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Vita W. Jongen a, Maarten F. Schim van der Loeffa,b, Anders Boyd a,c, Mariska Petrignani a, Maria Prinsa,b, 
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ABSTRACT
Introduction: It is unclear what role daughters play in the decision-making process regarding HPV 
vaccination. Therefore, we explored the impact of HPV vaccination intention among parents and their 
12–13 year-old daughters on HPV vaccination uptake.
Methods: In February 2014 parents/guardians and their 12–13 year-old daughters were invited to 
complete a questionnaire about socio-psychological determinants of the decision-making process regard
ing HPV vaccination. Vaccination status of the daughter was retrieved from the national vaccination 
database after the last possible vaccination date in 2014. The association between HPV vaccination uptake 
and intention, and determinants of intention, was jointly assessed using a generalized structural equation 
model, stratified by origin of parents (Dutch versus non-Dutch).
Results: In total, 273 Dutch parent-daughter dyads and 165 non-Dutch dyads were analyzed for this 
study. HPV vaccination uptake was 90% (246/273) and 84% (139/165) in the Dutch and non-Dutch group, 
respectively. In the Dutch group, high parental intention (β = 2.3, 95%CI 1.2–3.3) and high daughters’ 
intention (β = 1.5, 95%CI 0.41–2.6) were significantly associated with HPV vaccination uptake. In the non- 
Dutch group, high daughters’ intention (β = 1.2, 95%CI 0.16–2.2) was significantly associated with HPV 
vaccination, but high parental intention was not (β = 0.52, 95%CI −0.47–1.5). Attitude was the most 
prominent socio-psychological determinant associated with vaccination intention among all groups.
Conclusion: In the non-Dutch group, only daughters’ intention was significantly associated with HPV 
vaccination uptake, whereas in the Dutch group both the parents’ and the daughters’ intention were 
significantly associated with uptake. The role of the child in the decision-making process might need to be 
taken into account when developing new interventions focused on increasing HPV vaccination uptake, 
especially among individuals of non-Dutch origin.
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Introduction

Worldwide, human papillomavirus (HPV) causes around 
630,000 new cases of cancer each year.1 Since 2006, many 
countries have introduced prophylactic HPV vaccination,2 

but HPV vaccination coverage has remained low.3

In the Netherlands, HPV causes a higher disease burden than 
any other vaccine-preventable infectious disease.4,5 HPV vaccina
tion was introduced in the Dutch National Immunization 
Program (NIP) in 2010 and has since been offered free-of-charge 
to girls during the year of their 13th birthday; based on a tender the 
bivalent vaccine is being used. In 2014, the vaccination schedule 
was reduced from three to two doses, in line with guidelines from 
the European Medicines Agency. Compared to other childhood 
vaccinations, for which uptake exceeds 90%,6 HPV vaccination 
uptake is much lower. In 2010, vaccination uptake was only 56% 
and even though uptake had increased to 61% in 2014, uptake has 
since decreased to 46% in 2018.6 HPV vaccination uptake is even 

lower in urban settings (e.g. 36% in Amsterdam in 20187), and 
among daughters whose parents are of non-Dutch origin.8,9 Given 
that the latter group has a higher burden of cervical cancer in 
comparison to the native Dutch population,10 these individuals 
could benefit most from HPV vaccination.

Studies exploring the determinants of HPV vaccination 
intention or uptake have shown that physician’s recommenda
tion, concerns over HPV vaccine safety, and parents’ belief in 
vaccines are some of the most strongly associated factors of 
uptake.3 Previous studies in the Netherlands have shown similar 
determinants, including beliefs regarding HPV vaccination, risk- 
perception, and subjective norms, but also vaccinating out of 
habit without active processing of the pro’s and con’s.11–14 

Although determinants of uptake did not differ between parents 
of Dutch and non-Dutch origin (i.e. at least one parent who was 
not born in the Netherlands),11 these determinants were able to 
explain HPV vaccination uptake to a greater extent among 
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Dutch parents compared to parents of non-Dutch origin (i.e. the 
total explained variance of uptake in multivariable analysis was 
larger in the Dutch group than in the non-Dutch groups).

In our previous study, we found that despite participants 
having high HPV vaccination intention, this did not always 
result in HPV vaccination uptake, especially among daughters 
of parents of non-Dutch origin.11 Shared decision-making 
between children and their parent(s) on whether to receive 
HPV vaccination has been previously found to play a role,15,16 

and perhaps non-uptake more frequently occurs when parental 
and daughter HPV vaccination intention are not similar. In the 
Netherlands, 61% of parents reported that obtaining HPV 
vaccination was a joint decision.17 However, it is unclear 
what role daughters play in decisions about HPV vaccination. 
Studies focusing on this issue have been usually based on the 
perception of either the daughter or parent and not on unique 
daughter-parent dyads.18–20

In this study, we explored whether HPV vaccination inten
tion (i.e. willingness to obtain HPV vaccination) of the parent 
and that of their 12–13 year-old daughter affects actual HPV 
vaccination uptake, stratified by Dutch and non-Dutch origin. 
We used data on HPV vaccination intention and its determi
nants (both socio-psychological and socio-demographic), 
which were measured before offering HPV vaccination and 
were independently collected from parents and daughters. 
These data therefore provide a unique opportunity to explore 
temporal pathways of the decision-making process concerning 
HPV vaccination uptake, while simultaneously considering 
both parental and daughter determinants.

Methods

In the year a girl turns 13 years of age, she is invited for HPV 
vaccination at a public venue (e.g. sports centers) designated by 
the Public Health Service at set dates. During vaccination 
sessions, no personal consultation is given and parental con
sent is not needed to receive HPV vaccination.

Participants

Selection and invitation procedures for parents/guardians 
(further referred to as parents) have been previously described 
in detail.11 In brief, in 2014, all parents with a daughter born in 
2001, living in the catchment area of the Youth Health Service of 
the Public Health Service of Amsterdam, were invited to partici
pate in this study. Parents were invited to participate one month 
before their daughter’s first scheduled HPV vaccination, i.e. 
~2 weeks after receiving an invitation for HPV vaccination. At 
the end of the parents’ questionnaire, parents were asked whether 
their daughter could also participate in this study. The daughters 
received an invitation for a similar (but shorter) questionnaire in 
the same envelope as their parents. Both parents and daughters 
received a letter with the questionnaire explaining the purpose of 
the study. Written informed consent was provided by parents 
and daughters with the completion and full return of the ques
tionnaire. Parents and daughters were allowed to participate only 
once. Households with a multiple birth received multiple ques
tionnaires. In analysis, we included only parent-daughter dyads 
of whom completed questionnaires from both the parent and the 

daughter were obtained. Incentive for participation was a raffle 
for one computer tablet. The study was approved by the Ethics 
Committee of the Academic Medical Center (W2013_257).

Questionnaire

Questions asked were based on a questionnaire developed by 
Van Keulen et al.13 and were adapted for this multi-ethnic 
study, as described previously.11 The theoretical framework of 
the questionnaire was based on the Reasoned Action 
approach,21 Social Cognitive Theory,22 and the Health Belief 
Model.23 Daughters and parents received similar questionnaires, 
apart from questions regarding socio-demographic characteris
tics, which were not included in the daughter questionnaire.

The parent questionnaire could be completed online or on 
paper and was available in three languages (Dutch, English and 
Turkish). The daughter questionnaire was available only online 
and only in Dutch. In case of an initial non-response of the 
parent, trained research assistants who spoke at least one other 
relevant language besides Dutch (i.e. Turkish, Berber, Arabic, 
English, Spanish, or Twi) called the parents to explain the 
rationale behind the study and to offer assistance with com
pleting the questionnaire. Research assistants attempted to call 
parents at most two times. Only HPV-related information that 
was already provided in the invitation letter for HPV vaccina
tion and the information leaflet for this study was provided to 
parents. Questions or concerns about HPV vaccination were 
redirected to the health authorities.

HPV and childhood vaccination uptake and intention

Consent to retrieve their daughter’s vaccination status from the 
national registry was requested from all parents at the end of the 
questionnaire. If consent was obtained, the daughter’s HPV and 
childhood vaccination status was retrieved from Praeventis, the 
national registry of childhood vaccinations in the Netherlands.24 

HPV vaccination uptake was retrieved after the last possible vac
cination date in 2014. HPV vaccination uptake was dichotomized 
as (1) at least one HPV vaccination or (2) no HPV vaccination.

Intention to vaccinate for HPV was assessed in both parents 
and daughters by asking whether they intended to vaccinate 
and how likely it was they would get the HPV vaccination. 
Responses were based on a 5-point Likert score ranging from 
−2 (low intention) to +2 (high intention). Total intention was 
a composite score of the two questions (parents’ Cronbach 
α = 0.96; daughters’ Cronbach α = 0.87).

Determinants of HPV vaccination uptake and intention

Socio-psychological determinants expected to be associated with 
HPV vaccination uptake and intention have been previously 
described in detail.11 In brief, determinants involved in the HPV 
vaccination decision-making process were subdivided into prox
imal and distal determinants, based on their theoretical cause– 
effect relationship. Determinants expected to more directly impact 
parents’ and daughters’ decision are considered “proximal”, 
whereas those expected to indirectly impact decisions are consid
ered “distal”. All determinants were assessed by multiple questions 
in the questionnaires (except for risk perception and anticipated 
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regret). Composite scores for these determinants were calculated 
when the individual items showed sufficient internal consistency 
(Chronbach’s α > 0.60). Scores were rescaled from −2 to 2, where 
appropriate. Supplementary Table 1 provides a detailed descrip
tion of the composite determinants.

Proximal determinants taken into account were: general atti
tude toward HPV vaccination, HPV vaccination-related beliefs 
(separated into beliefs related to trust in the government regard
ing the vaccination and beliefs that the vaccination should only 
be given once the girl is sexually active), negative outcome 
expectancies, risk perception, anticipated regret, perceived rela
tive effectiveness of the vaccination, subjective norms (the parti
cipant’s perception on what their social environment wanted 
them to do regarding HPV vaccination and their motivation to 
comply), descriptive norms (the participant’s expectation of what 
others would do regarding HPV vaccination), and self-efficacy.

Distal determinants were: knowledge about HPV and HPV 
vaccination, confidence in authorities, ambivalence about the 
HPV vaccination, habit strength (vaccinating out of habit with
out giving it much thought), information processing, amount 
of information processed, subjective evaluation of the received 
information, past experience with cervical cancer (self or close 
relative, evaluated for parents only), and socio-demographic 
characteristics (parents only).

Socio-demographics consisted of gender, age, highest edu
cation level, and religion (in the analysis dichotomized as 
religious versus non-religious).

Statistical analysis

Ethnicity was defined as Dutch when both parents of the daugh
ter were born in the Netherlands, and as non-Dutch when at 
least one of the parents was not born in the Netherlands. Socio- 
demographics, HPV vaccination uptake, childhood vaccination 
uptake, and HPV vaccination intention were compared between 
Dutch and non-Dutch participants included in this study.

To understand the decision-making process of the daughter- 
parent dyads, we constructed a generalized structural equation 
model (GSEM).25 We chose this modeling approach as we were 
interested in assessing both (i) the relationship between determi
nants and HPV vaccination intention and (ii) the interrelation
ship between determinants of HPV vaccination intention, specific 
to parents and daughter. We undertook three steps to construct 
this model: (1) assess the relationship between HPV vaccination 
intention and HPV vaccination uptake stratified on parents and 
daughters, (2) assess determinants of HPV vaccination intention 
stratified on parents and daughters, and (3) using associations 
from these analyses to inform a GSEM. All analyses described 
above were stratified by ethnicity (Dutch vs. non-Dutch).

Relationship between HPV vaccination intention and HPV 
vaccination uptake stratified by parent versus daughter and 
by Dutch versus non-Dutch origin
The main outcome was HPV vaccination uptake (≥1 dose versus 
no vaccination). The association between vaccination uptake and 
vaccination intention was measured using a logistic regression 
model, wherein vaccination intention was included as 
a continuous variable. Moreover, we tested for an interaction 
effect between ethnicity and intention. The marginal probability 

of HPV vaccine uptake was calculated as a function of vaccination 
intention from both the daughter and parent, using the ‘margins’ 
command in Stata,26 which were visualized using heat plots.

Determinants of HPV vaccination intention stratified by 
parent versus daughter and by Dutch versus non-Dutch 
origin
As the data did not give rise to homoscedasticity in a linear 
regression model (i.e. the residuals were not equal across the 
regression line), we chose to dichotomize intention as high 
versus intermediate/low intention for further analyses. Odds 
ratios (OR) comparing the odds of high HPV vaccination 
intention across levels of proximal and distal determinants, 
including their 95% confidence intervals (CI), were estimated 
using bivariable logistic regression.

All variables associated with bivariable analysis (at p < .20, 
Wald test) were included in multivariable analysis. The multi
variable analysis was executed by consecutively adding the 
proximal determinants, followed by the distal determinants. 
Stepwise backwards selection was performed before a next set 
of determinants was added to the model. Variables associated 
with the outcome variable (p < .05) were kept in the model.

GSEM
Finally, we used the analysis above to inform a GSEM. Paths 
between parent or daughter vaccination intention and vaccination 
uptake were kept in the GSEM independent of their statistical 
level of association. We used the dichotomized variable of inten
tion in the GSEM model since this variable as a continuous 
measure was not normally distributed. Variables associated with 
vaccination intention that remained in the multivariable logistic 
regression model after backwards selection were used as paths to 
vaccination intention. The expected relationships and inter- 
relationships between variables were based on the Reasoned 
Action Approach.21 Outcomes of the GSEM are reported as 
regression coefficients. Theoretically plausible pathways were 
tested for significance in the model; pathways that were not 
significant were removed from the model. A sensitivity analysis 
was done, in which all non-normally distributed, significant deter
minants of intention were dichotomized to assess whether the 
strength of the associations was influenced by distribution 
assumptions.

All statistical analyses were performed using Stata (version 
15.1; StataCorp, College Station, Texas, USA).

Results

Response rate

In total, parents of 4,216 daughters born in 2001 were invited 
to participate in the study. Of the 1,362 (33%) parents who 
completed and returned the questionnaire,11 650 daughters 
also returned the questionnaire (16% of all invited daughters; 
48% of all daughters whose parents participated). Of the 
returned daughter questionnaires, 462/650 (71%) daughter 
respondents had parental consent to participate. Of the 462 
parent-daughter dyads, 461 (99.8%) returned the questionnaire 
before the first scheduled date of HPV vaccination. Twenty- 
three dyads were excluded from analysis because the parent did 
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not give permission to verify vaccination status of their daugh
ter (n = 17) or the questions regarding intention to vaccinate 
were not answered (n = 5) or a large proportion of questions 
was left unanswered (n = 1). This resulted in 438 daughter- 
parent dyads being analyzed (Supplementary Figure 1).

Baseline characteristics

Of the 438 parent-daughter dyads, 273 dyads (62%) were of Dutch 
origin and 165 (38%) of non-Dutch origin (in 86% of these, both 
parents were of non-Dutch origin). Among the non-Dutch parti
cipants, 34 (21%) were of Surinamese, Netherlands Antillean, or 
Aruban origin, 58 (35%) of Middle Eastern and North African 
origin and 73 (44%) from another origin (e.g. Sub-Saharan Africa 
or Asia). The majority of parents were female (90%), median age 
was 45 years (inter quartile range [IQR] 42–48) and 29% had had 
higher education. Dutch parents were older than parents of non- 
Dutch origin (p < .001) and were more often highly educated 
(p < .001). Among Dutch parents, the majority was not religious 
(73%), while in the non-Dutch group, 25% were not religious.

HPV vaccination intention of parents was high for both 
Dutch (median 2, [IQR] 1–2) and parents of non-Dutch origin 
(median 2, [IQR] 1–2). Although the median and the IQR were 
the same, there was still a significant difference in the overall 
distribution (i.e. overall the values were higher for the Dutch 
parents, p = .013). Median HPV vaccination intention of the 
daughters was also high for both Dutch (median 1.5, [IQR] 
1–2) and non-Dutch daughters (median 1.5, [IQR] 1–2); there 
was no significant difference in the overall distribution 
(p = .146). There was no difference in HPV vaccination inten
tion between non-Dutch daughters of whom both parents were 
of non-Dutch origin and non-Dutch daughters of whom only 
one parent was of non-Dutch origin (p = .415).

HPV vaccination uptake was higher among Dutch girls, 
90% of whom received at least one vaccination, compared to 
non-Dutch girls (84%), although not significantly (p = .068). 
There was no difference in HPV vaccination uptake between 
non-Dutch daughters of whom both parents were of non- 
Dutch origin and non-Dutch daughters of whom only one 
parent was of non-Dutch origin (p = .858). Overall, past child
hood vaccination uptake was 97% among Dutch girls and 93% 
among non-Dutch girls (p = .059) (Table 1).

Relationship between HPV vaccination intention and HPV 
vaccination uptake stratified by parent versus daughter and 
by Dutch versus non-Dutch origin
HPV vaccination intention was positively associated with HPV 
vaccination uptake in both Dutch and non-Dutch parents and 
daughters (Table 2). The OR of HPV vaccination intention in 
relation to HPV vaccination uptake (i.e. the odds to be vacci
nated per 1 point increase on the 5-point Likert scale of inten
tion) was 7.55 (95% CI 3.98–14.32) among the Dutch parents 
and 4.87 (95% CI 2.97–8.01) among the Dutch daughters. In 
the non-Dutch dyads, the OR of vaccination intention was 2.54 
(95% CI 1.68–3.85) among parents and 3.79 (95% CI 2.28–
6.30) among their daughters. The effect of intention on vacci
nation uptake was significantly less strong in the parents of 
non-Dutch origin compared to the Dutch parents (xOR 0.34, 
95% CI 0.16–0.72, p = .005). There was no difference in effect of 

daughter’s intention on vaccination uptake between ethnicities 
(xOR 0.78, 95% CI 0.34–1.58, p = .486).

To visualize the granularity of these associations, a heat map 
was generated wherein intention of the parents is depicted on 
the x-axis, intention of the daughter is depicted on the y-axis, 
and the color of the circle indicates the proportion of daughters 
who were vaccinated corresponding to a given combination 
(Figure 1a for Dutch and Figure 1b for non-Dutch dyads). 
Circle size is proportional to the number of parent-daughter 
dyads for a given combination of intentions, while non- 
observed combinations were omitted from the graph. In 
Dutch dyads, the intention of both the parent and daughter 
was directly proportional to vaccine uptake. In non-Dutch 
dyads, the intention of the daughter alone was directly propor
tional to vaccine uptake; vaccination uptake was >80% for all 
girls with intention ≥1.5, regardless of parental intention.

Determinants of HPV vaccination intention stratified by 
parent versus daughter and by Dutch versus non-Dutch 
origin
For the selection of determinants associated with HPV vacci
nation intention at p < .20 that were included in the multi
variable analysis, see Supplementary Table 2. In multivariable 
analysis, determinants associated with HPV vaccination inten
tion of the Dutch parents were (Supplementary Table 3): atti
tude (p < .001), beliefs related to trust (p = .168), beliefs related 
to sexual activity (p = .063), descriptive norms (p = .019), habit 
strength (p < .001) and past experiences with (pre-stage of) 
cervical cancer (p = .048). The following were associated with 
HPV vaccination intention of the Dutch daughters: attitude 
(p < .001), anticipated regret (p = .006), descriptive norms 
(p = .057) and ambivalence (p = .012).

The following determinants were associated with HPV vac
cination intention of parents of non-Dutch origin in multivari
able analysis: attitude (p = .001), beliefs related to trust 
(p = .116), subjective norms (p = .017) and habit strength 
(p = .004). Determinants associated with HPV vaccination 
intention of the non-Dutch daughters were: attitude (p < .001), 
subjective norms (p = .036) and descriptive norms (p = .030). 
These variables were further considered in the GSEM.

GSEM among Dutch parent-daughter dyads. The final GSEM 
among Dutch parent-daughter dyads is presented in Figure 2a. 
Factors directly significantly associated with HPV vaccination 
uptake were high intention of the parent (β = 2.29, 95% CI 
1.22–3.36, p < .001) and the daughter (β = 1.48, 95% CI 0.41–
2.57, p = .007). Factors directly associated with HPV vaccina
tion intention of the parents were attitude and descriptive 
norms. Factors indirectly associated with HPV vaccination 
intention of the parents were habit strength, beliefs related to 
trust, and beliefs related to sexual activity. As past experience 
with cervical cancer was not significantly associated with atti
tude (p = .28) in the GSEM, this pathway was removed from 
the final model.

Factors directly associated with HPV vaccination intention 
of the daughters were attitude and descriptive norms. Factors 
indirectly associated with HPV vaccination intention were 
anticipated regret and ambivalence.
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Sensitivity analysis in which dichotomized variables of all 
non-normally distributed determinants were included (i.e. atti
tude, descriptive norms, beliefs related to sex, habit strength, 
anticipated regret and ambivalence) yielded similar, although 
stronger effect sizes (data not shown).

GSEM among non-Dutch parent-daughter dyads. The final 
GSEM among non-Dutch parent-daughter dyads is pre
sented in Figure 2b. Factors directly correlated with HPV 
vaccination uptake were intention of the parent and the 
daughter. The association of high intention with uptake was 
significant for daughters’ intention (β = 1.19, 95% CI 

0.16–2.22, p = .023), but not for parents’ intention 
(β = 0.52, 95% CI −0.47–1.52, p = .299). Factors directly 
associated with vaccination intention of the parents were 
attitude and subjective norms. Factors indirectly associated 
with HPV vaccination intention were beliefs related to trust 
and habit strength.

Factors directly associated with vaccination intention of the 
daughters were attitude, subjective norms, and descriptive 
norms.

Sensitivity analysis in which dichotomized variables of all 
non-normal determinants were included (i.e. attitude, descrip
tive norms and habit strength) yielded again similar, although 
stronger effect sizes (data not shown).

Table 1. Baseline socio-demographic characteristics of the parents/guardians of 12–13 year-old girls, HPV-vaccination intention, actual childhood vaccination and HPV 
vaccination uptake, stratified by country of birth of parents; HPV vaccination acceptability study in Amsterdam, the Netherlands, 2014.

Total Dutch versus non-Dutch

Dutch non-Dutch

(n = 438) (n = 273) (n = 165)

n % n % n % p-value1

Socio-demographic characteristics
Gender, parents1

Female 395 90% 250 92% 145 88% 0.278
Male 42 10% 23 8% 19 12%
Age, parents
Median age (IQR) in years 45 (42–48) 46 (43–49) 44 (39–48) <0.001
≤ 45 years 182 42% 95 35% 87 53% <0.001
45–54 years 236 54% 168 62% 68 42%
≥ 55 years 18 4% 10 4% 8 5%
Education, parents2

Low 168 39% 84 31% 84 52% <0.001
Intermediate 140 32% 98 36% 42 26%
High 127 29% 91 33% 36 22%
Religion, parents
No religion 240 55% 199 73% 41 25% <0.001
Protestantism3 79 18% 45 17% 34 21%
Catholicism4 54 12% 26 10% 28 17%
Islam 49 11% 0 0% 49 30%
Other 12 3% 2 1% 10 6%
HPV Vaccination Intention (5 point-scale, range −2 to 2)
Median (IQR), parents 2 (1–2) 2 (1–2) 2 (1–2)
Mean (SD), parents 1.47 0.92 1.53 0.90 1.36 0.96 0.013
Median (IQR), daughters 1.5 (1–2) 1.5 (1–2) 1.5 (1–2)
Mean (SD), daughters 1.32 0.91 1.36 0.90 1.25 0.92 0.146
HPV vaccination status daughters5

No vaccination 53 12% 27 10% 26 16% 0.068
≥ 1 vaccination 385 88% 246 90% 139 84%
Infant, toddler and preschool children vaccination6

Not all 14 3% 6 2% 8 5% 0.126
All 424 97% 267 98% 157 95%
School-age vaccination7

Not all 19 4% 9 3% 10 6% 0.169
All 419 96% 264 97% 155 94%
Overall childhood vaccination status8

Not all 21 5% 9 3% 12 7% 0.059
All 417 95% 264 97% 153 93%

Abbreviations: IQR, interquartile range; SD, standard deviation. 
Data were missing for gender (n = 1), age (n = 2), education (n = 3) and religion (n = 4). 
1. Continuous variables were compared using a Wilcoxon rank-sum test. Categorical variables were compared using a Pearson’s chi-squared test. 
2. Education was based on the highest level of education and categorized into low (no education, primary level), intermediate (lower general secondary school, higher 

secondary school, or secondary vocational school) and high (university-preparatory school, polytechnic, or university). 
3. Includes all Christian religions not belonging to the Catholic category. 
4. Includes Coptic Christian and Greek-orthodox. 
5. As rounded percentages are shown here, totals may exceed 100%. 
6. In the Netherlands, a girl is offered the following vaccinations between 0 and 4 years of age (without exceptions): DTaP (diphtheria-tetanus-acellular pertussis 

vaccine), HiB (Haemophilus influenza type b vaccine), MMR (measles-mumps-rubella vaccine). The PCV (pneumococcal conjugate vaccine) was introduced in 2006 and 
was therefore not applicable in this cohort. 

7. In the Netherlands, a girl is offered the following vaccinations at 9 years of age (without exceptions): DTP and MMR. 
8. Overall vaccination status between 0 and 9 years. As the HPV vaccination is given at the age of 12 to 13 years, this vaccine was not included in the overall childhood 

vaccination status.
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Discussion

We found that in Dutch parent-daughter dyads, intention of 
both the parents and the daughters played an important role in 
the decision to vaccinate against HPV. However, in non-Dutch 
parent-daughter dyads, we found that the intention of the 
daughter played a more important role than the intention of 
the parent. Factors directly influencing HPV vaccination inten
tion were (i) attitude and (ii) subjective and descriptive norms. 
Factors indirectly influencing HPV vaccination intention were 
(i) beliefs related to trust in the government regarding HPV 
vaccination and to timing of HPV vaccination after sexual 
debut, (ii) habit strength (vaccinating out of habit without 
giving much thought), (iii) anticipated regret if rejecting 
HPV vaccination, and (iv) ambivalence (i.e. both positive and 
negative feelings) toward HPV vaccination.

Decision-making process

Although the decision to vaccinate against HPV is highly con
textual (i.e., clinic or school based, opt-in or opt-out consent, 
parent and/or daughter consent), there is always some level of 
involvement from the parent and their child(ren).15,16,27,28 

Indeed, studies have reported that >50% of the time, the child 
(and/or their partner) was involved in the decision.15,16 In 
contrast, from cross-sectional studies based on parent-child 
dyads using a qualitative approach, parents and children did 
not report similarly on which person actually makes the deci
sion to vaccinate.18–20 Further quantitative research on parent- 
son dyads found that parental beliefs about HPV vaccination 
weighed more importantly in the decision-making process 
than those of their son.29 Another cross-sectional study 
among parent-child dyads showed that each member of the 
dyad was able to estimate how their preference differed from 
the other family member.30 Age of the child can also influence 
which member is deciding to vaccinate, particularly for 
daughters.27

In our longitudinal study, the intention of the daughter and 
parent was collected before the daughter received HPV vacci
nation, and their vaccination status was retrieved from the 
National Database a couple of months after the last opportu
nity to receive the second HPV vaccination dose. With this 
design, we were able to measure a temporal association 

Table 2. Association between HPV vaccination intention and vaccination uptake of 12–13 year-old daughters and their parents stratified by ethnicity. HPV vaccination 
acceptability in Amsterdam, the Netherlands, 2014.

Dutch (n = 273) non-Dutch (n = 165) non-Dutch vs. Dutch (n = 438)

OR 95%CI OR 95%CI xOR 95%CI

Model 1 (12–13 year-old girls)
Intention 12–13 year-old girls (−2;2) 4.87 (2.97–8.01) 3.79 (2.28–6.30) 0.78 (0.38–1.58)
Model 2 (parents)
Intention parent (−2;2) 7.55 (3.98–14.32) 2.54 (1.68–3.85) 0.34 (0.16–0.72)

Abbreviations: CI, confidence interval; OR, odds ratio. 
Interpretation of the OR of intention: if intention increases with one unit, we expect the odds to be HPV vaccinated to increase with the specified OR for intention (e.g. if 

intention among Dutch girls increases with one unit, we expect to see the odds to be HPV vaccinated to increase 4.87 times). 
Interpretation of xOR: this is the odds ratio of the interaction factor. It indicates the factor with which the OR of the Dutch group should be multiplied to obtain the odds 

ratio for intention in the non-Dutch group (e.g. the xOR for intention for non-Dutch parents is 0.34. In order to obtain the odds ratio for the non-Dutch group for the 
effect of one step increase in intention on the HPV vaccination uptake, we multiply the OR of the Dutch parents (7.55) with the xOR (0.34), resulting in an OR of 2.54. 
So the effect of intention on vaccination uptake is significantly less strong in the non-Dutch parents compared to the Dutch parents.

Figure 1. Heat map of the marginal prediction of HPV vaccination uptake 
corresponding to each combination of HPV vaccination intention among 
parents and their daughters. (a). Dutch parent-daughter dyads. (b). Non- 
Dutch parent-daughter dyads. Circle size is proportional to the number of 
parent-daughter dyads for a given combination of intentions; non-observed 
combinations were omitted from the graph. The color of the circle indicates 
that ≥80% (green), 60–79% (yellow), 40–59% (orange), 20–39% (pink) or 
<20% (red) of daughters for a given combination were vaccinated against 
HPV.
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Figure 2. Generalized structural equation model including determinants of the intention of parents and daughters associated with HPV vaccination uptake. 2a. Dutch 
parent-daughter dyads. 2b. Non-Dutch parent-daughter dyads. The numbers next to each pathway indicate the regression coefficient (β) and the 95% confidence 
interval. ε indicates the random error component within the individual regression models. In the Dutch GSEM: the pathway between attitude and past experiences with 
cervical cancer was removed from the model as it was not significant.
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between intention and actual behavior. We found that the 
intention of both the parent and the daughter were signifi
cantly associated with HPV vaccination uptake in both the 
Dutch and non-Dutch groups. Yet in the non-Dutch group, 
the intention of the daughter was more strongly associated 
with actual HPV vaccination uptake than that of their parents.

Although self-efficacy concerning how information is pro
cessed and the amount of information processed was not 
a significant predictor of HPV vaccination intention, it is 
possible there might be a (perceived) language barrier among 
parents of non-Dutch origin. In a study among Cambodian- 
American daughter-mother dyads living in the US, for 
instance, 26% of mothers thought that because their daughter 
received education in English, the daughter had more health- 
related knowledge than them.31 Unfortunately, we were unable 
to provide a complete explanation for the Dutch versus non- 
Dutch difference observed in the association between intention 
and behavior of mothers and daughters. Although little is 
known about how the health literacy of adolescents impacts 
their healthcare decisions,32,33 better proficiency in Dutch of 
non-Dutch daughters in relation to their parents may have 
positively influenced the daughters’ intention to vaccinate 
against HPV. Further research is needed to confirm these 
results.

The implications of these results are not straightforward for 
policymakers in the Netherlands. The Health Council of the 
Netherlands advised to lower the age of HPV vaccination to 
9 years-old and to include boys,34 which will take effect in 2021. 
Studies have shown that the age of the child influences parental 
opinion on whether to involve the child in the decision-making 
process.16,27 We showed that 13 year-old daughters in the non- 
Dutch group seemed to have a positive influence on HPV 
vaccination uptake and similar HPV vaccination intention as 
their Dutch peers. However, when vaccination age is lowered 
to 9 years-old, increasing HPV vaccination intention among 
parents of non-Dutch origin might become of key importance.

Determinants of HPV vaccination uptake and intention

Attitude was the main driver of intention for Dutch and non- 
Dutch parents and daughters, which is in line with other 
international studies.3 Consistent with previous Dutch 
studies,12–14,35 we found that attitude, beliefs, social norms, 
and habit strength were significantly associated with intention 
to vaccinate against HPV in both Dutch and non-Dutch par
ents, but general knowledge concerning the HPV vaccination 
was not. Knowledge overall was high in this study population, 
leading to little variation between participants, which might 
explain the absence of a relationship between knowledge ad 
intention.13 The belief focusing on trust in the government, 
pharmaceutical industry and proven safety of the vaccine was 
significant, as expected.36–38 The Dutch government has made 
considerable efforts in offering balanced information concern
ing HPV vaccination. However, HPV vaccination is currently 
offered by means of group-based HPV vaccination in public 
venues, without opportunities for parent or child to have 
a personal conversation with a professional; this could affect 
uptake. Participation at these vaccination venues probably 
involves parents who are intent on vaccinating their daughters. 

The fact that we found habit strength to be an important 
predictor among parents of both Dutch and non-Dutch origin, 
but not among daughters, suggests HPV vaccination engages 
little thought39 and is based on previous experience with, and 
decisions about, other childhood vaccinations.12,13 Social 
environment (e.g. subjective and descriptive norms) was sig
nificantly associated with intention, consistent with previous 
Dutch studies.12,13 Finally, in our previous analyses of overall 
determinants of HPV vaccination intention among parents, we 
observed that these did not differ significantly between 
ethnicities.11 Here we show that girls may play a more promi
nent role in the decision-making process in families of non- 
Dutch origin. As HPV vaccination uptake disparities between 
ethnic groups have been observed in the Netherlands,8,9 it is 
important to take the role of daughters, and potentially sons 
when vaccination is also offered to boys, into account in this 
decision-making process.

Strengths and limitations

One strength of this study is its longitudinal nature, enabling us 
to use confirmed HPV vaccination uptake as an outcome, rather 
than solely vaccination intention or self-reported vaccine status. 
Second, anticipating illiteracy and language barriers in our 
study population, we offered the parent questionnaire in three 
languages (Dutch, English and Turkish) and offered assistance 
with the questionnaire by telephone in six languages to increase 
participation. Yet, despite thorough training of the assistants, 
there may have been a possibility that the assistance given by 
telephone influenced participant answers. Last, using GSEM, we 
could assess not only parental and daughter determinants 
simultaneously but also measure how effects between variables 
relate within the same model. Having data of both parents and 
daughters gives a unique insight into the decision-making pro
cess among parent-daughter dyads.

One limitation of our study is that despite efforts to recruit 
a large and ethnically diverse population of parents and daugh
ters, we could only include 438 parent-daughter dyads in this 
analysis; this group represents 10.4% of all eligible parent- 
daughter dyads, the majority of whom were Dutch. This 
restricted our analyses of parents from non-Dutch origin, 
rendering it difficult to further stratify for different ethnic 
groups. Secondly, HPV vaccination uptake in our study popu
lation was higher (83%) than the overall HPV vaccination 
uptake in Amsterdam in 2014 (44%),7 indicating that study 
participants were not representative of the general population. 
Third, we had a limited number of individuals with low inten
tion, limiting the power of our analyses and thus more subtle 
associations might have been missed. Fourth, as vaccination 
intention and some of the determinants for intention did not 
meet the assumption of homoscedasticity for linear regression 
and normal distribution for GSEM, these variables had to be 
dichotomized. Due to low numbers of participants with low 
intention to vaccinate, we had to combine participants with 
low and intermediate intention. This may have influenced the 
observed effect sizes and reduced the power needed to observe 
statistically significant differences; associations may actually be 
stronger than shown here and some important determinants 
may have been missed.
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Conclusion

In Dutch parent-daughter dyads, intention of both the 
parents and the daughters played an important role in the 
decision to vaccinate against HPV. In the non-Dutch par
ent-daughter dyads, intention of the daughters was the 
main driver of HPV vaccination uptake. Studies focusing 
on ethnic disparities should take into account the role of 
the child when exploring determinants of HPV vaccination 
uptake. Additionally, the role of the child in the decision- 
making process might need to be taken into account when 
developing new interventions focused on increasing HPV 
vaccination uptake, especially among individuals of non- 
Dutch origin.
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