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A B S T R A C T

Parent-targeted reminders increase human papillomavirus (HPV) vaccination rates. Our postcard reminders
increased HPV vaccine initiation (receipt of at least one dose) by 60% among girls, but not substantially among
boys. To select a complementary intervention that would maximize the effect of reminders, we assessed the
percentage increase in HPV vaccine initiation from reminders increasing preventive care visits or increasing the
likelihood of vaccine receipt during preventive care.

We conducted a secondary analysis of the postcard reminders from a quasi-experimental, factorial designed,
feasibility trial conducted in 2013–2014 among 2,470 11- to 17-year-old girls enrolled in Florida’s Medicaid or
Children’s Health Insurance Programs. We used log-linear models and a 4-way decomposition method to esti-
mate the mediating and interacting effects of preventive visits on the effect of postcards on HPV vaccination.

After receiving a preventive visit, 76% (269/356) of girls remained unvaccinated. Nearly half of the effect of
postcards on HPV vaccination was mediated by preventive visits (44%; 95% CI = 9.2% to 78.0%). Postcards
increased HPV vaccine initiation mainly by increasing the likelihood of HPV vaccine receipt during preventive
visits (pure indirect effect = 32.3%; 95% CI = 1.5% to 63.1%), and also by increasing the occurrence of
preventive visits (mediated interaction = 11.3%; 95% CI = 1.5 to 21.1).

Reminders likely increased vaccination rates during well visits by priming parents for HPV vaccine con-
versations with their child’s health care provider. Thus, reminder effectiveness may be increased if timed closely
to preventive care visits and/or combined with interventions that improve provider recommendations.

Trial Registration: ClinicalTrials.gov, NCT04208269, Registered 23, December 2019 – Retrospectively re-
gistered, https://clinicaltrials.gov/ct2/show/NCT04208269.

1. Background

Each year in the United States (US), the human papillomavirus
(HPV) vaccine could prevent approximately 32,100 cancer cases
(Senkomago et al., 2019). Yet, in 2018, HPV vaccine coverage remained
low (Walker et al., 2019). In 2018, HPV vaccine initiation rates (at least
one of the two to three dose series) among 13- to 17-year-olds in Florida
were below the national average (64% Florida versus 68% US) (Walker
et al., 2019). Between 2012 and 2016, among all states, Florida had the
second highest annual number of HPV-related cancers targeted by the

vaccine (2,690) (Senkomago et al., 2019).
One evidence-based strategy to increase vaccination, endorsed by

the Centers for Disease Control and Prevention's Community Guide, is
sending reminder messages to alert parents of vaccines recommended
for their children (Community Preventive Services Task Force, 2015).
Reminder studies targeting immunization, including HPV vaccine in-
itiation, primarily show moderate increases (summarized effect esti-
mates of 8%) (Francis et al., 2017; Jacobson Vann et al., 2018). If re-
minders are combined with complementary interventions, it is possible
to boost effects (Staras et al., 2015; McLean et al., 2017).
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The most effective complementary interventions for reminders
likely differ based on how reminders influence HPV vaccination. It is
unclear, however, whether reminders increase vaccination rates by (1)
increasing the percentage of teens receiving well visits or (2) increasing
vaccine acceptance among teens who were already planning to have
preventive care visits. For example, two studies provide conflicting
evidence regarding the intermediate outcomes of vaccine reminders.
(Szilagyi et al., 2011; O'Leary et al., 2015) In one study, vaccine re-
minders increased vaccination rates and lowered missed opportunities
(i.e., clinic visits where vaccines are due, but not received), but did not
change the percentage of teens receiving preventive care visits.
(O'Leary et al., 2015) In another study, vaccine reminders accompanied
by home visits, if necessary, increased immunization rates and pre-
ventive care visits. (Szilagyi et al., 2011) Neither of these studies con-
ducted a formal analysis to compare the mediation of preventive visits
on the effect of vaccination reminders.

To develop more effective complementary interventions to re-
minders, we aimed to increase understanding of how reminders interact
with preventive care visits to increase HPV vaccination. Building on our
published trial main effects where postcard reminders increased HPV
vaccine initiation, (Staras et al., 2015) we decomposed the significant
effect of postcards on HPV vaccination among girls into four compo-
nents: (a) the effect of the postcards on HPV vaccination outside of
preventive visits; (b) the effect of preventive visits on vaccination
without postcards; (c) the effect of postcards increasing preventive
visits; and (d) the effect of postcards increasing vaccination rates during
preventive visits. The decomposition can aid selection of com-
plementary interventions to boost reminder effectiveness. For example,
if reminders act primarily by increasing preventive care visits, com-
plementary interventions could focus on simplifying scheduling

procedures. Alternatively, if reminders mainly increase parent re-
ceptivity to vaccination during visits, complementary interventions
could focus on increasing the likelihood of provider HPV vaccine re-
commendations.

2. MATERIALS and METHODS

2.1. Study population

This study focuses on girls from our 2013 to 2014 multi-level, quasi-
experimental trial of a centralized postcard campaign and an in-clinic
application alerting providers of the parents’ intent to receive the HPV
vaccine (Staras et al., 2015). The study focuses only on girls because
postcards increased vaccination among girls, but not significantly
among boys (Staras et al., 2015). Girls enrolled in the trial: (a) were 11
to 17 years old, (b) were enrolled in Florida Medicaid or Children's
Health Insurance Program (CHIP) during June 2013, (c) had a re-
sidential zip code in the Medicaid and CHIP enrollment file from North
Central Florida (The Dartmouth Atlas of Health Care, 2014); and (d)
had a regular office visit claim between July 1, 2011 and August 1,
2013 (Centers for Medicare & Medicaid Services, 2013). Girls with HPV
vaccine claims prior to August 1, 2013 (sample draw) were excluded.
Florida’s program eligibility is based on the Federal Poverty level:
Medicaid ≤ 133% and CHIP ≤ 210% (Centers for Medicare & Medicaid
Services, 2016). Permission for this use of the claims and enrollment
data was granted by the Florida Agency of Health Care Administration.
The institutional review board at the University of Florida approved the
project.

Fig. 1. CONSORT Diagram of Study Design.
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2.2. Study design

In the trial, parent-targeted postcards were individually randomly
assigned within two strata based on history of attendance at a clinic
participating in the application intervention (yes/no) and address
(Gainesville or surrounding area) (Staras et al., 2015). We expect little
influence of the stratification on the effect of postcards because: (a) the
factorial design allows for assessing the postcard effects separately, (b)
baseline HPV vaccine initiation rates were similar between stratum, and
(c) the in-clinic app was only used by 8% of the adolescents who had an
office visit during the study (Staras et al., 2015).

The trial analysis dataset included 2,470 girls (Fig. 1). Among the
2,773 girls randomized, the analysis dataset excluded the 178 girls who
had HPV vaccine claims prior to the study start (reported or adminis-
tered before the study start) and the 125 girls assigned to a specific
participating clinic that later reported referring all Medicaid and CHIP
enrollees to the health department for vaccines.

2.3. Postcard intervention

Guided by the Health Belief Model (Janz and Becker, 1984); we
developed postcard reminders because 86% of parents of Florida
Medicaid and CHIP enrollees reported preferring to receive health in-
formation about their child by mail (Staras et al., 2014). Postcards were
developed by health behavior professionals in collaboration with a
professional design company, and refined with parent focus groups
using Learner Verification (LV) as an evaluation framework. (Doak
et al., 1996)

When analyzing the focus groups, LV components were oper-
ationalized as follows: (1) attraction — the postcard is enticing to look
at and images are consistent with subject tone and mood; (2) compre-
hension — recipients understand and could use the information; (3)
persuasion — the postcard motivated specific action (in this case, dis-
cussing the HPV vaccine with the adolescent’s provider) by increasing
benefits and decreasing barriers in the mind of the recipient; and (4)
cultural acceptability — whether recipients feel excluded from or un-
intentionally offended by the message.

Parents were attracted to postcards when the front reflected the
seriousness of the topic using words like protect, cancer, HPV, and in-
cluded images of an adolescent with their parent with serious looks on
their faces. These collective words and images would motivate them to
read the rest of the information, especially if their child’s name ap-
peared on the back of the postcard. Parents were able to comprehend the
messages measured by their ability to accurately rephrase the in-
formation in their own words. Parents perceived the final postcards as
persuasive enough to potentially encourage a conversation with their
adolescent’s health care provider about vaccination. To improve cul-
tural acceptability, parents reiterated the importance of including images
of individuals that reflect the socioeconomic status, race/ethnicity and
family composition of their communities. An additional category that
we called information sufficiency was uncovered during analysis.
Parents wanted more information about HPV infection and vaccination
added to the postcard and suggested adding a toll-free number or link to
a website. Despite adding this information, parents still wanted more
information.

A series of two large, six-by-eight inch, full-color postcards were
mailed to the parent or guardian of the 1,387 girls (Figs. 2 and 3).
Postcard text was in English and Spanish, used the child’s first name,
and did not explicitly mention preventive visits. We obtained addresses
from Florida Medicaid and CHIP enrollment files and updated addresses
with the National Change of Address Database. Postcards were sent via
first class mail with return service requested: one on August 19, 2013
and another on October 3, 2013. Postcards were sent to new addresses
obtained from returned postcards (n = 2): undeliverable rates were
4.7% (n = 66) for both postcards and 2.5% (n = 35) for the second
postcard.

2.4. Outcomes

We examined how preventive visits mediated and interacted with
the effect of postcards on HPV vaccine initiation. We defined preventive
visits as any current procedural codes for Healthcare Effectiveness Data
and Information Set well care and acute visits as any ambulatory pro-
cedural codes not including the well care set (including nurse only
visits) (Centers for Medicare & Medicaid Services, 2013). While pre-
ventive care visits are only recommended once per year, the two ran-
domized groups should have approximately similar percentages of girls
due for preventive visits during the three-month study period. We
measured HPV vaccine initiation as having at least one HPV vaccine
claim during the study period (August 14, 2013 to November 15, 2013)
reported in the claims by April 1, 2014.

2.5. Statistical analysis

We used log-linear models to assess the as assigned effect of post-
cards on: (a) receipt of a preventive care visits, (b) initiation of the HPV
vaccine series during a preventive visit, and (c) initiation of the HPV
vaccine series during an acute visit. In multivariable analyses, we ad-
justed for factors that may influence HPV vaccination and preventive
visits: race/ethnicity, age in years as of August 14, 2013, and health
program enrollment (Medicaid or CHIP) (Staras et al., 2010; Rand and
Goldstein, 2014). Analyses restricted to adolescents with clinic visits
were not adjusted for race/ethnicity due to small sample sizes within
some racial/ethnic groups causing lack of convergence. As a sensitivity
analysis, we adjusted the analyses for assignment to intervention or
non-intervention clinics. While the factorial design enabled assessment
of postcards independent of the clinic-level intervention, we conducted
this analysis to account for any potential difference due to the clinic-
level intervention.

We examined how preventive visits mediated and interacted with
the effect of postcards on HPV vaccine initiation using a recently de-
veloped causal mediation analysis (VanderWeele, 2014). We decom-
posed the total effect of postcards on HPV vaccination initiation into
four components: (a) the effect of the postcard without a preventive
visit (i.e., controlled direct effect); (b) the additive interaction that
operates only if preventive visits occur in the absence of postcards (i.e.,
reference interaction); (c) the additive interaction that operates only if
post-cards have an effect on preventive visits (i.e., mediated interac-
tion); and (d) the mediation effect of preventive visits (without inter-
actions) (i.e., pure indirect effect). In partitioning these effects, we
adjusted for race/ethnicity, age, and health program enrollment. All
analyses were conducted with SAS software version 9.4 (SAS Institute,
Inc., Cary, NC). Statistical significance was determined by p-values
0.05.

2.6. Ethics approval and consent to participate

Permission for this use of the claims and enrollment data was
granted by the Florida Agency of Health Care Administration under a
data use agreement. A waiver of consent was used to send postcards and
evaluate claims. This study was approved by the University of Florida
Institutional Review Board 01 (IRB 201200143).

3. Results

Random assignment of the postcard intervention resulted in well-
balanced measured demographics (Mantel-Hanzel chi-square p-
value > 0.2). The study population was racially and ethnically diverse
with 49% non-Hispanic white, 26% non-Hispanic black, 15% Hispanic,
and 10% from other racial/ethnic groups. Age was fairly evenly dis-
tributed with approximately between 10% and 16% in each one-year
age group between 12- and 17-year-olds and 20% aged 11 years. The
majority (80%) were enrolled in Florida Medicaid and 20% enrolled in
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CHIP.
For simplicity, only adjusted, main analyses are presented. We

found similar estimates for unadjusted, adjusted analyses, and a sensi-
tivity analysis adjusting for clinic intervention participation.

3.1. Postcards increased preventive care

During the three-month study, 14% of girls had a preventive care
visit and 25% of girls had only an acute visit. Preventive care visits
occurred 1.2 times as often among girls whose parents were mailed a
postcard (16%) compared to girls whose parents were not mailed a
postcard (13%): Adjusted Rate Ratio (ARR) = 1.2, 95% Confidence

Fig. 2. First postcard mailed to parents of girls.
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Fig. 3. Second postcard mailed to parents of girls.

Table 1
Percentages of the Total Effect of Postcards on HPV Vaccine Initiation Due to Mediation and Interaction with Preventive Visits.a

Component Excess Relative Likelihood of HPV Vaccine Initiation 95% CI Percentages Attributable 95% CI

Controlled Direct Effect 0.05 (−0.18, 0.28) 8.9% (−29.9%, 47.7%)
Reference Interaction 0.26 (−0.02, 0.54) 47.5% (9.7%, 85.4%)
Mediated Interaction 0.06 (−0.03, 0.15) 11.3% (1.5%, 21.1%)
Pure Indirect Effect 0.18 (−0.01, 0.36) 32.3% (1.5%, 63.1%)
Total 0.54 (0.06, 1.02) 100%

a Adjusted for age, race/ethnicity, and health program enrolment.
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Interval (CI) = 1.0 to 1.5. We found no evidence of an effect of post-
cards on the percentage of girls with only acute visits (26% postcard
versus 27% no postcard: ARR = 1.0, 95% CI = 0.9 to 1.1).

3.2. Vaccines were mainly initiated during preventive care

The majority (78%) of girls who initiated the HPV vaccine did so
during a preventive visit. Among girls with preventive visits (n = 356),
the rate of HPV vaccine initiation was similar regardless of whether
parents were mailed postcards (27%) or not (22%; ARR = 1.3, 95%
CI = 0.9 to 1.8). The frequency of HPV vaccine initiation during acute
visits did not differ by postcard assignment (2.4% postcard versus 2.5%
no postcard: ARR = 1.0, 95% CI = 0.4 to 2.6).

3.3. Decomposition of the effect of postcards on HPV vaccination

The overall proportion of the effect of postcards on HPV vaccination
mediated by preventive care was 44% (95% CI = 9.2% to 78.0%)
(Table 1). The mediated interaction showed that 11.3% of the effect of
postcards on HPV vaccination was due to increased preventive visits
among those who received postcards (95% CI = 1.5% to 21.1%). The
pure indirect effect showed 32.3% of the effect of postcards on HPV
vaccination was from postcards increasing the influence of preventive
visits on vaccination (95% CI = 1.5% to 63.1%). The increased influ-
ence of preventive visits on vaccination may be from parents being
more receptive of provider recommendations for HPV vaccination after
receiving postcards. A relatively small percentage (8.9%) of the total
effect was attributed to postcards increasing HPV vaccination outside of
preventive care (i.e., the controlled direct effect).

4. Discussion

Postcards mainly increased HPV vaccination within primary care
visits, suggesting that postcards prime parents for providers’ re-
commendations. Yet, the low HPV vaccine initiation rates among girls
with preventive visits, regardless of postcard assignment, suggest that
raising vaccination rates will require more routine and stronger pro-
vider recommendations.

Multi-level interventions that simultaneously deploy reminders with
a component targeting increasing provider recommendation frequency
and strength may work synergistically to increase HPV vaccination.
Evidence suggests that reminder effects can be boosted with provider-
targeted interventions (Staras et al., 2015; McLean et al., 2017). Several
strategies have shown effectiveness in increasing HPV vaccination by
increasing provider recommendation strength and frequency such as a
scripted announcement strategy, provider prompts, and education with
performance feedback (Leung et al., 2019).

This study has two important limitations. First, consistent with all
single-system immunization records (Hendrickson et al., 2015), the
Medicaid and CHIP data likely have incomplete vaccination records.
Because we randomized postcard assignment, the incompleteness in the
vaccination records should be balanced across arms and have little in-
fluence on the results. Second, the postcards were sent in 2013 to
parents in Northern Florida. In recent years, HPV vaccine initiation
rates have increased, but remain low (Walker et al., 2019). Ad-
ditionally, the Advisory Committee on Immunization Practices has
modified guidelines since 2013. (Meites et al., 2016; Petrosky et al.,
2015). When the series is started before age 15 years, the guidelines
regarding our target population have reduced the number of needed
doses from three to two (Meites et al., 2016) Finally, Gardasil 9 is now
recommended in the US; thus, the postcards would need to be modified
to state that 80% rather than 70% of cervical cancer could be prevented
with the vaccine (Petrosky et al., 2015). Evidence-based campaigns are
still needed, and directions for multi-level interventions are particularly
relevant (Agurs-Collins et al., 2019).

This study has two important strengths. First, our design, an

individually randomized trial, is the strongest possible to evaluate
postcard effectiveness by controlling for unmeasured confounders in-
cluding the percentage of girls due for preventive care and potential
influence of the in-clinic application. Second, we used a centralized
system to identify eligible families and send postcards; thereby redu-
cing cost and improving scalability by reducing clinic burden
(Dombkowski et al., 2012).

5. Conclusion

Postcard messages primarily increased HPV vaccination by in-
creasing parents’ receptivity to providers’ HPV vaccine recommenda-
tions. Combining reminders with many of the efficacious provider-tar-
geted interventions (e.g., Brewer’s announcement strategy) will likely
produce stronger synergistic effects than combining reminders with
increased preventive care access (Staras et al., 2015; McLean et al.,
2017; Brewer et al., 2017). In particular, widespread provider use of the
Centers for Disease Control and Prevention’s recommended bundling
style of presenting all three adolescent vaccines the same day and same
way may enhance the effectiveness of HPV vaccine reminders since
parents will be primed to receive the effective provider recommenda-
tion during their child’s well visit (Centers for Disease Control and
Prevention, 2019). Additionally, decreasing the time between vaccine
reminders and preventive care appointments may maximize the
priming effect of reminders. Multi-level interventions should consider
including reminders as priming agents for parents combined with an
intervention to increase provider recommendation frequency and
strength.
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