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Abstract

We evaluated whether delivering educational presentations on human papillomavirus (HPV) to
American Indian mothers affected HPV vaccination rates in their adolescent daughters. In March-
April 2012, we recruited Hopi mothers or female guardians with daughters aged 9-12 years for a
cluster-randomized intervention study on the Hopi Reservation. Participants attended mother-
daughter dinners featuring educational presentations for mothers on either HPV (intervention) or
juvenile diabetes (control) and completed baseline surveys. Eleven months later, we surveyed
mothers on their daughters’ HPV vaccine uptake. We also reviewed aggregated immunization
reports from the Indian Health Service to assess community-level HPV vaccination coverage from
2007-2013. Ninety-seven mother-daughter dyads participated; nine mothers reported that their
daughters completed the three-dose HPV vaccination series before recruitment. Among the
remaining mothers, 63% completed the follow-up survey. Adjusting for household income, the
proportion of daughters completing vaccination within 11 months post-intervention was similar in
the intervention and control groups (32% vs. 28%, adjusted RR=1.2,95%CI:0.6-2.3). Among
unvaccinated daughters, those whose mothers received HPV education were more likely to initiate
vaccination (50% vs. 27%, adjusted RR=2.6,95%CI:1.4-4.9) and complete three doses (adjusted
RR=4.0,95%ClI:1.2-13.1) than girls whose mothers received diabetes education. Community-level
data showed that 80% of girls aged 13-17 years and 20% of girls aged 11-12 completed the
vaccination series by 2013. HPV vaccine uptake in Hopi girls aged 13-17 years is significantly
higher than the U.S. national average. Brief educational presentations on HPV delivered to
American Indian mothers might increase HPV vaccination rates in daughters aged 9-12 years.
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INTRODUCTION

High-risk types of human papillomavirus (HPV) are causally linked to cervical and other
anogenital cancers [1], while certain low-risk types cause genital warts [2]. Safe and
effective prophylactic HPV vaccines have been widely available in the U.S. since 2006 [3].
In that year, the U.S. Food and Drug Administration [3] approved a quadrivalent vaccine
(Gardasil) that protects against HPV-16 and HPV-18, the HPV types linked to 70% of
cervical cancers [4], and HPV-6 and HPV-11, the types linked to 90% of genital warts [5].
In 2009, a bivalent vaccine (Cervarix) against HPV-16 and HPV-18 was also approved [3].
Both vaccines are licensed for females and males aged 9-26 years and are administered as a
three-dose series over six months. The U.S. Advisory Committee on Immunization Practices
(ACIP) recommends vaccination for girls aged 11-12 years, with catch-up vaccination until
age 26 years [3]. Despite these recommendations, as well as concerted public health efforts
to promote HPV vaccination, uptake in adolescent females is suboptimal [6]. In 2013,
according to the U.S. population-based National Immunization Survey-Teen (NIS-Teen),
57% of girls aged 13-17 years had initiated the vaccine series, but only 38% had completed
all three doses [6].

HPV vaccine coverage varies across racial and ethnic groups. For example, NIS-Teen
reported that receipt of =1 HPV vaccine dose was more prevalent among American Indian
(Al)/Alaska Native (AN) girls aged 13-17 years than among their non-Hispanic White
counterparts (73% vs. 53%). Nevertheless, among those who received =1 dose, the
proportion who completed the full series was smaller in AlI/AN versus non-Hispanic White
girls (60% vs. 72%) [7]. Efforts to increase HPV vaccination coverage are particularly
important for AI/ANs, because Native women have higher rates of cervical cancer incidence
and mortality than non-Hispanic White women [8].

Mother-daughter interactions around health issues in adolescence, including HPV
vaccination, have received notable attention in recent research [9, 10, 11]. Findings indicate
that study designs engaging parents along with their children result in significantly better
health outcomes [12]. For example, a “dyadic” design recognizes the importance of parental
knowledge in the acceptability of HPV vaccination [13, 14] and capitalizes on the potential
for mothers and daughters to act as reciprocal health educators and co-contributors to health
decisions. This approach is especially appropriate in AI/AN contexts, where explicit family
involvement in health decisions is a common cultural expectation [15, 16]. Therefore, we
conducted a cluster-randomized trial with the Hopi Tribe in Arizona to engage Al mother-
daughter dyads in educational social events. We then evaluated whether delivering
educational presentations on HPV to mothers affected HPV vaccination rates in their
daughters aged 9-12 years.
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In March—April 2012, we recruited mothers or female legal guardians (hereafter collectively
called “mothers™) with daughters aged 9-12 years to attend dinners on the Hopi Reservation.
Dinners included an educational presentation for mothers on either HPV (intervention) or
juvenile diabetes (control). To assess the effect of the HPV educational presentation on HPV
vaccination rates in 9-12 year old daughters, we surveyed all mothers on HPV vaccine
uptake (both initiation and completion of the three-dose series) among their daughters
approximately 11 months after the intervention. To establish a context for study results, we
also reviewed aggregated immunization reports from the Indian Health Service (IHS) from
2007-2013 to assess community-level HPV vaccination coverage among adolescent Hopi
girls.

The study protocol was developed in collaboration with tribal partners, local project staff,
and community advisors, and was then reviewed and approved by the Hopi Tribal Council
and the Institutional Review Boards of Cornell University and the University of
Washington. All participants provided written informed consent before undertaking any
study procedures.

Study setting

Geographic

Recruitment

The Hopi Reservation is located in northeastern Arizona, encompassing approximately 1.6
million acres. According to the 2010 U.S. census, more than 7,000 enrolled members of the
Hopi Tribe reside on the reservation in 12 village communities situated on or below 3
adjoining mesas. Fifty-one percent of the population are female, 35% are younger than 21
years, and 95% identify as Al.

All enrolled Hopi children <19 years are eligible for free HPV vaccination through the
federally-funded Vaccines for Children program. Following the ACIP guidelines, 11-12
years is the target age range for HPV vaccination, although vaccines can be administered as
early as age 9 or as late as age 26. Vaccines are administered at schools and IHS facilities.
The latter use the Resource Patient Management System (RPMS), an electronic health
record system that incorporates a module to record and track immunizations. This module
enables public health nurses to track and follow-up patients who need to initiate or complete
the HPV vaccination series.

clustering for intervention assignment

We grouped the 12 Hopi villages into 4 relatively proximate geographic clusters. We
randomly assigned two clusters to the intervention group and two to the control group. For
each cluster, a single central site was chosen to hold the dinners. Based on village
population, two or three dinners were offered for each cluster, for a total of 11 dinners.

We used various recruitment methods, including notices posted in community centers, post
offices, local stores and businesses, and other public locations; face-to-face distribution of
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flyers at community events; public service announcements on the tribal radio station; notices
in village newsletters; and in-person presentations at community meetings. All messaging
invited interested parties to contact local project staff by telephone for more information.

Using an intake script, staff gave study information to interested women, but did not
disclose the study’s full aims. Women who indicated interest in participating were screened
for eligibility. Inclusion criteria included age =18 years, enrollment in the Hopi Tribe,
residence on the reservation, and being a mother or female legal guardian of a girl aged 9-12
years. Participants were given a choice of dinner dates based on village of residence. Before
each dinner, participants were mailed letters confirming the date, time, and location of their
assigned dinner. A consent form was included along with a stamped, return-addressed
envelope. Participants were asked to return the completed consent form by mail or to bring it
to the dinner.

intervention

Development of the HPV educational invention was informed by focus group discussions
with Hopi parents to assess their knowledge, attitudes, and beliefs about HPV and the HPV
vaccine. Focus group methods and results are described in a separate manuscript, currently
in preparation. Using the results, study investigators created a PowerPoint presentation with
information on HPV prevalence and transmission, HPV vaccine recommendations, dosage
schedule, and vaccine efficacy and safety. An educational brochure with similar content was
also created to accompany the presentation. After all content was developed, it was reviewed
by community advisors, local project staff, staff from the Hopi Office of Prevention and
Intervention Cancer Support Services (a tribally run program that offers cancer prevention
education and screening), Community Health Representatives (lay health workers who
provide outreach health services to tribal members on the reservation), and a small sample of
tribal employees, all of whom were tribal members and parents.

The control group presentation was developed by staff from the Hopi Special Diabetes
Program, a primary prevention effort supported by the federally-funded Special Diabetes
Program for Indians. The presentation was based on material from the IHS Division of
Diabetes Treatment and Prevention, with a focus on risk factors for type 2 juvenile diabetes,
healthy nutrition, physical activity, and what parents can do to prevent or manage diabetes
for their children.

After confirmation of written informed consent, each social event began with activities
involving participants and their daughters, followed by dinner and entertainment. After the
entertainment, daughters went to a separate, adjoining room where they took part in a
health-related activity. Simultaneously, mothers received the educational presentation
corresponding to their group assignment (HPV or diabetes) in the dining room. Presentations
lasted 30-40 minutes and included time for questions. Research team members delivered the
HPV presentation; Hopi Special Diabetes Program staff delivered the diabetes presentation.

Post-education survey

After each presentation, mothers in both groups were asked to complete a brief survey to
collect baseline information about their familiarity with HPV before the dinner; their
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individual and household demographics; their cultural beliefs and practices; and their
daughters’ HPV vaccination history.

Follow-up survey

Debriefing

Beginning 10 months after the first dinners concluded, study staff telephoned participants to
ask if their daughters had been vaccinated against HPV. Participants received up to three
telephone calls within a two-week period. For those unreachable by telephone, a follow-up
survey was mailed with a stamped, return-addressed envelope. Non-responders were sent a
second follow-up mailing two weeks later. Three different versions of the follow-up survey
were used, with each tailored to the number of HPV doses reported for the participant’s
daughter on the post-education survey (i.e., 0, 1, or 2). Participants who reported that their
daughter had already received all three doses of the HPV vaccine at baseline were not
contacted for follow-up.

After the follow-up survey, all participants were sent debriefing letters explaining the full
purpose of the study. Participants in the control group were also sent the brochure developed
for the HPV educational invention. In addition, project team members gave two interviews
on the tribal radio station about HPV and HPV vaccination.

Measurement of community-level vaccination coverage

Analysis

To describe trends in community-level HPV vaccination coverage before and after the
mother-daughter dinners (February 1, 2007, through February 1, 2013), we extracted
aggregate village-level data from the RPMS immunization module at the IHS Hopi Health
Care Center (HHCC). RPMS enables the generation of aggregate data reports on
immunization among girls aged 11-12 and 13-17 years. For each calendar year,
denominator data were restricted to “active clinic users,” defined as the number of girls in
the priority age range who completed =2 visits to HHCC in the three years prior to February
1. An estimated 90-95% of Hopi girls living on the Hopi Reservation meet the criteria for
active clinic users. The numerator in each group was defined as the number who had
received either a minimum of one dose or all three doses of HPV vaccine, either at HHCC or
at school, as of February 1 of the calendar year.

Poisson regression with robust standard errors was used to compare demographic
characteristics, mothers’ familiarity with HPV, and randomization assignment between
dyads in which mothers did and did not complete the follow-up survey. Robust standard
errors were used because mothers who attended the same dinner might be more similar than
mothers who attended different dinners. The same methods were used to compare
characteristics between dyads that received HPV versus diabetes education. To protect
confidentiality, counts and cell sizes <5 are not reported.

Dyads in which the mother did not complete the follow-up survey were excluded from
analyses related to follow-up vaccination status. Among daughters reported to have received
0, 1, 2, or an unknown number of doses of HPV vaccine at baseline, we calculated the
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proportion who completed the 3-dose series. Among daughters reported to be unvaccinated
or to have unknown vaccination status at baseline, we calculated the proportions who
initiated the series (received =1 dose) and completed it (received all three doses). Poisson
regression with robust standard errors was used to estimate the relative risk for HPV
vaccination initiation and completion in daughters whose mothers received either HPV or
diabetes education. Although group assignment was cluster-randomized, we also performed
an analysis adjusting for covariates that showed significant imbalance at baseline between
the intervention and control groups.

For community-level prevalence of HPV vaccination, we computed the proportion and exact
95% confidence interval of girls who had initiated and completed the HPV vaccine series by
February 1 of each calendar year (2007-2013), stratified by age group (11-12 and 13-17
years).

RESULTS

Ninety-seven mother-daughter dyads participated. Among 88 mothers who reported at
baseline that their daughters had received <3 doses of HPV vaccine, 55 (63%) completed the
follow-up survey. The mean follow-up time was 11 months (range:10.2-11.8). Demographic
characteristics and HPV familiarity were not significantly different in women who did and
did not return the follow-up survey (data not shown). Dyads who attended the diabetes
dinners were lost to follow-up more often than those who attended the HPV dinners (46%
vs. 40%), but the difference was not statistically significant (p=0.28).

The mean age of mothers was 41 (SD:10) years. About half (48%) of daughters were aged
9-10 years, and about half (52%) were aged 11-12 years. Mothers’ baseline demographic
characteristics were similar among dyads in the intervention and control groups, except for
income (Table 1). Mothers in the intervention group had lower household incomes than
mothers in the control group (48% vs. 36% with income <$16,000, p=0.04).

At baseline, all mothers of daughters aged 9-10 years reported that their daughters were
unvaccinated or that they did not know their vaccination status. Among mothers of
daughters aged 11-12 years, 32% reported that their daughters were unvaccinated, 12%
reported that they did not know their vaccination status, and 56% reported that they had
received =1 dose of HPV vaccine (including 18% reported to have completed the three-dose
vaccine series). The proportion of daughters aged 11-12 years reported to have received =1
dose of HPV vaccine prior to baseline was higher in the intervention group than in the
control group (58% vs. 55%), but the difference was not statistically significant (p=0.74).
Most mothers of daughters who were unvaccinated or whose vaccination status was
unknown reported that they would consider having their daughters vaccinated (86%).
Mothers in the intervention group were more likely to report they would consider having
their daughters vaccinated than those in the control group, but the difference was not
statistically significant (90% vs. 83%, p=0.42). Among nine mothers who reported that they
would not consider the HPV vaccine for their daughters, the most common reasons were
insufficient knowledge of the vaccine, belief that their daughters were too young for the
vaccine or not sexually active, and worry about vaccine safety.
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Among daughters with <3 or an unknown number of vaccine doses reported at baseline, the
proportion who completed vaccination during follow-up was similar in the intervention and
control groups (32% vs. 28%, RR=1.2, 95%CI:0.6-2.3) (Table 2). Among daughters who
were unvaccinated or had unknown vaccination status at baseline, the proportion who
initiated vaccination (50% vs. 27%, RR=1.8, 95%CI:0.8-4.4) and who completed all three
doses (RR=3.0, 95%CI:0.8-10.8) during follow-up was substantially higher in intervention
versus control dyads.

Compared to the unadjusted analysis, analyses adjusted for household income showed a
similar association between group assignment and vaccine completion among daughters
with fewer than three or an unknown number of vaccine doses reported at baseline (RR=1.1,
95%CI:0.5-2.3). Among daughters who were unvaccinated or had unknown vaccination
status at baseline, however, analyses adjusted for household income showed a higher
likelihood of vaccine initiation (RR=2.6, 95%CI:1.4-4.9) and completion (RR=4.0, 95%Cl:
1.2-13.1) in intervention versus control participants.

A sharp uptake in the community-level prevalence of vaccine initiation occurred between
2007-2009 for Hopi girls in both age cohorts evaluated (11-12 and 13-17 years; Figure 1).
The prevalence of vaccine initiation was relatively stable from 2010-2013, but was higher
for the older cohort (range: 95-97%) than the younger cohort (range: 64—76%). From 2010-
2013, the community-level prevalence of vaccine completion was higher for girls aged 13—
17 years (range: 67—-80%) than for girls aged 11-12 years (range: 11-20%) (Figure 2).

DISCUSSION

We observed a positive effect of the HPV educational intervention on uptake of 21 dose of
the HPV vaccination series, as well as uptake of all three doses, among girls who were
unvaccinated or had unknown vaccination status when the intervention began. However, the
intervention had no observed effect on the completion of all three doses among girls who
had already initiated the HPV vaccination before the study began.

Based on study findings, we estimate that by 2013, 97% of Hopi girls aged 13-17 years and
living on the Hopi Reservation had initiated the three-dose HPV vaccination series, and 80%
had completed the series. Actual HPV vaccination coverage might be slightly lower,
because our sample did not capture an estimated 5-10% of adolescent Hopi girls living on
the reservation. Nonetheless, these proportions are significantly higher than those reported
for HPV vaccine initiation (57%) and completion (38%) among all U.S. girls aged 13-17
years [6]. Our estimates are also higher than those reported in 2013 among AI/AN girls aged
13-17 years for vaccine initiation (73%, 95%CI1:59-88%) and completion (43%, 95%CI:29—
57%) [7]. High rates of HPV vaccine coverage in adolescent Hopi girls likely result from a
combination of access to free vaccination through the Vaccines for Children program and
efforts by public health nurses to track and follow-up adolescents due for vaccination.

However, vaccine coverage was significantly lower in Hopi girls aged 11-12 years, with
estimates of 76% for vaccine initiation and 20% for completion in 2013. The differences
between the two age groups suggest that fewer Hopi girls are initiating and completing the
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series at the recommended age of 11-12 years. As the ACIP recommendations were
designed to prioritize girls for vaccination before their sexual debut, full protection against
the HPV types included in current vaccines might be compromised by delayed vaccination
initiation.

In our post-education survey, most mothers of unvaccinated daughters indicated that they
would be willing to vaccinate. Among the minority who reported that they would not
consider vaccination, the reasons cited were similar to those in previous studies of HPV
vaccine acceptability in parents of adolescent girls: insufficient knowledge of the vaccine,
beliefs that daughters were too young or not yet sexually active, and concerns about safety
[17]. In a survey of health care providers in 12 IHS areas, similar concerns over vaccine
safety and daughters’ youth or sexual inactivity were reported as common parental barriers
to HPV vaccination, although beliefs regarding youth and sexual inactivity were more
common in parents of girls aged 9-12 years versus 13-18 years [18].

To our knowledge, this was the first study to test a parental educational intervention for
adolescent HPV vaccine uptake by using both a randomized, controlled design and HPV
vaccine uptake as an outcome. Other studies testing parental educational interventions have
reported varying results with respect to HPV vaccine uptake and intention to vaccinate. In
the single prior investigation with vaccine uptake as an outcome [19], 24 parents of 11-12
year old girls were enrolled in a study with a quasi-experimental design to assess the effect
of an educational brochure and reminder system for parents on HPV vaccine uptake. Over
13 months of follow-up, rates of vaccine initiation and series completion were higher in the
intervention group than in a historical control group. In addition, two randomized, controlled
trials [20, 21] and three quasi-experimental studies [22, 23, 24] have tested parental
interventions consisting of printed fact sheets on HPV. The three quasi-experimental designs
reported significant increases in HPV vaccination intention among parents who read the fact
sheets, whereas the two randomized, controlled trials found no significant effect of the
intervention on parental intentions to vaccinate. Another randomized, controlled trial
reported that administering a brief radio novela on HPV and HPV vaccination to Latino
parents had no significant effect on HPV vaccination intention [25]. Finally, delivery of a
one-hour educational presentation on HPV to parents of Appalachian girls was effective in
increasing vaccination intention [26].

We note four limitations of the present study. First, statistical power was limited by the
small sample size and 37% loss to follow-up for post-dinner ascertainment of HPV vaccine
status. The high loss-to-follow-up rate is attributable to several factors. Few Hopi residences
have telephone service, and many of the mobile numbers provided during screening were no
longer active at follow-up. Furthermore, reservation residences do not have private
mailboxes, and the inconvenience of traveling to the post office may have hindered response
to mailed follow-up surveys. In addition, the Hopi population is highly mobile.

Second, ascertainment of vaccine uptake was limited to a follow-up survey conducted <12
months after the intervention. We might have seen a stronger intervention effect with a
longer follow-up period, especially given the inclusion of dyads with daughters aged 9-10
years. Third, daughters’ vaccination status was ascertained by parental report rather than by
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medical record review. Nevertheless, the proportion of Hopi girls aged 11-12 years reported
to have received =1 dose of HPV vaccine at baseline was similar to the proportion estimated
from 2012 HHCC medical record data on girls in the same age range. Finally, the process of
reading and responding to HPV questions in the post-education survey might have prompted
mothers in the control group to vaccinate their daughters or to ask their health care providers
about the HPV vaccine, potentially attenuating the observed effect of the intervention.

In conclusion, mothers’ receipt of a brief educational presentation on HPV appeared to
increase HPV vaccine uptake in their unvaccinated daughters. Given high rates of cervical
cancer in AI/AN women [8], parental education delivered through a parent-child dyadic
approach should be considered in other AI/AN communities as a strategy to improve HPV
vaccination uptake. Additional strategies should be explored for increasing completion of
the three-dose HPV vaccination series among Al/AN adolescents who initiate the series.
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Figure 1.

Community-level prevalence of human papillomavirus (HPV) vaccine initiation (minimum

of one dose) among Hopi girls according to age (2007-2013). For each data point, the

denominator was defined as the number of girls in each age range who had made at least two
visits to the Hopi Health Care Center within three years before February 1 of each calendar
year, and the numerator was defined as the number who had initiated the HPV vaccine series

as of February 1. Error bars represent 95% confidence intervals.
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Figure 2.

Community-level prevalence of human papillomavirus (HPV) vaccine completion (three
doses) among Hopi girls according to age (2007-2013). For each data point, the
denominator was defined as the number of girls in each age range who had made at least two
visits to the Hopi Health Care Center within three years before February 1 of each calendar
year, and the numerator was defined as the number who had completed the HPV vaccine
series as of February 1. Error bars represent 95% confidence intervals.
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