 
as the best reason for communicating on HPV vaccination 
[23, 24] and mentioning both cancer and warts was found 
motivating to parents in a DCE in Canada [24, 25].

The prevention of pregnancy complications had a posi-
tive effect only among multilingual parents and parents of 
girls, which may relate to different levels of feeling con-
cerned by pregnancy. We previously had found that ado-
lescent girls were motivated by the possibility of protect-
ing their peers [14]. The potential for disease elimination 
positively impacted vaccine acceptance and eagerness in 
all subgroups, including non-demanders, and communica-
tion on this collective effect of HPV vaccination may be 
worthwhile to reinforce. While our data do not allow any 
strong interpretation of hypothetical effects of the COVID-
19 pandemic, they suggest that indirect protection effects 
may have lost some motivational power between 2020 and 
2021. Calling on altruistic motivation for vaccination, be 
it sympathy- or commitment-driven, requires good knowl-
edge of the target audience, and further investigation is 
needed before using such arguments more widely.

In our study, the argument of better immune response 
motivated parental acceptance of adolescent vaccination, 
as did the reference to sexual debut among parents of girls. 

In line with our results, Gilkey et al. found that parents 
ranked the arguments “it works best at this age” and “it 
should be given before sexual contact” as the 5th and 6th 
best reasons, respectively, to accept the HPV vaccine for 
their child [23]. Additional cues to action may be needed 
to avoid late HPV vaccination with consequent reduced 
effectiveness, and school-based campaigns can probably 
have this function.

Parents in our study showed social conformism around 
HPV vaccination similar to other DCEs testing this hypoth-
esis for various vaccinations among healthcare workers, 
university students, and adolescents [14, 26, 27]. There is 
ample evidence that vaccine decisions are made in the indi-
vidual social context and interventions to positively lever on 
this phenomenon are needed [28]. While coverage rates in 
France are currently increasing but remain below target, our 
results suggest that information about high vaccine coverage 
in neighbouring countries can motivate vaccine acceptance 
among French parents. Careful tailoring to the target audi-
ence by choosing a relevant reference population appears 
necessary.

We developed the DCE tool before the publication of high 
scientific evidence on vaccine effectiveness against cervical 
cancer, which emerged later in 2020 [29]. The additional 
attribute referred to this uncertainty, which was a barrier to 

Fig. 3   Effects of attribute levels ‘disease’ and ‘optimal age’ on hypo-
thetical vaccine acceptance, stratified by parental educational level 
and family multilingualism. Parents of 11- to 14-year-old middle-
school pupils in France, 2020–2021 (N = 563 non-uniform respond-
ents). Bac baccalauréat (French high school diploma). Multilingual-
ism refers to also speaking a different language than French fluently 

with children at home. Error bars are 95% confidence intervals. 
*p < 0.05, ***p < 0.001. Interaction terms: disease–pregnancy com-
plications: (multilingual, > bac) vs (French–monolingual, > bac): 
p  =  0.015; (multilingual, ≤ bac) vs (French–monolingual, > bac): 
p  =  0.023. Optimal age–before sexual relations: (French–monolin-
gual, ≤ bac) vs (French–monolingual, > bac): p < 0.001
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vaccine recommendation including among medical doctors 
in France [30]. The dissuasive effect of uncertainty around 
effectiveness was substantial in our study (acceptance 11%) 
and in line with previous findings on the impact of contro-
versies on vaccine acceptance [27]. Tools to address this 
negative effect of uncertainty are direly needed, but initial 
evidence points towards transparency and up-front informa-
tion [31].

We found several differences in preferences between 
subgroups, in particular related to the child’s gender, mul-
tilingualism and educational level. Such differences are of 
importance in tailoring vaccine promotion as recommended 
by the World Health Organisation (WHO) [32]. Teenage 
pregnancies are more frequent and have more severe con-
sequences in lower-income groups [33], which may explain 
why specifically French monolingual parents with lower 
educational achievement reacted negatively to the argument 
related to sexual debut. This finding supports communica-
tion strategies that do not emphasize the link between HPV 
vaccination and sexual debut or sexual transmission, while 
further research on this aspect appears needed.

Despite the fact that the vast majority of our study par-
ticipants had a favourable attitude towards vaccination 
in general, half of participants varied decisions between 
acceptance and refusal. Furthermore, even among parents 
declaring that their child was not vaccinated against HPV, 
33% were serial demanders and 48% varied decisions. Fur-
thermore, parents with a rather unfavourable attitude towards 
vaccination accepted 39% of scenarios. This illustrates the 
complexity of vaccine decision making and the importance 
of optimized communication to give parents the informa-
tion they need to make an informed choice with confidence. 
Choice-based research methods have the advantage not 
to classify individuals based on isolated behaviour but to 
develop strategies that help moving towards recommended 
decisions.

Our study has several limitations. First, the sample size 
was small for some specific subgroup analyses, such as com-
parison of preferences by parental gender or estimation of 
preferences of parents with an unfavourable opinion on vac-
cination in general. Second, our sample was not designed 
to be representative of the parental population in France. 
As our study invitation indicated vaccination as a research 
topic, participants may have been more interested (positively 
or negatively) by vaccination than the general population of 
parents. Thus, the description of our sample should not be 
used to estimate prevalence numbers in the French parental 
population. The characteristics of our study sample further 
document a substantial underrepresentation of blue collar 
workers (4 vs 19%, national statistics INSEE (https://​www.​
insee.​fr/​fr/​stati​stiqu​es/​24895​46#​figur​e1_​radio2), as well as 
some overrepresentation of parents with HPV-vaccinated 

daughters (54.4% at age 11–14 years, vs 45.8% at age 15 
years in France [2]), and of persons with (very) favourable 
attitude toward vaccination in general (90.2 vs 82.5% among 
adults during 2021 in France [34]. Our results on interaction 
with vaccine attitudes, or in subgroups by decision behav-
iour (serial non-demanders) or educational attainment and 
at-home multilingualism are therefore particularly impor-
tant. They remind us that vaccine promotion to specific 
population groups should be tailored to their expectations 
and needs. Third, our study only evaluates hypothetical vac-
cine acceptance and stated (not revealed) preferences and not 
actual vaccine uptake. However, preferences estimated from 
well-conducted DCE have been shown to predict behaviour 
[35]. We therefore suggest that our findings can be used to 
guide the development of HPV communication messages. 
Using a DCE, we cannot directly evaluate the effectiveness 
of one communication message compared with another. For 
this, a between-subject design with randomization would be 
required. We rather observe the sensitivity of respondents 
to different attributes across various scenarios, which allows 
adaption of the communication to these preferences. Lastly, 
in the absence of comparable studies, we cannot assess trans-
ferability of the results to other populations. Future studies 
should explore country- and subgroup-specific preferences 
around HPV vaccine communication.

5 � Conclusion

Our study among parents of 11- to 14-year-old middle-
school pupils in France suggests that DCEs can be used to 
optimize the impact of communication about HPV vaccina-
tion on vaccine acceptance. Our results suggest that while 
some content should be used preferentially (referring to can-
cer prevention, high vaccine coverage rates in neighbouring 
countries and disease elimination), others should be avoided, 
such as statements about ‘insufficient coverage’ and ‘more 
benefits than risks’. We also recommend favouring the bet-
ter immune response before age 15 years [36] to explain 
the recommended early age of HPV vaccination, instead of 
insisting on a decreased effectiveness after sexual debut; 
while both arguments are exact, the first seems better suited 
to parents of children aged 11 years. Protection from preg-
nancy complications (cervical conization as a treatment of 
precancerous lesions) can also serve as a lever in targeted 
communities. The results of the present study were used 
to develop a multicomponent intervention for HPV vaccine 
promotion in middle schools and by general practitioners, 
which is being evaluated in the PrevHPV cluster-randomized 
trial [13].
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