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Background. In theNetherlands, HPV-vaccination uptake among12-year-old girls remains to be lower (61% in
2016) than expected. The present study is about 1) replicating the extent to which social-psychological determi-
nants found in earlier cross-sectional studies explain HPV-vaccination intention, and 2) testing whether HPV-
vaccination intention, as well as other social-psychological determinants, are good predictors of future HPV-vac-
cination uptake in a longitudinal design.

Methods. A random sample of mothers of girls invited for the vaccination in 2015 was drawn from the Dutch
vaccination register (Praeventis) (N = 36,000) and from three online panels (N = 2483). Two months prior to
the vaccination of girls, their mothers were requested to complete a web-based questionnaire by letter
(Praeventis sample) or by e-mail (panel samples). HPV-vaccination uptake was derived from Praeventis. Back-
ward linear and logistic regression analyses were conducted to examine most dominant predictors of HPV-vac-
cination intention and uptake, respectively. The total sample used for data analyses consisted of 8062 mothers.
Response rates were 18% for the Praeventis sample and 47% for the panel samples.

Results. HPV-vaccination intention was best explained by attitude, beliefs, subjective norms, habit, and per-
ceived relative effectiveness of the vaccination; they explained 83% of the variance in HPV-vaccination intention.
Intention appeared to be the only stable predictor of HPV-vaccination uptake and explained 43% of the variance
in HPV-vaccination uptake.

Conclusions. These results confirmwhatwas found by earlier cross-sectional studies, and provide strong leads
for selecting relevant targets in the planning of future communication strategies aiming to improve HPV-vacci-
nation uptake.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Worldwide, cervical cancer is the thirdmost common cancer among
women (Ferlay et al., 2010). Persistent infection by the human papillo-
mavirus (HPV) appears the major cause of cervical cancer (Schiffman
and Castle, 2003). In the Netherlands, yearly 600 new cases of cervical
cancer are detected, of which 200 with fatal consequences
(Gezondheidsraad, 2008), despite the national cervical cancer screening
program for women aged 30–60 years (Braspenning et al., 2001).
lands Organization for Applied
therlands.

. This is an open access article under
Therefore, since 2010, the HPV-vaccination of 12-year-old girls was in-
cluded in the National Immunization Program (NIP). Beforehand,
HPV-vaccination uptake was expected to be lower compared to the up-
take rate usually found for other childhood d vaccinations in the Neth-
erlands (around 95%), because the vaccine was new, targeting a sexual
transmitted disease, and it was offered to a new age group and only to
girls (Rondy et al., 2010). But, so far, HPV-vaccination uptake turned
out to be even lower (61% in 2016) (van Lier et al., 2016) than was ex-
pected beforehand (70%). Earlier cross-sectional research (Van Keulen
et al., 2013a; Van Keulen et al., 2013b) in the first two years after initial
implementation of the HPV-vaccination showed mothers to be most
important in the process of decision-making about their daughters'
HPV-vaccination. Attitude, outcome beliefs, subjective norms, habit
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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strength, and decisional conflict were associated with significant pro-
portions (82–94%) of the variance in the mothers' intention towards
the HPV-vaccination of their daughter (Van Keulen et al., 2013b).

The aimof this study is to provide stronger leads for future education
about the HPV-vaccination by 1) replicating the extent to which the so-
cial-psychological determinants found in earlier cross-sectional studies
explain HPV-vaccination intention (Van Keulen et al., 2013a; Van
Keulen et al., 2013b), and 2) longitudinally testing whether HPV-vacci-
nation intention, as well as other social-psychological determinants, are
good predictors of future HPV-vaccination uptake. We applied a briefer
version of the questionnaire used by these former cross-sectional stud-
ies (Van Keulen et al., 2013a; Van Keulen et al., 2013b), to reduce the
time burden for completing the questionnaire. We removed determi-
nants that appeared non-significant in these former studies (e.g., opin-
ions about alternative medicine) (Van Keulen et al., 2013a).
2. Methods

2.1. Participants and procedure

The study was approved by the METC, the ethical committee of the
VUMedical Center in Amsterdam. The studywas part of a planned eval-
uation of an innovative web-based intervention targeting mothers of
girls-to-be-invited for the HPV-vaccination in 2015. Questionnaire
data collected at baseline (January 2015, before the HPV-vaccination
round) accounted for the social-psychological determinants and HPV-
vaccination intentions. After completing that vaccination round, data
about girls' actual HPV-vaccination uptake were derived from
Praeventis. Because invited girls were given the opportunity to catch-
up their missed HPV-vaccination, complete data on uptake came avail-
able 18 months after baseline (i.e., July 2016). We randomly recruited
mothers from three internet panels (i.e., Veldkamp BV, Intromart GFK
and NGO Flycatcher, N = 2483) in an attempt to guarantee a suitable
subsample for the planned efficacy trial (Van Keulen et al., 2013a).
These panels can be used for nationally representative surveys and sur-
veys among subgroups. Panel members were recruited based on infor-
mation about their characteristics, that is, being a mother of a 12-
year-old girl. Panel members were pre-stratified by region for geo-
graphic diversity. In addition, we randomly recruited mothers of girls
to-be-invited for the HPV-vaccination from Praeventis (N = 36,000).
Praeventis is the Dutch electronic vaccination register which monitors
the vaccination status for all children up to 18 years living in the Neth-
erlands. Using this system, children are invited for receiving vaccina-
tions to the NIP (van Lier et al., 2016). This subsample enabled us to
anticipate the naturalistic condition for future implementation of the in-
tervention, which provided the opportunity for testing the
intervention's effectiveness. A flow diagram of the recruitment and re-
sponse is shown in Fig. 1. In total, 537 participants were excluded,
since they did not meet the inclusion criteria (i.e., female, aged 24–
62 years, and having a daughter born in 2002).We also excluded partic-
ipants that were found to be duplicates across the two samples (n=3).
The final response rate was 19% (n = 6918) in the Praeventis-sample
and 47% (n=1144) in the panel-sample. The final sample for data anal-
yses consisted of 8062 mothers.

Participants received an invitational letter by mail (Praeventis-sam-
ple) or email (panel-sample), which included information about the
study, a link to a secured website, and a unique code for entrance to
the survey. On the website, participants were assured of their privacy,
the confidentiality and security of handling their responses, and were
informed that they could withdraw from participation at any time. Par-
ticipants were then asked to provide informed consent and to give per-
mission to have their daughters' HPV-vaccination status requested from
Praeventis. A reminder was sent one week after the first invitation. The
questionnaire was open for response January 17th–29th 2015.
2.2. The questionnaire

Mothers who consented to participate were asked to complete a
web-based questionnaire. The empirical findings of Van Keulen et al.
(Van Keulen et al., 2013a; Van Keulen et al., 2013b), the Theory of
Planned Behaviour (Ajzen, 1991), Social Cognitive theory (Bandura,
1986) and the Health Belief Model (Becker, 1974) led to designing this
questionnaire. The questionnaire was pre-tested and subsequently
revised.

HPV-vaccination uptake was requested from Praeventis, which was
registered as having received no, oneor two injections. HPV-vaccination
uptake was dichotomized into having received no HPV-injection (0 =
not vaccinated) versus having received one or two HPV-injections (1
= vaccinated), as data-analyses indicated the largest differences on de-
terminants between these two groups.

Social-psychological determinants accounted for were intention, atti-
tude, risk perception, beliefs, anticipated regret, relative effectiveness of
the HPV-vaccination compared to alternative methods, subjective
norms, habit, and decisional conflict. Measurement details can be
found in Table 1. Modifications that were made to the questionnaire
used by the former study (Van Keulen et al., 2013a) concerned the as-
sessments of intention, knowledge, subjective norms and self-efficacy,
as described below.

HPV-vaccination intentionwasmeasured by two new items: ‘are you
planning on getting your daughter vaccinated against HPV?’ and ‘how
big is the chance that you will get your daughter vaccinated?’ (1= def-
initely not/very low to 7=definitely/very high). This was done because
mothers in the former study had already made a decision about the
HPV-vaccination, while in the present study, they had not.

The number of subjective norms items were reduced by only includ-
ing the partner and daughter as social referents.

Self-efficacy was measured by two items from Van Keulen et al.,
(2013; ‘having a good talk with my daughter about the HPV-vaccina-
tion’ and ‘having a good talk with my partner about the HPV-vaccina-
tion’) (Van Keulen et al., 2013a), and three new items: ‘guiding my
daughter in the decision regarding the HPV-vaccination’, ‘motivating
my daughter to have herself vaccinated’ and ‘getting the actual HPV-
vaccination with my daughter’.

Knowledge was measured by eight items, of which two items from
the former study (‘HPV is a virus’ and ‘the HPV-vaccination in the Neth-
erlands consists of three injections’) were replaced by the items ‘con-
doms fully protect against HPV’ and ‘my daughter does not need to
get the HPV-vaccination if she is already sexually active’ (−1 = incor-
rect, 0 = don't know, 1 = correct).

Socio-demographicsweremodeled as background variables: age, ed-
ucational level, country of birth, and religion.

Level of education was measured by asking mothers about the
highest completed level of education; it was classified as low (less
than secondary or vocational education), intermediate (secondary
through pre-university education) or high (professional or university
education) (Van Keulen et al., 2013a).

Country of birth was dichotomized into ‘Netherlands’ versus ‘other’
because the percentage of participants in the latter category was too
small (7%) for further subdivision.

Religionwas measured by asking mothers about their religious con-
victions Religion was dichotomized into ‘Protestant’ (i.e., Protestant re-
ligion) versus ‘not Protestant’ (i.e., Roman Catholic, Muslim, Jewish,
Buddhist, Hindu, other, or no religion), because data-analyses and earli-
er research showed that more people with a Protestant religion refrain
from vaccination compared to the other groups (Van Keulen et al.,
2013a).

2.3. Data analyses

Statistical Package for the Social Sciences (SPSS; version 22) was
used for analyzing the data (IBM Corp., 2013). First, we examined the



Fig. 1. Flow diagram of the recruitment and response of study participants. *Participants could be excluded based onmultiple criteria (e.g., a male with an invalid age). Therefore, the total
amount of Praeventis participants excluded differed from the sum of separate criteria for exclusion. This study has been conducted in the Netherlands, between January 2015–July 2016.
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association between social-psychological determinants and HPV-vacci-
nation intention by using univariate and multivariate regression analy-
ses. Social-psychological determinants that appeared statistically
significant in the univariate analyses (p b 0.003; Bonferroni corrected
alpha = 0.05/17) were included in the multivariate linear regression
analyses to assess the total amount of variance explained in HPV-vacci-
nation intention, and to explore the unique proportion of variance ex-
plained by each step in the final regression model (1) social-
psychological determinants; (2) socio-demographics; (3) sample back-
ground). Manual backward selection was used to exclude non-signifi-
cant variables (p N 0.003; Bonferroni correction alpha = 0.05/17)
except for socio-demographics and sample background because we
wanted to forcefully adjust for these determinants in the final model.
This provided us with the opportunity to address potential differences
between mothers' with a different socio-demographic background
and between the two different samples.

Social-psychological determinants that were significantly related to
HPV-vaccination intention according to the multiple regression model
(p b 0.003; Bonferroni correction alpha=0.05/16)were entered in a lo-
gistic regression analysis, next to intention, with HPV-vaccination up-
take as the outcome variable: (step 1) Intention; (2) social-
psychological determinants; (3) socio-demographics; (4) sample back-
ground. Again,manual backward selectionwas used to excludenon-sig-
nificant variables (p b 0.005; Bonferroni corrected alpha = 0.05/11),
except for socio-demographics and sample background.

Both analyses using intention and uptake as the outcome variables,
were performed on a random sample of 50% of the participants. The re-
maining 50% of participants were randomly split in: (1) one half (25% of
the total sample) to check for stability (i.e., predictors from the final re-
gression model of the first 50% sample were assumed stable when they
remained significant in this 25% sample), and (2) the other half (the last
25% of the total sample) to check for generalizability. See Fig. 2 for a
flowchart of the stepwise nature of the main analyses and the stability
check. Model stability enables others to use the predictive model in dif-
ferent samples drawn from the same population (Palmer andO'Connell,
2009). The generalizability check was conducted in R (R Development

Image of Fig. 1


Table 1
Overview of social psychological measures1TO.

Measure Item Answer options Scale (minimum to
maximum value)

Number
of items

Cronbach's
alpha (α) or
Pearson's r
(r) 2

Reference

HPV-vaccination
intention

Are you planning on getting your daughter vaccinated against
HPV?

1 = definitely
not to =7 =
definitely yes

1 = low intention to
vaccinate to 7 = high
intention to vaccinate

2 0.92 (r)

How big is the chance that you will get your daughter
vaccinated?

1 = very low to
7 = very high

Attitude towards
the HPV-
vaccination

Vaccinating my daughter against HPV is. 1 = very
undesirable to
7 = very
desirable;

1 = negative to 7 =
positive attitude

4 0.98 (α) (Paulussen et
al., 2000)

1 = very bad to
7 = very good;
1 = very
negative to 7 =
very positive;
1 = very
unimportant to
7 = very
important.

Risk perception
(having received
no HPV-
vaccination)

Imagine that your daughter was not vaccinated against HPV.
The chance that my daughter will get cervical cancer is.

1 = very small to
7 = very large

1 = low to 7 = high risk
perception (having
received no HPV
vaccination)

1 n/a (Paulussen et
al., 2000;
Reiter et al.,
2009)

Risk perception
(having received
the HPV-
vaccination)

Imagine that your daughter was vaccinated against HPV. The
chance that my daughter will get cervical cancer is.

1 = very small to
7 = very large

1 = low to 7 = high risk
perception (having
received the HPV
vaccination)

1 n/a (Paulussen et
al., 2000;
Reiter et al.,
2009)

Anticipated regret
about rejecting
the HPV-
vaccination

Imagine your daughter has not received the HPV-vaccination
and she gets cervical cancer in the future. How much would
you regret your decision to let her receive no vaccination?

1 = no regret
and 5 = very
much regret

n/a 1 n/a (Van Keulen
et al., 2013a)

Decisional conflict As regards the HPV-vaccination 1 = completely 1 = high to 7 = low 3 0.94 (α) (O'Connor,
1995)

About the HPV- – I felt sure what to choose; Disagree to 7= Decisional conflict
Vaccination – The decision was relatively easy to make; Completely

agree
– I was clear about the best choice for my daughter.

Beliefs about the
HPV-vaccination

– If the government offers the vaccination, I assume it will
be safe;

1 = completely
disagree to 7 =
completely agree

1 = negative to 7 =
positive beliefs about the
HPV vaccination

7 0.80 (α) (Reiter et al.,
2009; Gerend
et al., 2009)

– Our government shows responsibility for the health of the
Dutch population by introducing the HPV- vaccination;

– The HPV-vaccination was only introduced because the
pharmaceutical industry will earn a lot of money from it;

– There is too little known about whether the HPV--
vaccination effectively protects against cervical cancer;

– There is too little known about the detrimental side effects
of the HPV-vaccination;

– My daughter is too young to receive the HPV-vaccination;
– My daughter does not need the vaccination because she is

not yet sexually active.
Subjective norms
towards the
HPV-
vaccinationc

Normative beliefs −2 = certainly
not

−20 = negative to 2 0.64 (r) (Paulussen et
al., 2000)

What is your expectation on the opinion of… about the HPV-
vaccination of your daughter?

Vaccinating to
2 = certainly
vaccinating,
3 = not
applicable;

20 = positive

Social referents: Partner, daughter Not applicable
was recoded into
‘0’

Motivation to comply 1 = not at all to 2
How motivated are you to comply with the opinion of…? 5 = very much

Habit strength
towards the
HPV- vaccination

Letting my daughter receive the HPV- vaccination is
something I do.

1 = completely
disagree to 7 =
completely agree

1 = weak habit strength
to 7 = strong habit
strength

2 0.78 (r) (Verplanken
and Orbell,
2003)

– Automatically
– Without thinking

Self-efficacy
expectations
towards the
HPV- vaccination

– To what extend would you succeed in dealing with the
following statements?

1 = I would
certainly not
succeed to

1 = low self-efficacy to 7
= high self-efficacy

4/5 0.82 (α)

7 = I would
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Table 1 (continued)

Measure Item Answer options Scale (minimum to
maximum value)

Number
of items

Cronbach's
alpha (α) or
Pearson's r
(r) 2

Reference

– Guiding my daughter in the decision regarding the HPV-
vaccination

certainly succeed

– Having a good talk with my daughter about the HPV-
vaccination

– Having a good talk with my partner* about the HPV-
vaccination

– Motivating my daughter to have herself vaccinated
– Getting the actual HPV- vaccination/two injections with

my daughter

Knowledge about
the HPV-
vaccinationa

– HPV is sexually transmittable; −1 = incorrect −8 = incorrect 8 n/a (Van Keulen
et al., 2013a)

– Condoms fully protect against HPV; 0 = don't know
1 = correct

8 = correct

– My daughter is obliged to get the HPV-vaccination when
she is invited;

– You will always notice when you are infected by HPV;
– Only women can get infected by HPV;
– Women who received the HPV-vaccination are still ad-

vised to participate in the cervical cancer screening in the
Netherlands;

– r HPV-vaccination fully protects against cervical cancer;
– My daughter does not need to get the HPV- vaccination if

she is already sexually active.

Relative
effectiveness of
the HPV
vaccinationb

How would you rate the effectiveness of the following
methods of preventing cervical cancer:

1 = not at all
effective to 10 =
very effective

−9 = HPV vaccination
least effective to 9 = HPV
vaccination

5 n/a (Van Keulen
et al., 2013a)

– Having safe sex Most effective
– Having sex with only one person in a lifetime
– Participating in the cervical cancer screening
– Having a healthy lifestyle (e.g. not smoking)
– The HPV vaccination
– Participants rated the effectiveness of each method

Notes n/a = not applicable; 1 All scores on scaled items were averaged into a scale because they showed sufficient internal consistency (Cronbach's alpha ≥0.78 / Pearson's r N ≥0.64) 2
Cronbach's alphawas used for scales consisting of N2 items,whereas Pearson's rwas used for scales consisting of 2 items; a) Knowledge is not a scale because the answer on one itemdoes
not predict the answer on other items; the itemswere summed up to present a sum score of knowledge; b) The difference between the rated effectiveness of the HPV vaccination and the
most effective alternative represented the relative effectiveness score (−9 = HPV vaccination least effective to 9 = HPV vaccination most effective); c) The subjective norms score was
first computed by multiplying normative beliefs andmotivation to comply for each social referent, and then by summing up themultiplications of the social referents. *Only applicable if
mother indicated that she had a partner. This study has been conducted in the Netherlands, between January 2015–July 2016.
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Core Team, 2009) and examined the predictive value of the regression
models for HPV-vaccination uptake in the general population. This
was done to account for overestimation of the percentage of explained
variance (Hastie et al., 2001). By keeping the estimated parameters (un-
standardized regression coefficients) of the 50% sample model, we esti-
mated the goodness-of-fit of the final regression model for the second
25% sample. We then compared the percentage of explained variance
between the 50% and 25% samples, large differences indicated a large
amount of overfitting (R Development Core Team, 2009).

3. Results

3.1. Sample description

The mean age of mothers was 44 years (SD = 4.25). Compared to
the general Dutch population, the sample was overrepresented for
women born in the Netherlands (76% versus 93%, respectively (CBS,
2016a)), for women with a high educational level (34% versus 43%, re-
spectively) (CBS, 2016b)) and for HPV-vaccination uptake of girls
(61% versus 73% (van Lier et al., 2016)). The sample was representative
for religion (19% being Protestant compared to 16% in the Dutch popu-
lation (CBS, 2015)). On average, mothers had a positive intention to-
wards the HPV-vaccination of their daughter (M = 5.35, SD = 1.69).
Mothers of whom the daughter received one or two HPV-injections re-
ported a significantly higher HPV-vaccination intention thanmothers of
whom the daughter received no injection (M= 5.96, SD= 1.11, versus
M= 3.70, SD= 1.89, respectively; t(8046) = 65,81. p b 0.001). Signif-
icant differences between the two different samples were found for all
socio-demographics (i.e., age, country of birth, education, and religion).

3.2. Univariate and multivariate determinants of HPV-vaccination
intention

All social-psychological measures were significantly (p b 0.003) as-
sociated with intention andwere therefore included in themultiple lin-
ear regression analysis in the 50% sample (n = 4015; Table 2). These
social-psychological determinants (step 1) accounted for 83% of the var-
iance in intention (p b 0.02). Attitude, beliefs, decisional conflict, subjec-
tive norms, habit, anticipated regret and relative effectiveness were
significantly associated with intention. Decisional conflict was removed
from the finalmodel (see Table 2), because the positive univariate asso-
ciation turned negative in themultivariatemodel, whichmight indicate
a suppressor-effect. The proportion of unique variance in intention
accounted for by the socio-demographic variables was small but signif-
icant (step 2; ΔR2 = 0.001, p b 0.02), whereas this was non-significant
for sample background (step 3; ΔR2 = 0.00, p N 0.02).

The stability check (n = 2015) revealed that anticipated regret and
risk perception no longer accounted for unique variance in intention
(see Table 2). Again, decisional conflict was removed from the final
model and further analyses because we were unable to interpret the



Fig. 2. Flowchart of the stepwise nature of the main analyses and the stability check.
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switch to a negative association in the multivariate model. Attitude, be-
liefs, subjective norms, habit, and relative effectiveness were confirmed
as stable determinants of intention and were therefore included in the
analyses with HPV-vaccination uptake as the criterion. The generaliz-
ability check (n = 2028), confirmed the high proportion of explained
variance found in the 50% sample (R2 = 83% in both samples).
3.3. Multivariate prediction of HPV-vaccination uptake

Intention explained 43% of variance in HPV-vaccination uptake in
the 50% sample (step 1; Nagelkerke R2 = 0.433; Table 3). Both attitude
and subjective norm added a small (Nagelkerke R2 change = 0.01)
unique proportion in uptake to what was explained by intention (step
2; χ2 (2, N = 3994) = 40.18, p b 0.001). Also, the socio-demographics
added a small (Nagelkerke R2 change = 0.007) but significant propor-
tion to the explained variance in uptake (step 3; χ2 (5, N = 3994) =
24.52, p b 0.01). There was no significant additional impact of sample
background (step 4; χ2 (1, N = 3994) = 4.71, p = 0.03; Nagelkerke
R2 change= 0.001). The stability check (n=2011) revealed that inten-
tion and age were the only stable predictors of HPV-vaccination uptake
in both the 50% and 25% sample. The generalizability check (sample 25%
n = 2028) confirmed the high explained variance in the 50% sample
(Nagelkerke R2 = 0.43% in both samples).
3.4. Exploring the belief structure of the determinants of HPV-vaccination
intention

Insight into the beliefs constituting the stable determinants of inten-
tionmight be helpful for future communication about HPV-vaccination.
Secondary simple linear regression analyses were therefore conducted
for beliefs, subjective norms, and relative effectiveness to indicate the
association between each item of the scale and HPV-vaccination inten-
tion. This did not account for attitude and habit since the items were
too general to have relevance for future communication. All items of
the constructs were moderately to strongly associated with intention
(β's ranged from 0.40 to 0.74, p b 0.001; Table 4). Moderately to strong
associationswere found betweenHPV-vaccination intention and beliefs
about (1) the responsibility of the government with regard to the HPV-
vaccination, (2) the daughters' sexual behaviour and age in relation to
the need for the HPV-vaccination, (3) the safety and effectiveness of
the HPV-vaccination, and (4) the role of the pharmaceutical industry
in the HPV-vaccination.

As for subjective norms, both the partner (β = 0.74, p b 0.001) and
daughter (β = 0.67, p b 0.001) appeared influential. The relation be-
tween the HPV-vaccination intention and the relative effectiveness of
each of the alternative methods to protect against cervical cancer com-
pared to the HPV-vaccination appeared equally as strong (β's ranging
from 0.48 to 0.53, p b 0.001). The HPV-vaccination was considered less

Image of Fig. 2


Table 2
Associates of the mothers' HPV-vaccination intention.

Variables (scale range)*** Univariate simple regression analysis among 50% of the
mothers (n = 4015)

Multivariate backward
regression analysis among
50% of the mothers
(n = 4002)

Multivariate backward
regression analysis among
25% of the mothers
(n = 2015)

Mean (standard
deviation) or percentage

Beta
(standard
error)

Standardized
beta

Beta
(standard
error)

Standardized
beta

Beta
(standard
error)

Standardized
beta

Social psychological variables***
Attitude (1–7) 5.17 (1.48) 1.02 (0.01) 0.88* 0.56 (0.02) 0.48* 0.57 (0.02) 0.49*
Risk perception (having received no HPV vaccination)
(1–7)

3.73 (0.98) 0.61 (0.03) 0.35* n/a n/a n/a n/a

Risk perception (having received the HPV
vaccination) (1–7)

2.76 (1.07) −0.29 (0.03) −0.18* n/a n/a n/a n/a

Anticipated regret (1–7) 3.70 (1.26) 0.79 (0.02) 0.58* 0.08 (0.01) 0.06* n/a n/a
Decisional conflict (1–7) 4.36 (1.75) 0.32 (0.02) 0.32* n/a n/a n/a n/a
Beliefs (1–7) 4.21 (0.74) 1.65 (0.03) 0.71* 0.21 (0.02) 0.09* 0.22 (0.03) 0.10*
Subjective norm(−20−20) 5.95 (7.90) 0.17 (0.00) 0.78* 0.05 (0.00) 0.23* 0.06 (0.00) 0.27*
Habit (1–7) 4.29 (1.80) 0.69 (0.01) 0.73* 0.08 (0.01) 0.09* 0.07 (0.01) 0.08*
Self-efficacy (1–7) 6.27 (0.73) 0.68 (0.04) 0.29* n/a n/a n/a n/a
Knowledge (−8–8) 4.42 (2.17) −0.04 (0.01) −0.05* n/a n/a n/a n/a
Relative effectiveness (−9–9) −2.01 (2.25) 0.51 (0.01) 0.67* 0.07 (0.01) 0.10* 0.08 (0.01) 0.10*

Socio-demographic variables
Age 43.63 (4.25) 0.03 (0.01) 0.07* 0.01 (0.00) 0.02 0.01 (0.00) 0.02*
Highest completed level of education

Low (reference) 14%
Intermediate 43% −0.07 (0.03) −1.38 −0.02 (0.01) −0.45 −0.02 (0.02) −0.50
High 43% 0.07 (0.03) 1.38 −0.02 (0.01) 0.45 0.02 (0.02) 0.49

Country of birth
The Netherlands (reference) 93%
Other 7% −0.33 (0.11) −0.05* 0.11 (0.05) 0.02

Protestant religion
No (reference) 81%
Yes 19% −0.60 (0.07) −0.14* −0.07 (0.03) −0.02 −0.02 (0.04) −0.01

Sample
Praeventis (reference) 85%
Online panel 15% −0.30 (0.08) −0.06* −0.07 (0.03) −0.02 −0.07 (0.05) −0.02

Model fit for multivariate models
R2 of social-psychological variables 0.827 0.815
R2 change of social-psychological variables 0.827 0.815
F change of social-psychological variables 3172.28** 1773.41**
R2 of social-psychological variables +
socio-demographic variables

. 828 0.817

R2 change of social-psychological variables +
socio-demographic variables

0.001 0.002

F change of social-psychological variables +
socio-demographic variables

5.00** 3.82**

R2 of social-psychological variables +
socio-demographic variables + sample

0.828 0.817

R2 change of social-psychological variables +
socio-demographic variables + sample

0.00 0.00

F change of social-psychological variables +
socio-demographic variables + sample

4.78 2.54

Generalization check (n = 2021) R2 0.83

Notes * p b 0.003 (Bonferroni: 0.05/17 factors); ** p b 0.02 (Bonferroni: 0.05/3 a steps); n/a = not applicable: these variables were excluded from the final model manually by backward
regression analyses, *** Higher scores represent amore positive opinion about the HPV-vaccination, whereas, a higher score on decisional conflict representsmore decisional conflict. This
study has been conducted in the Netherlands, between January 2015–July 2016.
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effective than having safe sex, participating in the cervical cancer
screening and having a healthy lifestyle.
4. Discussion

This study was about a) replicating the extent to which the social-
psychological determinants found in earlier cross sectional studies ex-
plain HPV-vaccination intention (Van Keulen et al., 2013a; Van Keulen
et al., 2013b), and b) testing whether HPV-vaccination intention, as
well as other social-psychological determinants are good predictors of
future uptake of girls invited for the HPV-vaccination. To our knowl-
edge, this is one of the first studies using a longitudinal study design
to predict HPV-vaccination uptake (Hofman et al., 2014).
HPV-vaccination uptake was best explained by intention (43% ex-
plained variance), which was also found by Hofman and colleagues
(Hofman et al., 2014). Moreover, intention was the single stable predic-
tor of uptake, which provides support for the applicability of social cog-
nitivemodels for predictingHPV-vaccination uptake (e.g., the Reasoned
Action Approach (Fishbein and Ajzen, 1975)). In turn, attitude, beliefs,
subjective norms, habit, and relative effectiveness explained significant
unique proportions of variance in HPV-vaccination intention (83% ex-
plained variance). These findings confirm what was found in former
cross-sectional studies (Van Keulen et al., 2013a; Van Keulen et al.,
2013b), including the result that intention is predominantly attitude-
driven, most importantly constituted in beliefs about (1) the responsi-
bility of the government with regard to the HPV-vaccination, (2) the
daughters' sexual behaviour and age in relation to the need for the



Table 3
Predictors of HPV-vaccination uptake.

50% of the mothers
(n = 3994)
Nmissing = 15

25% of the mothers
(n = 2011)
Nmissing = 8

Odds
ratio

95% C·I Odds
ratio

95% CI

Intention 1.78* 1.59–1.98 2.21* 1.97–2.48
Attitude 1.30* 1.14–1.47 n/a n/a
Subjective norm 1.04* 1.02–1.06 n/a n/a
Habit n/a n/a 1.25* 1.13–1.38
Beliefs n/a n/a n/a n/a
Relative effectiveness n/a n/a n/a n/a
Age 1.03 1.01–1.06 1.06* 1.03–1.10
Highest completed level of
education
Low (reference)
Intermediate 0.93 0.84–1.02 0.84 0.73–0.97
High 1.08 0.98–1.19 1.19 1.04–1.37

Country of birth
The Netherlands (reference)
Other 0.74 0.50–1.08 0.84 0.50–1.40

Protestant religion
No (reference)
Yes 0.74 0.59–0.92 0.83 0.59–1.16

Sample 0.76 0.59–0.97 0.71 0.50–1.01
χ2 of intention (df) 1406.99

(1)**
717.87
(1)**

Nagelkerke R2 0.43 0.44
χ2 of social-psychological variables
(df)

40.18
(2)**

15.10
(1)**

Nagelkerke R2 0.44 0.45
χ2 of social demographic (df) 24.52

(5)**
27.78
(5)**

Nagelkerke R2 0.45 0.46
χ2 of sample (df) 4.71 (1) 3.57 (1)
Nagelkerke R2 0.45 0.46
Generalizability check (n = 2019)
Nagelkerke R2

0.43

Notes *p = 0.005 (Bonferroni: 0.05/11 variables) **p =. 01 (Bonferroni: 05/4 steps); a
positive OR (OR N 1) represents a higher likelihood of HPV-vaccination uptake; the
more positive the score, the higher the chance of the daughter being vaccinated. A nega-
tive OR (OR b 1) represents a lower likelihood of HPV-vaccination uptake; the more neg-
ative the score, the lower the chance of the daughter being vaccinated; n/a = backward
regression analyses led to the exclusion of these determinants from the final model. This
study has been conducted in the Netherlands, between January 2015 – July 2016.
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HPV-vaccination, (3) the safety and effectiveness of the HPV-vaccina-
tion, and the (4) role of the pharmaceutical industry in the HPV-
vaccination.

Mothers in the present study considered the HPV-vaccination as less
effective in preventing cervical cancer than having a healthy lifestyle,
which was also found in previous research (Van Keulen et al., 2013a;
Van Keulen et al., 2013b). This is surprising, because the available re-
search has shown us otherwise (International Agency for Research on
Cancer, 2005). These misperceptions (e.g., underestimating the effec-
tiveness of the HPV-vaccination while overestimating the effectiveness
of having a healthy lifestyle) should be corrected in future communica-
tion. For instance, by referring to facts about the absolute versus relative
effectiveness of protective methods as is indicated by various studies
(Munoz et al., 2006; Schiffman et al., 2007).

The influence from both themothers' partner and daughter (subjec-
tive norms) appeared important constituent for the mothers' HPV-vac-
cination intention. Therefore, future communication should also target
the partner and daughter. In the case of the daughter, not only because
she appeared an important referent for the mother, but as valuable tar-
get in its own right since Dutch girls are formally entitled to decide
themselves about the HPV vaccination.

As regards to habit, the results showed that mothers had higher in-
tentions to let their daughters receive the HPV-vaccination if they per-
ceived this as something they did automatically, without thorough
examining thepros and cons. Itmight be tempting to leave this situation
as it is, since this relatively large group ofmothers ismore likely to com-
ply to the invitation to get their daughter vaccinated. However, a less in-
formed decision is constituted in rather instable beliefs which are
susceptible to counterarguments. Nowadays, many counterarguments
can be found on the internet and online social media, posted by, for in-
stance, worried parents, anti-vaccination groups, and the alternative
medical community (Kata, 2012). Therefore, future education should
initiate active processing of verifiable information about the risks and
effectiveness of theHPV-vaccination in order to inoculate thesemothers
with arguments that become accessible in case they are confrontedwith
(new) information that might challenge their initial positive intentions
(McGuire, 1964; Paulussen et al., 2006).

The present study suggests that attitude, beliefs, subjective norms,
habit, and relative effectiveness are priority targets for future education
about the HPV-vaccination, because these appeared stable determi-
nants of themothers' HPV-vaccination intention. But because univariate
regression analyses showed that anticipated regret, risk perception,
self-efficacy, and knowledgewere also associatedwithHPV-vaccination
intention, these remain relevant targets for future education as well.

The present study had some limitations. First, the total study sample
did not fully represent the Dutch population. The sample was overrep-
resented for mothers born in the Netherlands, those having high levels
of education, and those having daughters being vaccinated against HPV.
A possible source of selection bias could be that access to the Internet
was required for participation. However, the percentage of internet
availability and usage in the Netherlands is high; 86% of individuals
are daily users and 97% of households has access to the Internet
(Eurostat, 2017). Therefore, we do not consider this to be a source of se-
lection bias. Furthermore, participants from the panels could differ from
a more ‘naturalistic’ setting as they actively chose both to be part of a
panel and to participate in this study and, therefore, are self-selected.
In addition, participants from the panels received a reward for their par-
ticipation, whereas participants from Praeventis did not. However, al-
though this will limit generalization of the presented mean-scores and
percentages, it will hardly have obscured the tested associations, as
these are less sensitive for sample selection.

Besides, the present study also had important strengths. The first is
the longitudinal design, which allows us to verify the extent to which
HPV-vaccination intentions predict actual uptake. Also, there was a
strong fit between our empirical results and theoretical assumptions
in social cognitive models predicting vaccination uptake; there was a
strong relationship between intention and uptake, and between inten-
tion and the social-psychological determinants. Another strength was
the quality of the renewed questionnaire; it had high predictive validity
(R2 = 0.83) and all scales showed sufficient reliability (Cronbach's α ≥
0.80 and Pearson's r ≥ 0.64). Also, the use of registered instead of self-re-
ported uptake had added value.

In conclusion, this study provides a stable and generalizable model
for predicting HPV-vaccination uptake. HPV-vaccination intention was
best explained by attitude, beliefs, subjective norms, habit, and relative
effectiveness of the HPV-vaccination; 83% of the variance of intention
was explained by these factors. In turn, intention appeared to be the
only stable predictor of HPV-vaccination uptake and explained 43% of
the variance in uptake. This confirms earlier cross-sectional studies,
and provides strong leads for selecting relevant targets in the planning
of future communication strategies aiming to improve HPV-vaccination
uptake: Future education should (1) focus on the most relevant deter-
minants in decision-making about the HPV-vaccination (i.e., attitude,
beliefs, subjective norms, habit, and relative effectiveness) and (2) tar-
get the partner and daughter because they appeared to be important so-
cial referents for the mother and because girls have their own right to
know.
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Table 4
Relationship of items of stable social-psychological determinants with the mothers' HPV-vaccination intention.

Variabels/items Univariate simple regression analyses
(n = 4009)

Mean (SD) Beta (standard
error)

Standardized
beta

Beliefs about the HPV-vaccination (1–7)a

– If the government offers the vaccination, I assume it will be safe; 4.87 (1.63) 0.69 (0.01) 0.65*
– Our government shows responsibility for the health of the Dutch population by introducing the

HPV-vaccination;
5.01 (1.24) 0.80 (0.02) 0.58*

– My daughter does not need the vaccination because she is not yet sexually active. 2.62 (1.49) −0.59 (0.02) −0.51*
– There is too little known about the detrimental side effects of the HPV-vaccination; 5.24 (1.26) −0.65 (0.02) −0.48*
– The HPV-vaccination was only introduced because the pharmaceutical industry will earn a lot of money from it;3.17 (1.50) −0.56 (0.02) −0.49*
– My daughter is too young to receive the HPV-vaccination; 3.11 (1.47) −0.53 (0.02) −0.46*
– There is too little known about whether the HPV-vaccination effectively protects against cervical cancer; 4.62 (1.38) −0.50 (0.02) −0.40*

Subjective norms towards the HPV-vaccination (−10; −10)b

– Partner 3.67 (4.74) 0.27 (0.00) 0.74*
– Daughter 2.28 (3.98) 0.29 (0.01) 0.67*

Relative effectiveness of the HPV-vaccination (−9; −9)c

– Participating in the cervical cancer screening −0.1.31
(2.59)

0.35 (0.01) 0.53*

– Having a healthy lifestyle (e.g. not smoking) −0.23 (3.02) 0.30 (0.01) 0.52*
– Having sex with only one person in a lifetime 2.04 (3.57) 0.24 (0.01) 0.51*
– Having safe sex −0.20 (3.35) 0.25 (0.01) 0.48*

Notes * p b 0.001; a Higher scores represent amore positive opinion about HPV vaccination; b Higher scores represent a more positive subjective norm; c The relationship between relative
effectiveness and intentionwasmeasured for eachmethod by the association between intention and the difference between rated effectiveness of the HPV-vaccination and the alternative
method; higher scores indicate the HPV-vaccination was rated as more effective in preventing cervical cancer than the alternativemethod. This study has been conducted in the Nether-
lands, between January 2015–July 2016.
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