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Context: Despite current recommendations, human papillomavirus vaccine uptake remains low. A
systematic review and meta-analysis assessed the effectiveness of interventions targeting human
papillomavirus vaccine initiation and completion among children, adolescents, and young adults
aged 9—26 years.

Evidence acquisition: Three electronic databases (CINAHL, OVID, and Web of Science) were
searched for articles published in English peer-reviewed journals between January 2006 and January
2017 of U.S. studies that evaluated intervention strategies and reported post-intervention human
papillomavirus vaccine initiation or completion rates among individuals aged 9—26 years. Study
characteristics and outcomes were extracted. Data were collected in 2016 and analyzed in 2017.

Evidence synthesis: Reviewers screened 983 unique titles and abstracts, read 241 full-text
articles, and extracted data from 30 articles meeting the inclusion criteria (12 behavioral, ten envi-
ronmental, four informational, and four combination strategies). Published EQUATOR (Enhanc-
ing the Quality and Transparency of Health Research) guidelines were used to assess study quality.
Random effects meta-analyses were conducted. The meta-analyses included 17 RCTs and quasi-
experiments involving 68,623 children, adolescents, and young adults. The pooled relative inci-
dence estimates were 1.84 (95% CI=1.36, 2.48) for human papillomavirus vaccine initiation and
1.50 (95% CI=1.23, 1.83) for completion. Behavioral and informational interventions doubled
human papillomavirus vaccine initiation (relative incidence estimate=2.04, 95% CI=1.36, 3.06 and
relative incidence estimate=1.92, 95% CI=1.27, 2.91, respectively). Behavioral interventions
increased completion by 68% (relative incidence estimate=1.68, 95% Cl=1.25, 2.27).

Conclusions: Evidence supports behavioral interventions for increasing human papillomavirus
vaccine initiation and completion. Future studies are needed to assess the effectiveness of interven-
tions in reaching diverse populations and reducing missed opportunities for human papillomavirus
vaccination.
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CONTEXT

accinations are an effective primary prevention
strategy for decreasing or eradicating infectious
diseases. Human papillomavirus (HPV) is the
most common sexually transmitted infection in the
U.S." and persistent HPV infection is strongly associated
with the risk of HPV-related diseases. HPV infections
can be prevented by completing the HPV vaccine series
prior to sexual activity.” " The vaccine is recommended
for prevention of cervical, oropharyngeal, vulvar,
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vaginal, penile, and anal cancer, as well as anogenital
warts.””'” The Healthy People 2020 goal is to have 80%
of adolescents aged 13—15 years fully vaccinated against
HPV." Despite these recommendations and its record
of safety and efficacy,'”'® HPV vaccine completion rates
in 2016 for U.S. girls and boys aged 13—17 years were
43.0% and 31.5%, respectively.' '

Current guidelines from the U.S. Centers for Disease
Control and Prevention (CDC) recommend routine
HPV vaccination for girls and boys aged 11 or 12 years.
HPV vaccinations are recommended for females aged
9—26 years and males aged 9—21 years.' """ It is also rec-
ommended for males up to age 26 years who were not
adequately vaccinated previously, as well as those who
are gay, bisexual, other men who have sex with men,
transgender, and immunocompromised (including those
with HIV)."” The HPV vaccine recommendation is sup-
ported by the American Academy of Pediatrics,”’
National Cancer Institute,’’ CDC,'"!° the American
College of Obstetricians and Gynecologists,”” and the
National Association of School Nurses.”” Three different
HPV vaccines are currently approved and recom-
mended.'" In October 2016, CDC reduced the recom-
mended dosing schedule for those initiating before age
15 years to two doses given at least 6 months apart.'”
For those initiating on or after their 15th birthday and
those with certain immunocompromising conditions,
three doses are recommended.'” Immunizing younger
adolescents (aged 10—15 years) results in an increased
immune response (higher anti-HPV-type-specific
response) compared with individuals aged 16—23 years.”*
The vaccine is not effective against existing infection or
precancerous lesions.”

Specific interventions have been designed to address
poor HPV vaccination rates. Recent systematic reviews
have shown mixed results.'>”” *" Walling et al.'’
reviewed international and national interventions
published between January 2006 and April 2015
that increased HPV vaccinations among those aged
11-26 years. Although informational interventions
improved HPV vaccination rates during the active inter-
vention period, the effect was not sustained.'” Behavioral
interventions demonstrated varying effectiveness, incon-
sistent results, and required significant effort, depending
on the intervention.'” Niccolai and colleagues’® reviewed
practice- and community-based interventions published
through July 2014. Fu et al.”” reviewed educational inter-
vention studies and concluded that no specific interven-
tion warranted widespread implementation. Because
post-intervention vaccination rates were not consistently
reported, improvements in HPV uptake are difficult to
assess.”””® Other systematic reviews and meta-analyses
have focused on factors affecting HPV vaccine uptake or

acceptability (i.e., barriers and facilitators, knowledge,
and parental attitudes).”” > Few studies have included
males”®”” and individuals of younger ages.”* "’ Cur-
rently, no superior intervention strategies have been
identified for widespread implementation, nor has
enough time passed to assess the October 2016 dosing
recommendations.””*® This study’s objective is to per-
form a systematic review and meta-analysis to assess the
effectiveness of intervention strategies aimed at increas-
ing HPV vaccine initiation and completion among U.S.
children, adolescents, and young adults aged 9—26 years.

EVIDENCE ACQUISITION

Search Strategies

This review was conducted according to the PRISMA guidelines.’
It addresses the broad research question: What interventions have
successfully increased HPV vaccine initiation or completion in
males and females aged 9—26 years? A systematic literature search
was conducted by the lead author and a professional librarian
using the CINAHL, Medline Ovid, and Web of Science databases
to identify relevant articles published in English between January
1, 2006, and January 31, 2017. The earliest publication year was
chosen to identify intervention studies that appeared in press after
the HPV vaccine was licensed in 2006. The search used the follow-
ing combination of terms: human papillomavirus OR HPV OR
human papillomavirus AND (vaccine OR vaccination OR immu-
nization OR vaccinate) including Medical Subject Headings
(MeSH) terms whenever available. Titles, abstracts, and articles
were independently reviewed by AMR and TQD for inclusion,
and disagreements were settled by consensus. Bibliographies of
selected articles were scanned for additional articles not captured
by the electronic search.

Inclusion and Exclusion Criteria

Studies were included if they (1) assessed vaccine outcomes for
any individual or subgroups of individuals aged 9—26 years rec-
ommended to receive the HPV vaccine, (2) reported HPV vaccine
initiation or completion rates after intervention, and (3) included
an intervention strategy (behavioral, environmental, or informa-
tional) and a comparison group. The comparison group either
received a different intervention, no intervention, or one of lower
intensity, such as usual care. The definitions used for the interven-
tion strategies were similar to those proposed by Walling and col-
leagues.'® A behavioral strategy changes behavior by providing
necessary skills to make a decision regarding initiation or comple-
tion of HPV vaccination.'® Specifically, behavioral interventions
target decision support (e.g., message framing, peer or expert edu-
cation video, evidence-based pamphlet) and use healthcare system
alerts or patient prompts (i.e., text messages, e-mail, mailed corre-
spondence, and phone calls) as the intervention or a component
of the intervention to change behavior. Behavioral interventions
were categorized as decision support, reminders, or combination
of reminders and decision support targeting individuals eligible
for the vaccine (vaccine-eligible individuals), parents, or health-
care providers. An environmental strategy does not necessarily
affect individual behavior, but rather changes the social environ-
ment to facilitate vaccination (e.g., via decreased financial barriers
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Figure 1. Selection of intervention studies for increasing HPV uptake based on the PRISMA flow diagram, 2006—2017.
Note: The search used the following combination of terms: human papillomavirus OR HPV OR human papillomavirus AND (vaccine OR vaccination OR
immunization OR vaccinate), including Medical Subject Headings terms (whenever available).

HPV, human papillomavirus.

[no cost/reduced cost vouchers] or novel vaccination sites [e.g.,
schools]). An informational strategy increased awareness and
knowledge of HPV, HPV-related disease, or the HPV vaccine, but
it does not specifically target decision making or influence social
environment. It is important to point out that interventions not
meeting the definition of a purely behavioral, environmental, or
informational strategy were characterized as combined (i.e., incor-
porating more than two elements of different strategies).

Only peer-reviewed articles with post-intervention rates were
included. Studies were excluded if they were (1) duplicated in the
literature, (2) non-English articles, (3) conducted outside the U.S.,
(4) focused on intent to vaccinate, (5) without a vaccine strategy or
complete evaluation of the HPV vaccine intervention (no post-
intervention HPV vaccination rate), (6) not primary studies (i.e., lit-
erature reviews, systematic reviews, letters, guidelines, case reports,
case series, dissertations or theses, editorials, or commentaries), and
(7) abstract-only articles or conference presentations without full-
text articles. If an article assessed multiple vaccinations and did not
report the HPV vaccination rate separately, it was included.

April 2019

The search in CINAHL, Medline Ovid, and Web of Science
returned 1,056 items, of which 983 unique articles were screened
(Figure 1). Among the 983 potentially relevant articles, 742 articles
were excluded after screening titles and abstracts and applying the
exclusion criteria. From the 241 full-text articles reviewed,
30 articles met the inclusion criteria (Figure 1).%0~*%**7

Data Collection and Quality Assessment

A standardized form was created to extract relevant study charac-
teristics, including data source, first author, publication year, tar-
get population, level of evidence (Level I: RCT or quasi-
experimental, or Level II: cohort study), study design, sample size,
study period, location and setting, intervention, inclusion/exclu-
sion criteria, potential confounders, and outcome (HPV vaccine
initiation or completion). AMR and TQD independently extracted
the data, and forms were reviewed jointly to achieve consensus.
Article quality was independently evaluated by three reviewers
using the EQUATOR (Enhancing the Quality and Transparency
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of Health Research) reporting guidelines.”” STROBE®® and
CONSORT® were used to assess a minimum set of information
for reporting observational studies and randomized trials.
STROBE, a 22-item checklist, was used to assess observational
studies (case control and cohort), and CONSORT, a 25-item
checklist, was used to assess clinical trials.

Data Analysis

The review was conducted in 2017. To determine the effectiveness
of intervention strategies, HPV vaccine initiation and completion
rates were calculated or abstracted from each article. Once the data
were compiled, studies were categorized according to the outcome
of interest (initiation or completion), target population (children
aged 9—12 years, adolescents aged 13—17 years, young adults aged
18—26 years), and intervention strategy (behavioral, environmental,
or informational). The meta-analysis included studies if (1) a con-
trol group was included and (2) they represented independent data
(i.e., not derived from the same or overlapping cohorts). When two
or more studies were based on the same cohort, the study with mul-
tiple interventions or target populations (i.e., males versus females)
was selected. For the meta-analysis, the RR and 95% CIs were calcu-
lated for each study using OpenEpi online statistical software, ver-
sion 3.01.”° RR refers to the ratio of those who initiated or
completed the HPV vaccine. The pooled relative incidence esti-
mates (RIE) and the corresponding 95% ClIs were calculated with
random effects models. A random effects meta-analysis model
assumes that observed estimates of the intervention effect vary
across studies because of differences in the intervention effect in
each study as well as sampling variability (chance).”" Heterogeneity
was assessed using I? and the Cochran Q statistic. Statistical tests
for asymmetry were determined using funnel plots and accompa-
nied by the Egger test. All meta-analyses were performed using
Stata, version 11.2.

EVIDENCE SYNTHESIS

Description of the Literature

Table 1 provides a descriptive summary of the 30 sys-
tematic review articles.”® *>**7% Appendix Tables 1
and 2 (available online) provide detailed information on
each article. Articles varied in study design, outcome,
strategy, setting, geographic location, and target popula-
tion. There were 14 RCTS,36,39,4(),42,48,5(),52,53,55—57,59,62,66
13 COhOrt Studies’37,38,43,44,46,47,49,54,58,61,63765 and three
quasi-experimental studies.”””"*” Most of the studies
met the STROBE and CONSORT guidelines (Appendix
Table 1, available online). Except for two studies that
lacked method elements, most observational studies met
the elements of the STROBE checklist. The RCT's were
of excellent (nine studies with 20 or more of the 25
CONSORT elements) or very good quality (five studies
with 17.5—19 of the elements).

The 30 articles included 12 behavioral,”"***>>
—53,55,56,59,60 ten environmental’S6,43,44,47749,5&6l,63,65 fOur
informational,”®*>**®* and four combination strate-
gies45’57’64’66 (Table 1, Appendix Table 2, available online).

Table 1. Summary of Articles Included in the Systematic
Review of HPV Vaccine Interventions, 2006—2017 (n=30)

Number

Characteristic of studies
Study design

RCT36'39'40'42'48'50'52'53'55757'59'62'66 14

Quasi-experimental*°:°:6° 3

COhort37,38,43,44,46,47,49,54,58.61,63765 13
Intervention strategy

Behaviora|37,39,40,46,50—53,55,56,59,60 12

Environmenta|36,43,44,47749,54,61,63,65 10

Informational&42°8:62 4

Combination®®°7:64.6¢ 4
Gender

Male>¢3" 2

FemaIe38740'42745'47'50756'58'61'63'65 19

Male and femaIe46,48,49,57,59,60,62,64,66 9
Age groups

All ages (9—26 years)>40:43:57 4

Children (9—12 years)*® 1

Adolescents (13—17 years)®>%* 2

Children and adolescents 10

(9_17 years)37,38,46,48750,60762,66

Young adults 13

(18_26 years)36,42,44,47,51,52,54756,58,59,63.65
Outcome

Initiation37—39,44,46,48,51,52,55,60,61,63 12

Completi0n40,49,56,57,59,66 6

Both36,42,43,45,47,50,53,54,58,62,64,65 12
Included other vaccines*®%° 2
Intervention target

Individua|S36,4O,42—44,47—49,51—56,58—66 23

Parents37739'45'53'62 6

Providers*® 1

Providers and family®®:°” 2
Sample size

<25036,37,45,49,51,53,54,58,63,65 10

Z25038740,42744,47,48,50,52,55*57,59762,64.66 19

Not provided*® 1
Setting®

CIini0536,37,39,44747,50,53758,60,63,66 17

University/college>64247:52:54.55.59 7

Schoo|s38,48,49.61,62,64 6

Otherb 40,43,51,65 4

@Four studies recruited participants from both clinics and universities/
colleges.

®Other includes postpartum unit, managed care, and community set-
ting.

HPV, human papillomavirus.

Twelve articles examined both HPV vaccine initiation and
Completion)36,42,43,45,47,50,53,54,58,62,64,65 and 18 examined
either initiation (n=12)"" 7**40:4821,525560.6L63 1 com-
pletion (n=6)."04926575965 o articles included other

vaccines.”**° Most of the articles targeted individuals
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36,40,42—44,47—49,51—56,58—66 -
(n=23), > included  females only

occurred in the clinic

and had sample sizes of

38—40,42—44,47,48,50,52,55—57,59
250 or more people (n=19 P 7

T020%%% Table 1). Nine articles targeted males and
females,'**%17777000264%¢ and two targeted males.”™”’
Four articles targeted all ages (9—26 vyears),””*"">"
13 targeted Young adults,36,42,44,47,51,52,54—56,58,59,63,65 and
13 targeted children and adolescents (mostly between

37,38,45,46,48—50,53,60—62,64,66
ages 11 and 17 years >46,48750,53,60762,6466; Table 1).

(l’l= 1 9))38—4(),42—45,47,50—56,58,6 1,63,65
(1’l= 1 7)’36,37,39,44—47,5(),53—58,6(),63,66

Behavioral Strategies

Behavioral strategies”****>073>>°6:%%0 yqed reminder/
recall systems or decision support to target vaccine-
eligible individuals,">'*>>>°*>% parents,”**>* and
providers.">” There were eight RCTs, 705355565
two cohort studies,””** and two quasi-experimental stud-
ies.”"® Interventions included postcards, reminder calls,
texts, letters, postcards, in-clinic health information tech-
nology reminder or recall system, and decision support
materials (educational messaging/video).

Behavioral interventions demonstrated varying
effectiveness from increasing HPV uptake in seven
studies™***>*077%% to little or no effect in five stud-
ies.”””**°>>" In a countywide intervention centered on
immunization registry—driven recall and postcard
reminders, the first dose improved for children aged
11—12 years for both boys (overall change, 14%—32%)
and girls (27%—43%), but completion improved only for
boys aged 13—18 years.* Compared with controls (no
intervention), HPV vaccine initiation was the highest
among children and adolescents aged 11—17 years who
received the combined health information technology
and postcard intervention (girls OR=2.4, boys OR=1.6)
followed by the system-level postcard campaign (girls
OR=1.6, boys OR=1.1 [not significant]) and the health
information technology reminder system (girls OR=1.5,
boys OR=1.4)."" Vaccination rates were significantly
higher among female university students who were
shown peer- and expert-narrated HPV vaccine educa-
tion videos (decision support) compared with controls
(no video; 21.8% vs 11.8%).”> Completion rates were
higher among Kaiser Permanente members who
received a reminder letter compared with controls (no
reminder; 56% vs 47%)." Among adolescent girls whose
parents opted to receive up to three text message
reminders, on-time receipt of the next dose was higher
than those who did not receive text reminders (52% vs
35%).” Another study included a reminder and recall
component with physician- and family-focused arms
(separately and combined), and a family-focused com-
ponent (automated telephone reminders).”” Those who

April 2019

received the combined intervention had higher vaccina-
tion rates compared with no intervention (Dose 1: 23%
vs 16%, Dose 2: 73% vs 65%, and Dose 3: 76% vs 63%,
respectively).”’

Five studies showed little or no effect on HPV vacci-
nation.”””*>>°**” An intervention targeting boys aged
11—15 years tested messaging in a school-based health
center and increased intent to vaccinate, but found little
effect on vaccine behavior.”” Rates were not significantly
different for subsequent doses among those receiving
text/e-mail appointment reminders and education mes-
sages compared with controls (no intervention; Dose 2:
53% vs 52%, Dose 3: 34% vs 32%).”” Completion rates
did not improve for participants who chose their pre-
ferred reminder (text, e-mail, phone, private Facebook
message, or standard mail; 17.2% vs 18.9%) compared
with routine follow-up.”® HPV vaccine uptake was low
(5.5%) among those randomized to receive HPV-specific
education with a mailed reminder compared with stan-
dard care.” Joseph et al.”’ evaluated the impact of a cli-
ent-centered behavioral intervention (Brief Negotiated
Interviewing) on mothers’ HPV vaccine knowledge and
HPV vaccine initiation for their adolescent daughters,
and found increased HPV knowledge among the inter-
vention group than the controls, but nonsignificant dif-
ferences in vaccination rates between groups.

Environmental Strategies
Environmental strategies’®***** ~*»7:01029% {50k place
in health clinics,’****>*% postpartum units,"**
schools,"****"** and  universities/community ~ col-
leges.”**”>* Although convenient (i.e., location, no cost,
timing), uptake was relatively low among some of the
studies (2240%)."*""°* Two studies offered the HPV vac-
cine post partum (shortly after delivery) and scheduled
vaccinations with postpartum visits.*>*> One study
reported 41.3% (62/150) received Dose 1 post partum
and 30.7% (46/150) completed the series.®” Another
study reported 661 patients receiving vaccines post par-
tum (Dose 1: 575, Dose 2 or 3: 86)."” Location was
important among college-aged females, with higher
uptake among the clinic recruits than the community
college (45% vs 7%, respectively).”* Uptake of the next
dose was also greatest for women recruited from clinics
than colleges.”” A college setting was effective in vacci-
nating young adult males, with completion higher using
an alternative dosing schedule than standard dosing
schedule (0, 2, 12 months vs 0, 6, 12 months).”®
School-based HPV immunization programs may be a
viable approach to improving vaccination initiation and
completion rates among children/adolescents.*®**°"¢%
The programs often involve a partnership between a
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local school system and the health department.*”*"** At

school-located vaccination clinics in Denver, Colorado
(intervention), more females received at least one dose
(OR=2.56, 95% CI=1.34, 4.88) than controls (no school-
located vaccination clinics).*® During a “vaccine blitz” at
a Michigan middle school, 67 doses were provided by a
team of medical students, public health students, and
school-based health center staff after a brief educational
exercise, distribution of educational materials, and writ-
ten/verbal consent.” More females initiated vaccination
at host schools (middle schools hosting four 1-day clin-
ics) than satellite schools (schools whose students could
receive the HPV vaccine at host school clinics) (6% vs
1%).°" Through a school-based vaccination program,
70% of HPV vaccine-naive high school students initiated
and 62% completed the three-dose series (88% who initi-
ated successfully completed the series).”*

Informational Strategies

Four studies used informational strategies’******* com-
prising two RCTs"*%* and two cohort studies.”®”® The
strategies included education (e.g., exercises, audit and
feedback, video intervention, peer/medical narrative),
educational websites tailored to baseline knowledge, and
brochures/factsheets to increase awareness and knowl-
edge of HPV vaccine and HPV. Informational strategies
produced mixed results in increasing HPV uptake.
Effects on HPV-related knowledge, intention to vacci-
nate, and HPV vaccine initiation were similar among
females receiving a non-tailored CDC factsheet (control)
and females randomized to an online educational tool
(intervention: website individually tailored to baseline
survey responses).”” Two studies increased vaccine
uptake by targeting HPV knowledge and beliefs and
using constructs from the Health Belief Model,**®
which posits that messages achieve optimal behavior
change if perceived barriers, benefits, self-efficacy, and
threats are successfully targeted.”” In a three-arm RCT,
two educational interventions were used to increase vac-
cination for four recommended vaccines: tetanus, diph-
theria, acellular pertussis; measles-containing vaccine-4;
HPV; and influenza.®” Parents in the two intervention
arms who received educational materials to improve
their knowledge and attitude toward HPV vaccination
were less likely to report HPV vaccination compared
with the control group who received no educational
materials.”” Positive attitude and beliefs about the HPV
vaccine were consistent predictors for receipt of the
HPV vaccine.”®*%%*

Combination of Intervention Strategies
Studies using a combination of intervention strategies with
active feedback were effective in improving HPV vaccine

uptake.”””**%° In a quasi-experimental study, parents of
eligible girls aged 11—12 years who received an educational
brochure based on predictors of parental acceptance and
Health Belief Model constructs (informational strategy)
and telephone reminders (behavioral strategy) were more
likely to initiate and complete the HPV vaccine compared
with historical controls not receiving the intervention
(OR=9.4 and OR=22.5, respectively).45 Another interven-
tion targeted providers and used repeated contacts, educa-
tion, individualized feedback, and strong quality
improvement incentives to increase HPV uptake.” Boys
and girls at the intervention health centers were more likely
to initiate and complete their next HPV dose than control
practices (girls OR=1.6, boys OR=11 vs girls OR=1.4, boys
OR=23, respectively).”” Improvements in HPV uptake
were sustained in the post-intervention/maintenance
period (girls OR=1.6, boys OR=25, respectively).”” Guided
by evidence- and practice-based strategies, one study
involved multiple components (educational materials,
informational booth, reminder calls, and school-based vac-
cination program) to improve HPV vaccination and reduce
known barriers (70% initiated, 62% completed).”* Com-
pared with standard care (telephone and phone
reminders), a tiered patient immunization intervention
escalating from phone and letter reminders to home visits
and preventive care visits significantly increased HPV initi-
ation (59% vs 43%) and completion (37% vs 24%) among
girls aged 11—15 years.”®

Meta-analysis

Table 2 presents the meta-analysis results (15 RCTs
and two quasi-experimental studies) involving
68,623 children, adolescents, and  young
adults'36,39,40,42,45>48,50>52,53,55757,59,60,62,()3,6() Figures 2A
and 2B are forest plots of estimates for HPV vaccine ini-
tiation and completion studies. A subset analysis for
high-quality RCTs (articles with quality score >20) was
1.73 (95% CI=1.02, 2.94) for HPV vaccine initiation and
1.77 (95% CI=0.99, 3.16) for HPV vaccine completion.
The pooled effect of the high-quality RCT's estimates
that the mean initiation rate in the intervention group
increased by 73% and 77% for completion.

For HPV vaccine initiation, the meta-analysis
included 11 studies (nine RCTs and two quasi-experi-
mental studies) with 14 RIEs. ®*»%%4850:52,53,55,57.60,62
Three articles had two RIEs because of multiple inter-
vention groups (i.e., females/males’”®” or female adoles-
cents/parents).”” The overall pooled RIE for HPV
vaccine initiation was 1.84 (95% CI=1.36, 2.48; Table 2
and Figure 2A). The mean initiation increased by 84%
for the intervention. There was a high level of between-
study heterogeneity with an I* of 90.9% and Cochran Q
test p<0.0001. The funnel plot (Appendix Figure 1,
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Table 2. Summary of Meta-analysis Performed to Increase HPV Uptake Among Children, Adolescents, and Young Adults,

2006—2017
Test for overall effect
Number of studies/ Heterogeneity,
Variable number of RIEs RIE (95% Cl) p-value 2%
HPV vaccine initiation®-425:48:50,52,53,55,57,60,62 11/14 1.84 (1.36, 2.48) 0.0001 90.9
Intervention strategy
Behavioral 10/10 2.04 (1.36, 3.06) 0.001 90.0
Environmental 2/2 1.48 (0.56, 3.92) 0.432 88.2
Informational 3/4 1.92 (1.27, 2.91) 0.002 78.9
Gender
Both 2/2 2.10(1.83, 2.40) 0.0001 0.0
Female 9/9 1.60 (1.23, 2.08) 0.001 70.6
Male 3/3 2.48 (0.61,10.05) 0.204 98.0
Age groups
All 2/2 2.52(0.63,10.12) 0.192 97.0
Children/adolescents 6/8 1.88 (1.49, 2.37) 0.0001 73.2
Young adults 3/3 1.09 (0.74, 1.63) 0.163 44.8
Study type and quality
High-quality RCT (>20) 6/7 1.73 (1.02, 2.94) 0.043 94.4
HPV vaccine completion>6-3940:42:45.50,53,56,57,59,62,63,66 13/15 1.50 (1.23, 1.83) 0.0001 93.4
Intervention strategy
Behavioral 10/11 1.68 (1.25, 2.27) 0.001 93.9
Environmental 2/2 1.03 (0.82, 1.30) 0.792 78.7
Informational 3/4 1.65 (0.90, 3.02) 0.103 69.8
Gender
Both 3/3 1.25 (0.94, 1.66) 0.132 84.5
Female 9/9 1.30 (1.08, 1.56) 0.006 73.2
Male 2/2 4.51(0.19,108.33) 0.354 99.3
Age groups
All 2/2 1.14 (1.08, 1.20) 0.0001 0.0
Preadolescents/adolescents 8/10 1.94 (1.40, 2.68) 0.0001 94.3
Young adults 3/3 0.92(0.78, 1.09) 0.863 0.0
Study type and quality
High-quality RCT (>20) 6/7 1.77 (0.99, 3.16) 0.054 96.2

Note: Boldface indicates statistical significance (p<0.05).
HPV, human papillomavirus; RIE, relative incidence estimate.

available online) demonstrated the results were generally
symmetric with one evident outlier. When removing the
outlier (results not shown), the pooled RIE decreased to
1.60 (95% CI=1.27, 2.01) and I decreased to 70.5%. The
subgroup analyses show behavioral and informational
intervention strategies were effective in increasing HPV
vaccine initiation with RIE of 2.04 (95% CI=1.36, 3.06)
and 1.92 (95% CI=1.27, 2.91), respectively (Table 2).

For HPV vaccine completion, the meta-analysis
included 13 articles (11 RCTs, one quasi-experimental, and
one COhort) prOViding 15 RIES'36,39,40,42,45,50,53,56,57,59,62,63,66
Two articles had two RIEs because of multiple intervention
groups (ie, females/males” or female adolescents/
parents).”” The overall pooled RIE for HPV vaccine com-
pletion was 1.50 (95% CI=1.23, 1.83), an increase of 50%
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(Table 2 and Figure 2B). There was a high level of
between-study heterogeneity with an I* of 93.4% and
Cochran Q test p<0.0001. The funnel plot (Appendix
Figure 2, available online) demonstrated the results were
generally symmetric with one evident outlier. When
removing the outlier (results not shown), the effect was
lowered (RIE=1.19, 95% CI=1.04, 1.35) and the I
decreased to 78.6%. When limiting to studies involving
informational and behavioral interventions for HPV
vaccine completion, RIE was similar (1.65 vs 1.68; Table 2).

DISCUSSION

This systematic review summarizes 30 published studies
over the 1l-year period since the HPV vaccine was
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Study %
ID ES (95% Cl) Weight
Bennett et al. (2015) —_— E 0.91(0.55, 1.51)  6.93
Cassidy et al. (2014) —_— 220 (1.04,4.67) 561
Daley et al. (2014) —E.t— 2.56 (1.34,4.88) 6.18
Fiks et al. (2015) - Combined —'4-;- 1.60 (1.28,2.00) 8.27
Hopfer (2012) —'.— 1.69 (0.95,3.01) 655
Joseph et al. (2016) — E 1.08 (0.79, 1.46) 7.95
Lin et al. (2013) —:j— E 0.94 (0.77,1.15) 8.35
Patel et al. (2012) —_— 0.84 (0.31,2.28) 4.41
Perkins et al. (2015) - Females —-’oE—- 1.60 (1.16,2.20) 7.89
Perkins et al. (2015) - Males E ——> 11.00 (7.12, 17.00) 7.32
Staras et al. (2015) - Boys Combo —#—E— 1.51(1.00,2.27) 746
Staras et al. (2015) - Girls Combo —%—Iﬁ‘— 2.31(1.37,3.88) 6.87
Underwood et al. (2015) - Females E — 3.00(2.09,4.30) 7.70
Underwood et al. (2015) - Parent i{*- 2.08 (1.81,2.39) 8.51
Overall (l-squared = 90.9%, p = 0.000) <> 1.84 (1.36,2.48)  100.00
NOTE: Weights are from random effects analysis E
,05I88 1 1l7
B
Study %
ID ES (95% CI) Weight
Bennett et al. (2015) % 0.50 (0.09, 2.74) 122
Cassidy et al. (2014) : - 5.96(1.47,24.12) 168
Chao et al. (2015) [+ 113(1.08,120) 954
Fiks et al. (2013) - Combined 8 1.50 (1.32, 1.70) 9.25
Joseph et al. (2016) — 144(057,365 342
Kharbanda et al. (2011) - Historic Control —:E]— 1.83 (1.24,2.71) 7.00
Lin et al. (2014) = 0.90(0.73,1.10) 869
Patel et al. (2014) —‘-L_o-—; 092(0.59,1.44) 650
Perkins et al. (2015) - Females —L-]— 140 (0.98,2.00) 734
Perkins et al. (2015) - Males i —5&— 23.00(14.30,37.00) 6.21
Richman et al. (2015) %—E 1.01(0.70,1.45)  7.27
Szilagyi et al. (2011) EJ 1.40 (1.31, 1.50) 9.49
Underwood et al. (2015) - Females Adolescents -_ol-; 1.20 (0.96, 1.50) 8.57
Underwood et al. (2015) - Parent -;—&-}— 2.10 (1.30, 3.40) 6.15
Vanderpool et al. (2011) -+ : 078 (0.58,1.04)  7.98
Overall (l-squared = 93.4%, p = 0.000) Q 1.50 (1.23, 1.83) 100.00
NOTE: Weights are from random effects analysis j
1 1

.027 1 37

Figure 2. Forest plot of relative risks for HPV vaccination (2A) initiation and (2B) completion among children, adolescents, and young adults.
HPV, human papillomavirus.
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approved.”* ****7° 1t provides evidence supporting spe-
cific interventions to increase HPV uptake among targeted
groups. Various approaches were used, including reminder/
recall systems, informational videos, targeted population
strategies, and novel sites (schools, universities, and postpar-
tum units). This review adds to the literature, incorporating
more recent articles,>*>**»1235%606254 articles not previ-
ously included,*®*%4°>°895 novel sites (post partum,43’65
schools,*&4901:63 universities/community colleges.3 04754 " all
ages (9—26 years including younger than 11 years™ *’),
and both sexes, ®****?">%9004% Previous reviews assessed
educational interventions,” community and practice setting
interventions,” and older ages (11—26 years),””>*° and
included international studies,” which may not be applica-
ble in the U.S. Consistent with Walling and colleagues,"”
this study included all intervention types (behavioral, envi-
ronmental, informational, and combined).

The meta-analyses indicated that behavioral (RIE=2.04,
95% CI=1.36, 3.06) and informational strategies
(RIE=1.92, 95% CI=1.27, 2.91) were effective for HPV
vaccine initiation. Behavioral strategies effectively
increased completion by 68% (RIE=1.68, 95% CI=1.25,
2.27). Research has shown that accurate knowledge and
positive attitudes and beliefs towards the HPV vaccine are
important predictors for acceptance and receipt of the
HPV vaccine.”**>*** Informational strategies may influ-
ence the intent to vaccinate by increasing HPV-related
knowledge and awareness, but the effect on HPV vaccine
behavior is minimal.””>* The most effective strategy to
change vaccination behavior is multifaceted™*****>>°
ToR00047%__create positive attitudes and beliefs about
the HPV vaccine and its benefits,”***”*°* improve access,
and use prompts/reminders.

Consistent with Walling et al.,"”” behavioral interven-
tions demonstrated varying effectiveness and inconsis-
tent results. This review shows reminders without active
feedback were not effective and revealed similar results
to those receiving usual care (fact sheet).””7>2°%°? HpV
vaccination rates improved if reminders were used in
combination with recall systems, incentives, or educa-
tion,” 77 40:40:20752.60.64766 - proyider-focused  interven-
tions were effective for increasing provider
recommendation and support for initiation, whereas
family-focused interventions increased support for com-
pletion.”®*” Peer endorsement was important for chang-
ing vaccine behavior among young women.”” School-
based vaccination clinics improved HPV vaccine
uptake****°"** by improving access to the HPV vaccine,
convenience, and the ability to reach a large, diverse
population. Initiation was higher among students
attending schools hosting vaccine clinics (host schools)
than students from surrounding schools (satellite
schools).”’ Adolescents initiating the vaccine in host
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schools were more likely to complete the series than
those from surrounding schools. Adolescents in sur-
rounding schools dealt with extra travel distance, unfa-
miliarity with host schools, and lack of visibility of the
vaccination clinics.”’

Limitations

Although the results are encouraging, several challenges
remain in assessing interventions. First, findings are lim-
ited by shortcomings of the available literature. At the
time of this review, new studies/publications have not
been published to assess the impact of the new two-dose
schedule. This schedule reduces the number of doses
needed for completion for children younger than
15 years. Although all ages and sexes were included in
the search (especially those younger than 11 years and
males), the number of studies was limited. Most studies
included adults (18—26 years) and focused on females.
Second, the included studies varied in design and qual-
ity. Although a meta-analysis was originally proposed to
combine findings from several studies to produce an
overall summary estimate, interpretation of this estimate
presents a challenge because of heterogeneity of methods
and results. Despite these concerns, this meta-analysis
may still offer useful information about patterns of
reported results depending on the types of research
questions and study methods.””~ " Next, not many stud-
ies used environmental and informational strategies,
resulting in low precision of meta-estimates. Last, no
cultural appropriateness was assessed. Most studies did
not include race/ethnicity and SES data, making it diffi-
cult to explain how specific populations respond to cer-
tain interventions. Given the disparities in HPV-related
diseases, it is important to understand the relationship
between demographics and vaccine behavior. Despite
these limitations, each article contributed unique evi-
dence and knowledge about the potential usefulness of
various interventions.

CONCLUSIONS

Continued efforts are needed to improve HPV vaccine
uptake among U.S. adolescents. The findings of this
review support behavioral and informational interven-
tions for HPV vaccine initiation and behavioral inter-
ventions for completion. Given the association between
individual knowledge, attitudes, and beliefs, and HPV
acceptance and initiation, future studies should focus on
culturally appropriate interventions to reach a more
diverse population. To reduce HPV-associated morbid-
ity and mortality, more effective interventions should
target diverse populations (especially males), younger
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ages, and under-immunized populations (Hispanics), as
well as overlooked opportunities for HPV vaccination.
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