
Effectiveness of Decision Support for Families, Clinicians,
or Both on HPV Vaccine Receipt

WHAT’S KNOWN ON THIS SUBJECT: Despite proven health
benefits, human papillomavirus (HPV) vaccination rates are
among the lowest of all routine immunizations. No previous large-
scale trial has compared the benefit of automated decision
support directed at clinicians, families, or both in any context.

WHAT THIS STUDY ADDS: We found that a clinician-focused
intervention was most effective for initiating the HPV vaccine
series, whereas a family-focused intervention supported
completion. Decision support directed at both clinicians and
families most effectively promotes HPV vaccine series receipt.

abstract
OBJECTIVE: To improve human papillomavirus (HPV) vaccination
rates, we studied the effectiveness of targeting automated decision
support to families, clinicians, or both.

METHODS: Twenty-two primary care practices were cluster-randomized
to receive a 3-part clinician-focused intervention (education, electronic
health record-based alerts, and audit and feedback) or none. Overall,
22 486 girls aged 11 to 17 years due for HPV vaccine dose 1, 2, or 3
were randomly assigned within each practice to receive family-focused
decision support with educational telephone calls. Randomization
established 4 groups: family-focused, clinician-focused, combined,
and no intervention. We measured decision support effectiveness by
final vaccination rates and time to vaccine receipt, standardized for
covariates and limited to those having received the previous dose for
HPV #2 and 3. The 1-year study began in May 2010.

RESULTS: Final vaccination rates for HPV #1, 2, and 3 were 16%, 65%,
and 63% among controls. The combined intervention increased vacci-
nation rates by 9, 8, and 13 percentage points, respectively. The control
group achieved 15% vaccination for HPV #1 and 50% vaccination for
HPV #2 and 3 after 318, 178, and 215 days. The combined intervention
significantly accelerated vaccination by 151, 68, and 93 days. The
clinician-focused intervention was more effective than the family-
focused intervention for HPV #1, but less effective for HPV #2 and 3.

CONCLUSIONS: A clinician-focused intervention was most effective for
initiating the HPV vaccination series, whereas a family-focused
intervention promoted completion. Decision support directed at
both clinicians and families most effectively promotes HPV vaccine
series receipt. Pediatrics 2013;131:1114–1124
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Vaccinating children is among the
highest priorities of the nation’s health
care system.1 With the licensure of the
human papillomavirus (HPV),2 tetanus
toxoid, reduced diphtheria toxoid, and
acellular pertussis, adsorbed (Tdap),3

and meningococcal conjugate vac-
cines4 between 2005 and 2007, efforts
to promote vaccination have increasingly
focused on adolescents.5 However, ad-
olescent vaccination rates are lower
than rates for early childhood immu-
nizations, ranging from 78% for Tdap to
only 35% HPV series completion for
girls.6

Parental concerns, clinician beliefs and
practice styles, and adolescents’ pat-
terns of health care utilization limit
receipt of these immunizations, espe-
cially for the HPV vaccine. Reluctant to
immunize prepubertal girls against
sexually transmitted infections and
concerned about safety and efficacy,
parents often delay HPV vaccination
beyond the recommended starting age
of 11 to 12 years.7–10 Clinicians similarly
postpone recommending HPV vaccine in
response to perceived parental con-
cerns,11,12 doubts about long-term safety
and efficacy,13 and inaccurate beliefs
about who is at risk, leading to missed
opportunities for vaccination.12,14–17 Ad-
ditionally, adolescent attendance at
preventive visits declines with age, lim-
iting opportunities for vaccination.18,19

Delays in initiating HPV vaccination
adversely impact girls’ health. Although
infection usually clears, one-quarter of
girls ages 14 to 19 years are infected
with at least 1 strain of HPV, and sero-
types associated with a high-risk of
developing cervical, anal, and other
genital cancers are common.20 In ad-
dition, the vaccine is effective only if
received before infection, and 3 doses
over at minimum 6 months are rec-
ommended for full protection.21,22

Recognition of these obstacles trig-
gered calls to develop innovative sys-
tems to foster adolescent vaccine

delivery.5,23 Research in this area is
warranted since interventions using
electronic health record (EHR)-based,
clinician-focused decision support
(CDS) to support early childhood and
influenza vaccination have had mixed
results,24,25 and no published studies of
EHR-based alerts have addressed ado-
lescent vaccination. In addition, al-
though basic reminder calls to families
have proven effective in fostering vac-
cination,26 only 2 studies of reminder
calls for adolescent vaccination have
been published, revealing mixed
results.27,28 Although CDS has been
defined as including alerts to clinicians
or families,29 researchers have not
conducted large-scale trials of auto-
mated, EHR-based decision support
directed at both clinicians and families
in any context. Given multiple family
and clinician barriers to HPV vaccina-
tion, this strategy may better address
obstacles to vaccine receipt than either
family-focused or CDS alone.

To address these knowledge gaps, we
conducted a cluster-randomized clini-
cal trial to test the benefit of clinician
and family directed decision support,
deliveredbyusingtheEHRandtelephone,
on receipt of HPV vaccine for adolescent
girls. To minimize contamination, the
practice was the unit of randomization
for the clinician-focused intervention,
since each child might receive vaccines
from multiple clinicians within each
practice. The family-focused intervention
was randomized at the individual level.
We hypothesized that providing decision
support either to families or clinicians
would improve vaccination rates com-
paredwith no decision support, and that
decision support for both clinicians and
families would be more effective than
either approach alone.

METHODS

Setting

This study was conducted within The
Children’s Hospital of Philadelphia

(CHOP) Pediatric Research Consor-
tium (PeRC), a 2-state (New Jersey
and Pennsylvania), hospital-owned,
primary care practice-based re-
search network including more than
202 000 children.30 Of the 25 PeRC
practices, 18 primarily suburban
practices not involved in resident
teaching and all 4 urban, resident
teaching practices participated in the
study (Fig 1). All practices use the
ambulatory EHR, EpicCare (Verona,
WI). Before the start of the study, we
confirmed that insurance plans ac-
cepted by the CHOP Care Network
covered the cost of the HPV vaccine.
HPV vaccines could be received at
preventive visits, acute visits, and
nurse-only visits. At the study start, no
practice had implemented routine
vaccine reminder calls for adolescent
vaccines, and only 5 practices (3 in-
tervention) used automated tele-
phone calls to remind families of
upcoming, preventive care visits that
were already scheduled.

Study Design and Patient
Population

The 22 participating primary care
practices were first randomized at the
practice-level to EHR-based clinician-
focused vaccine alerts, education, and
audit and feedback or to no practice-
level intervention. Nested within this
design was a patient-level randomized
intervention of automated educational
reminder calls. The 1-year intervention
began on May 10, 2010.

The study population included all girls
11 through 17 years of age due for at
least 1 dose of the HPV vaccine during
the study period (Fig 1). To focus on
adolescents actively cared for at
study practices, each subject was
required to have had a preventive visit
within 15 months of randomization.
Although EHR-based alerts appeared
for girls who had not had such a visit
and were due for the HPV vaccine,
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they were not included in the study
population.

Clinician-Focused Intervention

The clinician-focused intervention
consisted of 3 components: (1) EHR-
based alerts for all routine adoles-
cent vaccinations programmed to
appear prominently whenever any
patient encounter at an intervention
practice was opened within the EHR
(Supplemental Fig 3),24,25 (2) a 1-hour
presentation delivered in person or
online to introduce the intervention,
provide site-specific data on HPV
vaccination rates derived from the
EHR, and present evidenced-based
information on adolescent vaccine
safety, efficacy, and strategies for
overcoming barriers to vaccine re-
ceipt,31 and (3) 3 quarterly perfor-
mance feedback reports generated

from EHR data and delivered by a
research assistant including indi-
vidual, practice, and network rates of
captured immunization opportunities
for adolescent office visits (Supple-
mental Fig 4). The EHR-based alerts
offered suggestions but required no
action or documentation on the part
of the clinician. Control practices re-
ceived no EHR-based alerts for ado-
lescent vaccines, no education, and
no feedback on adolescent vaccina-
tion rates.

Family-Focused Intervention

The family-focused intervention con-
sisted of 3 distinct types of automated
telephone calls based on an EHR-
generated roster and delivered by an
outside vendor (Televox, Mobile, AL;
Supplemental Table 6). (1) Intervention
subjects with scheduled well-visit
appointments and study vaccines due

received reminder calls 2 business
days before the appointment; (2) those
who had not had a well visit within the
past 10 months but were due for
study vaccines and did not have a well
visit scheduled in the future received
up to 2 reminder calls to schedule an
appointment; and (3) those due for
dose 2 or 3 of HPV vaccine received
a reminder call to schedule an ap-
pointment with a second reminder
call 1 month later if needed. Each call
listed the vaccines due, emphasized
that vaccine receipt was recom-
mended by the adolescent’s clinician,
and referred families to an Internet
site that linked to educational mate-
rials on adolescent vaccination from
the CHOP Vaccine Education Center
(http://www.chop.edu/service/vaccine-
education-center/home.html; Supple-
mental Fig 5). The study Internet site
was set up outside the Vaccine

FIGURE 1
Randomizationof studysubjects. Girlswererandomlyassignedas theybecameeligibleduring thestudyperiod. Adolescentsvaccinatedat family planning visits
were excluded to protect confidentiality.
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Education Center so that use tied to
the study could be independently
tracked.

Randomization

For the clinician-focused intervention,
wefirst stratified the 22 sites into urban
resident teaching versus other practi-
ces. We then sorted practices within
these groups by their baseline rate of
HPV #1 vaccination and the randomi-
zation process alternatively assigned
practices to intervention and control
groups to ensure that baseline rates
were comparable between the 2
groups. We used systematic random
sampling to ensure good balance be-
tween treatment and control groups.
For the family-focused intervention, we
randomly assigned subjects within
each of 2 age categories (11–13 or 14–
17 years) within the 22 practices by
using randomly permuted blocks with
unequal block sizes to ensure both
blinded allocation and balanced as-
signment within each practice. Patient-
level randomization was stratified by
age, with categories chosen based on
local vaccination patterns, since in-
tention to vaccinate and actual vacci-
nation rates are higher among older
adolescents.6,8,9,15 A statistician (Dr
Localio) generated the allocation se-
quence and implemented the random-
ization.

Outcomes

The outcomes were HPV vaccination
rates (the cumulative incidence of
vaccination) and time to vaccine re-
ceipt. Vaccination rates were mea-
sured separately as the proportion of
the population eligible forHPV vaccine
dose 1 (HPV #1), HPV vaccine dose 2
(HPV #2), or HPV vaccine dose 3 (HPV
#3) who received the vaccine during
the study period. The first eligible day
was the 11th birthday, or, for HPV #2
and HPV #3, the date of eligibility
based on previous dose receipt.
Follow-up time began at randomization

among those .11 years of age who
had not been vaccinated before the
study start, or on the date of eligi-
bility for those who became eligible
during the study period. Follow-up
ended with receipt of vaccine, atten-
dance at a family planning visit, or
the end of the study. A family planning
visit censored subsequent observa-
tions because these visits are confi-
dential, and receiving a telephone
call might disclose the confidential
visit. For HPV #2 and HPV #3, we
measured time until 50% of the study
population had received the vaccine
dose. Because no more than 25% of
children received HPV #1, we mea-
sured time to 15% complete as the
outcome.

Covariates

We collected data from the EHR on
demographic and clinical character-
istics of study participants associated
with HPV vaccine receipt (Table 1).
Vaccine refusal was measured based
on documentation by the clinician in
a patient’s problem list, a standard
approach at study practices to docu-
ment families refusing multiple vac-
cines.

Statistical Analysis

Separately for each HPV dose, we
compared the time of eligibility and
vaccination and constructed Kaplan-
Meier plots revealing overall vacci-
nation rates among eligible subjects
over time. To adjust for possible
differences across sites in patient
characteristics not balanced by ran-
domization, we implemented Cox
proportional hazard regression mod-
els accounting for theclustereddesign
and including covariates. Standard-
ized Cox regression by using weights
equal to the inverse of the probability
of treatment assignment for each
patient given her individual charac-
teristics32 was used to generate

standardized estimates of the cumu-
lative probability of receiving a vacci-
nation and time to vaccine receipt.
We confirmed that assumptions of
these models were met. We report
bias-corrected bootstrap confidence
intervals (CIs; from 999 samples) for
these estimates and their differences,
again accounting for the clustered
design.33

Using standard methodology,34 we next
calculated the incremental cost of
vaccinating each additional girl based
on study arm, accounting for the fixed
costs of programming the clinician-
focused alerts, generating the rosters
for the family calls and delivering cli-
nician education and feedback reports,
and the variable costs of each addi-
tional telephone call. Fixed costs were
spread across 3 years, providing a
conservative estimate of true costs
because the costs of health informa-
tion technology interventions are gen-
erally recovered over a longer time
period.

Data were complete on all variables
used in the analysis. The CHOP In-
stitutional Review Board approved the
study, and the requirement for consent
from individual girls/families and
clinicians was waived.

RESULTS

Participant Characteristics

Of 25 practices approached, 22 practi-
ces volunteered to participate yielding
a total study sample of 22 486 adoles-
cent girls (Fig 1). The characteristics
and number of study participants were
similar across the 4 study arms (Ta-
ble 1). Seventy-nine percent of subjects
had not received any doses of HPV at
the study start.

Intervention Implementation

We collected multiple measures to as-
sess the success of the implementa-
tion of both interventions. During the
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12-month study period, 14 534, 4608,
and 4622 calls were made to girls due
for HPV #1, HPV #2, and HPV #3, re-
spectively. A total of 47% of calls were
listened to for .10 seconds and 3%
,10 seconds; 46% resulted in a mes-
sage left on an answering machine,
and 4% were not answered. In families
receiving care at urban practices, calls
were slightly more likely to result in no
answer (9% vs 4%) or a hang up in,10
seconds (7% vs 3%). Although all calls
mentioned the informational Internet
site, only 154 visits to the site occurred.
For the clinician educational program,
60% of clinicians attended a live ses-
sion, 14% viewed the recorded session

online, and 26% did not participate.
Clinician participation in the training
by practice ranged from 45% to 100%.
EHR-based vaccine alerts for HPV oc-
curred at a total of 36 280 visits during
the intervention.

Vaccination Rates

The combined clinician and family-
focused intervention resulted in sig-
nificantly higher rates of HPV vaccine
receipt relative to no intervention
(Tables 2, 3, and 4). Rates were similar
in the unadjusted (Fig 2 A, B, and C) and
standardized results (Tables 3 and 4).
The control group had standardized

final vaccination rates of 16%, 65%, and
63% among those eligible for HPV
doses 1, 2, and 3, respectively. The
combined intervention increased the
standardized vaccination rate from
16% to 25%, from 65% to 73%, and from
63% to 76%, respectively, compared
with no intervention.

Although rates of HPV #1 vaccination
were significantly higher in the clini-
cian- than in the family-focused group
(24% vs 18% vaccinated), rates of
HPV #2 and HPV #3 among those eli-
gible were significantly higher in the
family-focused compared with the
clinician-focused group (71% vs 64%
and 73% vs 67%, respectively.) Addi-
tionally, rates of HPV #1 were sig-
nificantly higher in the combined
intervention group compared with the
family-focused group (25% vs 18%),
whereas rates of HPV #2 and HPV #3
were significantly higher in the com-
bined group compared with the
clinician-focused group (73% vs 64%,
and 76% vs 67%, respectively; Tables 3
and 4). The intervention performed
similarly among older and younger
adolescents.

Time to Vaccination

The control group reached 15% vacci-
nation for HPV #1 and 50% vaccination
for HPV #2 and 3 after 318, 178, and 215
days, respectively. Girls receiving the
combined intervention, compared with
neither, reached 15% vaccination for
HPV #1 a mean of 151 days faster, and
achieved 50% vaccination for HPV #2
and HPV #3 68 and 93 days faster, re-
spectively (Fig 2 A, B, and C and Tables 3
and 4). The time to vaccine receipt was
shorter with the clinician-focused than
the family-focused intervention for HPV
#1, but the reverse was true for HPV #2
and HPV #3.

Intervention Cost

Table 5 details the incremental costs
of vaccinating girls in each study arm

TABLE 1 Demographic Characteristics of Adolescent Girls Enrolled in the Clinical Trial, Overall
and by Study Arm

Overall,
n (%)a

Combined
Intervention,

n (%)

CDS,
n (%)

Family-Focused
Decision Support,

n (%)

No Intervention,
n (%)

N 22 486 5561 5557 5680 5688
Raceb

White, non-Hispanic 12 429 (55) 3027 (54) 3028 (54) 3192 (56) 3182 (56)
African American,

non-Hispanic
6997 (31) 1820 (33) 1822 (33) 1641 (29) 1714 (30)

Asian, non-Hispanic 428 (2) 110 (2) 93 (2) 114 (2) 111 (2)
Other 2632 (12) 604 (11) 614 (11) 733 (13) 681 (12)

Age group
11–13 y 15 544 (69) 3898 (70) 3885 (70) 3885 (68) 3876 (68)
14–17 y 6942 (31) 1663 (30) 1672 (30) 1795 (32) 1812 (32)

Insurance status
Private 17 903 (80) 4554 (82) 4546 (82) 4392 (77) 4411 (78)
Nonprivate 4583 (20) 1007 (18) 1011 (18) 1288 (23) 1277 (22)

Center
Urban resident

teaching practices
4569 (20) 1013 (18) 1000 (18) 1278 (23) 1278 (22)

Nonteaching practices 17 917 (80) 4548 (82) 4557 (82) 4402 (77) 4410 (78)
Hormonal Contraceptive
Usec

Yes 730 (3) 181 (3) 180 (3) 175 (3) 194 (3)
No 21 756 (97) 5380 (97) 5377 (97) 5505 (97) 5494 (97)

Vaccine Refusald

Yes 218 (1) 58 (1) 54 (1) 51 (1) 55 (1)
No 22 268 (99) 5503 (99) 5503 (99) 5629 (99) 5633 (99)

Doses Completed at Time
of Randomization
None 17 658 (79) 4369 (79) 4413 (79) 4440 (78) 4436 (78)
1 HPV dose 2343 (10) 608 (11) 564 (10) 589 (10) 582 (10)
2 HPV doses 2485 (11) 584 (10) 580 (11) 651 (12) 670 (12)

a No significant differences were observed between study arms (P . .05 for all comparisons).
b Race/ethnicity data were collected from the EHR; race/ethnicity is reported by families and recorded by practice staff at
each study site.
c Hormonal contraceptives were included as a marker for possible sexual initiation, which might increase the likelihood that
girls received the HPV vaccine.
d Vaccine refusal was measured based on documentation by the clinician in a patient’s problem list, a standard approach at
study practices to document families refusing multiple vaccines.
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for each dose of HPV vaccine. The
assumptions underlying these calcu-
lations are also listed. The incre-
mental cost of the more effective
intervention versus no intervention
for each additional dose was low, $6
for CDS for HPV #1, and $10 and $6
for the family-focused intervention
for doses 2 and 3, respectively. The
combined intervention added $24

compared with CDS for HPV #1, and
$42, and $189 compared with the
family-focused decision support for
HPV #2 and 3.

DISCUSSION

This randomized trial was novel in
comparing the benefits of automated
decision support directed at families,

clinicians, or both on HPV vaccine
receipt. We found that the com-
bined clinician and family-focused
decision support intervention was
most effective in improving vacci-
nation rates and shortening the time
to vaccine receipt for HPV doses 1, 2,
and 3. The clinician-focused inter-
vention was more effective than the
family-focused intervention for HPV

TABLE 2 Hazard Ratios of Vaccine Receipt During the 12-Month Study Period, Comparing Study Arms

Intervention Arm HPV #1a (n = 17 658) HPV #2a (n = 5142) HPV #3a (n = 4788)

Hazard Ratiob (95% CI) P Hazard Ratiob (95% CI) P Hazard Ratiob (95% CI) P

Combined versus none 1.6 (1.2–2.1) .001 1.3 (1.1–1.5) .008 1.5 (1.3–1.7) ,.001
Clinician only versus none 1.5 (1.2–2.0) .003 1.0 (0.8–1.1) .7 1.1 (0.9–1.3) .2
Family only versus none 1.1 (1.0–1.2) .03 1.2 (1.1–1.3) ,.001 1.4 (1.2–1.5) ,.001
Combined versus clinician only 1.1 (0.9–1.2) .2 1.3 (1.2–1.5) ,.001 1.3 (1.2–1.5) ,.001
Combined versus family only 1.4 (1.2–1.8) .001 1.1 (0.9–1.3) .5 1.1 (0.9–1.2) .2
Family only versus clinician only 0.7 (0.6–0.9) .007 1.2 (1.0–1.4) .02 1.2 (1.0–1.4) .03
a For each dose, the population includes only adolescents who had not received the dose at the study start and were eligible for that dose. For example, an adolescent could not be eligible for
HPV dose 2 unless she had received dose 1.
b Hazard ratios were calculated by using Cox regression, adjusting for covariates and accounting for clustering. A hazard ratio of 1.6 means that the instantaneous rate of receiving the vaccine
is 60% higher in the intervention group relative to the control group. Results in Table 4 translate these hazard ratios into standardized differences in time to vaccination and rates to enhance
clinical interpretability.

TABLE 3 Time to Receipt of HPV Vaccine and Final Rates of Vaccination

Intervention Arm Final Vaccination Ratea,b Days to 15% (HPV #1) or 50% (HPV #2 and 3) Completec

HPV #1d HPV #2d HPV #3d HPV #1d HPV #2d HPV #3d

Combined intervention 25% (22–29) 73% (68–79) 76% (73–80) 167 (136–192) 110 (50–165) 122 (90–163)
Clinician-focused decision support 24% (20–28) 64% (59–70) 67% (63–71) 176 (137–220) 186 (114–270) 183 (136–222)
Family-focused decision support 18% (14–22) 71% (65–80) 73% (69–81) 275 (187–365) 127 (51–199) 135 (88–184)
No Intervention 16% (12–21) 65% (60–73) 63% (59–68) 318 (202–365) 178 (85–260) 215 (162–270)
a Rates are standardized. The use of standardization to transform results from hazard ratios to times or cumulative incidence imparts additional variance in estimates and will slightly
increase P values.
b Unadjusted final vaccination rates were as follows: HPV #1: both 25% (95% CI: 24–26), clinician only 24% (23–25), family only 18% (17–20), neither 17% (15–18); HPV #2: both 74% (71–76),
clinician only 65% (62–68), family only 69% (66–72), neither 64% (61–67); HPV #3: both 75% (72–78), clinician only 69% (66–73), family only 71% (68–74), neither 65% (59–66).
c Days to complete describes the number of days from randomization or first eligible until receipt of dose, standardized for covariates.
d For each dose, the population includes only adolescents who had not received the dose at the study start and were eligible for that dose. For example, an adolescent could not be eligible for
HPV dose 2 unless she had received dose 1.

TABLE 4 Difference in Final Vaccination Rate and Days to Vaccination by Study Arms

Difference in Final Vaccination Ratea Between Study
Arms With Bias Corrected 95% CI
(Absolute Percentage Points)

Difference in Days to Vaccinationb Between Study
Arms With Bias Corrected 95% CI

(Number of Days)

HPV #1c HPV #2c HPV #3c HPV #1c HPV #2c HPV #3c

Combined versus none 9 (4 to 13) 8 (0 to 14) 13 (8 to 18) 2151 (2209 to 244) 268 (2126 to 24) 293 (2141 to 252)
Clinician only versus none 8 (3 to 13) 0 (29 to 5) 4 (22 to 9) 2142 (2202 to 236) 8 (249 to 84) 232 (276 to 20)
Family only versus none 2 (0 to 3) 6 (3 to 8) 11 (6 to 15) 243 (286 to 23) 251 (281 to 226) 280 (2112 to 244)
Combined versus clinician only 1 (0 to 3) 9 (5 to 13) 9 (5 to 13) 29 (228 to 13) 276 (2125 to 238) 261 (2103 to 235)
Combined versus family only 7 (3 to 11) 2 (27 to 9) 2 (24 to 7) 2108 (2193 to 229) 217 (269 to 36) 213 (239 to 22)
Family only versus clinician only 26 (210 to 22) 7 (1 to 15) 6 (1 to 15) 99 (24 to 188) 259 (2129 to 22) 248 (2100 to 211)
a Rates are standardized. The use of standardization to transform results from hazard ratios to times or cumulative incidence imparts additional variance in estimates and will slightly
increase P values. Bias corrected CIs achieve a separate goal of providing more accurate 95% CIs.
b Days to complete describes the number of days from randomization or first eligible until receipt of dose, standardized for covariates.
c For each dose, the population includes only adolescents who had not received the dose at the study start and were eligible for that dose. For example, an adolescent could not be eligible for
HPV dose 2 unless she had received dose 1.
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dose 1, but less effective for doses 2
and 3.

By separately examining receipt of the
initial andsubsequentdosesofHPV, this
trial was designed to compare the
benefit of the clinician- and family-

focused intervention on vaccine ini-
tiation versus continuation. Distin-
guishing these effects was especially
important because of the complexity of
having clinicians recommend and
families accept the initial vaccine dose

coupled with the need for girls to
subsequently complete the 3-dose
series. Combining multiple evidence-
based strategies, the clinician focused
intervention increased vaccination
ratesby8percentagepoints forHPV#1,
an impact larger than the median
benefit of 3.8% points for vaccination
reported in systematic reviews of on-
screen, point of care decision sup-
port,35 or the 6% median benefit of
academic detailing36 and 5% benefit of
audit and feedback shown in system-
atic reviews including a mix of adult
and pediatric-focused studies in var-
ied clinical settings.37 In contrast, the
family intervention had little impact
on HPV #1. Previous research, pri-
marily from surveys, has described
the importance of clinician recom-
mendation to vaccine receipt.11,38,39

Our trial results confirm the central
role of the clinician in promoting HPV
vaccine receipt and validate using CDS
to do so.

In contrast to the results for the first
vaccine dose, once families accept the
initial vaccine dose, family-focused
decision support was more effective
in promoting series completion. For
HPV #2 and #3, nearly all of the benefit
of the intervention resulted from the
family-focused decision support de-
signed to bring girls to the office for
the vaccine as soon as it was due. The
impact of the clinician-focused in-
tervention for HPV #2 and #3 was likely
reduced because, although girls could
receive these doses at routine pre-
ventive or acute visits with clinicians
who had the benefit of point-of-care,
on-screen alerts, these visits are
normally infrequent for adolescent
girls.18 The effectiveness of the family-
focused intervention in our diverse
practice network contrasts with the
failure of a telephone reminder sys-
tem to improve adolescent vaccina-
tion rates in an urban, underserved
population with unreliable telephone

FIGURE 2
Kaplan-Meier curves of time to vaccine receipt. A, HPV #1. B, HPV #2. C, HPV #3. Horizontal reference lines
report cumulative incidence thresholds for comparing the number of days to receipt of vaccination for
the 4 different interventions.

1120 FIKS et al
 at Dana Medical Library, University of Vermont on April 10, 2015pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


TA
BL
E
5

Co
st

An
al
ys
is
of

Cl
in
ic
ia
n
an
d
Fa
m
ily

Fo
cu
se
d
De
ci
si
on

Su
pp
or
t

To
ta
lC
os
to
fI
nt
er
ve
nt
io
na

,b
Pe
rc
en
t

Va
cc
in
at
ed

Nu
m
be
r

Va
cc
in
at
ed

c
In
cr
em

en
ta
lC
os
tC

om
pa
re
d
W
ith

Ne
xt
Le
ss

Ex
pe
ns
iv
e
In
te
rv
en
tio
nd

In
cr
em

en
ta
lN

um
be
r
of
Gi
rl
s

Va
cc
in
at
ed

d
In
cr
em

en
ta
lC
os
t/
In
cr
em

en
ta
l

Nu
m
be
r
Va
cc
in
at
ed

HP
V
1

No
in
te
rv
en
tio
n

$0
15

64
7

—
—

—

Fa
m
ily
-fo
cu
se
d

de
ci
si
on

su
pp
or
t

$1
34
9
($
18
5
fo
r
pr
og
ra
m
m
in
g
of
ro
st
er
s
an
d

$1
16
4
fo
r
te
le
ph
on
e
ca
lls
)

16
72
3

$1
34
9

76
$1
8

Cl
in
ic
ia
n
de
ci
si
on

su
pp
or
t

$2
49
6
($
21
22

fo
rp

ro
gr
am

m
in
g
co
st
s,
$1
40

fo
r

fe
ed
ba
ck

re
po
rt
de
liv
er
y,
an
d
$2
34

fo
r

ed
uc
at
io
n
se
ss
io
ns
)

21
92
8

$1
14
7

20
5

$6

Co
m
bi
ne
d

in
te
rv
en
tio
n

$3
84
2
(fi
xe
d
co
st
s
lis
te
d
ab
ov
e
[$
24
96

an
d

$1
85
]
an
d
$1
16
1
fo
r
te
le
ph
on
e
ca
lls
)

22
98
4

$1
34
7

56
$2
4

HP
V
#2

No
in
te
rv
en
tio
n

$0
55

62
3

—
—

—

Fa
m
ily
-fo
cu
se
d

de
ci
si
on

su
pp
or
t

$5
43

($
18
5
fo
r
pr
og
ra
m
m
in
g
of
ro
st
er
s,
$3
58

fo
r
te
le
ph
on
e
ca
lls
)

60
67
9

$5
43

56
$1
0

Cl
in
ic
ia
n
de
ci
si
on

su
pp
or
t

$2
49
6
($
21
22

fo
rp

ro
gr
am

m
in
g
co
st
s,
$1
40

fo
r

fe
ed
ba
ck

re
po
rt
de
liv
er
y,
an
d
$2
34

fo
r

ed
uc
at
io
n
se
ss
io
ns
)

55
62
2

—
—

Do
m
in
at
ed

Co
m
bi
ne
d

in
te
rv
en
tio
n

$3
06
1
(fi
xe
d
co
st
s
lis
te
d
ab
ov
e
[$
24
96

an
d

$1
85
],
an
d
$3
80

fo
r
te
le
ph
on
e
ca
lls
)

65
73
8

$2
51
8

59
$4
2

HP
V
#3

No
in
te
rv
en
tio
n

$0
51

57
9

—
—

—

Fa
m
ily
-fo
cu
se
d

de
ci
si
on

su
pp
or
t

$5
63

($
18
5
fo
r
pr
og
ra
m
m
in
g
of
ro
st
er
s,
$3
78

fo
r
te
le
ph
on
e
ca
lls
)

59
67
7

$5
63

98
$6

Cl
in
ic
ia
n
de
ci
si
on

su
pp
or
t

$2
49
6
($
21
22

fo
rp

ro
gr
am

m
in
g
co
st
s,
$1
40

fo
r

fe
ed
ba
ck

re
po
rt
de
liv
er
y,
an
d
$2
34

fo
r

ed
uc
at
io
n
se
ss
io
ns
)

53
60
2

—
—

Do
m
in
at
ed

Co
m
bi
ne
d

in
te
rv
en
tio
n

$3
04
3
(fi
xe
d
co
st
s
lis
te
d
ab
ov
e
[$
24
96

an
d

$1
85
],
an
d
$3
62

fo
r
te
le
ph
on
e
ca
lls
)

60
69
0

$2
48
0

13
$1
89

a
To

fo
cu
s
on

ou
r
pr
im
ar
y
ou
tc
om

e,
Td
ap

an
d
m
en
in
go
co
cc
al
co
nj
ug
at
e
va
cc
in
es

w
er
e
no
ta
cc
ou
nt
ed

fo
r
in
th
is
an
al
ys
is
.B
en
efi
ts
fo
r
th
es
e
or

ot
he
r
va
cc
in
es

du
e
am

on
g
ad
ol
es
ce
nt
s
co
ul
d
re
du
ce

th
e
co
st
s
as
so
ci
at
ed

w
ith

im
pl
em

en
tin
g
th
e
in
te
rv
en
tio
n.

b
Fi
xe
d
co
st
s
in
cl
ud
ed

pr
og
ra
m
m
in
g
co
st
s
($
19

09
6
to
ta
l)
,f
ee
db
ac
k
re
po
rt
de
liv
er
y
($
42
0
to
ta
l)
,a
nd

ed
uc
at
io
n
se
ss
io
ns

fo
r
th
e
cl
in
ic
ia
n-
fo
cu
se
d
in
te
rv
en
tio
n
($
21
12

to
ta
l)
,a
nd

pr
og
ra
m
m
in
g
of
da
ily

ro
st
er
s
fo
r
th
e
fa
m
ily
-fo
cu
se
d
in
te
rv
en
tio
n
($
16
70

to
ta
l)
.

Al
lfi
xe
d
co
st
s
w
er
e
sp
re
ad

ov
er

3
ye
ar
s
ex
ce
pt

fe
ed
ba
ck

re
po
rt
de
liv
er
y,
an
d
fi
xe
d
co
st
s
w
er
e
sp
lit
eq
ua
lly

be
tw
ee
n
th
e
3
HP
V
va
cc
in
e
do
se
s.
Fi
xe
d
co
st
s
w
er
e
sp
lit
ac
ro
ss

3
ye
ar
s
be
ca
us
e
th
e
co
st
s
of
he
al
th

in
fo
rm

at
io
n
te
ch
no
lo
gy

in
te
rv
en
tio
ns

ar
e

ge
ne
ra
lly

re
co
ve
re
d
ov
er

se
ve
ra
ly
ea
rs
.V
ar
ia
bl
e
co
st
s
in
cl
ud
ed

th
e
co
st
of
us
in
g
Te
le
vo
x
(M

ob
ile
,A
L)
to

m
ak
e
th
e
fa
m
ily
-fo
cu
se
d
re
m
in
de
r
te
le
ph
on
e
ca
lls
.E
ac
h
ca
ll
co
st
$0
.1
6.

c
Th
e
nu
m
be
r
of
gi
rl
s
el
ig
ib
le
fo
r
va
cc
in
e
w
as

di
ffe
re
nt

in
ea
ch

in
te
rv
en
tio
n
ar
m
.T
he
re
fo
re
,t
o
ca
lc
ul
at
e
th
e
in
cr
em

en
ta
lc
os
tp
er

in
cr
em

en
ta
ln
um

be
r
va
cc
in
at
ed
,t
he

nu
m
be
r
of
gi
rl
s
va
cc
in
at
ed

in
ea
ch

ar
m
w
as

al
w
ay
s
ca
lc
ul
at
ed

ba
se
d
on

th
e
sa
m
e

de
no
m
in
at
or

(t
he

nu
m
be
r
of
el
ig
ib
le
gi
rl
s
in
th
e
no

in
te
rv
en
tio
n
gr
ou
p)
.

d
W
he
n
an

in
te
rv
en
tio
n
w
as

do
m
in
at
ed
,t
he

in
cr
em

en
ta
lc
os
t
an
d
in
cr
em

en
ta
ln
um

be
r
of
gi
rl
s
va
cc
in
at
ed

w
er
e
co
m
pa
re
d
w
ith

th
e
ne
xt
le
ss

ex
pe
ns
iv
e
no
nd
om

in
at
ed

in
te
rv
en
tio
n.

—
in
di
ca
te
s
no
t
ap
pl
ic
ab
le
.

ARTICLE

PEDIATRICS Volume 131, Number 6, June 2013 1121
 at Dana Medical Library, University of Vermont on April 10, 2015pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


numbers,27 but is consistent with
a trial in 4 primarily suburban prac-
tices in which 94% of the intervention
population successfully received
calls as well as reminder letters.28

The results of these studies un-
derscore the importance of reliable
contact information as a prerequisite
for effective family-focused inter-
vention.

In this trial, the incremental costs per
each additional girl vaccinated for the
single most effective intervention
(clinician-focused for HPV #1, family-
focused for HPV #2 and #3) for each
HPV dose were low, ranging from $6 to
$10. All costs, including for the com-
bined intervention, were substantially
lower than for an immunization nav-
igator program designed to bolster
adolescent vaccination as well as
preventive care, which cost $465 per
additional adolescent fully vacci-
nated.40 The navigator study exclu-
sively targeted urban adolescent girls
and assessed the outcome of com-
plete vaccination, which limits direct
comparison. The costs in our study
were somewhat higher than a school-
based recall intervention for adoles-
cent vaccines, which cost between $1
and $6 per adolescent immunized.41

However, the recall mechanism in
that study involved retrieving stu-
dents already in class, a captive
population. Additional work, beyond
the scope of this trial, is needed to
determine the cost-effectiveness of

the family and clinician-focused
interventions.

This study had several limitations. Al-
though the study population of ado-
lescent girls was large and diverse, our
study was confined to 1 health system.
However, we were able to conduct the
intervention for all eligible adolescent
girls at each of the 22 sites, enhancing
generalizability. Additionally, by in-
cluding only girls who had a well-child
visit within 15 months, we likely had
a more easily contacted population
than for the practices overall, poten-
tially improving results. The 12-month
duration of the trial limited our ability
to assess patterns of vaccine receipt
throughout adolescence and likely
explains why vaccination rates for
HPV #1 in all study arms were #25%,
below the national average of 35%. In
addition, the finite number of practices
meant that the cluster-based, clinician-
focused intervention had far less sta-
tistical power than did the nested
randomization of girls within sites for
the family-focused intervention. Due to
the limited number urban sites avail-
able from the network, the study
lacked adequate power to compare
intervention success by urban versus
suburban practice setting. Additionally,
the family-focused intervention in-
cluded 2 educational reminder calls
each for HPV #2 and #3; results may not
generalize to more intensive family-
focused interventions. Future studies
that examine the mechanisms of the

intervention, including the utility of
repeat calls and the impact on
missed opportunities and office visits,
will be helpful in optimizing our ap-
proach for HPV and other adolescent
vaccines.

Focused on a highly-effective vaccine
that reduces cancer risk but is, as yet,
poorly adopted, this trial demonstrated
that clinician- and family-focused de-
cision support complement each other
in improving vaccine delivery to ado-
lescent girls. Given the success of this
intervention, future research should be
directed at understanding how auto-
mated decision support based on EHR
dataanddelivered tocliniciansvia EHRs
and to families via telephone, text
message, e-mail, or patient portals can
support the provision of evidence-
based care in varied clinical contexts.
Our results suggest that a focus on
either one alone is likely to be in-
adequate to fully realize the benefits of
EHR implementation for vaccine de-
livery.
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