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High-quality evidence indicates that intervening with health care providers
improves human papillomavirus (HPV) vaccine delivery. However, scaling up evidence-based
strategies in real-world clinical practice remains challenging. We sought to improve the reach
and impact of strategies for HPV vaccination quality improvement (QI) through local
adaptation and implementation in a large, not-for-proﬁt health care system.

BACKGROUND:

abstract

We conducted an HPV vaccination QI program using existing materials to support
physician training coupled with assessment and feedback. Local physicians with high HPV
vaccination rates facilitated training, which included didactic instruction and video vignettes
modeling effective communication. We randomly assigned 25 clinics with 77 physicians to the
QI arm or the wait-list control arm. We used hierarchical linear models to assess HPV
vaccination coverage ($1 dose) over 6 months among patients aged 12 to 14.

METHODS:

RESULTS: Of 45 physicians in the QI arm, the program reached 43 (95%) with training plus
assessment and feedback. In the overall sample, HPV vaccination coverage increased in both
the QI and control arms (8.6 vs 6.4 percentage points, respectively), although the
2.2–percentage point difference did not reach statistical signiﬁcance. Sensitivity analyses that
excluded physicians with poor data quality indicated a statistically signiﬁcant advantage of 3.3
percentage points for QI versus control (b = 0.034; SE = 0.015; P , .05).
CONCLUSIONS: Our

locally adapted QI program achieved excellent reach, with small improvements
in HPV vaccination coverage. Future implementation research is needed to bolster program
impact and support health systems in leveraging local resources to conduct these programs
efﬁciently.
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WHAT’S KNOWN ON THIS SUBJECT: Recent research has
yielded evidence-based strategies to improve the delivery
of the human papillomavirus (HPV) vaccine. However,
implementing these strategies in the context of
a research study often involves resource-intensive
approaches that are not feasible in real-world clinical
practice.
WHAT THIS STUDY ADDS: We evaluated the efforts of
a large, not-for-proﬁt pediatric health care system to
implement evidence-based strategies to improve HPV
vaccination. Through local adaptation, the program
achieved excellent reach to physicians, with a small
increase in HPV vaccination coverage among adolescents.
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Over the last decade, US public health
agencies have made substantial
investments in interventions to
improve the delivery of human
papillomavirus (HPV) vaccine, and
those efforts are beginning to yield
results. Interventions with the
greatest promise are those that
support physicians and other vaccine
providers in improving their
prescribing practices and vaccine
delivery systems.1–13 High-quality
evidence indicates that providerfocused interventions, which often
include the evidence-based strategies
of provider training or assessment
and feedback, can be effective for
raising HPV vaccination coverage.1–7,13
These early successes raise the
possibility that, after more than
a decade of suboptimal HPV vaccine
uptake,14 we may now have tools to
improve HPV vaccine delivery
nationally.
Despite the promise of emerging
research, implementing evidencebased strategies to improve HPV
vaccination in real-world clinical
settings remains a challenge for
several reasons. First, research of
provider-focused interventions has
often taken place in specialty settings,
such as Federally Qualiﬁed Health
Centers,3,11,15 practice-based research
networks,2,5,7 or health maintenance
organizations.8,10 Such systems may
have different capacities and
motivations for engaging in
improvement efforts when compared
with systems that primarily serve
commercially insured patients or are
not part of research networks.
Second, few clinical systems are likely
to secure the substantial external
resources often used to implement
HPV vaccine interventions in the
context of research, including
additional staff support and ﬁnancial
incentives for participating providers.
Finally, even with substantial
resources, research studies often
achieve only low to middling reach in
terms of the number of invited clinics
and providers who ultimately

participate.1,4,7,12,16 The problem of
low reach means that many providers
who might beneﬁt from interventions
are left out, and is a key barrier to
increasing HPV vaccination
coverage.17 To more broadly
integrate evidence-based strategies,
clinical systems need guidance for
efﬁciently scaling up these strategies
in ways that maximize reach to
providers without reliance on
external funding.18
To address this gap, we sought to
evaluate the efforts of a large
pediatric health care system to
improve HPV vaccination coverage
among adolescent patients using
existing, research-based materials
that were adapted to reﬂect local
stakeholders and settings. Our
objectives were to assess the extent
to which this quality improvement
(QI) program reached clinics and
physicians as well as the impact of the
program on HPV vaccination
coverage. Understanding how large
health care systems conduct HPV
vaccination QI is important given the
potential for system-wide efforts to
inﬂuence many clinics, providers, and
patients. By scaling up evidencebased strategies in the context of
routine QI, this evaluation seeks to
inform health care systems as they
translate research ﬁndings into
clinical practice improvements.

METHODS
Participants
Participants were pediatricians
employed by Cook Children’s Health
Care System, a large, not-for-proﬁt
integrated delivery system based in
Fort Worth, Texas. Cook Children’s
ambulatory care clinics share
a common electronic medical record
(EMR) system. Most clinics in the
system use a practice model in which
physicians care for a deﬁned panel of
patients, allowing for providerspeciﬁc assessment of vaccination
coverage. However, 7 clinics,
including those that primarily serve

publicly insured patients, do not use
this model; in these clinics, multiple
physicians can care for a patient, and
provider-speciﬁc assessment is not
possible. In the current study, eligible
physicians practiced in ambulatory
care clinics serving primarily
commercially insured patients and
served panels of $50 patients aged
12 to 14, as identiﬁed by Cook
Children’s EMRs. Physicians were
excluded if they practiced in clinics in
which physicians did not have
deﬁned patient panels or in the clinic
that piloted the QI program. We
focused on 12- to 14-year-old
patients to align with Cook Children’s
existing quality metrics for adolescent
vaccination. On the basis of our
eligibility criteria, we excluded 7
clinics in which physicians did not
have deﬁned patient panels and 1
pilot clinic, leaving 25 clinics eligible
for participation (Fig 1).
This evaluation used a clusterrandomized design. A Cook Children’s
staff member who was unafﬁliated
with the project randomly assigned
clinics to either the QI arm (13
clinics) or the wait-list control arm
(12 clinics). Because our evaluation
design used a wait-list control, it was
not possible to blind training leaders
or participating physicians to their
assigned evaluation arm. To facilitate
recruitment, Cook Children’s
leadership provided a letter
describing the project and
encouraging participation. One
author, who is a Cook Children’s
physician (J.V.T.), then contacted each
clinic to conﬁrm participation and
coordinate scheduling. Cook
Children’s Institutional Review Board
determined that the project did not
constitute human subjects research.

Materials and Procedures
In our QI program, we used existing
materials that we adapted to the local
context of Cook Children’s. First,
physicians received a 1-hour, in-clinic
training session delivered between
February 2017 and March 2017.
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a deﬁned panel of patients. Using
EMR data and an adapted version of
an existing immunization “report
card,”19 each physician’s assessments
reported the percentage of 12- to 14year-old patients in his or her panel
who had initiated HPV vaccination.
The report card was used to
encourage physicians to set a goal to
raise HPV vaccination coverage over
the 6-month project period by
vaccinating at least 10% of their 12to 14-year-old patients who had not
initiated HPV vaccination. At 3- and 6month follow-ups, physicians
received updated coverage estimates
so that they could track their progress
toward their goal. These assessments
included all patients in the physician’s
panel, regardless of whether they had
made an ofﬁce visit during the followup period. Physicians also received
educational materials via e-mail.
FIGURE 1
Flow diagram.

Training sessions were led by 1 of 5
Cook Children’s pediatricians who we
identiﬁed as high performers in that
they had delivered $1 dose of the
HPV vaccine to $70% of their 12- to
14-year-old patients. Training content
focused on the epidemiology of HPV,
the need to improve HPV vaccine
coverage, the vaccine’s safety proﬁle
and prevention beneﬁts, and the
importance of delivering high-quality
presumptive recommendations for
HPV vaccination. In the case of
parental hesitancy, the training
promoted communication strategies
such as emphasizing cancer
prevention and providing follow-up
counseling as needed to encourage
secondary acceptance of HPV
vaccination. Training leaders used an
existing PowerPoint presentation,19
which we adapted with Cook
Children’s branding. Leaders also
used video vignettes to demonstrate
strategies for communicating with
parents about HPV vaccination. These
video vignettes were ﬁlmed by Cook
Children’s pediatricians and
videographers in local settings using

scripts adapted from those developed
by the Minnesota Department of
Health.20 Separate vignettes
addressed common parent concerns
about whether HPV vaccination is
effective, necessary, and safe.
Trainings were primarily targeted
toward physicians. However, we
invited all providers and staff in
participating clinics to attend.
Additionally, physicians were
encouraged to engage others in their
clinic by sharing HPV vaccination
coverage estimates, training staff on
HPV vaccination guidelines, and
implementing standing orders.
Participants received 1 hour of
continuing medical education credit
for their participation, and physicians
were awarded Maintenance of
Certiﬁcation Part 4 points for
completion of the program.
In addition to training, each
participating physician received
individual assessment and feedback
on HPV vaccination coverage at
3 time points. As previously
described, each physician cared for

Before beginning the QI project, 1
author (J.V.T.) piloted the training in
1 clinic. He reﬁned the approach on
the basis of physicians’ feedback and
then prepared physician training
leaders to deliver it through an inperson “train the trainer” session.
Training leaders were compensated
for time spent traveling to and
facilitating the training sessions. At
a 6-month follow-up, clinics randomly
assigned to the wait-list control arm
received the same QI program.

Measures
We assessed the reach of our QI
program at the clinic and physician
levels. For clinics, we calculated the
proportion of eligible clinics in the QI
arm that received training. For
physicians, we calculated the
proportion of those in the QI arm who
received the intervention, which we
deﬁned as attending training and
receiving assessment and feedback.
Physicians received the initial
assessment during their in-person
training. The second and third
assessments were sent by e-mail and
counted as having been received if
the e-mail transmitted successfully.
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Our vaccination outcome was
coverage change for HPV vaccine
initiation ($1 dose) between baseline
and the 6-month follow-up. At each
time point, we assessed vaccination
coverage (ie, the proportion of
patients vaccinated) among patients
aged 12 to 14 using standardized
EMR queries. The denominator
consisted of all patients in
a physician’s panel at that time point,
regardless of whether those patients
had had an ofﬁce visit during the
study period.

closures in the region, which resulted
in automatic reassignment of patients
to the physician’s panel between
baseline and follow-up assessments.

Analysis

RESULTS

We conducted hierarchical linear
modeling (HLM) to assess the QI
program’s impact on HPV vaccination.
We used 3-level random-intercept
models to allow for observations of
HPV vaccination coverage over time
while accounting for the nested data
structure of physicians within clinics,
including correlated residuals.21 We
tested for the effect of the QI program
by including 2 dichotomous
explanatory variables: time (0 =
baseline or “pre”; 1 = 6-month followup or “post”) and treatment (0 =
control; 1 = QI). The impact of the QI
program was represented by the
cross-level interaction of these 2
variables.

Sample

We ran 2 HLM models. Model 1 was
an intent-to-treat analysis of all
physicians randomly assigned to QI
and control groups. Model 2 was
a sensitivity analysis that excluded 6
physicians (2 in the QI arm and 4 in
the control arm) with questionable
data quality. We conducted the latter
analysis in the manner described by
Hersh et al,22 who note that EMR data
are susceptible to measurement
error.23 Using validity checks and
distribution analysis, we identiﬁed
outliers according to dfbeta and
rstudent metrics.22,24 This approach
was used to identify physicians with
large changes in the size of their
patient panel over the study period.
Follow-up inquiries suggested that
these changes were due to clinic

For each model, we also calculated
Cohen’s d at the physician level as
a measure of the magnitude of QI
program effects. HLM analyses were
conducted by using HLM 6, and all
other analyses were conducted in
Stata version 13 (Stata Corp, College
Station, TX). Statistical analyses were
2 tailed with a critical a of .05.

Our sample included 25 clinics with
77 physicians serving 22 983 patients
aged 12 to 14. Clinics were similar in
size by arm (P . .05; Table 1). Clinics
in the QI arm had a mean of 3.2
(SD = 1.7) physicians and 883
(SD = 454) patients per clinic. Clinics
in the control arm had a mean of 2.9
(SD = 1.6) physicians and 958
(SD = 520) patients per clinic. HPV
vaccination coverage was higher in
the QI arm than the control arm at
baseline (53% vs 45%; P , .05).

increased over the 6-month project
period by 8.6 percentage points in the
QI arm and 6.4 percentage points in
the control arm (Table 2). The
treatment effect was not statistically
signiﬁcant in HLM analyses (b =
0.023; SE = 0.018; P . .05), but the
effect size indicated a small positive
effect of the QI program on
vaccination (d = 0.29). HLM analyses
additionally revealed signiﬁcant
variance in HPV vaccination coverage
across physicians and clinics in model
1, with the majority of total variance
occurring at the physician level
(74%) versus the clinic level (14%;
Supplemental Table 3).
In the subsample of physicians with
sufﬁcient data quality (model 2), HPV
vaccination coverage increased 10.2
percentage points in the QI arm and
6.9 percentage points in the control
arm (Table 2). HPV vaccination
coverage change was greater in the QI
arm compared with the control arm
(b = 0.034; SE = 0.015; P , .05;
d = 0.51). Similar to model 1, the
majority of total variance in model 2
occurred at the physician level (75%)
versus clinic level (18%;
Supplemental Table 3).

Reach
Among clinics randomly assigned to
the QI arm, 100% (13 of 13)
scheduled and subsequently received
the physician-led training. Among
eligible physicians within these
clinics, 95% (41 of 43) attended
a training session and received
assessment and feedback.

HPV Vaccination Coverage Change
In the overall sample (model 1), HPV
vaccination coverage ($1 dose)

DISCUSSION
In our QI program, we used local
resources to adapt and implement
evidence-based strategies for
improving HPV vaccine delivery
across 25 clinics serving .22 000
adolescents in a large pediatric health
care system. Noteworthy features of
the program included the rebranding
of existing QI materials, physicianlevel assessment and feedback, and

TABLE 1 Sample Characteristics
QI (13 Clinics; 42
Physicians)

Patients per clinic
Physicians per clinic
Baseline HPV vaccination coverage ($1 dose)

Control (12
Clinics; 35
Physicians)

P

Mean

SD

Mean

SD

883.2
3.2
52.6

453.9
1.7
16.1

958.4
2.9
44.6

520.0
1.6
17.7

.35
.32
.02

P values are derived from t tests for differences by clinic size and physician vaccination coverage.
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TABLE 2 HPV Vaccination Coverage Change ($1 Dose) at 6-Month Follow-up
Coverage at Coverage Change Over Previous
6
6 mo,
mo, %
percentage points
Model 1: full sample
Control (35 physicians)
Intervention (42 physicians)
Model 2: sample with sufﬁcient data
quality
Control (33 physicians)
Intervention (38 physicians)

b

SE

P

50.9
61.2

6.4
8.6

0.023 0.018 .21
—
— —

50.6
61.1

6.9
10.2

0.034 0.015 .03
—
— —

HPV vaccination coverage and coverage change are unadjusted. b unstandardized coefﬁcients and signiﬁcance tests are
from hierarchical linear models where QI impact was represented by the cross-level interaction of time and treatment.
—, not applicable.

the recruitment and training of highperforming physicians within the
system to facilitate QI activities. Using
these strategies, we met the goal of
achieving excellent reach, with almost
all eligible physicians participating in
training, as well as assessment and
feedback, even in the absence of
ﬁnancial incentives. This level of
participation is notably higher than
that reported for research-based
efforts of a similar scope, including
some that did provide ﬁnancial
incentives.1,4,5,7,15,16 Broad reach to
physicians and other vaccine
providers is important given that
improving provider communication
about HPV vaccination is likely the
single most effective way to increase
uptake.25–31 Although additional data
would be needed to understand
which components resulted in high
levels of participation, our success in
engaging a hard-to-reach population
likely speaks to the power of
leveraging local networks to gain
entrée to busy clinical settings.32,33
In terms of effectiveness, our
evaluation suggests that the project
had a small positive impact on HPV
vaccination, with physicians in the QI
arm achieving increases in coverage
that were 2 to 3 percentage points
higher than in the control arm at the
6-month follow-up. This impact is in
keeping with previous QI efforts that
have employed assessment and
feedback to improve adolescent
vaccination, although it is smaller than
increases observed in externally funded

research studies of provider-directed
vaccination interventions.1–3,5,7,12
Why QI efforts result in lower
impact is unclear, but possible
reasons include lower intervention
ﬁdelity or intensity. In the current
study, it may be that local adaptation
was effective for bringing physicians
and other providers to the table but
did not necessarily translate into
greater adoption of evidence-based
practices when compared with
standardized approaches.
Alternatively, somewhat higher HPV
vaccination coverage among clinics in
the QI arm at baseline may have had
a ceiling effect, making additional
improvements more difﬁcult for that
arm compared with the control.
Whatever the case, even small
increases in vaccination coverage
across large patient populations can
be clinically meaningful. For example,
a 3–percentage point increase in
coverage for HPV vaccine initiation
across all 12- to 14-year-olds in the
Cook Children’s system would
translate into an additional 689
vaccine doses delivered over a 6month period. Future QI efforts
should seek to build on our current
effort by identifying strategies for
increasing impact while maintaining
reach. Opportunities might include
increasing the frequency of
vaccination coverage assessments or
the intensity of QI coaching; publicly
recognizing physicians or clinical
teams who demonstrate
improvement; or combining provider-

directed approaches with EMR
prompts, reminders and/or recall,
or other systems-level evidencebased interventions.
Over the course of this evaluation,
we identiﬁed 2 issues that may be
helpful for informing future QI
projects. First, our multilevel
analysis suggests that most of the
variance in HPV vaccination
coverage occurred at the physician
level. This ﬁnding underscores the
prominent role of individual
physicians and other health care
providers in HPV vaccine delivery as
well as the need for QI efforts to
focus on individuals in addition to
clinical systems. The relative
prominence of physician-level
variance also suggests that
evaluations that only assess cliniclevel HPV vaccination coverage may
overlook important differences in
the performance and impact of
individuals within clinics in addition
to inaccurately estimating clinic-level
effects and signiﬁcance tests.
Second, we found that the quality of
our provider data were, in several
cases, affected by regional clinic
closures that resulted in dramatic
increases in the size of an individual
physician’s patient panel over the
course of our project, thereby
challenging our ability to accurately
track performance for those
physicians. Because the national
trend of clinic consolidation is likely
to be an ongoing phenomenon
affecting many health systems,34
evaluators should plan for quality
checks to identify compromised
assessments.22 At the same time,
consolidations may provide
opportunities for systems to assess
patients’ status for vaccinations and
other preventive services so that
they may be brought up to date as
they establish care within a new
clinic.
Strengths of this evaluation include
a strong design, the use of
vaccination data drawn from medical
records, and a multilevel analytic
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approach that accounted for the
nesting of providers within clinics.
By evaluating the QI efforts of
a large pediatric health care system,
we are able to provide novel data on
the impact of evidence-based
strategies as they are adapted and
scaled up in real-world clinical
settings. Limitations include our focus
on commercially insured patients
within a single integrated delivery
system that had the ability to
mobilize resources even in the
absence of external funding. Systems
that are smaller, are located in other
geographic regions, or serve
primarily publicly insured patients
may have fewer resources or may
face different challenges in reaching
vaccine providers. In our QI
program, we employed local
adaptation in several ways, and
future research is needed to
determine the relative value of each
strategy. Finally, our outcome
measure of HPV vaccination coverage
can be considered both a limitation
and strength. Vaccination coverage,
or the proportion of vaccinated
patients among all patients in
a provider’s panel, is a more
conservative way to assess QI
effects than other common measures,
such as missed opportunities or the
proportion of vaccinated patients
among the subset of those who
present for care during the study

period. HPV vaccination coverage
may underestimate effects.
However, this approach best reﬂects
the public health goal of ensuring that
all children are vaccinated against
HPV and other vaccine-preventable
diseases.

CONCLUSIONS
Our ﬁndings suggest that our
locally adapted QI program achieved
excellent reach to physicians as
well as small improvements in HPV
vaccination coverage among the
patients they serve. As research
continues to yield evidence-based
strategies for improving the delivery
of HPV vaccine and other preventive
services, health care systems
urgently need support in scaling up
these strategies efﬁciently and
without reliance on external funding.
Our experience suggests that
adapting existing materials and
harnessing local talent (in the form
of physicians who are already high
performers) are feasible in the
context of a large pediatric health
care system and should be considered
by other systems as a way to
extend reach. At the same time,
continued efforts are needed to
increase the impact of these and
other HPV vaccination QI efforts to
ensure that young people receive the

greatest possible protection against
future HPV cancers.
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