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Abstract
Background: Uptake of the human papillomavirus (HPV)
vaccine is low in Appalachian Ohio and areas with high cervical
cancer rates.
Methods: We conducted a group-randomized trial among 12
counties in Appalachian Ohio randomized to receive either an
HPV vaccine (intervention counties) or inﬂuenza vaccine (comparison counties) multilevel intervention (MLI). Parents (n ¼
337) who had a daughter aged 9 to 17 years who had not received
the HPV vaccine were recruited from commercial lists. Clinics (N
¼ 24) and 119 providers from these clinics were also recruited.
The primary outcome was medical record–conﬁrmed receipt of
the ﬁrst shot of the HPV vaccine 3 months after receiving the
intervention among daughters of parents enrolled in the study.
Secondary outcomes included receipt of the ﬁrst HPV vaccine shot
by 6 months and changes in provider knowledge.
Results: According to medical records, 10 (7.7%) daughters
of intervention participants received the ﬁrst shot of the HPV

vaccine within 3 months of being sent the intervention
materials compared with 4 (3.2%) daughters of comparison
group participants (P ¼ 0.061). By 6 months, 17 (13.1%)
daughters of intervention participants received the ﬁrst HPV
vaccine shot compared with eight (6.5%) daughters of comparison group participants (P ¼ 0.002). Provider knowledge
about HPV increased (P < 0.001, from baseline to after
education).
Conclusions: The MLI increased uptake of the HPV vaccine
among girls aged 9 to 17 years; however, uptake was low.
Impact: To improve HPV vaccine uptake, attention to
additional levels of inﬂuence (e.g., policy, community) and
more elements within levels (e.g., reminders, automated
prompts) may be needed. Cancer Epidemiol Biomarkers Prev; 25(4);

Introduction

females, and in 2014, a 9-valent HPV vaccine was approved for
females and males (7–9).
Uptake of HPV vaccines is higher in Australia (10–12) and some
countries in Western Europe (13–15) than in the United States,
with current rates of 39.7% for girls and 21.6% for boys aged 13 to
17 completing the three-dose vaccine series (16). Recommendations focus on vaccination of girls and boys 11 to 12 years of age and
as early as age 9, with catch-up vaccination suggested for 13- to 26year-old females and 13- to 21-year-old males (17, 18). While rates
of HPV vaccine uptake are universally low, vaccine uptake should
be more vigorously pursued among populations that have higher
cervical cancer rates. One such population (19–22) is residents of
Appalachia. Appalachia is a federally designated region of the
United States, with deﬁcits in income, educational attainment,
business growth, and access to healthcare (23–25); moreover,
cancer is the number one cause of mortality in this region (26, 27).
Previous research in Appalachia found negative attitudes and
poor knowledge about HPV, the HPV vaccine, and cervical cancer
among parents (28, 29). Using community-based participatory
research strategies, our team, in partnership with community
members from local cancer coalitions (advocacy organizations),
developed a multilevel intervention (MLI) to improve HPV vaccination among girls aged 9 to 17 in Appalachian Ohio (30).
Because previous studies have mainly focused on addressing one
or two levels of inﬂuence (e.g., providers or parents; refs. 31, 32),
and our formative research (30) suggested that multiple levels

Studies have documented the association between human
papillomavirus (HPV) and six types of cancers, including cancers
of the cervix, oropharynx, anus, vagina, vulva, and penis (1–5). In
the United States., a quadrivalent HPV vaccine was approved for
females aged 9 to 26 years in 2006 and for males of the same age in
2009 (6, 7) that protects against two oncogenic HPV types (16 and
18) responsible for most anogenital cancers and two nononcogenic HPV types (6 and 11) responsible for most cases of genital
warts (7). A bivalent HPV vaccine was approved in 2009 for
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Randomized: 12 Ohio Appalachian
counties

Intervention condition (6 counties)
Parents selected: 2,456
Unable to contact: 1,143
Deceased: 4
Ineligible: 770 Refused: 364
Eligible/consented/baseline
complete: 174
Ineligible after consent: 1

Comparison condition (6
counties)
Parents selected: 2,342
Unable to contact: 1,025
Deceased: 5
Ineligible: 825 Refused: 321
Eligible/consented/baseline
complete: 163
Ineligible after consent: 3

Called for health education
session: 174
Refused: 1 Refused further
contact: 2
Unable to contact: 27
Received intervention: 144

Called for health education
session: 163
Refused: 0 Refused further
contact: 1
Unable to contact: 21
Received intervention: 141

Called for post survey: 172
Refused: 0
Refused further
contact: 4
Unable to contact: 13
Post survey completed: 155

Called for post survey: 162
Refused: 0
Refused further
contact: 1
Unable to contact: 12
Post survey completed: 149

Called for one-month follow-up
survey: 168
Refused: 0 Unable to contact:
23
Completed survey: 145

Called for one-month follow-up
survey: 161
Refused: 0 Unable to contact:
22
Completed survey: 139

Called for six-month survey: 168
Refused: 2
Unable to contact:
17
Completed survey: 149

Called for six-month survey: 161
Refused: 2
Unable to contact:
15
Completed survey: 144

Sent MRR release form: 174
Refused: 20
Never returned
form: 16
Vaccination status not confirmed
by clinic: 8
Confirmed vaccination status:
130

Sent MRR release form: 163
Refused: 16
Never returned
form: 15
Vaccination status not confirmed
by clinic: 8
Confirmed vaccination status:
124

inﬂuence the decision to get the HPV vaccine in this population,
we thought that an MLI, addressing three levels most inﬂuential
(health clinics, providers, and parents of girls aged 9 to 17 years),
was appropriate. The theoretical framework for the intervention
was guided by several theories, including the Health Belief Model
(33), Theory of Reasoned Action (34), Extended Parallel Process
Model (35), and Organizational Developmental Theory (36). The
goal of this article is to describe and report the results of a grouprandomized trial (GRT) at the county-level testing of the efﬁcacy
of the MLI to improve HPV vaccination among this population.

Materials and Methods
This study was conducted from 2010 to 2015. Originally, the
study design called for one clinic from each county to participate
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Figure 1.
CONSORT diagram of parent
participants by intervention group.

and provide access to providers and patients to approach for
recruitment. Clinics provided letters of support for the grant
application, but when asked to provide or contact patients, clinics
declined participation. The study design, therefore, was modiﬁed,
as described below. CONSORT diagrams outline the number of
parent participants (Fig. 1), and clinics and providers recruited
(Fig. 2) by study arm and followed. This study was approved by
the Institutional Review Board of the Ohio State University
(OSU).
Sample selection
Counties. The OSU research team and community coalition
members identiﬁed 12 counties to participate in the study.
Counties were pair-matched based on cervical cancer incidence
rates and location. One county from each pair was randomly
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Randomized: 12 Ohio Appalachian
counties

Clinics

Providers

Intervention condition (6 counties)

Comparison condition (6 counties)

Clinics enrolled (full participation): 10
Material only involvement: 5
Declined to participate: 19
Ineligible: 8
Unable to contact: 2

Clinics enrolled (full participation): 14
Material only involvement: 9
Declined to participate: 22
Ineligible: 6
Unable to contact: 3

Completed clinic questionnaires: 10
Unable to contact for questionnaire: 0

Completed clinic questionnaires: 12
Unable to contact for questionnaire: 2

Providers enrolled (completed baseline):
57
Refused at baseline: 1

Providers enrolled (completed baseline): 62
Refused at baseline: 1

Completed post survey: 55
Refused post survey: 0
Left session before completing post
survey: 2

Completed 12-month follow-up: 40
Unable to contact: 10
Refused: 1
No longer working at clinic: 4
Retired: 3 Deceased: 0

Completed post survey: 59
Refused post survey: 1
Left session before completing post survey:
2

Completed 12-month follow-up: 40
Unable to contact: 6
Refused: 2
No longer working at clinic: 7
Retired: 0 Deceased: 1

Figure 2.
CONSORT diagram of clinic and provider participants by intervention group.

assigned to receive the HPV vaccine intervention (n ¼ 6),
whereas the other county was assigned to the comparison
condition (n ¼ 6), an educational intervention (attention
control) about inﬂuenza (ﬂu) and the ﬂu vaccine.
Clinics. Coalition members and study staff identiﬁed all health
clinics in each of the 12 counties. Clinics were contacted by study
staff, eligibility determined, and invited those eligible to participate. Clinics were eligible if they (i) were located in one of the 12
counties in the study; (ii) provided care to girls 9 to 17 years old;
and (iii) either provided immunizations or referrals for immunizations. A total of 98 clinics in Ohio Appalachia were
approached to participate (Fig. 2). Of these, 5 were not reached
despite multiple attempts via phone, 14 were ineligible, and 41
(49%) declined to participate (too busy, no time, not interested).
Thus, 24 clinics agreed (10 intervention, 14 comparison) to
participate fully, and 14 clinics participated only in the cliniclevel intervention.
Providers. To be eligible for participation, providers had to be
employed at one of the 24 fully participating clinics. Potential
provider participants (staff involved in educating patients and/or
administering vaccines) were recruited by their clinic manager or
lead physician to attend a study education session conducted at
regularly scheduled meetings.

Parents. Eligible parents had to (i) be age 18; (ii) be able to
speak, read, and write English; (iii) be a resident of one of
the participating 12 Ohio Appalachian counties; (iv) be a
parent or a legal guardian of a young girl (age 9 to 17 years)
who had not received the HPV vaccine (if a parent had more
than one daughter, they were asked questions about their
eldest daughter); and (v) have no children who have received
the HPV vaccine [as conﬁrmed by medical record review
(MRR)].
Parents were sampled using the following procedures. A
master list was ﬁrst obtained from Survey Sampling International (37) consisting of all households from the 12 counties
that had at least one female resident aged 9 to 17 years old.
A random sample of households was drawn for each county,
and the names and addresses were given to study staff, who
then mailed a recruitment letter and informational sheet introducing the study to the selected households. Study staff made
at least 10 attempts (calling at different times of the day,
weekday, and weekend, as well as sending an "unable to
contact" letter) to reach the listed household. Once the household was reached, the interviewer asked to speak to the parent
who was most involved in making health decisions for
their daughter. The study was then described, questions
answered, informed consent obtained, and the baseline survey
administered.
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Intervention
Development of the MLI has been previously described (30);
however, each level is brieﬂy detailed below.
Clinic-level intervention
The clinic-level intervention focused on providing an environment where information about HPV vaccination was visible and
readily available. We developed study-speciﬁc waiting room and
examination room posters, brochures, and tabletop tent cards for
the HPV vaccine intervention. Study staff regularly checked in with
clinic staff to answer questions and check common areas and
exam rooms to see if study or other educational materials were
visible (on HPV vaccination) and replenished depleted materials.
Provider-level intervention
The educational session for providers, facilitated by a member
of the research team, included a 1-hour PowerPoint presentation
and handouts on the HPV vaccine, focusing on current evidencebased HPV vaccine information and strategies designed to assist
physicians in discussing HPV vaccination with parents. For the
comparison arm, providers were given information on the ﬂu and
ﬂu vaccine. For the HPV vaccine education session, we modiﬁed
an evidence-based tobacco cessation program (38) focused on the
"5 A's" and "5 R's." Providers completed surveys that assessed HPV
vaccine knowledge and attitudes, as well as self-efﬁcacy to talk to
parents and patients about both vaccines, before and after the
educational session. At 12 months following the educational
session, a survey was administered to providers to assess the
durability of intervention effects.
Parent-level intervention
After the initial phone call, intervention participants were
mailed a packet that included a $10 thank you gift card for
completing the telephone-administered baseline survey, an educational brochure and DVD video about HPV and HPV vaccination, a magnet reminder to get the 2nd and 3rd HPV vaccine shots,
and a Centers for Disease Control and Prevention (CDC) HPV
vaccine information statement. The comparison group was
mailed a packet that included similar items, a ﬂu vaccine information statement from the CDC and ﬂu information sheets from
Ohio Department of Health. The packet for both groups also
included a medical record release form and a self-administered
survey which they were instructed to return in an enclosed selfaddressed prepaid. Participants were mailed a $5 gift upon receipt
of these items.
Health educators conducted an education session about the
HPV vaccine (or ﬂu vaccine to the comparison group) via telephone to reinforce the message in the educational materials
regarding the need for a vaccine and addressed any vaccination
barriers or questions.

cancer incidence and mortality rates, their knowledge about
parental concerns regarding the HPV vaccine, and what they knew
about patient-level predictors of HPV vaccination. Provider
knowledge (in both groups) was measured by ﬁve true/false
statements with correct answers representing higher levels of
knowledge. Self-efﬁcacy to talk to patients and parents about the
HPV vaccine was assessed with two items. Provider demographic
characteristics (age, gender, race, ethnicity, education, and job
title) were also assessed.
Parent level
HPV vaccination. Whether daughters received the ﬁrst HPV
vaccination shot within 3 months after mailing the intervention
materials was determined by MRR. This timeframe was selected
as individuals usually act close to cues to action, i.e., the
educational intervention, than later (33). Medical records from
any clinic a parent listed on the survey or release form were
obtained, regardless if the clinic was participating in the study.
Shortly after receiving the health educator call and one month
later, a research interviewer contacted participants and administered a short phone survey to collect information on intent to
vaccinate and vaccination status, for the speciﬁc vaccine (e.g.,
HPV vaccine in intervention group, etc.). One additional phone
call 6 months later was conducted to collect information on
HPV vaccination in both groups. A gift card for each follow-up
survey was sent to the participant as a thank you for their time.
Participants could receive up to $40 in gift cards for returning
all forms and surveys.
Secondary outcomes included HPV vaccine uptake at 6
months and uptake of the second and third HPV vaccine shots
by MRR and parental report on the six-month phone survey. Six
months was chosen as this is the recommended timeframe to
receive the three shot series; thus, we also assessed receipt of the
second and third HPV vaccine dose among those who received
the ﬁrst dose.
Parent and daughter demographic characteristics. Parents provided
information about their daughter's age and race, and their own
age, race, ethnicity, marital status, education, employment status,
household income, and health insurance on the self-administered
survey. General health and smoking status were asked in the
posteducation survey.
Parent-reported daughter vaccination coverage. Parents were asked
(yes/no) at baseline if their daughter had ever received a ﬂu,
tetanus, diphtheria, and pertussis (Tdap), or meningococcal vaccine (MCV) at baseline. At the six-month survey, parents were
asked about HPV and ﬂu vaccination for their daughter.

Measures
Clinic level. An administrator from each clinic was asked to
complete a questionnaire measuring patient volume, revenue
sources, number of insured patients, and number of providers,
prior to the introduction of the provider and patient
components.

Intention to vaccinate a daughter. Parents were asked at baseline
and after education if they intended to have their daughter get the
HPV vaccine. Responses for this item were measured on a ﬁvepoint Likert scale (1 ¼ strongly disagree to 5 ¼ strongly agree). At
the six-month survey, parents of unvaccinated daughters were
asked (yes/no) if they intended to have their daughter get the ﬁrst
dose of the HPV vaccine within the next month and in the next
year.

Provider level. To determine knowledge about HPV and the HPV
vaccine, providers were asked about state and national cervical

HPV susceptibility and severity. Intervention group participants
were asked at baseline and after education about their daughter's
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susceptibility to getting HPV by responding to the item, "There is a
high chance that my daughter will get HPV." To measure perceived
severity, participants were asked to respond to the item, "If my
daughter were to get HPV it would be a very serious threat to her
health." Responses for these two items were measured on a sevenpoint Likert scale (1 ¼ strongly disagree to 7 ¼ strongly agree).
Self-efﬁcacy and intent to encourage daughter to speak with doctor.
Intervention group participants were asked at baseline and after
education about their comfort in (self-efﬁcacy) and intention to
encourage their daughter to speak to a doctor about the HPV
vaccine. Social inﬂuence on a participant's intent to encourage
their daughter to speak to a doctor/nurse was also assessed.
Responses for these items were measured on a seven-point Likert
scale (1 ¼ strongly disagree to 7 ¼ strongly agree).
Knowledge, attitudes, and beliefs. Intervention participants were
asked at baseline and after education about their knowledge,
attitudes, and beliefs about the HPV and the HPV vaccine. They
were asked to respond to 10 true or false statements about HPV and
HPV vaccine knowledge, and for beliefs and attitudes about HPV
and the HPV vaccine, they responded to 16 items measured on a
seven-point Likert scale (1 ¼ strongly disagree to 7 ¼ strongly agree).

Statistical Methods
The primary outcome was receipt of the ﬁrst HPV vaccine shot
within 3 months of the mailing of intervention materials, as
determined by MRR. The sample size for the study was chosen
based on power calculations assuming an HPV vaccination rate of
28% in the comparison counties (based on estimates from
respective health departments) and a 58% vaccination rate in the
intervention counties, based on previous studies that used educational and provider/system interventions to increase vaccine
uptake (39). The interclass correlation coefﬁcient used was 0.07,
using the formula in Donner (40) and vaccination rates from the
respective county health departments. Based on these parameters,
a sample size of six counties per treatment arm and 23 participants
per county was chosen to provide 85% power. We expected 15%
attrition from baseline to follow-up, and thus recruited an additional ﬁve participants per county to provide a ﬁnal sample size of
28 per county. Loss to follow-up over 6 months was actually
13.8% among intervention parents and 11.7% among comparison parents (P ¼ 0.557).
Since "missingness" of medical record data was 25.3% among
intervention and 23.9% among comparison groups (P ¼ 0.644),
the outcome was analyzed in two ways: (i) an analysis of only
participants with MRR data (complete case) and (ii) an intent-totreat analysis assuming participants without MRR data did not
receive the shot, as is commonly done in studies where a drop-out
is considered a treatment failure (41). In each analysis, a clustered
permutation test was used to determine if the outcome distribution differed by study group. The test was implemented using a
two-stage approach recommended by Gail and colleagues (42) to
account for baseline factors that were unevenly distributed across
treatment arms. The same analysis strategy was used to analyze
several secondary outcomes: receipt of the ﬁrst HPV vaccine shot
within 6 months based on MRR, parent-reported ﬁrst shot status,
and receipt of the second and third shots.
Changes in attitudes and beliefs of parents in the intervention
counties were examined by comparing the proportion who

agreed/strongly agreed with statements about HPV and the HPV
vaccine at baseline and at the posteducation survey. Change in
knowledge about HPV and the HPV vaccine after receiving the
video was analyzed using a Wilcoxon sign-rank test. Linear mixed
models were used to test for changes in provider knowledge about
HPV and HPV vaccine within each arm and to compare changes
across arms from baseline to the 12-month survey.

Results
Characteristics of participants
Of the 24 participating clinics, 22 representatives completed the
questionnaire about clinic characteristics (Table 1). Clinics
employed, on average, two physicians, four nurses, three nurses
who administer vaccines, and four support personnel. The clinics
provided care for, on average, approximately 3,400 adult and
1,300 child patients. On average, 40.7% of the practice revenue
was from Medicaid, followed by Medicare (14.6%), other managed care (13.0%), and other insurers (12.2%). Lastly, the average
percentage of uninsured patients was 22.4% for adults and 18.8%
for children. The average number of physicians in the intervention
clinics was considerably higher (3.1 vs. 1.2) than the comparison
clinics. All other clinic-level factors were similar across arms. All
clinics displayed study-speciﬁc materials as directed, and material
was restocked by study staff at all clinics.
Providers in the intervention counties were more likely to have
a professional degree (28.1% vs. 21.0%) and have a title other
than physician or nurse (45.6% vs. 37.7%). All other providerlevel demographic variables were similar between groups. Loss to
follow-up over 12 months was 33.3% among intervention and
24.2% among comparison providers (P ¼ 0.270).
The demographic characteristics of parent and child participants
(n ¼ 337) are presented in Table 2. The mean age was 43.5 years,
and the majority of them (98.5%) were white, representative of the
Ohio Appalachian region. Most parents reported being married or
living as a couple (89.3%), being employed full or part-time
(63.4%), having health insurance (91.1%), annual household
incomes <$70,000/year (63%), and at least some college education (71.2%). Parents in the intervention group were, on average, 2
years older (42.5 vs. 44.5). All other demographic factors were
similar across study arms for both parents and daughters.
Twenty parents in the intervention counties listed a participating intervention county clinic as their usual source of care and 30
parents in the comparison counties likewise listed a clinic in the
comparison counties. None of the parents listed a clinic from the
opposite group's county as a source of care. Of parents responding
to the question at 6 months (147/155), 39% reported discussing
the HPV vaccine with a healthcare provider, 44% reported they
visited a healthcare provider but did not discuss the HPV vaccine,
and 17% did not visit a healthcare provider since the baseline
survey. Moreover, only 5.7% of parents reported visiting one of
the participating clinics during the study.
HPV vaccination outcomes
Of the 337 parents enrolled in the study, we were able to obtain
MRR data on the outcome for 254 (75%) daughters. The proportion of daughters with MRR data did not differ by study group
(76.1% comparison, 74.7% intervention, age-adjusted P ¼
0.644). Among the participants with MRR data, 10 (7.7%)
daughters of intervention participants received the ﬁrst dose of
the HPV vaccine within 3 months compared with 4 (3.2%)
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Table 1. Distribution of clinic characteristics and provider demographics by study condition and total
Control
Clinic variable
(N ¼ 12)
Size of clinic
Number of physicians
1.2  0.6
Number of NPs or PAs
0.7  0.7
Number of nurses
3.8  3.0
Number of nurses who administer vaccines
3.4  2.4
Number of nurses who never administer vaccines
0.3  1.2
Number of MAs, aides, technologists
1.1  1.1
Number of other support personnel
3.3  3.3
Patient volume
Number of adult patients seen last year
2,841.4  3,811.7
Number of children patients seen last year
1,647.0  2,040.9
Percentage of practice revenue driven from
Medicare
13.8  14.3
Other managed care
14.0  14.4
Medicaid
47.7  30.6
Other insurers
13.4  12.0
Percentage of patients uninsured
Adult population
14.4  23.0
Nonadult population
16.2  19.2
Provider variable
Age (M  SD)
Gender
Male
Female
Hispanic
No
Yes
Race
White
Other
Highest level of education completed
High school
RN
Technical school
Associate degree
College degree
Professional degree
Title
Nurse
Physician
Other
Years of practice if nurse or doctor

Intervention
(N ¼ 10)

Total

3.1  2.6
1.0  1.2
4.4  3.3
3.4  3.4
1.0  1.5
2.4  2.3
5.8  4.5

2.1  2.0
0.8  0.9
4.1  3.1
3.4  2.8
0.6  1.3
1.7  1.8
4.4  4.0

4,408.4  5,449.4
825.2  330.3

3,401.1  4,322.6
1,318.3  1,610.2

15.7  13.4
11.7  14.3
30.2  26.1
10.2  9.6

14.6  13.4
13.0  13.8
40.7  29.3
12.2  10.8

33.0  32.1
22.6  22.6

22.4  27.8
18.8  20.2

Control
(N ¼ 62)
49.4  13.4

Intervention
(N ¼ 57)
49.0  12.8

Total
49.2  13.1

3 (4.8%)
58 (93.6%)

5 (8.8%)
52 (91.2%)

8 (6.7%)
110 (92.4%)

62 (100%)
0 (0%)

56 (98.3%)
1 (1.7%)

118 (99.2%)
1 (0.8%)

58 (93.6%)
4 (6.5%)

55 (96.5%)
2 (3.5%)

113 (95.0%)
6 (5.0%)

5 (8.1%)
8 (12.9%)
12 (19.4%)
12 (19.4%)
7 (11.3%)
13 (21.0%)

3 (5.3%)
10 (17.5%)
7 (12.3%)
14 (24.6%)
6 (10.5%)
16 (28.1%)

8 (6.7%)
18 (15.1%)
19 (16.0%)
26 (21.9%)
13 (10.9%)
29 (24.4%)

31 (50.8%)
6 (9.8%)
23 (37.7%)
23.2  13.9

26 (45.6%)
5 (8.8%)
26 (45.6%)
24.0  12.1

57 (48.3%)
11 (9.3%)
49 (41.5%)
23.6  13.0

NOTE: Two of the 24 clinics did not ﬁll out the questionnaire regarding the clinic characteristics.
Data presented are mean  SD.
Abbreviations: MA, medical assistant; NP, nurse practitioner; PA, physician assistant; RN, registered nurse.

daughters of comparison participants (age-adjusted P ¼
0.061; Table 3). Vaccine uptake estimates were lowered when it
was assumed that daughters missing MRR data did not have the
shot (age-adjusted P ¼ 0.067).
Using MRR data, 17 (13.1%) daughters of intervention participants received the ﬁrst HPV vaccine shot within 6 months
compared with 8 (6.5%) daughters of comparison participants
(P ¼ 0.002). Parent-reported HPV vaccinations at 6 months was
also signiﬁcantly higher among daughters of intervention participants (17.3% vs. 9.0%, P ¼ 0.009). Results were similar for each
outcome when we assumed those with missing data did not
receive the vaccine.
Among those who received the ﬁrst shot by 6 months according
to MRR, 12 (70.6%) daughters of intervention participants and 3
(37.5%) daughters of comparison participants received the second dose (P ¼ 0.119). Among those who received the second HPV
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vaccine shot according to MRR, six (50%) daughters of intervention participants and two (66.7%) daughters of comparison
participants received the third dose (P ¼ 0.524).
For intervention parents who completed the baseline and posteducation survey (n ¼ 155), 60 (38.7%) agreed/strongly agreed
with the statement "I intend to encourage my daughter to get the
HPV vaccine" before the intervention which signiﬁcantly increased
to 91 (58.7%) following the posteducation survey (P < 0.001). At 6
months, 124 parents of unvaccinated daughters in the intervention
group provided information about intent. Of those 124, 40
(32.3%) indicated that they intend to have their daughter receive
the ﬁrst dose of the HPV vaccine within the next year. Parents who
did discuss the HPV vaccine with their healthcare provider were
more likely (OR ¼ 3.43; 95% conﬁdence interval, 1.19–9.87) to
have their daughter receive the HPV vaccine than those who did not
discuss the HPV vaccine with their healthcare provider.
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Table 2. Demographic characteristics reported by parent and child participants by study group (N ¼ 337)
Flu vaccine (comparison)
HPV vaccine (intervention)
(N ¼ 163)
(N ¼ 174)
Variable
n (%)
n (%)
Parent variables
Age (M  SD)
42.5  6.6
44.5  6.6
Female gender
151 (92.6)
160 (92.0)
Non-Hispanic white
160 (98.2)
171 (98.3)
Marital status
Married/living as married
146 (89.6)
155 (89.1)
Other
17 (10.4)
19 (10.9)
Highest level of education completed
High school or less
45 (27.6)
52 (29.9)
Some college/associate's degree
61 (37.4)
61 (35.1)
College degree/graduate degree
57 (35.0)
61 (35.0)
Employment status
Full/part-time
95 (58.3)
118 (67.8)
Disabled/unemployed/retired
67 (40.7)
56 (32.2)
Annual household income
23 (20.5)
23 (18.0)
<$30K
51 (45.5)
54 (42.2)
$30K–$69,999
38 (34.0)
51 (39.8)
$70Kþ
Health insurance
No
14 (8.6)
16 (9.2)
General health
Excellent/very good
80 (53.7)
86 (55.4)
Good
44 (29.5)
46 (29.7)
Fair/poor
25 (16.8)
23 (14.9)
Smoking status
Never
96 (64.4)
105 (68.2)
Former
27 (18.1)
29 (18.8)
Current
26 (17.5)
20 (13.0)
Years since Pap test
0–3
117 (86.0)
124 (89.2)
4þ
19 (14.0)
15 (10.8)
Child variables
Age (M  SD)
13.3  2.3
13.6  2.3
White, non-Hispanic
159 (97.5)
166 (95.4)
Ever received ﬂu vaccine
96 (58.9)
90 (51.7)
Received Tdap vaccine
130 (94.9)
147 (94.8)
Received MCV vaccine
34 (24.8)
44 (28.4)
County clinic as usual source of care
30 (18.4)
20 (11.4)

Totala
(N ¼ 337)
43.5  6.7
311 (92.3)
332 (98.5)
301 (89.3)
36 (10.7)
97 (28.8)
122 (36.2)
118 (35.0)
213 (63.4)
123 (36.6)
46 (19.2)
105 (43.8)
89 (37.0)
30 (8.9)
166 (54.6)
90 (29.6)
48 (15.8)
201 (66.3)
56 (18.5)
46 (15.2)
241 (87.6)
34 (12.4)
13.4  2.3
325 (96.4)
186 (55.2)
277 (94.9)
78 (26.7)
50 (14.8)

Abbreviation: Tdap, combined tetanus, diptheria, and pertusiss vaccines.
Totals may not sum to stated sample size due to missing data.

a

Parent knowledge, attitudes, and beliefs
Among the 155 intervention participants who responded to
questions about viewing the intervention materials, 139 (89.7%)

reported that they watched the video and 146 (94.2%) reported
that they read the brochure and vaccine informational statement.
Intervention group parents averaged 9.4  1.0 correct answers to

Table 3. Receipt of the ﬁrst dose of the HPV vaccine

Outcome
MRR (within 3 months)

Method
C.C.
Null imputation

MRR (within 6 months)

C.C.
Null imputation

Parent-reported (within 6 months)

C.C.
Null imputation

Received
shot
Yes
No

Flu vaccine
(comparison)
n (%)
4 (3.2)
120 (96.8)

HPV vaccine
(intervention)
n (%)
10 (7.7)
120 (92.3)

Yes
No
Yes
No

4 (2.5)
159 (97.5)
8 (6.5)
116 (93.5)

Yes
No
Yes
No
Yes
No

P value
0.045

Adjusted
P valuea
0.061

10 (5.8)
164 (94.2)
17 (13.1)
113 (86.9)

0.056

0.067

0.003

0.002

8 (4.9)
155 (95.1)
13 (9.0)
131 (91.0)

17 (9.8)
157 (90.2)
26 (17.3)
124 (83.7)

0.003

0.002

0.003

0.009

13 (8.0)
150 (92.0)

26 (14.9)
148 (85.1)

0.005

0.011

Abbreviations: C.C., complete case; null imputation, imputation assuming drop-out ¼ no shot.
a
Adjusted for age of parent.
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Table 4. Beliefs and attitudes about HPV and the HPV vaccine reported by parent participants from the intervention counties
Preintervention
Postintervention
Yesa
Noa
Yesa
Noa
Variable
n (%)
n (%)
n (%)
n (%)
There is a high chance that my daughter will get HPV
15 (9.7)
140 (90.3)
29 (18.7)
126 (81.3)
If my daughter were to get HPV, it would be a severe threat to her health
97 (63.0)
57 (37.0)
109 (70.8)
45 (29.2)
I would be comfortable encouraging my daughter to talk to her doctor/nurse about the
121 (78.1)
34 (21.9)
136 (87.7)
19 (12.3)
HPV vaccine
I would be comfortable talking to my daughter's doctor/nurse about the HPV vaccine
150 (96.8)
5 (3.2)
152 (98.1)
3 (1.9)
The HPV vaccine would prevent my daughter from getting certain types of HPV
105 (96.8)
50 (32.3)
138 89.0)
17 (11.0)
I intend to encourage my daughter to get the HPV vaccine
60 (38.7)
95 (61.3)
91 (58.7)
64 (41.3)
My family would want me to encourage my daughter to talk to her doctor/nurse about the
72 (46.8)
82 (53.3)
100 (64.9)
54 (35.1)
HPV vaccine
Most people where I am from (besides my family) would want me to encourage my
66 (42.9)
88 (57.1)
79 (51.3)
75 (48.7)
daughter to talk to her doctor/nurse about the HPV vaccine
The cost of the HPV vaccine prevents me from getting it for my daughter
7 (4.5)
148 (95.5)
2 (1.3)
153 (98.7)
My daughter does not need the HPV vaccine because she is not sexually active
40 (25.8)
115 (74.2)
27 17.4)
128 (82.6)
It is hard/difﬁcult to ﬁnd a place that offers/gives the HPV vaccine in my community
5 (3.2)
150 (96.8)
4 (2.6)
151 (97.4)
My daughter's doctor/nurse has not recommended the HPV vaccine for my daughter
61 (39.9)
92 (60.1)
69 (45.1)
84 (54.9)
I am worried about the safety of the HPV vaccine
73 (47.1)
82 (52.9)
61 (39.4)
94 (60.6)
I am concerned about the HPV vaccine because it is too new
73 (47.1)
82 (52.9)
65 (41.9)
90 (58.1)
The HPV vaccine gives girls a license to have sex
7 (4.5)
148 (95.5)
1 (0.7)
154 (99.4)
I am concerned about the shot being painful for my daughter
16 (10.3)
139 (89.7)
12 (7.7)
143 (92.3)

P value
<0.01
0.07
0.01
0.63
<0.01
<0.01
<0.01
0.08
0.13
0.047
1.00
0.20
0.065
0.22
0.07
0.45

a

Yes, strongly agree, agree; No, slightly agree, not sure, slightly disagree, disagree, strongly disagree.

HPV and HPV vaccine knowledge questions (out of 10) on the
posteducation survey, which was signiﬁcantly higher than their
knowledge score at baseline (7.4  2.1, P < 0.001 from Wilcoxon
sign-rank test) and the baseline score of comparison group
parents (7.3  1.9, P ¼ 0.001 from clustered permutation test).
Several belief and attitude items about HPV and the HPV vaccine
also changed between the baseline and posteducation surveys
(See Table 4).
Provider-level outcomes
Prior to the in-clinic education session, intervention group
providers averaged 4.4 correct answers to HPV and HPV vaccine
questions of ﬁve (N ¼ 57, SD ¼ 0.7) which signiﬁcantly (P <
0.001) increased to an average of 4.9 correct of ﬁve following
the education session (N ¼ 55, SD ¼ 0.3). The average number
of correct responses by these providers decreased to 4.6 (N ¼
37, SD ¼ 0.7) at 12 months, which was still signiﬁcantly better
than their baseline knowledge (P ¼ 0.035), but was similar to
the 12-month change observed in the comparison group (P ¼
0.87). Self-efﬁcacy to talk to parents and patients about the HPV
vaccine in the intervention group was similar at the baseline
(89% for both questions) and 12-month surveys (83% to talk
to parents and 92% to talk to patients).

Discussion
The goal of this study was to test the efﬁcacy of an MLI to
improve the uptake of the HPV vaccine among Appalachian girls
aged 9 to 17 years old. The primary outcome, receipt of the ﬁrst
HPV vaccine shot within 3 months, was more common in the
intervention group though vaccination in both groups was very
low (less than 10%). These numbers nearly doubled by 6 months
to 13.1%, but still remained low, making it difﬁcult to assess
completion of the second and third shots among those who
received the ﬁrst shot.
MLIs are gaining more interest as a way to reduce disparities
among underserved populations (43, 44). While these interventions have been tested for smoking cessation and healthy diet,
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none has been directed at HPV vaccine uptake among girls.
Perkins (31) found that a provider-focused intervention at two
federally qualiﬁed community health centers consisting of six to
eight education sessions, feedback about providers' and practices'
HPV vaccination rates, and quality improvement incentives (credits for maintaining board certiﬁcation), signiﬁcantly increased
HPV vaccine initiation among females in the active intervention
period compared with comparison clinics; however, differences
did not remain signiﬁcant at the 6-month postintervention period. Two studies directed at parents have also shown positive
effects. Aragones (45) used a nonequivalent group design to test
an education session plus text-messaging intervention compared
with an education session intervention among Mexican-American
parents with a child who needed the HPV vaccine. Based on
parental report, there was an 88% series completion rate among
those receiving the ﬁrst HPV vaccine dose in the education plus
text-messaging group compared with 40% in the education-only
group (P ¼ 0.004). Parra-Medina (46) tested a promotora outreach,
education, and navigation program for HPV vaccination among
Hispanic women with a daughter who did not receive the HPV
vaccine. Compared with the brochure-only parent participants,
those parents who received the promotora navigation program
were more likely to complete the HPV vaccine series. Thus, it
appears from these studies that more intensive, multicomponent
interventions directed at either clinicians and/or parents are
effective in increasing vaccination rates.
The current study, while demonstrating a greater effect in the
intervention compared with the comparison group, did not have a
large effect on the uptake of the HPV vaccine. Due to difﬁculties in
accessing patients at the clinics where the intervention was delivered, parents were recruited from county-level commercial lists.
Thus, few daughters of parents recruited visited the participating
clinics, resulting in the small effect we found. Moreover, while
knowledge about HPV and HPV vaccine increased among providers in participating intervention clinics, the impact of this
increase on vaccination rates was not able to be assessed because
of study design limitations. However, data indicate that the
majority of intervention parents (83% among respondents) did
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have an opportunity to discuss HPV vaccination with a provider
during the study period. This did not result in increased uptake of
the vaccine, again perhaps due to the small percentage of participants who visited study clinics (5.7%).
Among parents who did not vaccinate their daughter, only 32%
intended to have their daughter vaccinated in the next year. This
suggests that additional levels of inﬂuence, e.g., policy (in the
form of school mandates) or societal level (changing norms to
accept the vaccine), should be included in future MLI studies.
Another possible reason for the low uptake could have been that
the intervention may require a "lag time" for effects on behaviors
to be realized (43, 47).
This study has several strengths. We used a GRT design that
allowed for comparisons of outcomes across similar groups.
Moreover, the primary outcome, receipt of the ﬁrst HPV vaccine
shot, was assessed by MRR and showed that participant selfreports overestimated the receipt of the shot in both groups. Our
study used MRR as the gold standard, as we have found MRR to be
reliable in the past (44, 48), as have other studies (49, 50). The
MLI test was developed with signiﬁcant input from providers,
parents, and relevant community members, and thus, it was
culturally appropriate and addressed the misconceptions and
questions parents and providers have about HPV, the HPV vaccine, and cervical cancer. The intervention also changed knowledge, attitudes, and beliefs about HPV and the HPV vaccine at
both the provider and parent levels.
There were, however, several weaknesses. Changes in rules at
participating clinics in relation to Health Insurance Portability and
Accountability Act interpretation and enforcement limited our
ability to recruit parents from participating clinics, as initially
planned. We also were not able to "tease out" which of the levels
of the MLI had an effect, an inherent weakness of MLI's, in general.
More in-depth process evaluation in future studies may assist in
teasing out effects of each component of MLI's. In addition, we
were limited in what behavioral determinants we intervened on
and did not address provider communication that has been
addressed in other interventions (31, 51). Another weakness is
that the sample only included parents of adolescent girls as at the
time the study began, the HPV vaccine was only approved for girls.
Future studies should examine how parents of adolescent boys and
girls respond to interventions to improve HPV vaccine uptake.
Lastly, most participants were white and living in Ohio Appalachia,
limiting generalizability across other parts of the country.

Conclusion
In summary, an MLI designed with input from the Appalachian
community increased uptake of the HPV vaccine among girls aged
9 to 17 years compared with a comparison group; however, the
increase was much lower than expected. The results suggest that
future studies should focus on patients within clinics where all
levels of the planned MLI can be implemented. Additional levels
of inﬂuence and components within each level should be tested,
such as using the features of electronic medical record systems and
automated reminder letters and/or phone calls, as some studies
have found successful (52, 53), or interventions focused on
provider communication strategies and other behavioral determinants impacting parental actions. Efforts to address low uptake
of the HPV vaccine among this population need to continue.
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