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Abstract
OBJECTIVE—The objectives of this study were to determine (1) adherence to the immunization
schedule for the human papillomavirus quadrivalent vaccine and (2) factors associated with
completion of the 3-dose series.

METHODS—This was a retrospective review of health information records from an academic
medical center. The sample included all 9- to 26-year-old female patients who initiated
vaccination within 2 years after quadrivalent vaccine availability. Multivariable logistic regression
models were estimated to determine associations with completion of the 3-dose series within 7 and
12 months.

RESULTS—Among the 3297 female patients who initiated vaccination with human
papillomavirus quadrivalent vaccine, 67% self-identified as black and 29% self-identified as
white. Fewer than 3% of vaccine doses were received earlier than recommended, but >50% of
doses were received late. Completion rates were 14% by 7 months and 28% by 12 months.
Independent predictors of completion by 7 months included white versus black race (odds ratio
[OR]: 2.04 [95% confidence interval (CI): 1.64 –2.56]; P < .001), use of contraception that
required intramuscular injections every 3 months (OR: 1.53 [95% CI: 1.12–1.95]; P < .001), and
private versus public insurance (OR: 1.31 [95% CI: 1.06 –1.63]; P < .05). Age and clinic type
were not independent predictors of completion.

CONCLUSIONS—Adherence to recommended intervals and completion of the vaccine series
were low. Lower rates of completion in black patients compared with white patients raises concern
that disparities in vaccine completion could exacerbate existing disparities in cervical cancer.
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Clinical trials have shown that the prophylactic human papillomavirus (HPV) quadrivalent
(types 6, 11, 16, and 18 [HPV4]) vaccine is 94% to 100% effective in preventing anogenital
precancers caused by types 16 and 18. More than 95% of women included in efficacy
analyses received all 3 doses.1–4 Complying with complete, timely vaccination for a 3-dose
vaccine may pose difficulties for adolescents. Low vaccine-completion rates and/or
prolonged intervals between doses may be a problem because, although robust immune titers
are evident after the first and second dose of HPV4 vaccine,5,6 the duration of protection
and efficacy offered by incomplete immunization or immunization at intervals different
from that of the clinical trials are currently unknown.

Evidence-based strategies to improve adolescent vaccine coverage rely mainly on studies of
infant vaccination.7,8 Understanding adherence to the HPV4 recommended vaccination
schedule and identifying factors that predict completion among adolescents who initiate
vaccination are necessary to develop evidence-based strategies to increase adherence among
adolescents. Therefore, among those who received at least 1 HPV4 dose at a pediatric
medical center, we sought to (1) describe the proportion of female patients who adhered to
the recommended vaccination schedule and (2) determine factors associated with
completion of the vaccine series.

POPULATION AND METHODS
This study was a retrospective health-information review approved by the institutional
review boards at the authors’ institutions.

Study Setting
The study setting is an independent, free-standing, full-service, not-for-profit, pediatric
academic medical center that provides both primary and specialty care. Primary care is
delivered by 2 divisions. The Division of General and Community Pediatrics delivers
primary care to children and adolescents in 2 urban clinics. Almost 50 000 patient visits
occur annually (85% Medicaid, 5%–10% private insurance, and 5%–10% self-pay).
Seventy-five percent of patients self-report their race as black, and 25% as white. The
Division of Adolescent Medicine delivers primary care at an urban, hospital-based clinic,
hereafter referred to as “the base,” to 11- to 22-year-olds, and provides gynecologic and
adolescent medicine subspecialty care at the base and 9 suburban satellite clinics. In total,
there are almost 23 000 patient encounters annually (45% Medicaid, 45% private insurance,
and 10% self-pay); >80% occur at the base. Fifty-three percent of patients self-report their
race as black, 42% as white, and 6% as other.

Source of Data
Records were obtained for female patients aged 9 to 26 years who received 1 or more HPV4
doses at Cincinnati Children’s Hospital Medical Center from November 2006 (the time of
the first dose given) to June 2008. Individuals were identified by searching the medical
center data warehouse by using the Current Procedural Terminology code for HPV4
vaccine: 90649. Data were collected through June 2009 and included date of immunization,
clinic administering the dose, payer; and patient’s date of birth, self-reported race, history of
depot medroxyprogesterone acetate (DMPA) use (diagnostic codes V25.02 and V25.49),
and pregnancy-related visits (diagnostic codes V23.83, V22.2, V23.89, and V72.42B). Race
was self-reported by the patient at the time of the clinical encounter.

Analytic Variables
Completion—We defined primary and secondary outcomes to examine completion of
vaccination. The primary outcome, which represents Advisory Committee for Immunization
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Practices (ACIP) recommendations,9 was defined as the patient receiving dose 3 within 213
days of dose 1 irrespective of the timing of dose 2. The secondary outcome, which
represents recommendations from the HPV4 vaccine prescribing information,10 was
similarly defined and calculated using 365 days.

The Anderson-Aday Behavioral Model of Health-Services Use11–14 provided the
conceptual framework that guided choice of variables likely to predict completion of
vaccination. Predictor variables included, at the time of HPV4 dose 1: the patient’s age,
race, and insurance coverage; whether the patient received DMPA; clinic location; time
since vaccine availability (calculated as the number of days between the date of the first
HPV4 vaccine given at Cincinnati Children’s Hospital Medical Center and the date of dose
1); diagnosis of pregnancy; and use of DMPA during the patient’s vaccine-completion
period.

Vaccination Schedule—Adherence to the recommended vaccination schedule for each
dose was defined a priori as the range of days between doses considered to be adherent.
Lower limits were based on ACIP recommendations and expert opinion; upper limits were
defined in consultation with clinicians and vaccine investigators.9,10,15,16 During the study
period, the following dosing intervals were recommended by the ACIP: 2 months between
dose 1 and 2, with a minimum of 4 weeks; 6 months between dose 1 and 3, with a minimum
of 24 weeks; and a minimum of 12 weeks between dose 2 and 3.9,15 The minimum of 4
weeks was defined as 24 days.16 For other intervals <4 months, the number of days in a
month was defined as 28. For intervals 4 months or longer, the number of days in a month
was defined as 30.5. Ranges of days are inclusive and stated in Table 1. Adherence to all 3
intervals was defined as receiving (a) dose 2 on time relative to dose 1, (b) dose 3 on time
relative to dose 2, and (c) dose 3 on time relative to dose 1.

Statistical Analyses
During the study period, 69% of all HPV4 doses were delivered in the adolescent base
clinic. Each adolescent satellite clinic delivered <1% of all doses, which is representative of
the division’s clinical practice (ie, a small proportion of visits occur at satellite clinics and
the majority of these are for consultation; patients seen at satellite clinics generally receive
vaccinations from their primary care provider). The 2 pediatric clinics delivered 14% and
10% of all doses. Specialty clinics other than Adolescent Medicine delivered 2% of all
doses; the specific specialty was unidentifiable. Because of similarities in patient
populations and health care settings at specialty sites, as well as the relatively small numbers
of patients vaccinated at individual sites, the adolescent satellite clinics, other specialty
clinics, and the 2 pediatric clinics were combined for analysis.

We examined associations between predictor variables and completion of vaccination within
7 and 12 months. χ2 tests or Fisher’s exact tests were used for categorical predictor variables
and t tests for continuous predictor variables. The same subjects were included in these
analyses. Age was analyzed as a continuous variable, dichotomous variable (9 –18 and 19 –
26 years of age), and categorical variable.15 Time since vaccine availability was analyzed as
a continuous variable and as a categorical variable divided into 4 equal periods. We
estimated logistic regression models including predictor variables that were significant at a
P value of <.1 in bivariate analyses to estimate whether these factors were associated
independently with outcome variables. We did not include pregnancy as a predictor in
multivariable models because HPV4 vaccine is not recommended during pregnancy. Thus,
very few patients with a diagnosis of pregnancy would have completed vaccination by 7
months, which would obscure relationships of interest in multivariable models.17,18

Candidate predictors were subject to backward elimination until all remaining predictors had
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P ≤ .05, adjusted for the other predictors remaining in the model. This procedure was
applied separately to both the primary and secondary outcome variables. All reported P
values are 2-tailed, and the study α value (.05) was 2-tailed and unadjusted for multiple tests.

RESULTS
The distributions of characteristics for all subjects are shown in Table 2. Most participants’
race (96%) was black or white, and two-thirds used public insurance. Women older than 18
years were more likely to have private insurance than those 18 and younger (80% vs 28%; P
≤ .001).

A total of 3297 female patients aged 9 through 26 years received at least 1 dose of HPV4
vaccine between November 2006 and June 2008. Among all subjects, 939 (28.5%) were
adherent to the interval between dose 1 and 2, 651 (19.7%) were adherent to the interval
between dose 2 and 3, and 438 (13.3%) were adherent to the interval between dose 1 and 3.
Only 378 women (11.5%) were adherent to all 3 intervals. Table 1 shows the proportion of
subjects who received enough doses to complete the interval who were adherent, early, or
late for each interval. The average time between dose 1 and 2 was ~6 months (188 days [SD:
161]) compared with the recommended 2 months. The average time between dose 1 and 3
was 11 months (330 days [SD: 157]) compared with the recommended 6 months.

The rates of completion at 7 and 12 months and associations with the predictor variables are
shown in Table 3. In bivariate analyses, age, race, insurance, whether the patient received
DMPA during the vaccine-completion period, and time since vaccine availability were
associated with completion within both 7 and 12 months. Highest rates of completion
occurred in patients who reported white race, used private insurance, used DMPA during the
respective completion period, and initiated vaccination earliest in the study period.

Multivariable logistic regression models adjusted for all variables were estimated as
described in “Population and Methods.” Initial models showed that age and clinic location
were not independently associated with completion of the vaccination series by 7 or 12
months, so subsequent models did not include these variables (Table 4). Patients who
received DMPA within 7 months of the first HPV4 dose, compared with those who did not,
had 1.5 times the odds of completing the HPV4 vaccine series within 7 months. Patients
who received DMPA within 12 months of the first HPV4 dose, compared with those who
did not, had 2.6 times the odds of completing the HPV4 vaccine series within 12 months.
Patients who used private insurance, compared with those using public insurance, had 1.3
times the odds of completing the HPV4 vaccine series within 7 months. Patients who used
public insurance, compared with those who used no insurance, had 2 times the odds of
completing the HPV4 vaccine series within 12 months. White race compared with black
race was independently associated with higher odds of vaccination completion within 7
months (odds ratio: 2.0) and 12 months (odds ratio: 1.9). In additional models, we examined
the effects of age. In each model, the same variables were associated with outcomes.

DISCUSSION
In this study, we examined the rate of completion of the 3-dose HPV4 vaccine series and
adherence to the recommended intervals between doses among female patients who initiated
the vaccine series in academic clinical settings. We also examined factors associated with
successful completion of the vaccine series.

In this population, we found a completion rate among those who initiated vaccination of
14.3% by 7 months. This is similar to the 13% completion rate by 6 months reported among
those who initiated vaccination in a longitudinal study of women 13 to 26 years old recruited
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from the same adolescent base clinic shortly after HPV4 licensure.19 However, our finding
of a completion rate of 27.7% by 12 months is substantially lower than previously reported
HPV4 vaccine-completion rates. In a managed health care organization, there was a 42.8%
completion rate within 12 months among 9- to 26-year-old women who received their first
HPV4 dose between October 2006 and March 2007.20

The rate of HPV4 vaccine series completion in our population was also lower than most
reports of completion rates among those who initiated vaccination for other adolescent
vaccines. Reported completion rates for the 3-dose hepatitis B vaccine have ranged from
11% to 73% in health maintenance organizations21–23 and from 72% to 87% in academic
health centers using reminder-recall and patient incentives for vaccination.24,25 Examining
more than half a million patient records from 7 managed-care organizations participating in
the Vaccine Safety Datalink project between 1997 and 2004, Nelson et al23 found that rates
of hepatitis B vaccine completion within 1 year of the first dose among adolescents aged 9
to 12 years and 13 to 17 years were 63.4% and 45.1%, respectively. Completion rates of the
2-dose hepatitis A vaccine in the same age groups were 48.4% and 40.3%, respectively.
Completion of the 2-dose varicella vaccine was 35.9% among 13- to 17-year-olds.
Additional research is needed to understand reasons for nonadherence to adolescent
vaccination recommendations and to test interventions to improve adherence.

Few women in our population received doses at intervals earlier than recommended, but
most received the second and third doses at intervals that were substantially longer than
recommended. Despite a provisional change in recommended intervals (dose 2 to be given
1–2 months after dose 1) in late 200926 that occurred after the completion of our analyses,
our definitions of adherence were not compromised. Therefore, our reported rates reflect
adherence to the current and previous recommendations.

In comparison to HPV4 clinical trials, mean completion rates in this population were lower
and mean intervals between doses were longer (mean time between first and second dose
was 6 months and between first and third dose was 11 months). Clinical improvement
efforts should focus on timing of the second dose as well as completion of 3 doses. Little is
known about the impact of incomplete vaccination and prolonged intervals on the
immunogenicity and efficacy of HPV4 vaccine. Studies of hepatitis B vaccination reveal
that a longer interval between doses 1 and 2 is associated with decreased antibody response.
2728 However, longer intervals between doses 2 and 3 have been associated with increased
antibody response.27,29,30 This raises the concern, especially when dose 2 is delayed, that
female patients may have lower immune responses than expected from published clinical
trials. Lower immune responses could adversely impact vaccine efficacy or the duration of
protection. Studies to examine immunogenicity at various dosing intervals are ongoing.
However, given the robust immune response to each HPV4 dose and the importance of
having immune protection before exposure to HPV, there is no current evidence to support
withholding or delaying initiation of the HPV4 vaccine even if the clinician or patient is
concerned that subsequent doses may be late. Current recommendations are to give dose 2
and 3 with no need to restart the series even if doses are substantially late.9,26

Identification of variables associated with adherence to immunization schedules in
adolescents may help to explain reasons underlying poor adherence. Although 11- to 12-
year-olds had the lowest rate of completion in unadjusted analyses, differences in
completion rates according to age were not statistically significant in multivariable models.
In addition, despite the fact that 19- to 26-year-olds were not eligible for the Vaccines for
Children program, completion was higher in this age group compared with 9- to 18-year-
olds in unadjusted analyses. The majority of older female patients used private insurance.
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Both public and private insurance coverage were independently associated with completion,
implying that insurance coverage is a key driver of vaccination completion.

An increased rate of completion was seen among patients who received DMPA. DMPA is
an injectable form of birth control requiring clinic visits every 3 months, presumably
increasing opportunities for vaccine delivery. Also, many women who use DMPA are or
intend to be sexually active; thus, these women and/or their clinicians may perceive more
need for vaccination against an infection transmitted through sexual contact. In addition,
these women may be more accepting of intramuscular injections. This finding supports
evidence showing the importance of decreasing missed opportunities for vaccination.7
Because adolescents have a relatively low number of visits for preventive health care
compared with visits for nonpreventive health care and visits to subspecialists,31,32 the
importance of decreasing missed opportunities for vaccination, including extending
immunization programs beyond the medical home, is magnified.33–35 Within our
organization, these findings have strengthened efforts to improve established practices and
introduce interventions to increase immunization rates.7

Female patients who self-identified as black, compared with those who self-identified as
white, were less likely to complete vaccination within 7 and 12 months. This is consistent
with previous reports of HPV4 vaccine completion8,20,36,37 as well as hepatitis B vaccine
completion in adolescents.25,30,38 This disparity is concerning given that the incidence of
and mortality from cervical cancer is higher among black women than white women in our
community and nationally.39–41 The reasons underlying racial disparities in completion are
unclear, but beliefs and attitudes may play a role42 as may access to health care. Findings
from studies in which knowledge, beliefs, and attitudes about initiation of HPV vaccination
are examined reveal that differences according to race exist.43,44 Factors associated with
initiating versus completing immunization may differ19,45: in future studies, factors that
underlie the association between race and completion of the HVP4 series should be
examined. Regardless, the health care community must be vigilant in providing education
and access to all patients.

Clinic location was not associated with completion when controlling for patient-related
factors. In the unadjusted analysis, differences in completion between clinic locations,
including differences between the adolescent and pediatric clinics, were most likely caused
by variations in the patient populations served, clinic policies, and clinician practice patterns
that were immeasurable with accessible data sources. Given the limitations of the available
data, we were unable to reliably measure additional factors that may influence completion,
such as patient refusal of vaccination, for reasons such as adverse events after previous
doses; other patient visits during the study period; and patient, parent, or provider
vaccination attitudes and beliefs. In future studies, immunization status for HPV and other
adolescent vaccines should be compared. Given this study involved only 1 medical center,
and the participants were predominantly black, the findings may not be generalizable to
other populations.

Limitations of the data set prevented reliable calculation of rate of initiation among all
female patients who seek care at Cincinnati Children’s Hospital Medical Center. To
optimize HPV4 vaccine coverage, researchers who conduct future studies should aim to
understand rates of and reasons for not initiating vaccination. After the study period ended,
HPV4 vaccine received a permissive recommendation for use in male patients. It will be
important to assess factors related to HPV4 vaccine adherence in male patients as they could
differ from female patients. In addition, it is possible that subjects in this study received
HPV4 doses at clinics outside of our medical center. Overall, this was unlikely to have had a
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large impact on our results because the pediatric and adolescent clinics in this study are the
largest Medicaid providers in the area and have stable patient populations.

CONCLUSIONS
Among female patients who initiated vaccination within a freestanding pediatric academic
medical center, white race and use of DMPA were associated with completion of
vaccination. A concern raised by these findings is that racial disparities in cervical cancer
rates in the United States may be exacerbated if noncompletion of the vaccine series or
prolonged intervals between doses is associated with lower vaccine efficacy.

WHAT’S KNOWN ON THIS SUBJECT

Vaccination to prevent human papillomavirus infection is safe and effective. Rates of
receiving all 3 doses after initiating vaccination range from 42% to 60% according to
early reports from managed health care organizations and the Centers for Disease Control
and Prevention.

WHAT THIS STUDY ADDS

We determined that few female patients received the second and third human
papillomavirus vaccine doses early, and most girls received the second and third doses
either late or not at all. Race, health care use, and insurance were associated with
completion.

ABBREVIATIONS

HPV human papillomavirus

HPV4 prophylactic human papillomavirus quadrivalent (types 6, 11, 16, and 18)

DMPA depot medroxyprogesterone acetate

ACIP Advisory Committee on Immunization Practices

Acknowledgments
Funded by the National Institutes of Health (NIH).

REFERENCES
1. FUTURE II Study Group. Quadrivalent vaccine against human papillomavirus to prevent high-

grade cervical lesions. N Engl J Med 2007;356(19):1915–1927. [PubMed: 17494925]
2. Joura EA, Leodolter S, Hernandez-Avila M, et al. Efficacy of a quadrivalent prophylactic human

papillomavirus (types 6, 11, 16, and 18) L1 virus-like-particle vaccine against high-grade vulval and
vaginal lesions: a combined analysis of three randomized clinical trials. Lancet 2007;369(9574):
1693–1702. [PubMed: 17512854]

3. Ault KA. FUTURE II Study Group. Effect of prophylactic human papillomavirus L1 virus-like-
particle vaccine on risk of cervical in-traepithelial neoplasia grade 2, grade 3, and adenocarcinoma
in situ: a combined analysis of four randomized clinical trials. Lancet 2007;369(9576):1861–1868.
[PubMed: 17544766]

4. Garland SM, Hernandez-Avila M, Wheeler CM, et al. Quadrivalent vaccine against human
papillomavirus to prevent anogenital diseases. N Engl J Med 2007;356(19):1928–1943. [PubMed:
17494926]

5. Block SL, Nolan T, Sattler C, et al. Comparison of the immunogenicity and reactogenicity of a
prophylactic quadrivalent human papillomavirus (types 6, 11, 16, and 18) L1 virus-like particle

Widdice et al. Page 7

Pediatrics. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



vaccine in male and female adolescents and young adult women. Pediatrics 2006;118(5):2135–
2145. [PubMed: 17079588]

6. Reisinger KS, Block SL, Lazcano-Ponce E, et al. Safety and persistent immunogenicity of a
quadrivalent human papillomavirus types 6, 11, 16, 18 L1 virus-like particle vaccine in
preadolescents and adolescents: a randomized controlled trial. Pediatr Infect Dis J 2007;26(3):201–
209. [PubMed: 17484215]

7. Briss PA, Rodewald LE, Hinman AR, et al. Reviews of evidence regarding interventions to improve
vaccination coverage in children, adolescents, and adults. Am J Prev Med 2000;18(1S):97–140.
[PubMed: 10806982]

8. Centers for Disease Control and Prevention. National, state, and local area vaccination coverage
among adolescents aged 13–17 years: United States, 2008. MMWR Morb Mortal Wkly Rep
2009;58(36):997–1001. [PubMed: 19763075]

9. Centers for Disease Control and Prevention. Quadrivalent human papillomavirus vaccine:
recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep 2007;56(RR-2):1–24.

10. Gardasil [package insert] 9682302RR-2. Whitehouse Station, NJ: Merck and Co Inc; 2006.
11. Phillips KA, Morrison KR, Andersen R, Aday LA. Understanding the context of healthcare

utilization: assessing environmental and provider-related variables in the behavioral model of
utilization. Health Serv Res 1998;33(3 pt 1):571–596. [PubMed: 9685123]

12. Andersen RM. National health surveys and the behavioral model of health services use. Med Care
2008;46(7):647–653. [PubMed: 18580382]

13. Gelberg L, Andersen RM, Leake BD. The behavioral model for vulnerable populations:
application to medical care use and outcomes for homeless people. Health Serv Res 2000;34(6):
1273–1302. [PubMed: 10654830]

14. Andersen, RM.; Davidson, PL. Improving Access to Care in America. In: Andersen, RM.; Rice,
TH.; Kominski, GF., editors. Changing the US Health Care System. 3rd ed. San Francisco, CA:
Jossey-Bass; 2007. p. 3-31.

15. Centers for Disease Control and Prevention. ACIP provisional recommendations for the use of
quadrivalent HPV Vaccine. 2006 [Accessed August 19, 2006]. Available at:
www.cdc.gov/nip/recs/provisional_recs/hpv.pdf.

16. Immunization Action Coalition. Ask the experts: general vaccine questions. 2009 [Accessed
August 5, 2009]. Available at: www.immunize.org/askexperts/experts_general.asp.2009.

17. Glantz, SA. Primer of Biostatistics. 6th ed. San Francisco, CA: McGraw-Hill; 2005. p. 257
18. Vittinghoff, E.; Glidden, DV.; Shiboski, SC.; McCulloch, CE. Regression Methods in Biostatistics:

Linear, Logistic, Survival and Repeated Measures Models. New York, NY: Springer Science +
Business Media Inc; 2005. p. 41

19. Conroy K, Rosenthal SL, Zimet GD, et al. Human papillomavirus vaccine uptake, predictors of
vaccination, and self-reported barriers to vaccination. J Womens Health (Larchmt) 2009;18(10):
1679–1686. [PubMed: 19785564]

20. Chao C, Velicer C, Slezak JM, Jacobsen SJ. Correlates for completion of 3-dose regimen of HPV
vaccine in female members of a managed care organization. Mayo Clin Proc 2009;84(10):864–
870. [PubMed: 19797775]

21. Wong VK, Woodruff C, Shapiro R. Compliance of hepatitis B vaccination in patients presenting to
a teenage clinic. Pediatr Infect Dis J 1994;13(10):936. [PubMed: 7854899]

22. Gonzalez IM, Averhoff FM, Massoudi MS, et al. Hepatitis B vaccination among adolescents in 3
large health maintenance organizations. Pediatrics 2002;110(5):929–934. [PubMed: 12415032]

23. Nelson JC, Bittner RC, Bounds L, et al. Compliance with multiple-dose vaccine schedules among
older children, adolescents, and adults: results from a vaccine safety datalink study. Am J Public
Health 2009;99 suppl 2:S389–S397. [PubMed: 19797753]

24. Kollar LM, Rosenthal SL, Biro FM. Hepatitis B vaccine series compliance in adolescents. Pediatr
Infect Dis J 1994;13(11):1006–1008. [PubMed: 7845720]

25. Middleman AB, Robertson LM, Young C, Durant RH, Emans SJ. Predictors of time to completion
of the hepatitis B vaccination series among adolescents. J Adolesc Health 1999;25(5):323–327.
[PubMed: 10551662]

Widdice et al. Page 8

Pediatrics. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/nip/recs/provisional_recs/hpv.pdf
http://www.immunize.org/askexperts/experts_general.asp.2009


26. Centers for Disease Control and Prevention. ACIP provisional recommendations for HPV vaccine.
[Accessed January 12, 2010]. Available at:
www.cdc.gov/vaccines/recs/provisional/downloads/hpv-vac-dec2009-508.pdf.

27. Sabidó M, Gavalda L, Olona N, Ramon JM. Timing of hepatitis B vaccination: its effect on
vaccine response in health care workers. Vaccine 2007;25(43):7568–7572. [PubMed: 17870215]

28. Halsey NA, Moulton LH, O'Donovan JC, et al. Hepatitis B vaccine administered to children and
adolescents at yearly intervals. Pediatrics 1999;103(6 pt 1):1243–1247. [PubMed: 10353936]

29. Jilg W, Schmidt M, Deinhardt F. Vaccination against hepatitis B: comparison of three different
vaccination schedules. J Infect Dis 1989;160(5):766–769. [PubMed: 2530289]

30. Middleman AB. Race/ethnicity and gender disparities in the utilization of a school-based hepatitis
B immunization initiative. J Adolesc Health 2004;34(5):414–419. [PubMed: 15093796]

31. Rand CM, Shone LP, Albertin C, Auinger P, Klein JD, Szilagyi PG. National health care visit
patterns of adolescents: implications for delivery of new adolescent vaccines. Arch Pediatr
Adolesc Med 2007;161(3):252–259. [PubMed: 17339506]

32. Irwin CE Jr, Adams SH, Park MJ, Newacheck PW. Preventive care for adolescents: few get visits
and fewer get services. Pediatrics 2009;123(4) Available at: www.pediatrics.org/cgi/content/full/
123/4/e565.

33. Stokley S, Freed G, Curtis R, et al. Adolescent vaccination: recommendations from the National
Vaccine Advisory Committee. Am J Prev Med 2009;36(3):278–279. [PubMed: 19162432]

34. Szilagyi PG, Rand CM, McLaurin J, et al. Delivering adolescent vaccinations in the medical home:
A new era? Pediatrics 2008;121 suppl 1:S15–S24. [PubMed: 18174317]

35. Schaffer SJ, Fontanesi J, Rickert D, et al. How effectively can health care settings beyond the
traditional medical home provide vaccines to adolescents? Pediatrics 2008;121 suppl 1:S35–S45.
[PubMed: 18174319]

36. Dempsey A, Cohn L, Dalton V, Ruffin M. Patient and clinic factors associated with adolescent
human papillomavirus vaccine utilization within a university-based health system. Vaccine
2010;28(4):989–995. [PubMed: 19925899]

37. Neubrand TP, Breitkopf CR, Rupp R, Breitkopf D, Rosenthal SL. Factors associated with
completion of the human papillomavirus vaccine series. Clin Pediatr (Phila) 2009;48(9):966–969.
[PubMed: 19483128]

38. Moore-Caldwell SY, Werner MJ, Powell L, Greene JW. Hepatitis B vaccination in adolescents:
knowledge, perceived risk, and compliance. J Adolesc Health 1997;20(4):294–299. [PubMed:
9098733]

39. SEER. SEER cancer statistics review, 1975–2006. SEER stat fact sheets cervix uteri. [Accessed
August 10, 2009]. Available at: http://seer.cancer.gov/statfacts/html/cervix.html.

40. Kentucky Cancer Registry. [Accessed July 1, 2009]. Available at: www.kcr.uky.edu.
41. American Cancer Society, Ohio Department of Health. Ohio Cancer Facts and Figures 2009.

Columbus, OH: Ohio State University; 2009.
42. Prislin R, Dyer JA, Blakely CH, Johnson CD. Immunization status and sociodemo-graphic

characteristics: the mediating role of beliefs, attitudes, and perceived control. Am J Public Health
1998;88(12):1821–1826. [PubMed: 9842380]

43. Cates JR, Brewer NT, Fazekas KI, Mitchell CE, Smith JS. Racial differences in HPV knowledge,
HPV vaccine acceptability, and related beliefs among rural, southern women. J Rural Health
2009;25(1):93–97. [PubMed: 19166567]

44. Hughes J, Cates JR, Liddon N, Smith JS, Gottlieb SL, Brewer NT. Disparities in how parents are
learning about the human papillomavirus vaccine. Cancer Epidemiol Biomarkers Prev 2009;18(2):
363–372. [PubMed: 19190161]

45. Seid M, Simmes DR, Linton LS, Leah CE, Edwards CC, Peddecord KM. Correlates of vaccination
for hepatitis B among adolescents: results from a parent survey. Arch Pediatr Adolesc Med
2001;155(8):921–926. [PubMed: 11483120]

Widdice et al. Page 9

Pediatrics. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/vaccines/recs/provisional/downloads/hpv-vac-dec2009-508.pdf
http://www.pediatrics.org/cgi/content/full/123/4/e565
http://www.pediatrics.org/cgi/content/full/123/4/e565
http://seer.cancer.gov/statfacts/html/cervix.html
http://www.kcr.uky.edu


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Widdice et al. Page 10

TABLE 1

Adherence to Recommended Dosing Intervals Among Female Patients Who Received at Least 2 HPV4 Doses

Dosing Interval Definition of Adherence, d No. (%) of Subjects

Nonadherent, Early Adherent Nonadherent, Late

Doses 1–2a 24–84  0 (0.0) 939 (40) 1427 (60)

Doses 2–3b 80–152 25 (1.8) 651 (46) 741 (52)

Doses 1–3b 164–213 33 (2.3) 438 (31) 949 (67)

a
Among female patients who received at least 2 doses (N = 2366).

b
Among female patients who received 3 doses (N = 1477).
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TABLE 2

Characteristics of Female Patients Who Received Their First HPV4 Dose Between June 2006 and June 2008
(N = 3297)

Characteristic Value

Age, mean (SD), y 15.3 (2.5)

Age group, n (%)

     9–10 y 140 (4.2)

     11–12 y 515 (15.6)

     13–18 y 2458 (74.6)

     19–26 y 184 (5.6)

Race, n (%)

     Black 2218 (67.3)

     White 942 (28.6)

     Othera 137 (4.2)

Insurance used for HPV4 dose 1, n (%)

     Private 1007 (31.0)

     Public 2144 (66.1)

     None 94 (2.9)

Pregnancy during 12-mo completion period (yes), n (%) 66 (2.0)

DMPA at HPV4 dose 1 (yes), n (%) 346 (10.5)

DMPA during 7-mo completion period (yes), n (%) 647 (19.6)

DMPA during 12-mo completion period (yes), n (%) 728 (22.1)

Clinic location of HPV4 dose 1, n (%)

     Pediatrics 858 (26.0)

     Adolescent base 2250 (68.2)

     Adolescent satellite clinics 148 (4.5)

     Specialty clinics 41 (1.2)

Time period of vaccine series initiation, n (%)

     November 2006—March 2007 478 (14.5)

     April 2007—August 2007 1096 (33.2)

     September 2007—January 2008 941 (28.5)

     February 2008—June 2008 782 (23.7)

The denominator for percentages is the number of female patients who received at least 1 HPV4 dose. DMPA indicates depot
medroxyprogesterone acetate.

a
Includes Asian, mixed race, American Indian, and other.
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TABLE 3

Rate of Completion of the 3-Dose HPV4 Vaccine Series Within 7 and 12 Months of Initiation of Vaccination
(N = 3297)

Characteristic 7 mo 12 mo

n (%) Pa n (%) Pa

Total — 914 (27.7) —

Age group, y

     9–10 18 (12.9) .01 30 (21.4) <.0001

     11–12 55 (10.7) — 101 (19.6) —

     13–18 361 (14.7) — 727 (29.6) —

     19–26 37 (20.1) — 56 (30.4) —

Race

     Black 246 (11.1) <.001 528 (23.8) <.001

     White 204 (21.7) — 349 (37.0) —

     Otherb 21 (15.3) — 37 (27.0) —

Insurance used at HPV4 dose 1

     Private 190 (18.9) <.001 327 (32.5) <.001

     Public 269 (12.5) — 564 (26.3) —

     None 8 (8.5) — 14 (14.9) —

Pregnancy diagnosis

     Yes 2 (4.9) .1 5 (7.6) <.001

DMPA at HPV4 dose 1

     Yes 45 (13.0) .47 104 (30.1) .3

DMPA any time

     Yes 113 (17.5) .009 274 (37.6) <.001

Clinic location of HPV4 dose 1

     Pediatrics 101 (11.8) .015 197 (23.0) .002

     Adolescent base 334 (14.8) — 663 (29.5) —

     Adolescent satellite 31 (20.9) — 46 (31.1) —

     Specialty clinics 5 (12.2) — 8 (19.5) —

Time period of vaccine series initiation

     November 2006—March 2007 85 (17.8) <.001 162 (33.9) .003

     April 2007—August 2007 169 (15.4) — 313 (28.6) —

     September 2007—January 2008 138 (14.7) — 243 (25.8) —

     February 2008—June 2008 79 (10.1) — 196 (25.1) —

The denominators used to calculate percentages are the number of female patients with the reported characteristic. DMPA indicates depot
medroxyprogesterone acetate.

a
Derived from a χ2 test, with the exception of pregnancy, for which a Fisher’s exact test was used.

b
Includes Asian, mixed race, American Indian, and other.
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TABLE 4

Predictors of Completion of the HPV4 Vaccination Series Within 7 and 12 Months: Results of Multivariable
Logistic Regression

Vaccine-Completion Period

7 mo 12 mo

Adjusted OR 95% CI Adjusted OR 95% CI

Race

     White vs black 2.04 1.64–2.56a 1.92 1.59–2.27a

     White vs otherb 1.35 0.83–2.22 1.45 0.96–2.22

Insurance

     Private vs public 1.31 1.06–1.63c 1.16 0.97–1.38

     Public vs none 1.47 0.69–3.13 2.08 1.16–3.70c

DMPA any timed 1.53 1.21–1.95a 2.06 1.72–2.47a

Time since vaccine available, moe 0.96f 0.94–0.98a 0.98f 0.96–0.99g

OR indicates odds ratio; CI, confidence interval; DMPA, depot medroxyprogesterone acetate.

a
P < .001.

b
Includes Asian, mixed race, American Indian, and other.

c
P < .05.

d
Receipt of depot medroxyprogesterone acetate at any time during the vaccine-completion period.

e
Months since November 2006.

f
Odds reported for each 1-month period since first dose given at Cincinnati Children’s Hospital Medical Center.

g
P < .01.
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