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Abstract
We reviewed clinical and billing data from a university-based health system to assess HPV vaccine
utilization among 9–18-year-old girls by individual, visit and medical specialty characteristics. Our
sample included 10,082 adolescent patients with 27,928 visits to outpatient family medicine (FM),
pediatric and gynecology clinics between January 2007 and March 2008. Vaccine series completion
was low among eligible adolescents (15%), with important disparities in vaccine utilization by
medical specialty, age, race and insurance status. Missed opportunities for vaccination were common.
Our findings may help to target future interventions aimed at increasing adolescent HPV vaccine
utilization.
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1. Introduction
Human papillomavirus (HPV) is a common sexually transmitted virus that causes cervical
cancer, and genital warts and is linked to other anogenital and head and neck cancers. In 2006
a quadrivalent HPV vaccine was licensed in the U.S. [1]. Because the vaccine is only useful if
provided prior to HPV exposure, which generally occurs at the onset of sexual activity [2],
adolescents are the preferred target age for vaccination. Catch-up vaccination programs are
recommended through young adulthood [3].

Data are beginning to emerge regarding adolescent utilization of the HPV vaccine. National
estimates indicate that uptake among females ages 13–17 in 2007 was 25% for the first dose
and 6.9% for completion of the 3 dose series [4]. Studies of smaller U.S. populations have
found wide variation in uptake, ranging between 0.2% and 58% for series completion [5–8].
These data have begun informing our understanding of adolescent HPV vaccine utilization
patterns, but a deeper understanding is needed to ensure that future interventions to increase
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HPV vaccine uptake are optimally developed. Defining populations with low utilization,
clinical or physician factors associated with uptake, and the characteristics of visits that are
missed opportunities for HPV vaccination are important for understanding what types of
interventions might be most effective. In this study, we describe these aspects of HPV vaccine
utilization during the first year of vaccine availability among adolescent girls seen in pediatric,
family medicine or gynecology clinics within a university-based health system.

2. Methods
2.1. Study design and population

We retrospectively reviewed clinical visit data (medical records and billing data) from the
University of Michigan Health System to capture all outpatient visits for females ages 9–18
years that occurred within the family medicine (FM), pediatric and gynecology clinics between
January 1 2007 and March 31 2008. These three medical specialties were chosen as they
provide the vast majority of primary care services (where immunizations are preferentially
provided) to adolescents. These outpatient visits occurred at 20 university-affiliated outpatient
clinics interspersed throughout southeast Michigan. The study initiation date was selected to
coincide with the beginning of Michigan Medicaid coverage for HPV vaccine. Providers within
this health system were made aware of this coverage through staff and clinical emails and
notices. Most private insurers in the area also covered the vaccine at this time. The institution's
immunization committee instructed providers to offer the vaccine to all age-eligible females
(in accordance with national vaccine recommendations) beginning in January 2007.
Adolescents who initiated the HPV series at age 18 but whose subsequent doses within the
study period occurred at age 19 were also included in the study population. For six months
during the study period, the FM clinics, but not other specialties, had automated computerized
prompts to remind providers about HPV vaccination for eligible patients. (The effect of this
automated intervention is reported in a separate manuscript.) All study activities were approved
by the institutional review board at the University of Michigan.

2.2. Inclusion criteria
Qualifying visits were identified using Current Procedural Terminology (CPT) codes. Visits
coded as outpatient visits (99383-5, 99393-5, 99201-5, and 99211-5) and/or vaccine
administration (90649, 90471) were included in the study. Visits with diagnostic codes
indicating pregnancy at the time of the visit were excluded. Internal validation demonstrated
that this search strategy captured 98% of the HPV vaccine doses administered in the three
medical specialties to qualifying females during the study period.

2.3. Variables
2.3.1. Outcome measures—Outcomes were measured at the patient, vaccine dose and visit
level. Patient level analyses assessed the proportion of adolescent females appropriately
receiving first, second and third doses of HPV vaccine. Vaccine dose-level analyses assessed
the proportion of the HPV vaccine doses administered that were attributable to different patient
or clinical characteristics.

Visit-level analyses assessed the proportion of visits that were missed opportunities for
providing HPV vaccine. Missed opportunities were defined as visits where an HPV vaccine
dose could have been provided, based on timing from any previous HPV vaccine doses, when
applicable. To account for potential variation in vaccination practices we explored the
proportion of visits that were missed opportunities for vaccination under four different
scenarios. We evaluated the impact of defining missed opportunities using either the routine
vaccination schedule (0, 2 and 6 month) or the “minimal interval” schedule (0, 4, 16 weeks)
that existed at the time of the study (but has subsequently been modified) [9], and combined
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these strategies with two different definitions of missed opportunity visits. One required the
vaccine to be given on the same day as the qualifying appointment and the other allowed a
two-week window from the qualifying appointment for vaccine administration. Because results
differed minimally among these 4 scenarios, we present data only from analyses using the
routine immunization schedule and a two-week window for vaccine administration.

2.3.2. Independent variables—CPT and diagnostic (ICD-9) codes were used to classify
visits as either “preventive”, “problem-focused” or “immunization-only”. Preventive visits
included visits coded as (a) a “comprehensive exam” (99383–99385, 99393–99395); or (b) a
level 3 or 4 office visit (99203–99204, 99213–99214) plus a Pap smear (Q0091, G0101) but
no diagnostic code for “history of abnormal pap” (ICD-9 codes V13.22 or 795.0X); or (c) a
level 3 or 4 office visit plus a diagnostic code specifying “routine gynecological visit” (ICD-9
V72.31). Problem-focused visits had “office visit” procedural codes (99201–99205, 99211–
99215) with or without an immunization code. Immunization-only visits had a procedural code
for immunization (90649 or 90471) but no associated office visit code.

Race designations were based on parent-report and were condensed to generate three race
categories (African American, White, and other/not specified). Insurance specification was
based on billing data with “public” insurance defined as patients with Medicaid-only billing,
“no insurance” patients as those billed as “self pay” and/or “collection agency” without another
identified billing source and “private/other” as patients with private and/or military insurance.
For patients with >1 visit during the study period, race, age and insurance were defined using
data from the first visit where an HPV vaccine dose was provided, or the first visit during the
study period when no doses were administered. Age stratification corresponded to early HPV
vaccination (9–10 years), routine vaccination (11–12 years), early catch up vaccination (13–
15 years) and late catch up vaccination (16+ years).

2.4. Statistical analyses
The proportion of appropriately vaccinated females was determined by dividing the number
of girls having received first, second or third HPV vaccine doses by the number of girls who
would have been eligible for those doses, taking into account timing from previous doses when
applicable (i.e. the recommended time interval from a previous dose was required to be
considered eligible for second or third doses). The proportion of vaccine doses attributable to
different patient and clinical factors was determined by dividing the number doses with a given
characteristic by the total number doses, with separate analyses performed for first, second and
third doses in the series. The proportion of missed opportunity visits was determined by
dividing the number of missed opportunity visits by the total number of visits where a vaccine
dose could have been/was administered. For each of these outcomes, analyses were further
stratified by various patient or clinic characteristics, and chi-square tests assessed for any
associations. Logistic regression analysis determined factors independently associated with
HPV vaccine series initiation and included patient age, insurance type, race, visit type
(immunization-only category eliminated from the analysis because of small cell size) and
medical specialty, as these were the variables hypothesized a priori to be predictors of this
outcome. Analyses were performed using a combination of SAS®, version 9.1 and STATA®,
version 10 (Stata Corporation, College Stations, TX). A p-value of ≤0.05 was considered
significant.

3. Results
3.1. Sample characteristics

There were 10,082 adolescent female patients in our sample who participated in 27,928
outpatient visits for the three medical specialties during the study period. Less than 1% of the
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sample was uninsured. A majority of visits occurred in pediatric clinics. Sample characteristics
are described in Table 1.

3.2. Vaccine utilization among eligible girls
While only a minority of girls (28%) initiated the HPV series, more than three quarters of those
who were eligible for second and third doses received them (Table 2). Of those completing the
series, only 28% did so within the recommended 6-month time frame; 69% completed the
series within 1 year of their first dose.

Because many girls in our cohort had insufficient time in the study period to have received all
three doses, we evaluated vaccine utilization specifically among a sub-population of 4712 girls
who had ≥12 months from the time of their first qualifying visit in the study (regardless of
whether any vaccine doses were given) and the end of the study period. Though this cohort
had ample opportunity to both initiate and complete the vaccination series, only 15% of these
girls received all three vaccine doses.

Several patient characteristics were associated with series initiation and/or completion (Table
2). There was a significant association between series initiation and age, but utilization of
second and third doses was similar among all age groups. It was also notable that series
initiation was most common, but series completion least common, among African Americans
when compared other race groups, and among those with public health insurance versus private
or no insurance. We repeated our analyses excluding 9–10-year olds (for the age analysis) or
those with no insurance (for the insurance analysis) and found a similar pattern of statistical
association with vaccine utilization (data not shown).

3.3. Vaccine utilization by visit type
There were statistically significant differences in utilization of each vaccine dose and the type
of outpatient visit (Fig. 1). Series initiation most commonly occurred at preventive care visits,
while second and third doses were most commonly provided at immunization-only visits.

There were additional associations when the visit-type analysis was further sub-divided by
adolescent age (Fig. 2). Series initiation during preventive visits decreased, while series
initiation at problem-focused visits increased, with increasing age. A similar pattern was seen
for second and third HPV vaccine doses, except that the increases in problem-focused visit
utilization with advancing age were accompanied by decreases in immunization-only, rather
than preventive, visits (data not shown).

Subdividing the visit-type analysis by race, we found that African American girls (66%) were
more likely to initiate the vaccine series at preventive visits when compared to White (52%)
or other/unknown race girls (58%, p < 0.0001). African American girls were also less likely
than girls in the other race categories to use immunization-only appointments for subsequent
doses, though this association was statistically significant only for the second dose (African
American 64%, White 76% and other/unknown 77%, p = 0.04). Similarly, when the visit-type
analysis was sub-divided by insurance status, we found that those with public insurance were
significantly more likely to initiate the vaccine series at preventive care visits, and were
significantly less likely to receive subsequent doses at immunization-only appointments, than
those with private or no insurance (data not shown).

3.4. Vaccine utilization by medical specialty
Pediatricians and FM physicians initiated the vaccine series among eligible girls significantly
more frequently (29% each) than gynecologists (17%, p < 0.0001). However, there were no
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statistically significant differences between the three medical specialties in administration of
the second or third doses (data not shown).

When the medical specialty analysis was sub-divided by visit type, we found that pediatricians
(59%) were significantly more likely than FM physicians (43%) or gynecologists (28%) to
initiate the series at a preventive visit, and were the least likely to initiate the series at a problem-
focused visit (24% pediatricians vs. 41% and 45% for FM and gynecologists, respectively, p
< 0.0001). There were not statistically significant differences between the medical specialties
when the analysis was sub-divided by visit type for second or third doses (data not shown).

We next evaluated vaccine utilization by medical specialty among each adolescent age strata.
Pediatricians administered the majority of doses regardless of age, but there was a shift towards
vaccination by gynecologists as adolescents aged. However, at most gynecologists
administered only 2–6% of the vaccine provided (first dose, Table 3; other doses, data not
shown).

3.5. Independent predictors of HPV series initiation
In a multivariable model examining HPV series initiation (Table 4), we found that increasing
age, having public insurance and attending a preventive visit were associated with a
significantly increased odds of vaccine series initiation. Conversely, gynecology but not FM
specialty was associated with a significantly decreased odds of initiating the vaccine series
when compared to pediatrics.

3.6. Missed opportunities for vaccination
Missed opportunities for vaccination were common, and were most prevalent among problem-
focused visits, and for gynecologists (Table 5). However, gynecologists had significantly fewer
missed opportunities at immunization-only appointments than the other medical specialties.
Adolescents aged 11–12 years were significantly more likely to experience a missed
opportunity visit than older adolescents, and this was particularly common at problem-focused
visits. Receiving other adolescent vaccines concurrently with HPV was associated with
decreased missed opportunities at problem-focused and preventive visits, but not at
immunization-only appointments.

4. Discussion
In this assessment of HPV vaccine utilization by adolescent girls during the first 15 months of
vaccine availability within a university-based health system, we found that approximately one
out of four girls had received at least one dose of the vaccine. Once the vaccination series was
begun, there was a high likelihood that it would be completed, with more than 75% of girls
eligible for second and third doses receiving them. However, the series completion rate for the
adolescent cohort overall was quite low. Among a sub-population who had a full year to initiate
and complete the vaccine series, only 15% received all three doses.

Two lines of evidence from our analysis suggested that series initiation was a critical step in
the overall HPV vaccination process. First, we found that series initiation increased with age,
but there were no age-related differences for second and third doses. Second, our analysis
demonstrated that gynecologists were significantly less likely to initiate the series than other
specialties, but that once the series was begun, they were similarly likely to deliver subsequent
vaccine doses to their eligible patients. Our results suggest that focusing on increasing HPV
series initiation may be an efficient target for future interventions to increase HPV vaccination
overall among adolescents, particularly among 11–12 year olds, the preferred age for HPV
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vaccination, and in the gynecology setting, since vaccine initiation was substantially lower in
these groups.

Many have hypothesized that a major barrier to high HPV vaccine uptake is convincing the
adolescent to return for second and third doses [10]. This is a reasonable concern given that
many teens will initiate the series during routine check-ups, as in our study, but may not be as
willing to return to the medical setting solely for receiving second and third doses. However,
the relatively high series completion rate among those initiating the series in our study suggests
that, at least in some settings, returning to the office for subsequent doses may be less of a
barrier than initially envisioned. Making use of immunization-only appointments, which we
found to be the visit type associated with the majority of second and third doses, may be one
way to facilitate completion of the series. In our institution, we encourage parents/patients
make a follow-up “immunization” appointment for their daughter's next HPV dose at the time
of the visit where the first (or second) dose was received. This practice may have contributed
to the high utilization of “immunization-only” appointments for second and third doses in our
study. Completing the series is obviously important, as there is no evidence that one or two
doses confers protection against HPV infection. Given this, the financial implications for
insurers and parents of initiating, but not completing, the costly HPV series are considerable.

Our results also highlight important disparities in HPV vaccine utilization. We found that
African Americans and those on public health insurance were less likely than those of other
races or those with private health insurance to complete the HPV series. Similar results were
described in a smaller study that assessed HPV vaccination among 352 adolescents age <21
years [6]. These race- and insurance-based disparities are disturbing given that the risk of
developing and dying from cervical cancer is highest among underserved minorities and those
of low socioeconomic status [11,12]. If this utilization pattern were widespread, our results
raise questions about whether the HPV vaccine is being delivered to populations most in need
of this preventive intervention. Furthermore, modeling studies suggest that HPV vaccination
may no longer be cost effective if there is preferential utilization of cervical cancer screening
programs among those who were vaccinated against HPV [13]. Additional studies are needed
to confirm whether the race- and insurance-based disparities in HPV series completion found
in this study are prevalent over a wider geographic area. A limitation of our study was that
vaccine doses provided in other settings (i.e. health departments) were not captured in our
analyses; these types of alternative vaccination venues are likely differentially utilized by
various socio-demographic groups.

As has been found for other adolescent vaccines [14], missed opportunities for providing HPV
vaccine doses were common in our study. This was most apparent for problem-focused visits
in our study, but there was also a high proportion (60%) of missed opportunity visits among
preventive visits, which are the visit type most associated with vaccination [15–17].
Gynecologists had the highest proportion of missed opportunity visits overall, but had
substantially fewer missed opportunity immunization-only appointments than the other
medical specialties. This latter finding likely reflects the unique vaccination practices of
gynecology clinics which tend to offer only select vaccines (e.g. HPV, Tdap and influenza)
and have a more targeted approach to immunization (e.g. Tdap primarily for post-partum
mothers) [18]. Adolescent patients presenting for immunization-only appointments in the
gynecology setting would therefore be more likely to receive HPV vaccine than immunization-
only appointments in pediatrics or FM, where other adolescent-targeted vaccines besides HPV
could be provided. In addition, gynecologists within our health system see relatively few
adolescent patients for routine gynecologic care. Because of this, gynecology clinics had less
experience in administering vaccines to this age group, which likely contributed to the overall
lower administration of adolescent HPV vaccine than other specialties in our study. However,
regardless of the reasons behind differences in care patterns, the high level of missed
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opportunities across specialties, visit types and adolescent characteristics points to the need to
find mechanisms to effectively reduce this occurrence. Suggested modalities include the use
of standing orders, automated prompts and reminder/recall systems, which have been shown
in clinical trials to be effective, but are not widely utilized in the U.S. [19].

4.1. Limitations
Our study findings should be interpreted in the context of several limitations. First, our study
population was limited to one university-based health system located in Michigan, and
therefore our results may not be generalizable to patients seen in other medical settings or
geographic locations. This may be true especially for results from gynecology visits since only
a small proportion of adolescents in our sample were seen by gynecologists, which is in contrast
to national adolescent health care utilization patterns [20]. Second, our sample included very
few adolescents categorized as being without health insurance, which does not reflect
adolescent insurance coverage levels nationally [21], and could have resulted in higher than
average vaccine utilization. Third, though we used well accepted methods to classify visit types
and patient characteristics, it is possible that some of these characteristics were misclassified
[22]. Fourth, our analysis did not evaluate HPV vaccine utilization among females >18 years,
which are a important component of “catch up” HPV vaccination strategies and where there
may be substantially different patterns of utilization than that found in our study. Fifth, our
analysis captured only those vaccine doses provided within our University's health system. It
is possible that some adolescents received HPV vaccine doses in other settings that could not
be quantified in our study. However, internal audits of our patient population suggest that the
majority of pediatric patients receive all of their primary care services (where immunizations
tend to be provided) within our health setting. Finally, we were not able to ascertain from our
study the reasons why vaccination did not occur at some visits. Although it was university
policy at the time to offer the vaccine to all eligible females, it is unknown whether provider
variability in these recommendations occurred, or how this might have impacted our results.

5. Conclusions
In one of the first studies to assess adolescent vaccine utilization patterns in depth, we found
that overall uptake by the eligible cohort was low, but for girls who did initiate the vaccine
series, there was a relatively high likelihood that they would receive all three doses. Younger
adolescents and those seen by gynecologists had lower series initiation than their comparative
groups. However, they had comparable series completion rates once they received the first
dose, suggesting that series initiation was a critical step in the overall HPV vaccination process.
We found disparities in series completion by race and insurance statues, raising questions about
the degree to which HPV vaccination will impact cervical cancer rates in the U.S. Our results
suggest that continued outreach to adolescents is needed in order to improve HPV vaccination,
and that particular efforts to increase vaccination among underserved minorities, those who
are socio-economically disadvantaged, and pre-adolescents (11–12-year olds) are needed.
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Fig. 1.
Comparison of first, second and third doses of HPV vaccine by visit type (*p < 0.0001).
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Fig. 2.
Types of visits for HPV vaccine series initiation, sub-divided by adolescent age group (*p <
0.0001).
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Table 1

Characteristics of sample by patient- and visit-level factors.

Characteristics %

Characteristics of patients (n = 10,082) at time of first qualifying visit

Age

 9–10 years 24

 11–12 years 20

 13–15 years 29

 16+ 27

Race

 White 73

 African American 14

 Other/not specified 13

Insurance

 Private/other 78

 Public 21

 No insurance 1

Characteristics of qualifying visits (n = 27,928)

Medical specialty

 Pediatrics 76

 Family medicine 21

 Ob/Gyn 3

Visit type

 Preventive care 20

 Problem-focused 66

 Immunization-only 14
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Table 3

Proportion of first doses of HPV vaccine attributable to each medical specialty, sub-divided by adolescent
age*.

Age category Pediatrics (# doses) Family medicine (# doses) Gynecology (# doses) Total # doses

9–10 years 74% (28) 26% (10) 0 (0) 38

11–12 years 85% (552) 15% (94) 0 (1) 647

13–15 years 77% (875) 21% (235) 2% (20) 1130

16+ 65% (677) 29% (306) 6% (57) 1040

Total # doses 2,132 645 78 2855

*
p < 0.0001.
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Table 4

Multivariable analysis of patient and clinic factors associated with HPV series initiationa.

Variable Odds ratio 95% Confidence interval p-Value

Race

 White Ref – –

 Black 1.06 0.91–1.24 0.4700

 Other/not specified 0.78 0.66–0.93 0.0050

Age

 9–10 0.03 0.02–0.05 <0.0001

 11–12 Ref – –

 13–15 1.44 1.25–1.65 <0.0001

 16+ 1.92 1.66–2.23 <0.0001

Insurance

 Public Ref – –

 Private 0.52 0.45–0.59 <0.0001

 No insurance 0.47 0.26–0.85 0.0124

Medical specialty

 Pediatrics Ref. – –

 Family medicine 0.92 0.81–1.04 0.1981

 Gynecology 0.24 0.18–0.33 <0.0001

Visit typeb

 Problem-focused Ref – –

 Preventive 5.18 4.64–5.79 <0.0001

a
Adjusted for the factors listed in first column.

b
“Immunization-only” visits were eliminated from the analysis due to small cell sizes.
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Table 5

Factors associated with missed opportunities for HPV vaccination, overall and by visit type.

% Qualifying visits that were missed opportunities for HPV vaccine
administration

Preventive Problem-focused Immunization-only

By visit type* 62% 89% 18%

Clinic/patient characteristic (total # visits)§ All visit types
combined

By visit type

Preventive Problem-focused Immunization-only

Specialty*

 Pediatrics (n = 15,915) 71% 60% 89% 17%

 Family medicine (n = 5,040) 73% 66% 87% 24%

 Gynecology (n = 879) 81% 84% 93% 2%

Race*

 White (n = 16,758) 72% 65% 89% 17%

 African American (n = 2,610) 68% 50% 86% 15%

 Other/not specified (n = 2,466) 73% 65% 89% 28%

Age at time of visita

 11–12 (n = 5,560) 77% 66% 93% 28%

 13–15 (n = 5,809) 70% 61% 88% 16%

 16+ (n = 5,615) 70% 60% 86% 14%

Insurance at time of visit‡,†

 Private (n = 17,232) 73% 66% 90% 19%

 Public (n = 3,034) 68% 48% 84% 14%

Concurrently received other adolescent
vaccines at visit*

NS

 Yes (n = 10,387) 63% 57% 83% 18%

 No (n = 11,447) 80% 70% 93% 18%

NS: not significant.

*
p < 0.0001.

†
p < 0.05.

§
Includes missed opportunity visits plus visits that were not missed opportunities.

a
9–10 year olds were eliminated from the analysis since routine HPV vaccination is recommended beginning at age 11 years.

‡
Patients with no insurance were eliminated from the analysis due to small cell sizes.
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