ORIGINAL ARTICLE

Correlates for Completion of 3-Dose Regimen of HPV Vaccine
in Female Members of a Managed Care Organization

CHUN CHAO, PHD; CHRISTINE VELICER, PHD; JEFF M. SLEZAK, MS; AND STEVEN J. JACOBSEN, MD, PHD

OBJECTIVE: To examine the rate and correlates of completion of
the quadrivalent human papillomavirus vaccine (HPV4) 3-dose
regimen because nonadherence to the regimen may adversely
affect vaccine efficacy.

PARTICIPANTS AND METHODS: Female members of Kaiser Perma-
nente Southern California who were 9 to 26 years old, received
the first dose of HPV4 between October 2006 and March 2007,
and maintained health plan membership 12 months afterward
were identified and followed up for regimen completion. We ex-
amined the following: (1) demographics/socioeconomic status,
(2) primary care physician characteristics, (3) historical health
service utilization, (4) women’s health-related conditions, and
(5) selected immune-related conditions for their association with
completion in 2 age groups: 9 to 17 years and 18 to 26 years.
Multivariable log-binomial regression was used to directly esti-
mate relative risk (RR).

RESULTS: Of the 34,193 females who initiated HPV4, the comple-
tion rate was 41.9% in the 9- to 17-year-old group and 47.1% in the
18- to 26-year-old group. Black race (RR, 0.70; 95% confidence
interval [CI], 0.64-0.77) and lower neighborhood education level
were associated with lower regimen completion. However, those
in the 9- to 17-year-old group who were covered by the state-
subsidized program Medi-Cal were more likely to complete the
regimen (RR, 1.14; 95% Cl, 1.07-1.22). Historical hospitalizations
and emergency department visits (RR, 0.92; 95% Cl, 0.87-0.96;
and RR, 0.96; 95% Cl, 0.94-0.98 per visit, respectively) and having
a pediatrician were also predictors of noncompletion. A history
of sexually transmitted diseases, abnormal Papanicolaou test
results, and immune-related conditions (eg, asthma/infections)
were not associated with regimen completion.

CONCLUSION: These findings suggest that factors such as race or
socioeconomic status should be considered when human papillo-
mavirus vaccination programs are being designed and evaluated.
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Cl = confidence interval; HPV = human papillomavirus; HPV4 = quadri-
valent human papillomavirus vaccine; ICD-9 = International Classifica-
tion of Di , Ninth R ; KITS = Kaiser Immunization Tracking
System; KPSC = Kaiser Permanente Southern California; PCP = primary
care physician; RR = relative risk; SES = socioeconomic status; STD =
sexually transmitted disease
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he quadrivalent human papillomavirus vaccine (HPV4)

(Gardasil, Merck & Co, Inc), given in 3 injections, has
been shown to be efficacious in preventing cervical can-
cer and other conditions caused by human papillomavirus
(HPV) types 6, 11, 16, and 18.'> However, the 3-dose regi-
men of the vaccine may impose difficulty for successful
HPV immunization in eligible females (ie, 9-26 years old)
because of the lack of regular or prespecified health care en-
counters in these age groups. This may be particularly true
in resource-poor settings. In the United States, HPV vac-
cination is in general not required by state law. As a result,
the 3-dose regimen may not always be completed by those
who initiate the vaccine. The Advisory Committee on Im-
munization Practice recommends that the second and third
doses be administered 2 and 6 months after the first dose.?
The vaccine label suggests that the 3 doses be completed
within 12 months. On the basis of a survey conducted by the
Centers for Disease Control and Prevention, approximately
25% of female adolescents between 13 and 17 years of age
initiated the vaccine in 20074, however, only one-fourth of
these individuals had completed the 3-dose series, poten-
tially because of insufficient follow-up at the time of the
survey.* The number of those who initiated the vaccine and
actually completed the 3-dose regimen is unclear. Further-
more, whether socioeconomic status (SES) or other health-
related factors are associated with regimen completion is
unclear. These issues are of public health importance be-
cause incomplete vaccination may result in suboptimal dis-
ease protection and may jeopardize the cost-effectiveness
of the vaccination program. Thus, research addressing these
issues is needed to inform clinical practice and future devel-
opment of HPV immunization programs.

To this end, we investigated the rate and correlates for
HPV4 regimen completion among those who initiated
the vaccine in a managed care population of Kaiser Per-
manente Southern California (KPSC). A previous study
suggested that education level and medical history were
predictors for hepatitis B vaccine regimen adherence.” We
further explored physician and utilization-related charac-
teristics and examined whether the following factors were
correlates for completion of the 3-dose regimen among
those who initiated HPV4: (1) demographics and SES, (2)
primary care physician (PCP) characteristics, (3) histori-
cal health service utilization, (4) women’s health-related
medical history, and (5) several immune-related medical
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conditions (including rheumatoid arthritis, asthma, allergy,
and infections).

PARTICIPANTS AND METHODS

As the largest managed care organization in southern Cali-
fornia, KPSC serves more than 3 million members. Mem-
bers of KPSC are broadly representative of the diverse ra-
cial/ethnic and socioeconomic backgrounds of the source
population in southern California. By nature of the prepaid
managed care system, members of KPSC have relatively
equal health care coverage. In particular, HPV4 is offered
to eligible female members without additional out-of-pock-
et cost (variations in office visit copay exist but are small).
Female members between age 9 and 26 years on October
1, 2006, who received the first dose of HPV4 between Oc-
tober 2006 and March 2007 and maintained KPSC mem-
bership for the following 12 months were included in this
study. October 2006 was chosen as the start of the inves-
tigation because HPV4 was approved for the KPSC vac-
cine formulary in September 2006, and its administration
started in October 2006. This study protocol was approved
by the KPSC Institutional Review Board.

HPV4 ReGcIMEN COMPLETION

Information on HPV4 vaccination was obtained using the
Kaiser Immunization Tracking System (KITS). This sys-
tem tracks all immunization and skin tests given at KPSC
and is the Kaiser Permanente legal record for immuniza-
tion. Records of HPV4 vaccination in KITS were linked
to female members through the unique medical record
number. Date and dose of vaccination were available from
KITS. Receipt of the 3 doses of HPV4 was assessed dur-
ing the 12-month period (as recommended by the vaccine
label) for each individual.

CHARACTERISTICS OF PARTICIPANTS

Demographic variables such as age, race/ethnicity, and
length of health plan membership were available from the
KPSC membership files. Health plan members’ addresses
were mapped to US census block data,® which provided
information on neighborhood education and income status.
Medi-Cal status was used as an indicator for individual
level SES. Medi-Cal is California’s Medicaid health care
program that covers children and adults with limited in-
come and resources.

The characteristics of participants’ PCP, such as spe-
cialty, age, sex, and affiliated medical center, were obtained
from the KPSC provider files. Members’ medical history
and health service utilization are constantly recorded in the
KPSC information infrastructure, which includes electronic
health records and multiple specialized databases (such as
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pharmacy and laboratory testing). Historical health service
utilization in a 2-year interval between October 2004 and
September 2006 was characterized by the number of (1) all
outpatient visits, (2) primary care visits, (3) inpatient hos-
pitalizations (excluding pregnancy-related hospitalizations),
(4) emergency department visits, and (5) out-of-plan visits.

For women'’s health-related medical history, obstetric his-
tory, history of sexually transmitted diseases (STDs, includ-
ing genital/anal warts, chlamydia, gonorrhea, genital herpes,
trichomoniasis, and syphilis), Papanicolaou test screening,
abnormal results of Papanicolaou tests, and use of oral con-
traceptives or birth control patches were assessed. Specific
medical histories were ascertained by computer search of
corresponding [International Classification of Diseases,
Ninth Revision, (ICD-9) codes specific to each condition.
For assessing the obstetric history, we used a positive urine/
serum pregnancy test result, a record in the KPSC perinatal
service system, an abortion record, or 2 or more codes for di-
agnosis indicative of pregnancy. Information from inpatient,
outpatient, and emergency department visits and claims
were searched for obstetric history. A history of Papanico-
laou testing and abnormal results of testing were assessed
through KPSC electronic records of laboratory procedures.
Clinical guidelines require that females 18 years and older
undergo at least 1 Papanicolaou test every 3 years.” There-
fore, Papanicolaou testing within the 3-year interval before
study baseline (October 2003-September 2006) was as-
sessed. Data on use of oral contraceptives and contraceptive
patches were collected from the KPSC pharmacy dispensing
system.

For immune-related medical history, several prespeci-
fied conditions were assessed in the 2 years before baseline
(October 2004-September 2006): (1) rheumatoid condi-
tions (juvenile rheumatoid arthritis and rheumatoid arthri-
tis); (2) asthma; (3) general allergy (including hay fever,
eczema, contact dermatitis, urticaria, food allergies, and
unspecified allergy); (4) drug allergy; (5) number of infec-
tions (including urinary tract infections, respiratory tract
infections, intestinal infections, and skin infections); and
(6) oral antibiotic use (number of prescriptions) for bacte-
rial infections. Notations of at least 2 /CD-9 codes specific
to the conditions were required to define the history of the
condition (to reduce false-positive results and to capture
the more severe cases). Drug allergy was assessed either
by ICD-9 codes or through documentation of drug aller-
gic/adverse reactions in electronic health records. Data on
use of antibiotics were collected from the KPSC pharmacy
dispensing system. Antibiotic use included only oral anti-
biotic use and excluded prescriptions of 21 days or more
for tetracycline, minocycline, doxycycline, erythromycin,
and clindamycin to reduce the effect of antibiotic used for
acne treatment.
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STATISTICAL ANALYSES

We first calculated the percentage of females who com-
pleted the 3 doses (as well as those who received 2 doses)
among those who initiated the vaccine in the 12-month as-
sessment period by age. The distribution of demographics,
physician characteristics, health service utilization, and se-
lected medical history was compared between those who
completed the 3 doses (regimen completers) and those who
did not (noncompleters), stratified by 2 age groups: 9 to 17
years (defined as adolescent girls in this study) and 18 to 26
years (defined as young women in this study). Stratification
was used because factors associated with regimen comple-
tion may be different for adolescent girls and young wom-
en. The age cutoff was chosen because parental consent is
required at Kaiser Permanente for vaccination for children
younger than 18 years. Age was modeled as a categorical
variable for adolescent girls and as a continuous variable
for young women on the basis of the crude assessment for
the age trend of regimen completion.

The crude and adjusted associations with HPV4 regimen
completion were estimated using log-binomial regression.
Because the overall proportion of regimen completion was
much greater than 10%, the log-binomial model was used to
directly estimate relative risk (RR). When the log-binomial
model failed to converge properly, the log-normal model
was used as an approximation. Multivariable models that
simultaneously considered measures from different catego-
ries were then constructed. Because of potential collinearity
within a category, a subset of measures from each category
was used in the multivariable analyses. To this end, Pear-
son correlation coefficients were calculated for the associa-
tion between measures within the same category to identify
those that appeared to measure similar constructs. On the
basis of the RR estimates and the associated P values for
each variable (mutually adjusted for other measures in the
same category), 2 or 3 measures from each category were
selected for the multivariable analysis. The selection cri-
teria were based on significant associations in both P<.05
and magnitude of the point estimate of the RR (eg, >1.20).
Furthermore, subjective knowledge was used to select mea-
sures likely to represent different underlying constructs. All
demographic and SES variables, length of membership, and
physician-affiliated medical center were always included in
the multivariable analysis. Women’s health-related medical
history was considered only for young women (18-26 years
old) because these conditions are rare in adolescent girls.

Using the aforementioned method, the following mea-
sures were selected for the final multivariable model. All
demographic variables (age, race/ethnicity, neighborhood
income and education level, Medi-Cal status); historical PCP
visits, hospitalizations, and emergency department visits; and
history of allergy and antibiotic use were selected. In addi-

tion, for young women, PCP specialty and sex, obstetric his-
tory, and use of oral contraceptives or patches were included.
Multivariable analyses were performed stratified by the age
group. Because the 11- and 12-year-old age group is cur-
rently recommended for routine HPV vaccination, we also
conducted a secondary analysis restricted to that age group.
All analyses were conducted using SAS statistical software
version 9 (SAS Institute, Cary, NC).

RESULTS

A total of 34,193 females aged 9 through 26 years received
the first dose of HPV4 between October 2006 and March
2007 (ie, 9.5% of all female members in this age range
who maintained health plan membership during that pe-
riod), and 29,598 maintained their health plan membership
for the following 12 months. These 29,598 females (24,676
in the 9- to 17-year-old age group and 4922 in the 18- to
26-year-old age group) were included in the study. Among
them, 12,663 (42.8%) completed the 3-dose regimen with-
in the 12-month period. The completion rate was 41.9% in
adolescent girls (9-17 years) and 47.1% in young women
(18-26 years). Rate of regimen completion by yearly age
is shown in the Figure. Another 33.6% (age 9-26 years)
received 2 doses during the assessment period (Figure).
The distribution of demographics and other measures of
interests by HPV4 regimen completion status, stratified by
age groups, are listed in Table 1.

Results from multivariable models are shown in Table 2.
Older age was slightly associated with lower likelihood of
HPV4 regimen completion in adolescent girls (RR for age
17 years, 0.87; 95% CI [confidence interval], 0.82-0.93)
compared with 11- to 12-year-olds). Compared with white
adolescent girls, black and Hispanic adolescent girls had
lower likelihood of completing the regimen (RR, 0.70; 95%
CI, 0.64-0.77; and RR, 0.88; 95% CI, 0.83-0.93; respec-
tively). Higher neighborhood education level was positive-
ly associated with regimen completion in both age groups.
However, adolescent girls who were covered by Medi-Cal
were also more likely to complete the regimen (RR, 1.14;
95% CI, 1.07-1.22). Although the number of historical PCP
visits was positively associated with regimen completion,
the number of historical hospitalizations and emergency
department visits was inversely related to this outcome. In
general, history of allergy or of antibiotic use was a predic-
tor of higher likelihood of regimen completion in both age
groups, independent of number of PCP visits. In addition,
for young women, PCP specialty was a predictor for regi-
men completion: those with a pediatrician PCP were less
likely to complete the regimen. Young women with a male
PCP were also slightly less likely to complete the 3-dose
regimen (RR, 0.93; 95% CI, 0.85-1.01). The number of oral
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FIGURE. Percentage of participants who completed the 3-dose regimen of quadrivalent human pap-
illomavirus vaccine and percentage who received 2 doses within 12 months, stratified by age.

contraceptive or patch prescriptions was not associated with
regimen completion in a meaningful magnitude in the final
model. Obstetric history was inversely associated with regi-
men completion (RR, 0.83; 95% CI, 0.70-0.98) (Table 2).

In the secondary analyses that were restricted to the
11- to 12-year age group, results were similar as in the
analyses for all adolescent girls (RRs in the same direction
and magnitude, although some were not statistically sig-
nificant), except antibiotic use, which was not a predictor
for HPV regimen completion (RR 0.99; 95% CI,
0.96-1.02) in this age group.

per prescription”

DISCUSSION

In the current study, the rate of completion of the 3-dose
regimen of HPV4 in a 12-month period was less than 50%
among those who initiated the vaccination. Higher neigh-
borhood education levels, Medi-Cal status for adolescent
girls, and history of allergy were positive predictors for
regimen completion. In contrast, black and Hispanic ado-
lescent girls, young women who had a pediatrician PCP,
and a history of hospitalizations/emergency department
visits were correlates for nonadherence to the 3-dose
regimen. The rate of regimen completion for HPV4 has
not been extensively reported. Because there is no regu-
lar health care system encounter for females in these age
groups, some may complete the 3-dose series beyond the
recommended 12-month period. However, we explored
this possibility by analyzing regimen completion through
September 2008. With an average of 2 years of follow-
up for our study participants, the 3-dose completion rate
increased to 50%, a limited increase in completion rate
beyond a 12-month period. Hence, those who did not com-
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plete the regimen in 12 months seemed unlikely to com-
plete the regimen. The relevance of regimen nonadherence
depends on the immune protection offered by incomplete
dosing. However, disease protection from 1 or 2 HPV4
injections or delayed dosing is still unclear. Therefore, it
is important to understand current obstacles for regimen
adherence and to design and implement appropriate inter-
ventions to enhance adherence.

We found that blacks in particular were at greater risk
of failing to complete the HPV4 regimen. Irrespective of
race/ethnicity, lower neighborhood education level was
also a significant predictor for nonadherence. However,
being covered by the state-subsidized program Medi-Cal
was positively associated with regimen completion by
adolescent girls. Although Medi-Cal status may reflect the
individual level SES better than census track information,
these results still suggest a concern of SES disparity for
completion of the regimen. Our observation on neighbor-
hood education level is consistent with a previous study
that reported that education is a strong predictor for hepa-
titis B vaccine regimen adherence.” However, that same
study also reported that those with low education level were
highly responsive to the intervention of study for regimen
adherence (telephone reminders).’ Given that cervical can-
cer in the United States predominantly affects racial/ethnic
minorities and/or those who are socioeconomically disad-
vantaged,®® appropriate intervention should be designed to
enhance the regimen adherence in these subgroups.

None of the PCP characteristics we examined were im-
portant predictors for regimen completion by adolescent
girls. However, young women with a pediatrician PCP were
less likely to complete the regimen. The reason for this ob-
servation is unclear, although it could be due to lower health
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TABLE 1. Distribution of Demographics, PCP Characteristics, Historical Health Care Utilization, and Selected Medical History
in HPV4 Recipients, Stratified by Regimen Completion Status?

9- to 17-year-old age group® 18- to 26-year-old age group®
RR* (95% CI) RR° (95% CI)
Completers Noncompleters for regimen Completers  Noncompleters for regimen
(n=10,347) (n=14,329) completion Pvalue (n=2316) (n=2606) completion P value
Demographic
Age (y), mean (SD) 14.3 (2.0) 14.3 (2.0) 1.00 (0.99-1.00) 26 21.4(2.6) 21.1 (2.5) 1.02 (1.01-1.03) <.01
9-10 119 (1.2) 169 (1.2) 0.99 (0.86-1.14) .89
11-12 2282 (22.1) 3204 (22.4) 1.0
13-14 2862 (27.7) 3886 (27.1)  1.02 (0.98-1.06) .36
15-16 3505 (33.9) 4615(32.2)  1.04 (1.00-1.08) .07
17 1579 (15.2) 2455 (17.1)  0.94 (0.90-0.99) .02
Race/ethnicity
White 2226 (21.5) 1931 (13.5) 1.0 572 (24.7) 520 (20) 1.0
Black 528 (5.1) 1207 (8.4) 0.57 (0.53-0.61) <.01 92 (4.0) 155 (5.9) 0.71 (0.60-0.84) <.01
Hispanic 3039 (29.4) 4771 (33.3)  0.73 (0.70-0.76) <.01 240 (10.4) 381 (14.6) 0.74 (0.66-0.83) <.01
Asian 339 (3.3) 396 (2.8) 0.86 (0.79-0.94) <.01 64 (2.8) 51 (2.0) 1.06 (0.89-1.26) 49
Unknown/other 4215 (40.7) 6024 (42) 0.77 (0.74-0.80) <01 1348 (58.2) 1499 (57.5) 0.90 (0.84-0.97) <.01
Neighborhood education
level, mean (SD) 73.4 (19.9) 68.2 (20.7) 07 (1.06-1.08)d  <.01 80.3 (17.4) 76.1(19.3) 1.06 (1.04-1.08)¢ <01
Neighborhood income 61,807.00 55,164.00 1.03 (1.03-1.04)° <01 68,480.00 63,585.00 1.01 (1.01-1.02)° <.01
level $,° mean (SD) (28,395.00) (25,565.00) (30,700.00) (30,994.00)
Covered by Medi-Cal 1195 (11.5) 1756 (12.3)  1.03 (0.98-1.08) 3 47 (2) 59 (2.3) 1.05 (0.85-1.30) .65
PCP characteristics/
specialty
Family medicine 1300 (12.8) 1513 (11) 1.09 (1.04-1.14) <01 1664 (73.4) 1744 (69.3) 1.16 (1.04-1.30) .01
Internal medicine 68 (0.7) 129 (0.9) 0.82 (0.68-1.00) .05 340 (15) 373 (14.8) 1.12 (0.98-1.28) .09
Other 191 (1.9) 400 (2.9) 0.81 (0.72-0.92) <.01 27 (1.2) 39 (1.5) 1.00 (0.73-1.35) 98
Pediatrics 8562 (84.6) 11757 (85.2) 1.0 235 (10.4) 361 (14.3) 1.0
PCP age (y) 45.1(9.3) 45.1 (9.4) 1.00 (1.00-1.00) 48 41.2(8.7) 41.4 (8.7) 1.00 (1.00-1.00) .50
Male PCP 3252 (31.8) 4483 (31.8)  0.98 (0.95-1.01) .19 717 (31.7) 873 (34.6) 0.92 (0.86-0.98) .01
Health service utilization
(No. in 2 y), mean (SD)
Outpatient visit 8.7(9.9) 6.5 (8.0) 1.01 (1.01-1.01) <.01 11.8 (13.2) 10.5 (12.5) 1.00 (1.00-1.00) .03
Primary care visit 534.9) 4.1 (4.1) 1.02 (1.02-1.02) <.01 6.9 (6.7) 6.4 (6.6) 1.01 (1.00-1.01) .03
Hospitalization 0.0 (0.3) 0.0 (0.4) 0.99 (0.94-1.03) .61 0.1(0.3) 0.1(0.5) 0.83 (0.71-0.97) .02
ED visit 0.3 (0.7) 0.3 (0.7) 1.00 (0.97-1.02) .88 0.4 (0.8) 0.5 (1.0) 0.93 (0.88-0.98) .01
Out-of-plan visit 0.2 (1.3) 0.2 (1.1) 1.00 (0.99-1.01) .86 0.4 (2.3) 0.4 (1.7) 1.01 (0.98-1.03) 57
Women’s health-related
medical history
Obstetric history NA NA NA NA 201 (8.7) 321 (12.3) 0.80 (0.68-0.94) .01
STD NA NA NA NA 71 (3.1) 74 (2.8) 1.15(0.94-1.42) 18
Papanicolaou test NA NA NA NA 1317 (56.9) 1380 (53) 0.97 (0.89-1.06) 52
Abnormal
Papanicolaou test
results NA NA NA NA 223 (9.6) 228 (8.7) 1.01 (0.87-1.17) .90
Use of oral
contraceptives/patches NA NA NA NA 1291 (55.7) 1310 (50.3) 1.11 (1.01-1.21) .02
Immune-related medical
conditions
Rheumatologic 13(0.1) 1(0) 2.26 (1.63-3.13) <.01 5(0.2) 1(0) 1.68 (0.95-2.98) .07
Asthma 740 (7.2) 860 (6) 1.07 (1.00-1.15) .04 116 (5) 122 (4.7) 1.04 (0.87-1.24) .65
Allergies 695 (6.7) 685 (4.8) 1.22 (1.15-1.30) <.01 178 (7.7) 149 (5.7) 1.20 (1.05-1.36) .01
Drug allergy/adverse
reaction 1444 (14) 1482 (10.3) 9(1.13-1.24) <.01 520 (22.5) 518 (19.9) 1.05 (0.96-1.16) 27
Infections (No. in 2 y), 1.0 (1.7) 0.7 (1.3) 1.07 (0.95-1.19) .26 1.8 (2.5) 1.5(2.1) 1.08 (0.96-1.22) 21
mean (SD)
Antibiotic prescription 244 (2.4) 284 (2) 1.05 (1.04-1.05)" <01 228 (9.8) 220 (8.4) 1.03 (1.01-1.04)f <.01

#Values are number (percentage) unless stated otherwise. Percentages may not total 100% because of missing values. CI = confidence interval; ED = emer-
gency department; HPV4 = quadrivalent human papillomavirus vaccine; NA = not applicable; PCP = primary care physician; RR = relative risk; STD =
sexually transmitted disease.

b Completion rate was 41.9% for 9- to 17-year-olds and 47.1% for 18- to 26-year-olds.

¢ For demographic and length of membership, crude RR. For PCP characteristics, health service utilization, women’s health-related medical history, and
immune-related medical conditions, RRs adjusted for age, race/ethnicity, and length of health plan membership. Higher RR indicates higher likelihood
of completing the regimen.

Percentage of adults with high school diploma in the census block where the participant resided; RRs for neighborhood education level are for a 10%
increase in the percentage of adults with high school diploma in the census block.

¢ Median household income ($) in the census block where the participant resided; RRs for neighborhood income level are for a $10,000 increase in median
census block household income.

fRRs are per prescription increase.
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TABLE 2. Adjusted RRs for HPV4 Regimen Completion by Age Group®

9- to 17-year-old age group 18- to 26-year-old age group
RR® (95% CI) for RR" (95% CI) for
regimen completion P value  regimen completion P value
Demographic
Age (y) 1.01 (0.98-1.03) .64
9-10 1.18 (1.00-1.39) .06
11-12 1.0
13-14 1.01 (0.95-1.06) .84
15-16 1.00 (0.96-1.06) .87
17 0.87 (0.82-0.93) <.01
Ethnicity
White 1.0 1.0
Black 0.70 (0.64-0.77) <.01 0.84 (0.66-1.07) .16
Hispanic 0.88 (0.83-0.93) <.01 0.94 (0.80-1.10) 42
Asian 0.96 (0.87-1.05) 37 1.12 (0.92-1.36) 27
Unknown 0.92 (0.88-0.96) <.01 0.95 (0.86-1.04) 27
Neighborhood education
level® 1.03 (1.02-1.05)° <.01 1.04 (1.00-1.07)° .04
Neighborhood income
level? 1.01 (1.01-1.02)¢ <.01 1.00 (0.99-1.02)¢ 93
Covered by Medi-Cal 1.14 (1.07-1.22) <.01 1.09 (0.71-1.68) .70
PCP specialty NA NA
Pediatrics 1.0 ..
Family medicine 1.24 (1.08-1.42) <.01
Internal medicine 1.26 (1.06-1.50) <.01
Other NA NA 1.21 (0.82-1.80) 34
PCP sex
Female 1.0
Male 0.93 (0.85-1.01) .09
Health service utilization
PCP visit (per visit) 1.02 (1.02-1.02) <.01
Hospitalization (per visit) 0.92 (0.87-0.96) <.01 0.91 (0.78-1.07) 27
ED visit (per visit) 0.96 (0.94-0.98) <.01 0.92 (0.87-0.98) <.01
Women’s health-related medical
history
Obstetric history NA NA 0.83 (0.70-0.98) .03
Use of oral contraceptives/ NA NA 1.002 (1.000-1.004) .02

patches (per mo)
Immune-related medical

conditions
Allergies 1.09 (1.04-1.14) <.01 1.20 (1.06-1.37) <.01
Antibiotic use (per
prescription) 1.02 (1.01-1.03) <.01 1.02 (1.00-1.03) .01

* Model also adjusted for primary care physician's (PCP) medical center and girls’/women’s length of
health plan membership but relative risks (RRs) are not shown. CI = confidence interval; ED = emergency
department; HPV4 = quadrivalent human papillomavirus vaccine; NA = not applicable.

® Higher RR indicates higher likelihood for completing the regimen.

¢ Percentage of adults with high school diploma in the census block where participant resided; RRs for
neighborhood education level are for a 10% increase in the percentage of adults with high school diploma
in census block.

9 Median household income ($) in census block where participant resided; RRs for neighborhood income
level are for a $10,000 increase in median census block household income.

care need for those young women who still see a pediatrician. ~ These results suggest that the effect of physician’s attitudes
We also found that young women who had a male PCP had  on successful HPV vaccination deserves further study.

a somewhat lower likelihood of completing the regimen than Physician office visits were associated with completion of
those with a female PCP. This is consistent with our previous  the regimen by adolescent girls. This is not surprising since
observation that those with a male PCP were less likely to ini-  encounters with the health care system provide opportunity for

tiate HPV vaccination. A previous national survey found that  vaccination for this age group that lacks regular and prespeci-
female physicians were more likely to recommend the HPV ~ fied health care visits. We also observed an inverse relation-
vaccine than male physicians.!® The underlying determinants  ship between the number of historical hospitalization/emer-

of this finding (eg, comfort level of communication with fe-  gency department visits and HPV4 regimen completion. This
male patients) could potentially affect both the likelihood of ~ observation may be due to ill patients being overwhelmed by
vaccine initiation and regimen completion by their patients.  their existing conditions and less attentive to other preventive
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care needs. This phenomenon has been documented in other
studies of persons with chronic disease.!!

The HPV4 is not indicated during pregnancy, and therefore
it is somewhat reassuring that young women with obstetric
history were less likely to receive the 3 doses.® Interestingly,
histories of STDs, abnormal Papanicolaou test results, pap
screening, or use of oral contraceptive/patches were not im-
portant predictors of regimen completion by young women.
We identified several immune-related medical conditions as-
sociated with regimen completion, including allergy and use
of antibiotics (for young women who had 5 antibiotic prescrip-
tions in the 2-year period before study baseline [RR, 1.10]
compared with those who had no antibiotic prescription).
These results suggest that females who may have more fre-
quent encounters with the health care system are more likely
to complete the vaccination series. Because immune-related
conditions are outcomes of interest in current observational
vaccine safety studies, these results provide some reassurance
that females with immune-related conditions were unlikely to
be underrepresented in these studies.

Several potential limitations need to be considered in
interpreting results of our study. Most importantly, KPSC
members may have had access to the vaccine at other
health care settings, such as university health care centers.
Our tracking system does track vaccines received outside
the KPSC system if this is known to the physicians or
nurses. However, misclassification of the study outcome
(ie, regimen completion) could result if HPV4 received out-
side KPSC was not reported by the member. Although the
magnitude of this misclassification is unclear and needs to
be further studied, we suspect most members would choose
to receive the vaccine at Kaiser Permanente because there
is no out-of-pocket charge. Therefore, we do not expect the
impact of this outcome misclassification to be major.

Common limitations are associated with the use of elec-
tronic records. For example, we had no information on
sexual behaviors (eg, whether individuals have been sexu-
ally active) that would help to further interpret the results
of sexually related medical history. We could not capture
free services rendered outside of KPSC facilities, such as
free STD clinics and Planned Parenthood clinics. Teenagers
who want oral contraceptives or STD treatment may visit
free service clinics rather than their PCP. As a result, we
expect some degree of misclassification of these variables.
Furthermore individual race/ethnicity data were lacking for
approximately 40% (in adolescent girls) to 60% (in young
women) of the participants. Those with missing race/ethnic-
ity data are less likely to have been hospitalized in the past or
enrolled in KPSC more recently (hospitalizations and length
of membership were adjusted in the multivariable model).
Therefore, our findings on race/ethnicity apply only to those
whose race/ethnicity information was available.

Our study has several important strengths, including a
population-based design that minimized participation bias,
use of electronic medical records that avoided recall bias,
and a large sample size.

CONCLUSION

Black and Hispanic adolescent girls, females who reside in
neighborhoods with lower average education levels, young
women who have a pediatrician PCP, and those with histo-
ries of several hospitalizations/emergency department visits
were less likely to complete the 3-dose regimen of HPV4.
These findings provide useful insight for developing public
health programs to enhance proper HPV vaccination, tar-
geting populations susceptible to nonadherence. Of note,
our findings represent the early postlicensure experience of
HPYV vaccination in a managed care setting. At KPSC, the
HPYV vaccine is listed in the clinical practice guidelines, and
physicians and nurses receive member-specific automated
vaccination reminders when a member seeks health care.
Currently, patient incentives or outreach has not been of-
fered in our setting for HPV4 regimen completion. Regimen
completion rate may vary between settings, may change
over time, and thus should be monitored continuously.
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