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ABSTRACT
Human papillomavirus (HPV) causes a number of cancers that disproportionally affect Latinos yet there
is a paucity of research on interventions to increase HPV vaccination among this population. We sought
to evaluate the efficacy of a web-based, individually customizable intervention, called CHICOs
(Combatting HPV Infection and Cancers, tailored intervention) for its impact on HPV vaccine utilization.
We conducted a three-armed, randomized, controlled trial in the waiting rooms of five family medicine
practices from June 2014-February 2016 where CHICOS was compared to an iPad-based version of the
Vaccine Information Sheet from the Centers for Disease Control and Prevention (untailored interven-
tion), and usual care. Pair-wise comparisons between study arms of 6 different measures of HPV vaccine
uptake were assessed, with analyses stratified by adolescents versus young adults. Of the 1,294
participants enrolled in the study, 1,013 individuals could be assessed for vaccination. Across study
arms, 265 adolescents, but only 18 young adults, received an HPV vaccine dose during the study period.
In both intention-to-treat and per-protocol analyses there were essentially no differences between the
CHICOS and untailored arms in any vaccination measure, or between the untailored or CHICOS arms and
usual care. Our study suggests that a tailored educational intervention may not be effective for
increasing HPV vaccine uptake among Latino adolescents or young adults. However, the higher than
expected baseline levels of positive vaccination attitudes of study participants could have diminished
the statistical power of the study.
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Introduction

More than 14 million people are newly infected with human
papillomavirus (HPV) in the US each year, exacting a significant
emotional, financial and medical toll.1–4 Though HPV infection
is similarly prevalent in nearly all race and ethnicity groups,
significant disparities in HPV-associated cancers exist for
Latinos. For example, Latinas have the highest risk of contract-
ing cervical cancer compared to all other population groups in
the US, and Latinos have the highest risk of developing penile
cancer.1

Although an effective vaccine against HPV has been
recommended by the Centers for Disease Control and
Prevention (CDC) for the last several years for those ages
9–26 years, vaccination rates continue to remain low in the
US.5 As of 2016, it was estimated that only 49.5% of
13–17 year old girls and only and 37.5% of 13–17 year old
boys nationally were up to date with HPV vaccination.6

Though vaccination rates are generally slightly higher
among Latino adolescents than Caucasians7,8 they are still
far below that of other adolescent vaccines, and well below
the national vaccination target level of 80% coverage.8,9 HPV
vaccination rates among young adults are even lower.

Without significant increases in HPV vaccination, especially
among high-risk populations like Latinos, disparities in HPV-
related cancers are likely to continue.

Numerous barriers to HPV vaccination have been described
in the literature,10–16 including barriers specific to the Latino
population such as a perception that HPV infection and cervi-
cal cancer is caused by physical trauma or poor hygiene,
increased stigma associated with both HPV infection and vac-
cination compared to other populations, and concerns about
uncovering undocumented status when trying to seek preven-
tive care for cervical cancer (i.e. Pap testing or vaccination).16–
22 Thus, while the reasons why individuals in general, and the
Latino population specifically, do not get the HPV vaccine have
been well described, there is a paucity of information on
effective interventions to mitigate these issues. Creation and
evaluation of interventions to improve HPV vaccination among
Latinos, as well as among other populations, has become a high
public health priority.23 However, these efforts are hindered by
the fact that barriers to HPV vaccination are numerous, can
vary significantly from individual to individual, and often can-
not be adequately discussed in the short amount of time
typically allotted to clinical encounters.
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To address this knowledge gap, we developed an individu-
ally customized, web-based intervention about HPV vaccina-
tion. This intervention, called CHICOs (Combatting HPV
Infections and CancerS), was developed specifically for the
Latino population and created with significant community
and end-user input, as described previously.24 CHICOS was
based on the concept of “tailored messaging” in which infor-
mational materials are crafted so as to reflect each person’s
own unique questions, experiences, attitudes and beliefs,
which in turn improves message saliency and internalization.
Tailored communication strategies have been shown to be
highly effective for increasing patient adherence to a wide
variety of recommended health behaviors but has not been
extensively applied previously to the topic of vaccination.25,26

Thus, we conducted a randomized controlled trial to test the
hypothesis that Latino participants exposed to the tailored
CHICOs intervention would have significantly higher HPV
vaccine utilization compared to those receiving untailored
information about the vaccine or usual care.

Results

Study recruitment

As shown in Figure 1, there were 1294 participants rando-
mized (intention to treat sample). Table 1 depicts the demo-
graphic characteristics of these individuals. Although sex was
not used as an eligibility criterion, it was notable was that no
male young adults enrolled in the study. There were 281
participants in the intention to treat sample who could not
be matched to any vaccination or EMR records at the end of
the study period and had vaccination data imputed.

In the per protocol analyses we removed the 281 individuals
with imputed vaccination data (CHICOS n = 79, Untailored
n = 84, Usual Care n = 118). Also removed in the per protocol
sample were participants whose age recorded in the EMR was
outside the range for HPV vaccination (i.e. <9 years or >26 years),
and participants who EMR data indicated that they had already
completed the HPV vaccine series. This left 805 participants for
the per-protocol analysis.

Impact of the intervention of HPV vaccination intention

There were 752 participants across the CHICOS and
Untailored arms of the study that completed baseline and
post-intervention assessments of vaccination intention.
A high proportion of both young adult (49%) and parent
(72%) participants indicated prior to viewing the intervention
materials that they were Very Likely to receive the vaccine at
that visit. This increased to 60% and 77%, respectively, in the
post-intervention survey. When the responses of “Very
Likely” or “Somewhat Likely” were combined, positive vacci-
nation intention was uniformly high (>90%) at baseline and at
post intervention for both groups. Regardless of how it was
analyzed, there were no differences between study arms in
vaccination intention at baseline or post-intervention for
either parents or young adults (data not shown).

Impact of the intervention on HPV vaccination levels

Amongst all study arms combined, 265 adolescents, but only 18
young adults received an HPV vaccine dose during the study
period. Among young adults, there were no statistically signifi-
cant differences between any two study arms in any of the
vaccination uptake measures in the intention to treat analysis
(Table 2) or the per-protocol analysis (data not shown).

Similarly, there were few differences among adolescents in
two-way intention to treat (Table 2) and per protocol (data not
shown) analyses. The one exception was completion of the series
among adolescents who entered the study with at least one dose
in the intention to treat analysis. In this analysis the CHICOS
group performed significantly better than the untailored group
(Odds ratio [OR] 2.0, 95% Confidence Interval [CI] 1.1–3.8) but
there were no statistically significant differences in series com-
pletion among this cohort when the CHICOS intervention was
compared to usual care (OR 1.6, 95% CI 0.8–3.2). A similar lack
of difference between study arms was also found in the 3-way
comparisons, for both young adults and adolescent cohorts
(Supplemental Materials).

Discussion

In this study we found no evidence that exposure to CHICOS,
a tailored educational intervention about HPV vaccination for
Latinos, lead to significant increases in HPV vaccine utilization
compared to an Untailored intervention or Usual Care. This was
true for both adolescents and young adults. Moreover, while
vaccination intention improved after reading the educational
material in both the CHICOS and Untailored groups, there
were no differences in this improvement between the two
study arms. From this we conclude that CHICOS is not likely
more effective than usual care to improve HPV vaccination
among the Latino population targeted for the study.

Increasing HPV vaccination, particularly among adoles-
cents for whom the vaccine is preferentially recommended,
is a national health priority.23,27–32 Many groups have recently
sought to develop and test interventions to improve this out-
come and several effective interventions targeted at the pro-
vider or clinic level have been identified. For example, in
a 2010 study, Fiks et al. showed that electronic medical record
prompts plus parent reminders increased HPV vaccine initia-
tion among females (males were not in the study) by 9%
percentage points compared to control (from 16% to 25%,
p < 0.001).33 In another study by Perkins et al. of a provider-
focused intervention that provided a combination of provider
education and feedback on vaccination rates, and quality
improvement incentives, a 10%-20% increase (depending on
month of analysis) in adolescent HPV vaccine initiation was
found compared to controls.34 Interventions targeted to par-
ents have been less successful as the vast majority of these
studies use parental intention for adolescent vaccination as the
outcome of interest rather than actual adolescent HPV vac-
cine receipt.35,36 Yet, it remains unclear the degree to which
these improvements translate into actual increases in vaccina-
tion. In our study both parents and young adults had high
levels of vaccination intention, but actual vaccine receipt was
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much lower. However, it was clear that vaccination intention
did not translate well into vaccination behaviors in our study
and suggests that researchers should use caution when inter-
preting results of intervention studies that use vaccination
intention as a proxy measure for vaccine uptake. We are
currently assessing paradata from the different study websites
to determine if there were differences in the level of patient
engagement with the interventions (i.e. how much time was
spent, and on which intervention webpages) to see if this may
have moderated the outcomes we assessed. It is possible that

with some improvements in the user interface the interven-
tion may have more significant impacts.

Low levels of vaccination (2%-6%) in our young adult
population, despite high vaccination intentions, suggests sig-
nificant and systematic barriers that could not be overcome by
the information the interventions provided. In our study, lack
of insurance coverage was likely a contributing factor.
Adolescents without health insurance are able to get vaccinated
free of charge under the Vaccines For Children program from
the U.S. government.37 However, a similar program does not

Figure 1. CHICOS consort diagram for vaccination outcomes.
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exist for young adults which means that uninsured individuals
over the age of 18 who want the HPV vaccine generally must
pay for it out of pocket. Many of the young adults seen in the
study clinics had no insurance coverage, and were low-income,
which likely reduced the incidence of vaccination among this
population.

A surprising outcome in our study was that no young adult
men enrolled in our study. In contrast, there was nearly equal
representation of male and female adolescents among parents
enrolled in the study. This low level of adult male participation
may reflect young adults’ misperceptions that HPV is
a “woman’s problem” and thus not very relevant to males.
Consistent with this is the finding that, among adolescents in
the study, vaccination was more likely to occur among girls than
boys across all study arms. Lack of adult male participation in the
trial was somewhat disappointing as a concerted effort was made
to highlight in CHICOS the risk of HPV infection and the need
for HPV vaccination among people of both sexes. Without this
perspective, one cannot make definitive conclusions about the
efficacy of our intervention for young adult males. However,
given the low uptake of the vaccine among young adult males
nationally38 and the similarities in attitudinal barriers between
males and females,39 we suspect it would have similarly low
efficacy as for young adult females.

A significant limitation of our study was that there was a high
proportion of enrolled participants with missing data, which
required imputation. Missingness was due primarily to the fact
that a substantial proportion of individuals could not be matched
to any vaccination record. This mostly impacted adolescents
whose name and birthdate were provided by the parent yet
could not be matched to the immunization registry or the clinic’s
EMR. Moreover, in the per-protocol analysis a large number of
additional individuals were eliminated because they erroneously
reported that they/their adolescent had not completed the three-
dose series at the time of study enrollment (when in fact they had,

as judged by their vaccination records that were reviewed at the
end of the study period), and/or that they were in the eligible age
range for the study when they actually weren’t. The removal of so
many participants from the per protocol analysis was not expected
and hindered our statistical power to detect differences between
study arms in the per-protocol analysis where outcome data were
more reliable than in the intention to treat analysis.

Another limitation is that because Research Assistants
approached patients in the waiting room in order to enroll them
in the study, the sample may have been biased towards those with
already fairly positive attitudes toward HPV vaccination. This
could account for the high levels of HPV vaccination intention
reported in both the CHICOS and untailored arms at baseline.
Secondly, many participants requested Research Assistant help in
using the intervention. Because of this, social desirabilitymay have
influenced our results, particularly related to vaccination inten-
tion, as study subjects might not have felt comfortable expressing
hesitancy or ambiguous intentions about theHPV vaccine directly
to the Research Assistant. Finally, our CHICOs intervention was
clinic-based and therefore captured patients who were already in
the clinic and thus had access to the vaccine. It is not known how
effective our intervention would be in high-risk populations that
do not routinely access primary care.

Conclusions

The tailored CHICOs intervention, which was developed in
close collaboration with the Latino community, did not
appear to be any more effective than an Untailored web-
based intervention or Usual Care in improving HPV vaccina-
tion rates among Latino adolescents or young adults. While
both the CHICOS and Untailored interventions significantly
improved parents’ and young adults’ HPV vaccination inten-
tions, this did not appear to translate into improvements in
actual HPV vaccine uptake. This was particularly notable in

Table 1. Demographic characteristics of participants.

Arm Assignment

Participant Characteristics Usual Care % (n) Untailored % (n) Tailored % (n)
All

% (N)

Young Adults 34.6% (152) 35.5% (151) 33.3% (143) 34.5% (446)
Parents 65.4% (287) 64.55 (274) 66.7% (287) 65.5% (848)
TOTAL (100% column) 100% (439) 100% (425) 100% (430) 100% (1294)
Gender
Young Adults Male 0% (0) 0% (0) 0% (0) 0% (0)

Female 100% (152) 100% (151) 100% (143) 100% (446)
TOTAL

Parents (Adolescent Gender) Male 51.6% (148) 51.5% (141) 50.2% (144) 51.1% (433)
Female 48.4% (139) 48.5% (133) 49.8% (143) 48.9% (415)
TOTAL 100% (287) 100% (274) 1005 (287) 100% (848)

Race/Ethnicity
Young Adults Hispanic 85.5% (130) 84.1% (127) 86.0% (123) 85.2% (380)

White, Non-Hispanic 12.5% (19) 13.2% (20) 11.9% (17) 12.6% (56)
Other, Non-Hispanic 2.0% (3) 2.6% (4) 2.1% (3) 2.2% (10)
TOTAL 100% (152) 100% (151) 100% (143) 100% (446)

Parents (Adolescent Race/Ethnicity) Hispanic 93.7% (269) 92.7% (254) 92.7% (266) 93% (789)
White, Non-Hispanic 5.9% (17) 6.9% (19) 6.3% (18) 6.45 (54)
Other, Non-Hispanic 0.3% (1) 0.4% (1) 1.0% (3) 0.6% (5)
TOTAL 100% (287) 100% (274) 100% (287) 100% (848)

Age at Baseline Median Age (MED) Average

Young Adults 23 23 22 22
Parents (Adolescent Age) 12 12 12 12
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the young adult population which had very low levels of HPV
vaccine utilization across all three study arms, likely reflecting
substantial systematic barriers to vaccination that could not be
overcome by the information provided. Ongoing research is
needed to identify effective mechanisms to improve HPV
vaccination among Latinos, which are a high-risk group for
HPV-related cancers and other diseases.

Materials and methods

The CHICOS intervention was developed collaboratively with
members of the Latino community, as described previously.24

A detailed description of the CHICOS intervention, study enroll-
ment and consent processes, and study procedures are provided
in the associated Supplemental Materials to this manuscript.

Study design overview

This was a 3-armed randomized controlled trial comparing
CHICOS to an untailored intervention or to usual care. Two
groups of participants were enrolled – Latino young adults
ages 18–26 years who were making the vaccination decision
for themselves, and Latino parents of adolescent 9–17 years
old who were making vaccination decisions for their adoles-
cent child. The intervention took place in 5 primary care
clinics’ waiting rooms during a single clinic visit.
Vaccination assessments occurred at the end of a 21-month
study period which included 16 months where the interven-
tion was actively implemented in the clinics, plus a 5 month
“follow up” period to allow for vaccine doses to be given. The
study was registered at ClinicalTrials.gov (NCT02145156). All
study activities were approved by the Colorado Multiple
Institutional Review Board.

Table 2. Two way comparisons of adolescent vaccination between study arms.

Outcome Comparison Arms Odds Ratio, 95% CI

Young Adults
Got Any Dose of HPV During Study Tailored vs. Usual Care 2.3 (0.6, 8.3)

Untailored vs. Usual Care 2.4 (0.7, 8.9)
Tailored vs. Untailored 0.9 (0.3, 2.6)

Initiated the Vaccine Seriesb Tailored vs. Usual Care 2.3 (0.6, 8.8)
Untailored vs. Usual Care 1.00 (0.2, 4.6)
Tailored vs. Untailored 2.3 (0.6, 8.6)

Initiated the Vaccine, Series not Completedc Tailored vs. Usual Care 5.8 (0.3, 112.8)
Untailored vs. Usual Care 12.4 (0.2, 722.4)
Tailored vs. Untailored 0.5 (0.0, 22.4)

Completed the Vaccine Series, Among All Eligibled Tailored vs. Usual Care 0.7 (0.1, 5.3)
Untailored vs. Usual Care 1.7 (0.3, 8.3)
Tailored vs. Untailored 0.4 (0.1, 2.6)

Completed the Vaccine Series Among Those Already Initiated at Study Starte Tailored vs. Usual Care 1.1 (0.0, 60.2)
Untailored vs. Usual Care 9.3 (0.5, 193.9)
Tailored vs. Untailored 0.1 (0.0, 2.4)

Completed the Vaccine Series, Among Those Who Initiated During the Studyf Tailored vs. Usual Care 0.2 (0.0, 3.4)
Untailored vs. Usual Care 0.1 (0.0, 4.7)
Tailored v. Untailored 2.2 (0.0, 103.5)

Adolescents
Got Any Dose of HPV During Study Tailored vs. Usual Care 1.05 (0.7, 1.5)

Untailored vs. Usual Care 1.1 (0.7, 1.7)
Tailored vs. Untailored 0.9 (0.7, 1.3)

Initiated the Vaccine Seriesb Tailored vs. Usual Care 1.2 (0.7, 2.0)
Untailored vs. Usual Care 1.3 (0.7, 2.2)
Tailored vs. Untailored 0.9 (0.5, 1.5)

Initiated the Vaccine, Series not Completedc Tailored vs. Usual Care 1.3 (0.4, 4.1)
Untailored vs. Usual Care 2.3 (0.7, 7.3)
Tailored vs. Untailored 0.6 (0.2, 1.8)

Completed the Vaccine Series, Among All Eligibled Tailored vs. Usual Care 1.2 (0.7, 2.1)
Untailored vs. Usual Care 0.8 (0.5, 1.5)
Tailored vs. Untailored 1.5 (0.9, 2.5)

Completed the Vaccine Series Among Those Already Initiated at Study Starte Tailored vs. Usual Care 1.6 (0.8, 3.2)
Untailored vs. Usual Care 0.8 (0.4, 1.6)
Tailored vs. Untailored 2.0 (1.1, 3.8)

Completed the Vaccine Series, Among Those Who Initiated During the Studyf Tailored vs. Usual Care 0.7 (0.2, 2.2)
Untailored vs. Usual Care 0.4 (0.1, 1.4)
Tailored vs. Untailored 1.7 (0.6, 5.0)

aP-value for the % vaccinated among the two arms denoted
bDescribes those who had 0 doses at study enrollment and received at least one dose during the study period.
cDescribes those who enrolled in the study with 0 doses, had enough time in the study period after the most recent dose to complete the series, but did not
complete the series during the study period.

dDescribes those who enrolled in the study with 0, 1 or 2 doses, had enough time in the study period after the most recent dose to complete the series, and
completed the series during the study period.

eDescribes those who enrolled in the study with 1 or 2 doses, had enough time in the study period after the most recent dose to complete the series, and completed
the series during the study period.

fDescribes those who enrolled in the study with 0 doses, had enough time in the study period after the most recent dose to complete the series, and completed the
series during the study period.

Bolded p-values highlight significant results.
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Description of study interventions

Tailored intervention (CHICOS)
Those in the tailored intervention received an iPad from
a Research Assistant with the CHICOS intervention pro-
grammed onto it. CHICOS was written at a 6th grade reading
level and available in English or Spanish and provided in the
clinics’ waiting rooms. The intervention commenced with
a short baseline survey that collected information about the
participants’/participants’ adolescent’s name and birthday (to
allow matching to vaccination records), attitudes and beliefs
about HPV infection and vaccination, demographics, and self-
reported/parent-reported vaccination status. These data were
then used to individually customize information in CHICOS
that was provided directly on the iPad immediately following
completion of the survey. Participants viewed the CHICOS
information at their own pace for as long as they wished. The
Supplemental Material shows screen shots of the baseline survey
and the CHICOS intervention. Following this, they were asked
by the Research Assistant to complete a short “post-intervention
” survey that reassessed their vaccination intentions for the visit.
The Research Assistant was present throughout this process to
help navigate the iPad or answer questions.

Untailored intervention
Those in the untailored intervention also initiated the study
with the same iPad-based baseline survey as in the CHICOS
intervention. However, this information was not used to cus-
tomize information. Instead, upon completion of the baseline
survey the participant was provided with information from
the Centers for Disease Control and Prevention’s (CDC) HPV
Vaccine Information Sheet that had been transcribed verba-
tim and shown over a series of seven webpages. The
Supplemental Material provides screen shots of the untailored
intervention. As with the CHICOS intervention, a Research
Assistant was present throughout this process and a short
post-intervention survey was provided.

Usual care
Participants in this arm received care routinely provided by the
clinician and did not interact with or have access to the iPad.
Based on our pre-study informational interviews with study
practices, usual care typically consisted of bringing up the need
for vaccine during “routine physicals” (i.e. not illness visits) and
providing a written version of the Vaccine Information Sheet for
HPV at the time the vaccine was administered. However, these
activities were completely at provider discretion and were not
tracked as part of the study. The usual care arm did not receive
a pre-intervention survey. The post-intervention survey was
provided to participants by the Research Assistant immediately
after the visit, in paper format.

Study setting

The study took place in the waiting rooms of the 5 primary
care clinics in central Colorado that serve low-income, pri-
marily Latino, medically underserved clientele and were all
part of a single health system. The intervention took place

from June of 2014 and September of 2015 (with a vaccination
follow up period extending to February 2016).

Participants

Participants were eligible for the study if they reported that
they were either the parent of a child aged 9–17 years (parent
participant) or were themselves aged 18–26 years (young adult
participant), that they were/their adolescent was a patient of
the clinic and that they could read and converse in English or
Spanish. Participants who consented to the study and com-
pleted the baseline (CHICOS and Untailored arms only) and
a post-intervention survey that occurred immediately after the
visit (all arms) received a $10 cash incentive.

Randomization

Following consent, the iPad used an internal randomization
program to assign participants to one of the three study arms
in a 1:1:1 ratio (Figure 1). Due to potential clustering of
patient responses, language (Spanish/English), clinical site (5
possible sites), type of participant (parent/young adult), and
self-reported prior HPV doses (none/some), were used as
stratification variables in the randomization process to ensure
even distribution across study arms. The Research Assistants
administering the intervention were aware of which study arm
participants were assigned to, but the participants, providers
at the clinic and study analysts were blinded to group alloca-
tion. Research assistants did not provide any vaccination
counseling to participants – their role was to help participants
sign up for the study and navigate the iPad (if in the tailored
or untailored arms.)

Outcome measures

The primary outcomes of interest were six measures of HPV
vaccine utilization assessed 21months after the study commenced.
All analyses were stratified by young adults versus adolescents
based on assumptions that vaccination barriers and rates would
be different between the two groups. The 6 vaccination measures
included: 1) Receipt of any needed dose ofHPVvaccine during the
study period; 2) Initiation of the series among those who entered
the study with 0 doses; 3) Initiation but not completion of the
series during the study period among those who entered the study
with 0 doses; 4) Completion of the vaccine series among anyone in
the study; 5) Completion of the series specifically among those
entering the study with 1–2 doses; and 6) Completion of the series
specifically among those entering the study with 0 doses.
Appropriate minimal time intervals between vaccination doses
were considered when counting valid doses. Denominators for
the six vaccination outcome measures varied based on receipt of
prior valid doses and remaining time left in the study period.
Vaccination data were derived from triangulation of the clinics’
electronic medical records and the statewide immunization regis-
try, called CIIS (Colorado Immunization Information System).

Vaccination intention before vs. after viewing either the
CHICOS or untailored materials on the iPad was assessed as
a secondary outcome using responses to the questions “Now
that you have read a bit about HPV infection and vaccination,
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how likely would you be to get a dose of the HPV vaccine today
if the doctor recommended it?” Response choices included
Very likely, Somewhat likely, Somewhat unlikely, Very unli-
kely. Based on the distribution of responses, response cate-
gories were collapsed into Very Likely vs. All Other Responses
for analysis. Vaccination intention was not assessed in the
Usual Care arm.

Data analysis

Themain analyses were three, separate, pair-wise (2-way) analyses
comparing Usual Care to either the CHICOS or Untailored inter-
ventions, or the CHICOS intervention to the Untailored interven-
tion. Sample size calculations indicated that we would need at 573
parents and 426 young adults participating in the study to be able
to detect a 15% or greater difference in HPV vaccination use
between any 2 arms. A 3-way analyses where all groups were
simultaneously considered were also performed (Appendix).
Both per-protocol and intention-to-treat frameworks were used
for the analysis. However, because conclusions from both analyses
were the same, only intention-to-treat analyses are presented.

Imputation methods were used to address missingness of
data in the intention to treat analyses. Of the 1294 participants,
22% were missing outcome data (could not be matched to any
clinical or CIIS record), and 11.4% were missing gender, age,
and/or race-ethnicity. These variables plus site of recruitment,
enrollment date, and arm assignment were used to develop
multiple imputation models40 separately for young adults and
adolescents. Nominal variables were imputed with binary or
multinomial logistic regression, and quantitative variables were
imputed using predictive mean matching. The imputation was
carried out with the SAS® MI procedure using the Fully
Conditional Specification (FCS) method.41 For the adolescent
data the number of imputations was set at 30 using the percen-
tage missing as a guide.42 For young adults the percent missing
method yielded only 12 imputations, so the number was reset to
the default of 25.41 The resulting data sets were analyzed indivi-
dually with logistic regression and a combined analysis was
performed with the SAS MIANALYZE procedure. Many of the
outcomes were very rare in the young adult group so Firth’s
penalized maximum likelihood estimation41 was used to guard
against potential bias.

Differences in vaccination intention before vs. after viewing
iPad materials were assessed using Bhapkar’s tests of marginal
homogeneity and repeated measures binomial regression as
vaccination intention measurement occurred twice per indivi-
dual (in the post-intervention and follow-up surveys).
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