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Abstract
Purpose—A 3-dose human papillomavirus (HPV) vaccine is recommended for adolescents to
protect against HPV-related cervical and other cancers. The purpose of this study was to provide
an update on HPV vaccine uptake among 11-17 year old girls residing in the US.

Methods—Data from the 2010 National Health Interview Survey (NHIS) were obtained to assess
HPV vaccination status and its correlates. Multivariate logistic regression analyses were
performed to examine HPV vaccine uptake of ≥1 dose and ≥3 doses among all girls, and
completion of the 3-dose series among those who initiated (received ≥1 dose) the vaccine.

Results—Overall, 28.9% and 14.2% received ≥1 dose and ≥3 doses of vaccine: 14.5% and 3.0%
among 11-12 year old girls, and 34.8% and 18.7% among 13-17 year olds, respectively. Hispanics
had higher uptake of ≥1 dose (odds ratio (OR) 1.63, 95% confidence interval (CI) 1.22-2.17) than
whites. Having received an influenza shot in the past year and parents’ awareness of the vaccine
were significantly associated with receiving ≥1 dose (OR 1.88, 95% CI 1.51 -2.33 and OR 16.57,
95% CI 10.95 -25.06) and ≥3 doses (OR 1.48, 95% CI 1.13 -1.92 and OR 10.60, 95% CI 5.95
-18.88). A separate multivariate model based on girls who initiated the vaccine did not identify
any significant correlates of 3-dose series completion. Among parents of unvaccinated girls, 60%
were not interested in vaccinating their daughters and mentioned three main reasons: “does not
need vaccine” (25.5%), “worried about safety” (19.3%) and “does not know enough about
vaccine” (16.6%). Of those who were interested, 53.7% would pay $360-$500 for the vaccination,
while 41.7% preferred to receive it at a much lower cost or free.

Conclusions—Only 1 out of 3 girls (11-17 years) have received ≥1 dose of HPV vaccine and
much less have completed all 3 doses. Strategies should be taken to improve this vaccine uptake
among girls, especially those 11-12 year olds, and to educate parents about the importance of
vaccination.
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Introduction
Human papillomavirus (HPV) 16 & 18 is responsible for 70% of cervical cancer, while most
cases of genital warts are due to HPV 6 & 11 [1, 2]. Furthermore, persistent HPV infection
has been identified as the primary cause of anogenital cancer [3]. In 2006, The United States
Food and Drug administration (FDA) approved a quadrivalent HPV vaccine against types 6,
11, 16, and 18 [4] as a primary preventive strategy to reduce HPV infections and HPV-
related cervical cancers. A bivalent HPV vaccine was also licensed in 2009, which provides
protection against HPV types 16 and 18 [5]. The Advisory Committee on Immunization
Practices (ACIP) has recommended routine vaccination of either quadrivalent or bivalent
HPV vaccine in girls aged 11 to 12 years and “catch-up” vaccination for girls and women
aged 13 to 26 years in a 3-dose series which is administered over 6 months [4, 5]. These
vaccines are highly effective in preventing HPV infections among HPV-naïve adolescent
girls [4-7]. In 2011, ACIP extended their recommendations to include routine use of
quadrivalent HPV vaccine for 11-12 year old males and “catch-up” vaccination for those 13
-21 years old [8].

Studies based on small sample sizes [9-17] and national surveys [18-22] have reported HPV
vaccine uptake among US adolescent girls based on data collected after the vaccine was first
introduced. All studies have shown low HPV vaccine uptake with notable differences in a
variety of settings. Based on 2008 National Health Interview Survey (NHIS)-child sample
data, Wong et al [21] observed low uptake of ≥1 dose and ≥3 doses of HPV vaccine among
11-17 year old girls (23% and 9%, respectively) while 41% of those who initiated the
vaccine completed the 3-dose series. In this study, we aimed to update estimates of HPV
vaccine uptake of ≥1 dose and ≥3 doses among 11-17 year old girls, and completion of the
3-dose series among those who initiated the vaccine using 2010 NHIS-child sample data and
to compare it with 2008 NHIS data [21]. In addition, we aimed to examine the correlates of
uptake of ≥1 dose and ≥3 doses among all girls as well as the 3-dose series completion
among those who initiated the vaccine.

Methods
Study population

National Health Interview Survey (NHIS) is a cross-sectional, annual, in-person household
survey conducted throughout the year [from January to December] by the National Center
for Health Statistics/Center for Disease Control and Prevention (NCHS/CDC). This survey
includes a nationally representative sample of the US civilian, noninstitutionalized
population selected through a complex, stratified, multistage probability sampling design.
Hispanics, blacks and Asians were oversampled to ensure adequate representation and stable
estimates for these racial and ethnic groups. Detailed methods of this survey have been
published elsewhere [23]. The in-person interviews yielded demographic, socioeconomic
and health status data for all members of each participating family. From each family, a
child <18 years of age (the “sample child”) and an adult (the “sample adult”) were randomly
selected for additional questions. In the 2010 NHIS-Sample Child Module, a total of 11,277
children <18 years of age were surveyed with an overall response rate of 70.7%. A parent
(91% cases) or parent proxy (9% cases) answered questions on behalf of the “sample child”.

In the 2010 NHIS-Sample Child Module, the HPV vaccine related questions were
administered to all families with adolescents who were age-eligible for HPV vaccination at
the time of the survey [21]. We obtained data of girls aged 11-17 years (n=2205) from this
module. Although this study used de-identified publicly available data, we required approval
from the University of Texas Medical Branch institutional review board.
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Data collection
This study focused on survey questions pertaining to HPV vaccination of adolescent girls
aged 11-17 years. Parents’ awareness about HPV vaccine was assessed from the question,
“Two vaccines/shots to prevent HPV infection are available in the US. Both vaccines
prevent cervical cancer and one also prevents genital warts. The two HPV vaccines are
sometimes called CERVARIX or GARDASIL. Before this survey, have you ever heard of
HPV vaccines or shots?” The responses were “yes” or “no”. The receipt of the vaccine and
number of vaccine doses were assessed from the parental responses to following two
questions, “Did your child ever receive an HPV shot?” and “How many HPV shots did your
child receive?” We measured receipt of ≥ 1 dose and ≥ 3 doses of vaccine from the number
of shots received. Parents reported receipt of unknown number of vaccine doses for 28 girls
and more than 3 doses for 10 girls (4 doses for 9, and 6 doses for 1) were included in the ≥ 1
dose and ≥ 3 doses categories, respectively. The denominator for receipt of ≥ 1 dose and ≥ 3
doses analyses included all girls, while the denominator for 3-dose vaccine series
completion analysis included only those who had initiated the vaccine.

Whether parents of the unvaccinated girls would be interested in future vaccination of their
daughters was assessed from the question, “If your child’s doctor recommended the HPV
vaccine, would you have her get it?” The responses were “yes”, “no”, and “don’t know”.
Among parents who responded “no” or “don’t know”, the main reason for not vaccinating
their daughters were evaluated. The responses for the main reason included “does not need
vaccine”, “worried about vaccine safety”, “do not know enough about vaccine”, “not
sexually active”, “too young for vaccine”, “doctor did not recommend it”, “too expensive”,
“don’t know about the place to get vaccine”, “spouse/family member against it”, “already
has HPV”, “others”, and “donot know”. All the responses were mutually exclusive. Among
parents who responded “yes” to the above question (who were interested in vaccination)
were asked whether or not they would pay all vaccination costs ranging from $360 to $500
for 3 doses of the vaccine, administrative cost, and the clinic visit. Responses included “yes”
or “no”. Furthermore, those who responded “no” to this question (who were interested in
vaccination but would not pay $360 to $500 for vaccination) or those who cited expense as
the main reason for not vaccinating were further asked whether or not they would vaccinate
their daughters if the vaccines cost much less or free. Responses included “yes” or “no”.

Demographic, socioeconomic, and preventive health behaviors covariates were also
examined. Girls were categorized by their race and ethnicity (non-Hispanic white, non-
Hispanic black, non-Hispanic Asian and Hispanic, and others), region (northeast, Midwest,
south, and west), highest education completed by a parent (<high school, high school
graduate/general equivalency diploma, some college/college degree), family income
according to percentage of the federal poverty line (<100%, 100% to <200%, ≥200%), and
type of health insurance coverage (uninsured, public, and private). Preventive health
behaviors such as a well-child check-up, dental examination, or influenza vaccine in the past
12 months were assessed by “yes or no” responses.

Statistical analysis
All analyses were conducted using STATA 10 svy commands (STATA Corporation,
College Station, TX) by taking into account survey weighting for the NHIS complex survey
design, which consisted of multistage, stratified, and clustered samples. Probability
sampling weights were used in conjunction with strata and primary sampling units (psu) to
generalize the results to the population of 11-17 year old girls. Percentages and 95%
confidence interval for HPV vaccine uptake of ≥ 1 dose and ≥ 3 doses were estimated by the
age groups (11-12 years and 13-17 years), socio-demographic characteristics, preventive
health behaviors, and the parental awareness about HPV vaccine. Estimation of vaccine
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series completion among those who initiated the vaccine was also stratified similarly. All
estimates were weighted to girls aged 11-17 years.

Bivariate comparisons were assessed using chi square tests. We used multivariate logistic
regression analyses to examine the association of race/ethnicity, highest education level of a
parent, family income (% of federal poverty line), insurance coverage, preventive health
behaviors and parental awareness about HPV vaccine with HPV vaccine receipt of ≥ 1 dose
and ≥ 3 doses, and 3-dose vaccine series completion among girls who initiated the vaccine.
Variables were screened for inclusion in the multivariate model. Candidate variables with
P≤.20 with any dependent variable (uptake of ≥ 1 dose; uptake of ≥ 3 doses; and 3-dose
series completion among girls who initiated vaccine) were included in the multivariate
model.

Results
A total of 98.5% (2171/2205) of parents of 11-17 year old girls responded to the questions
on HPV vaccination. Therefore, we restricted our analysis to these 2171 girls. Almost 29%
and 14.2% of girls received ≥1 dose and ≥3 doses of the vaccine, respectively (Figure 1).
About 49% of girls who initiated the vaccine (received ≥1 dose) completed the 3-dose
vaccine series. Girls aged 16-17 years had the highest uptake of ≥1 dose (37.3%), ≥3 doses
(20.2%), and 3-dose series completion among those who initiated the vaccine (54.1%). Girls
aged 11-12 years were less likely than those 13-17 years to receive ≥1 dose (14.5% vs.
34.8%, P <.001) and ≥3 doses (3.0% vs. 18.7%, P <.001) of HPV vaccine. In addition, the 3-
dose series completion among those who initiated the vaccine was significantly lower
among the 11-12 years old age group than those13-17 years old (20.7% vs. 53.7%, P <.001).

Bivariate analyses of socio-demographic factors and HPV vaccine uptake showed that non-
Hispanic Asian girls were significantly less likely than all other racial/ethnic groups to
receive ≥1 dose of vaccine (Table 1). On the other hand, non-Hispanic whites were more
likely than non-Hispanic black, non-Hispanic Asian, and Hispanic girls to receive ≥3 doses
of vaccine. No significant association between parental education levels and uptake of ≥1
dose of vaccine was observed, while parents with high school or some college/college
degree were more likely than parents with less than a high school education to receive ≥3
doses of the vaccine. HPV vaccine uptake of ≥1 dose and ≥3 doses were significantly lower
among uninsured than insured (public or private) adolescents and significantly higher among
those with preventive health behaviors (well-child checkup, dental examination, and
influenza vaccination in the past 12 months) as well as those with parents who were aware
of the HPV vaccine. However, region and family income were not associated with uptake ≥1
dose or ≥3 doses. A separate bivariate analysis among girls who initiated the vaccine
showed that non-Hispanic whites (P=.012), girls with private insurance (P<.001), girls with
a family income >200% (P=.012), and girls who had a dental examination in the past 12
months (P=.029) were more likely to complete the 3-dose vaccine series compared to their
counterparts (data not shown).

Adjusted multivariate logistic regression models showed that Hispanic girls (P=.002), girls
who received a well-child checkup (P=.028) or influenza vaccination (P<.001) in the past 12
months, and those with parents who were aware of the HPV vaccine (P<.001) were more
likely to initiate ≥1 dose of the vaccine (Table 2). Characteristics positively associated with
receiving ≥3 doses of vaccine were: having a dental examination (P= .040) or the influenza
vaccine (P=.004) in the past 12 months, and parental awareness about HPV vaccine (P<.
001). A separate multivariate analysis among those who initiated the vaccine did not identify
any significant correlates of 3-dose series completion (data not shown), although race/
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ethnicity, insurance, income, and preventive dental exam showed a significant bivariate
association.

Nearly 71% of parents of 11-17 year old girls responded that their daughters were not
vaccinated. About 60% of them were not interested in vaccinating their daughters or were
unsure about it, if it was recommended. Common reasons were that they felt their daughters
did not need the vaccine (25.5%), they had concerns about vaccine safety (19.3%), they had
insufficient knowledge about the vaccine (16.6%), their daughters were not sexually active
(11.2%) or were too young for the vaccine (6.4%), and that the vaccine was not
recommended by their physician (5.5%). Only 1.2% reported expense as a barrier (Table 3).
Parents without insurance were more likely to believe that their daughter did not need
vaccination than parents with public/private insurance (P=.048). On the other hand, those
parents with private insurance and a family income ≥200% were more likely to worry about
vaccine safety than their counterparts (P=.048 and P <.001, respectively).

About 39% of parents of unvaccinated girls would be interested in vaccinating their
daughters in the future if it was recommended. Nearly 54% would agree to pay all costs for
vaccination ($360-$500) while 42% preferred to receive the vaccine at a much lower cost or
free, and 4% still would not receive the vaccine even if it was offered at a much lower cost
or free. Parents with private insurance and a family income ≥200% of the poverty line were
more likely to show their willingness to pay all costs for the vaccination ($360-$500) than
their counterparts (Table 4).

Discussion
Our analysis based on data from the 2010 NHIS showed that the overall rate of HPV vaccine
uptake substantially increased among adolescent girls aged 11-17 years when compared with
the 2008 NHIS report [21]. However, rates of receiving ≥1 dose showed little change among
those 11-12 years old (14.5% vs.14.7%) and were a bit lower for ≥3 doses (3% vs. 5.5%). In
contrast, those in the 13-17 year old group showed a higher uptake of both ≥1 dose (35% vs.
25%) and ≥3 doses (19% vs.11%). Therefore, higher uptake among 11-17 years old girls
was attributed to the higher uptake among 13-17 year old group. This is in agreement with
findings from the recent 2010 National Immunization Survey (NIS)-Teen data, which also
reported higher HPV vaccine uptake among 13-17 year old girls [24]. The NIS reported that
HPV vaccine uptake among girls aged 13-17 years has been increasing slowly since 2008
[22, 24, 25]: 37% and 18% of girls received ≥1 dose and ≥3 doses of the vaccine in 2008,
respectively [22]. The respective numbers increased to 44% and 27 % in 2009 [25], and 49%
and 32% in 2010 [24]. In fact, the vaccine uptake in the 2010 NIS study was higher than that
observed in our study based on 2010 NHIS data. The discrepancies between these two
nationally representative surveys could be due to differences in sampling methods, survey
administration, or the accuracy of vaccine reporting [23, 26, 27]. NHIS-sample child module
is an in-person household survey that represents households with or without landlines. This
survey is possibly more representative sample of the general population, but it collects
immunization information from parents on children ≤17 years of age based on their recall
about the immunization [23]. In contrast, since 2006, NIS-Teen is a two phase survey: (1)
random-digit-dialing telephone survey to identify household (with landlines) with eligible
adolescent aged 13 to 17 years, and (2) a provider record check (PRC) for vaccination
histories. Random-digit-dialed survey obtains vaccination receipt information and consent
from parents to contact immunization provider(s) to verify immunization records. Thus, its
reporting of immunization is more accurate [26].

Our finding that HPV vaccine uptake among 11-12 year old girls (recommended for routine
vaccination) is lower than those13-17 years old is consistent with the NHIS 2008 report [21]
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and other studies conducted during 2007-08 [11, 13-15, 20, 28]. This scenario implies that
vaccine uptake in the target age group has not been improving over the last few years. Many
studies identified knowledge, attitude and practice of parents and providers as reasons for
the differences in vaccination rates between 11-12 and 13-17 year old girls. For example,
Kahn et al [29] showed that parents were more likely to vaccinate their older daughters than
their younger ones. Providers also recommended the vaccine more frequently to older
adolescents as they noted higher refusal rates among parents of 10-12 year olds [30, 31].
Thus, 11-12 year old adolescents experience more missed opportunities for vaccine
administration than their older counterparts [15, 31]. This demonstrates the importance of
educating parents about the benefit of administrating HPV vaccine before sexual initiation
occurs when the vaccine is most effective [4-7].

Furthermore, the vaccine series completion rate among 11-17 year old girls who initiated the
vaccine was higher [49%] in the 2010 NHIS study than that observed in 2008 (41%). This
higher series completion rate was due to a higher rate among 13-17 year old initiators as the
series completion rate among 11-12 year old initiators actually decreased from 37% to 21%.
The reports based on NIS data also showed rapidly increasing vaccine series completion
rates among those 13-17 years old girls who initiated the vaccine since 2008 [22, 24, 25]. In
the 2008 NIS report, 48.6% of initiators completed 3-dose vaccine series. This number
increased to 61.4% in 2009 and 65.3% in 2010. However, the persistence of low rates of 3-
dose vaccine series completion among those 11-12 years old initiators is a matter of concern.
Completion of all 3 doses has been labeled as essential for long term protection against HPV
infections [32]. However, a recent study reported that 2 doses of bivalent HPV vaccine may
produce a protective immune response similar to that of 3 doses [33]. The first dose may be
administered at a routine preventive visit or a visit for another reason. After that, additional
efforts from both providers and parents are needed to ensure that adolescents return for
subsequent doses. Parents’ motivation, a positive attitude toward HPV vaccination, and
financial resources are required for 3-dose series completion [34, 35]. Techniques which
have been found to increase rates of vaccine series completion include reminding parents
about its importance; using telephone, mail, or electronic reminders [32]; using a tracking
system for scheduling the second and third doses [34]; and scheduling “immunization-only”
appointments for the second and third doses [15].

In contrast to the 2008 NHIS study [21], we observed a higher uptake of ≥1 dose of HPV
vaccine (initiation) among Hispanics than non-Hispanic whites. This is consistent with the
recent report based on data from the 2010 NIS-Teen report and several other studies [13, 14,
22, 24]. Assistance from federally funded vaccine programs for those living below the
poverty level could be responsible for this higher rate as the poverty level is higher among
Hispanics than whites [22, 36]. On the other hand, several studies have observed a lower
likelihood of vaccine series completion among Hispanic or black girls who initiated HPV
vaccination than among whites in both bivariate [24, 25] and multivariate analyses [13, 32,
34, 37, 38]. We also observed similar findings based on our bivariate analysis. However,
after adjusting for covariates, this racial difference disappeared. These findings are
somewhat encouraging given the higher incidence of cervical cancer and mortality among
black and Hispanic women than among whites [39, 40].

Several studies have observed that the Vaccine for Children [VFC] program eliminates
socioeconomic disparities in vaccine initiation and labeled it as a major success for
improving vaccine initiation among those living below poverty level [22, 24, 25, 35, 36].
This is in agreement with our study as well as studies based on 2008 NHIS [21] and 2010
NIS [24] data showed that vaccine uptake of ≥1 dose (initiation) did not differ by poverty
status. On the other hand, the recent 2010 NIS [24] data showed that girls who initiated the
vaccine living below the poverty level were less likely to complete the 3-dose vaccine series
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although this was not observed in the 2009 NIS study [25] or in our study. Thus, the benefit
of the VFC program to eliminate socioeconomic disparities with regard to 3-dose series
completion among initiators may not have been as consistent as it was for HPV vaccine
initiation. Additional strategies for this purpose need to be examined because
socioeconomically disadvantaged women are at high risk of cervical cancer [41].

Several population based national studies have reported a higher likelihood of vaccine
initiation among insured girls than among uninsured [20, 21], which is consistent with our
study [based on bivariate analysis]. However, only one study based on multivariate analysis
observed a similar disparity [19]. In contrast, Dempsy et al [15] observed higher vaccine
initiation among girls with public insurance than private or no insurance. In our study, the
disparity between insured and uninsured girls disappeared after adjusting for covariates,
which was expected since the federal VFC program covers uninsured and underinsured
adolescents for this vaccine at no cost [36]. Also, we did not find any association between
insurance status and 3-dose vaccine series completion among those who initiated the vaccine
similar to a study based on 2008-2009 NIS data [35].

Our finding that preventive health behaviors (well-child check up or influenza vaccine in the
past 12 month) are significantly associated with initiation (receiving ≥1 dose) of the HPV
vaccine is consistent with the published literature [14, 15, 21, 28]. In addition, we found a
significant association between these behaviors [dental examination or influenza vaccine in
the past 12 month] and uptake of ≥3 doses of HPV vaccine among all girls. This association
may be due to the parents’ overall attitude regarding preventive health services. Therefore,
visits for other preventive healthcare may have a role in the increased uptake of the HPV
vaccine.

Several limitations of this study should be acknowledged. First, self-reported NHIS data
from interviews may be subjected to recall bias. The data on vaccination status and number
of vaccine doses were based on parental report and not confirmed by provider immunization
records. Second, this survey did not collect data on the time periods between receipt of the
first dose and subsequent doses, which limited our ability to evaluate whether the 3-dose
vaccine series had been completed within the ACIP recommended time. Finally, cross-
sectional survey data prevents our ability to infer causality from our analysis. Despite these
limitations, this study serves the important purpose of examining recent uptake of HPV
vaccine in young adolescents using a large nationally representative sample.

Nearly two-thirds of our study population remains unvaccinated. Furthermore, over half of
the parents of unvaccinated girls do not intend to vaccinate their daughters. There is a
concern because they will not be eligible to receive the vaccine for free through the VFC
program after the age 18. Thus, additional educational programs are needed to increase
parental awareness of HPV infection and its cancer risks, reduce negative attitudes toward
vaccination, and provide much needed information about vaccination. In addition, providers
should be encouraged to recommend the vaccine to their adolescent patients.
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Figure 1.
Estimated human papillomavirus (HPV) vaccine uptake of ≥1 dose, ≥2 doses and ≥ 3 doses
among 11-17 year old girls (percentages are weighted to the population of girls aged 11-17
years).
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Table 2

Factors associated with HPV vaccine uptake among girls aged 11-17 years

Received ≥1 dose Received ≥3 doses

OR (95% CI) a OR (95% CI) a

Race/ethnicity

 Non-Hispanic White Ref Ref

 Non-Hispanic Black 0.92 (0.67-1.26) 0.76 (0.51-1.13)

 Non-Hispanic Asian 0.78 (0.46-1.31) 0.52 (0.25-1.07)

 Hispanic 1.59 (1.19-2.12)* 1.11 (0.78-1.57)

 Other b 1.34 (0.74-2.43) 1.32 (0.68-2.57)

Parental highest education level

 Some college/college degree Ref Ref

 HS graduate/GED 1.04 (0.71-1.53) 1.03 (0.64-1.68)

 < HS 0.92 (0.64-1.34) 0.96 (0.60-1.54)

Family income (% of federal poverty line)

 <100% Ref Ref

 100% to <200% 1.06 (0.74-1.52) 1.33 (0.84-2.10)

 ≥200% 0.78 (0.54-1.12) 1.02 (0.63-1.64)

 Unknown 0.79 (0.48-1.29) 1.21 (0.66-2.22)

Girl’s insurance coverage

 None Ref Ref

 Public 1.38 (0.88-2.17) 1.47 (0.78-2.77)

 Private 1.25 (0.79-1.96) 1.81 (0.96-3.41)

Well-child checkup in the past 12 months

 No Ref Ref

 Yes 1.35 (1.03-1.75)* 1.07 (0.78-1.48)

Dental examination in the past 12 months

 No Ref Ref

 Yes 1.20 (0.86-1.68) 1.61 (1.02-1.54)*

Influenza vaccine in the past 12 months c

 No Ref Ref

 Yes 1.88 (1.51-2.33)* 1.48 (1.13-1.92)*

Parental awareness about HPV vaccine

 No Ref Ref

 Yes 16.57 (10.95-25.06)* 10.60 (5.95-18.88)*

Abbreviation: HPV, human papillomavirus; OR, odds ratios; CI, confidence interval; HS, high school; GED, graduate equivalency diploma

a
Multivariate logistic regression analyses were used A bivariate predictor with a P value >.200 (region) was excluded from the multivariate model

(* P <.05 considered statistically significant)

b
Includes non-Hispanic American Indian Alaska Native, not releasable, and multiracial
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c
Includes H1N1 and/or seasonal flu shot and/or nasal spray
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