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Abstract

Background: In this study, we used data from the National Immunization Survey-Teen (NIS-
Teen) to examine HPV vaccination uptake by rural and urban residence defined by ZIP Code.

Methods: 2012-2013 NIS-Teen data were used to examine associations of HPV vaccination
among teens aged 13-17 years with ZIP Code measures of rural/urban (Rural-Urban Commuting
Area (RUCA) codes, population density). Multivariable logistic regression was used to estimate
the odds of HPV vaccination initiation (= 1 dose) and completion (= 3 doses).

Results: HPV vaccination was lower among girls from isolated small rural towns (=1 dose
51.0%; =3 doses 30.0%) and small rural towns (=1 dose 50.2%; =3 doses 26.8%) than among
urban girls (=1 dose 56.0%; =3 doses 35.9%). Girls from small rural towns had lower odds of
completion (0.74, 95% CI: 0.60-0.91) than girls from urban areas. HPV vaccination was lower
among boys from isolated small rural towns (=1 dose 17.3%; =3 doses 5.31%) and small rural
towns (=1 dose 18.7%; >3 doses 5.50%) than those in urban areas (=1 dose 28.7%; >3 doses
10.7%). Boys in isolated small rural towns had statistically significantly lower odds of initiation
(0.68, 95% CI: 0.52-0.88) and completion (0.63, 95% CI: 0.41-0.97) than urban boys. Girls and
boys from high-poverty rural areas had lower odds of initiation and completion than did their
counterparts from high-poverty urban areas.

Conclusion: Rural girls had lower odds of completing the HPV vaccine than their urban
counterparts. Rural boys had lower odds than urban boys for HPV vaccination initiation and
completion.
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Disclosures: The authors have no conflicts of interest. The findings and conclusions in this paper are those of the authors and do not
necessarily represent the official positions of the National Institutes of Health, Huntsman Cancer Institute Foundation, Fox Chase
Cancer Center, Research Data Center, the National Center for Health Statistics, or the Centers for Disease Control and Prevention.
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The human papillomavirus (HPV) is a risk factor for cervical, vulvar, vaginal, penile, anal,
and oropharyngeal cancer.! Incidence in HPV-related cancers has increased in recent years
among men and women in the United States,! with a disproportionate increase in rural areas.
2 The HPV vaccine can prevent many of these cancers. The Centers for Disease Control and
Prevention (CDC) Advisory Committee on Immunization Practices (ACIP) has
recommended the HPV vaccine for girls aged 11-12 since 2006 and boys aged 11-12 since
2011.34 Prior to October 2016, the HPV vaccine was administered in 3 doses over 6 months
via intramuscular injection. The ACIP now recommends 2 doses be given over a 6-month
period for children under age 15.°:6 Despite the availability of a vaccine that is safe and
effective long term in protecting against HPV/ that can cause multiple forms of cancer, the
number of HPV-immunized people is significantly lower than CDC goals. The Healthy
People 2020 target for HPV vaccination completion among teens aged 1315 years is 80%.8
More than a decade after the vaccine was recommended for girls and 5 years after its
recommendation for boys, 5 out of 10 girls and 6 out of 10 boys have not met this target.®

Studies aimed at assessing the reasons for low HPV vaccination coverage suggest that
multiple factors play a role.8:? The lack of parental knowledge, health care provider
recommendations, missed opportunities, infrequent primary care visits by adolescents,
religious and cultural influences, and hesitancy to vaccinate adolescents against a sexually
transmitted infection are factors that contribute to HPV vaccine coverage.10 Furthermore,
failure to return for the remaining doses has led to low rates of series completion.

Research also suggests that geographic and area-based factors are associated with vaccine
uptake. While wealthy areas commonly have higher rates of cancer prevention and screening
among adults, HPV vaccination uptake is higher for poorer girls and boys than for those
living in wealthy areas.11:12 Additionally, studies consistently report that urban teens have
higher rates of HPV vaccine coverage than their rural peers, with 50.4% of rural adolescents
living outside a Metropolitan Statistical Area (MSA\) initiating the HPV vaccine, compared
to 65.9% of urban adolescents living in MSA central-city areas.1314

While there is a general consistency in previous studies that teens living in rural places have
lower HPV vaccination rates compared to those living in urban places, most of the previous
studies are based on various definitions of urban and rural places that are delineated by large
heterogeneous geographies, such as counties.1415 Most of the previous studies, particularly
those using the Behavioral Risk Factor Surveillance System (BRFSS) or NIS-Teen data,
define urban and rural places based on county-level classifications developed by the Office
of Management and Budget (OMB).16 In technical documentation, the OMB states that “the
Metropolitan and Micropolitan Statistical Area Standards do not equate to an urban—rural
classification; many counties included in Metropolitan and Micropolitan Statistical Areas,
and many other counties, contain both urban and rural territory and populations.”6 Using
large areas to define what is urban and rural could result in misclassification and errors in
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measuring vaccination differences between these places. This reinforces the need to examine
HPV vaccination coverage across the rural-urban continuum using more granular data than
county.

In this study, we analyzed data from NIS-Teen to examine associations between HPV
vaccination uptake and rural and urban residence measured at the ZIP Code level. We also
examined whether vaccine uptake in rural and urban places was modified by area-based
poverty. To our knowledge, this study is among the first studies to examine the relationship
between HPV vaccine initiation and 3-dose completion for teens by urban and rural
residence for the entire US using data that are more granular than county-level data.

Materials and Methods

Study Design

Measures

We analyzed the restricted-use data of the NIS-Teen, a yearly survey managed by the CDC
to track vaccination levels throughout the US. The NIS-Teen includes data on adolescents
aged 13-17 from all 50 states plus the District of Columbia, and it is a stratified sample that
represents data from across the US. It uses a random-digit-dialed sample with both landline
and cellular telephones, and the survey respondents are the teens’ parents or guardians who
provide sociodemographic and vaccination-related information for their children and
relevant health care providers. Parents consented to the provider verifying the teen’s
vaccination records with the survey team.

We examined data from the 2012 and 2013 NIS-Teen. The dataset included a total of 34,931
boys and 31,843 girls with completed surveys. Of the teens in the survey, 20,355 (58.2%)
boys and 18,350 girls (57.6%) had provider-verified vaccination records. Approximately 4%
of the provider-verified records were excluded because of missing ZIP Codes (0.5%) or
values (3.5%). There was no evidence of differences between survey participants included
and excluded in the study by any of the individual-level or ZIP Code Tabulation Area
(ZCTA) geographic measures. The final analytic dataset consisted of 17,596 girls and 19,518
boys with provider-verified vaccination data.

Individual Level—Two HPV vaccination outcomes were examined: 1) initiation—receipt
of at least 1 dose of the HPV vaccine; and 2) completion—receipt of 3 doses of HPV
vaccine (prior to 2016 the vaccine was delivered in 3 doses). Individual-level and
sociodemographic characteristics shown to be associated with HPV vaccination initiation
and completion were included in the statistical models: teen’s age in years; race/ethnicity
(non-Hispanic white; non-Hispanic black; Hispanic; and others); health insurance coverage
(employer or union; Medicaid or the State Children’s Health Insurance Program; military or
Indian Health Service; and no health insurance); household income/poverty (high income
[annual income >$75,000]; moderate income [annual income <$75,000]; below poverty,
calculated from Census poverty thresholds’; and unknown poverty status); mother’s age
(<34 years; 35-44; or 245); and mother’s highest level in school (<12 years; 12 years with
high school diploma or general equivalency diploma; >12 years with no college degree; or
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college degree or higher). In addition, we included the facility type reported by providers of
where vaccines were administered as a health care system factor (all private facilities; all
public facilities; all hospital facilities; all STD/school/teen clinics or other facilities; mixed
facilities; and unknown).

Rural and Urban Measures—We used the 2010 Rural-Urban Commuting Area (RUCA)
codes to define urban and rural places at the ZCTA level.18-20 RUCA codes classify census
tracts based on measures of population density, urbanization, and daily commuting flows.
RUCA codes summarized by ZCTAs are assigned from census tracts using a geographic
intersection procedure that was completed by the WWAMI Rural Health Research Center.21
There are 33 RUCA codes that can be aggregated in different ways to delineate
metropolitan, micropolitan, small town, and rural areas. We aggregated RUCA codes into 2
separate categorizations: 1) urban focused [1.0, 1.1, 2.0, 2.1, 3.0, 4.1, 5.1, 7.1, 8.1,10.1],
large rural city/town focused [4.0, 4.2, 5.0, 5.2, 6.0, 6.1], small rural town focused [7.0, 7.2,
7.3,7.4,8.0,8.2,8.3,84,69.0,9.1, 9.2], and isolated small rural town focused [10.0, 10.2,
10.3, 10.4, 10.5, 10.6]; and 2) urban and rural. The binary urban/rural categorization is based
on the aggregation of the 3 rural categories into 1 category.18 These 2 categorizations are
defined on the WWAMI Rural Health Research Center website and have been used regularly
in health research. The WWAMI Rural Health Research Center website states that “the
advantage of this definition is that it splits urban and rural in approximately the same way as
does the OMB Metro definition but at the sub-county level, and it divides rural into three
relevant and useful categories.”22

Using the 2008-2012 US Census American Community Survey, we developed 2 additional
ZCTA-based socioeconomic and geographical contextual measures.18 The percentage of the
population living below the poverty line was developed to assess area-based socioeconomic
deprivation. Area-based socioeconomic measures, such as poverty, describe a geographic
area (eg, ZCTA, tract) in which a person lives that could impact access to health care and
resources.2324 An area measure such as poverty has shown to be independently associated
with various health outcomes.2%26 Poverty was grouped according to the percentage of the
total population living below the federally defined poverty threshold in the ZCTA: <.05%,
5.0%-9.9%, 10.0%-19.9%, and >20.0%.

We also included population density (defined as total population divided by area) by ZCTA.
Population density has been used to indicate urban-rural residence,28:29 crowding,” and the
built environment.28 Furthermore, unlike RUCA and census measures of rural/urban that are
available only every decade and created from the decennial census, population density is
available continuously in the American Community Survey. Using population density
provides flexibility when measuring trends in outcomes between decennial censuses. For
this study, we divided population density into quartiles based on the nationwide distribution
of the population density values (Q1 1-20, Q2 21-71, Q3 72-651, Q4 >651 people per
square mile).
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Statistical Analysis

Results

Girls

We combined NIS-Teen data for 2012 and 2013 using suggested methods and applied
provider-verified sampling weights to estimate percentages and effect estimates.29 We
performed bivariate association tests for variables and the primary outcomes with Wald chi-
square tests. Weighted multivariable logistic regression was used to identify geographic
variables associated with the primary outcomes.

The multivariable models produced adjusted odds ratios (AORs) and 95% confidence
intervals (Cls). For each outcome, we estimated 3 separate multivariable models that
included all the individual-level variables, the 2 provider factors, ZCTA poverty, plus 1 of 3
urban—rural measures developed for this study (RUCA 4 category, RUCA 2 category,
population density). Joint contributions of ZCTA poverty and urban and rural were assessed
with interaction terms. Models also included the participants’ state of residence as a random
effect to adjust for homogeneity by state (eg, state-based programs that might affect HPV
vaccination from that state).

Bivariate associations between HPV vaccine outcomes and independent variables were
examined using SAS 9.3 Proc SurveyFreq.39 Models were estimated using generalized
linear models (SAS 9.3 PROC GLIMMIX).3! Dichotomous outcomes (initiation,
completion) were estimated assuming a binomial distribution with a logit link (eg, logistic
regression). Models accounted for the survey stratum and weights. The results for the
individual-level variables were previously published32:33: therefore, in this manuscript the
tables/figures include only the geographic variables.

A total of 17,596 girls and 19,518 boys, 13-17 years of age, had adequate provider data in
the 2012-2013 NIS-Teen and were included in the study (Tables 1 and 2).

In 2012-2013, 55.6% of girls initiated and 35.3% completed the vaccine. Approximately
26.1% of girls in the study population lived in the poorest ZIP Codes (20% or more residents
living below the poverty line), while 12.8% lived in the least impoverished areas (0%-4.99%
living below the poverty line). Sixty-one percent of girls living in the poorest ZIP Codes and
54.8% of girls living in the least impoverished ZIP Codes initiated the vaccine. Most girls in
the study population lived in urban areas (89.1%) and in places with population densities
more than 651 people per square mile (quartile 4; 60.3%).

Based on the chi square tests, ZCTA poverty was associated with HPV vaccine initiation but
not completion (Table 1). After combining rural towns into one grouping, we found rural
and urban residencies were associated with vaccine completion: 35.9% of urban girls, 31.2%
of rural girls, 30.0% of girls in isolated small rural towns, and 35.9% of girls in urban-
focused areas completed the vaccine series.

While other measures of rural residence were significant only for vaccine completion,
population density was significantly associated with both initiation and completion. The
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least populous areas (1-20 per square mile) had the least vaccine initiation (48.3%) and
completion (26.1%), while the most populous areas (>651 per square mile) had the most
initiation (57.1%) and completion (36.6%).

Figure 1 summarizes the AORs from the multivariable logistic regression models and the
bivariate (crude) ORs. In both the bivariate (crude ORs) and multivariable analyses that
included individual-level factors, provider factors, and ZCTA poverty, none of the RUCA
urban—rural measures were associated with HPV vaccination initiation. The crude odds were
significantly lower for girls from isolated small rural towns, small towns, and the combined
rural category, compared to girls from urban areas for vaccine completion. However, the
only variable that remained statistically significant in the multivariable analyses was small
rural towns.

The adjusted odds of completion among girls from small rural towns were lower (AOR 0.74,
95% CI: 0.60-0.91) than for girls living in urban areas. In addition, girls from the least
population-dense areas had statistically significantly lower odds of HPV vaccination
initiation (AOR 0.81, 95% CI: 0.67-0.99) and completion (AOR 0.74, 95% ClI: 0.60-0.91)
than their counterparts living in the densest areas.

The interaction terms—ZCTA poverty and urban-rural residence—were statistically
significant for both HPV vaccination initiation and completion. Poorer girls from rural areas
had lower odds of initiation (AOR 0.79, 95% CI: 0.65-0.94) and completion (AOR 0.72,
95% CI: 0.59-0.88) than did their urban poor counterparts. Comparisons between the girls
living in the poorest versus wealthiest rural areas indicated no significant differences for
both outcomes, and this was also true for the poorest urban areas when compared to the
richest urban areas. However, girls from the highest poverty category (>20%) living in rural
areas indicated lower odds of both initiation (AOR 0.72, 95% CI: 0.53-0.99) and completion
(AOR 0.69, 95% CI: 0.49-0.96) compared to girls from the second-lowest poverty category
(5.00%-9.99%) living in rural areas. Figure 2 summarizes the model-adjusted percentage of
girls who initiated HPV vaccination and completed the series based on the interaction.

The characteristics of the study population and results for the bivariate analysis of ZCTA
variables for boys are presented in Table 2. Among the boys, 27.9% initiated the vaccine,
and 10.4% received 3 or more doses of the vaccine in 2012-2013. Approximately 24.9% of
boys lived in the poorest ZIP Codes, while 13.5% lived in the least impoverished areas.
Based on a chi square test, ZCTA poverty was associated with vaccine initiation and
completion. We found that 34.8% of boys from the most impoverished ZIP Codes and
24.4% of boys in the least impoverished ZIP Codes initiated the vaccine, while 12.9% of
boys from the most impoverished ZIP Codes and 9.01% from the least impoverished ZIP
Codes completed the series.

Most boys in the study population (89.0%) lived in urban areas and places with population
densities of 651 or more persons per square mile. Based on a chi square test (Table 2),
residence type defined by RUCA codes was statistically significantly associated with both
vaccine initiation and completion. More boys in urban areas initiated (28.7%) and completed
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(10.7%) the vaccine than did boys in isolated small rural towns (17.3% initiated and 5.31%
completed). After combining the rural variables into 1 variable, urban boys still initiated
(28.7% vs. 18.3%) and completed (10.6% vs. 5.95%) the vaccine more than rural boys did.
In addition, 19.3% of boys initiated the vaccine in the least dense areas, compared to 31.2%
in the most population dense areas. Similarly, fewer boys in less dense areas (8.10%)
completed the vaccine than did boys in more dense areas (11.4%).

Figure 1 summarizes the AORs from the multivariable logistic regression models and the
bivariate (crude) ORs. In both bivariate and multivariable analyses that included individual-
level factors, provider factors, and ZCTA poverty, RUCA-based urban and rural measures
were significant in boys for both vaccine initiation and completion. We found that boys
living in large rural towns (AOR 0.67, 95% CI: 0.57-0.79), small rural towns (AOR 0.67,
95% CI: 0.54-0.84), and isolated small rural towns (AOR 0.68, 95% CI: 0.52-0.88) had
lower odds of HPV vaccine initiation and completion, compared to boys living in urban
places (Figure 1). After collapsing the 3 levels of rural towns, RUCA urban and rural
measures were still significant for both initiation and completion. The odds of initiation and
completion among boys from rural areas were 0.67 (95% CI: 0.59-0.77) and 0.66 (95% CI:
0.54-0.80) times lower, respectively, than for boys in urban areas.

The interaction terms—ZCTA poverty and urban-rural residence—were statistically
significant for both initiation and completion. Boys from rural areas with the highest rates of
poverty had lower odds of initiation (AOR 0.61, 95% CI: 0.49-0.75) and completion (AOR
0.36, 95% CI: 0.24-0.53) than did their urban poor counterparts. Comparisons between the
boys living in the poorest versus wealthiest rural areas indicated no significant differences
for both outcomes, and this was similar for the poorest urban areas compared to richest
urban areas for initiation. However, boys from poor urban areas had higher odds (AOR 1.26,
95% CI: 1.04-1.52) of HPV vaccination completion than boys from wealthy urban areas
had. The model-adjusted percentage of boys who initiated HPV vaccination and completed
the series is summarized in Figure 2.

Discussion

The goal of this study was to examine associations between HPV vaccination uptake and
rural and urban residence and poverty measured at the ZIP Code level. We found that while
rural girls complete the HPV vaccine less often than urban girls, after controlling for
individual, provider, and ZCTA poverty factors, this association was no longer significant. In
contrast, after controlling for these factors in boys, rural boys continued to have lower odds
of both vaccine completion and initiation than urban boys had.

Rural residents face distinctive challenges, such as travel distance, transportation problems,
and inability to take time off from work, to accessing preventive health care. Also, the
limited provider networks within rural areas?? may negatively affect using preventive health
services, particularly for services identified with sexual activity.3* As the HPV vaccine
required 3 doses up until 2016, barriers to returning to the clinic multiple times could be at
play in rural areas where transit times are longer and there are fewer available modes of
transportation than in urban areas. This could explain why rural boys and girls are not
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completing the vaccine series as often as those living in urban areas. With the recently
reduced dose recommendation, completion rates for both sexes could be improved since they
will make fewer trips to the doctor.

Additionally, some research has reported specific cultural values, such as fatalism, within
rural populations that can challenge health care delivery in those settings.3%36 Rural
individuals generally have been shown to have lower incomes,3” less educational attainment,
36 and higher rates of being uninsured than their urban counterparts,38 which may be
associated with poorer health literacy and disparate health outcomes in rural areas.37+3°
Regarding health literacy specific to HPV, Mohammed and associates found that rural
residents have less knowledge and awareness of HPV and the HPV vaccine, including less
awareness of HPV causing cervical cancer.40 These factors may affect rural residents’
acceptance of new vaccine recommendations and vaccine completion.

Interestingly, there seems to be less difference in childhood vaccination rates for the tetanus,
diphtheria, and pertussis (Tdap) and the influenza vaccines between rural and urban
children. This is in spite of Tdap being required for school attendance in all states but
Hawaii, while influenza is not required in most states.*! For the meningococcal ACWY
vaccine, however, there was a difference between rural and urban areas, even though it is
required in 30 states plus the District of Columbia.*2-44 While the Walker and colleagues
2017 study*2 showed differences in rural-urban vaccination coverage, their data were based
on county-level measures rather than ZIP-Code-level measures as this study has used. More
evaluation is needed at the ZIP Code level or smaller geographies (eg, census tract) to
determine if this geographic difference exists between mandatory vaccines. A study
examining HPV vaccination in the Intermountain West region found that receipt of the Tdap,
influenza, or meningitis vaccine was associated with an increased prevalence of receiving
the HPV vaccine.*® This could be due to parental acceptance of vaccines generally or
provider recommendation leading to acceptance of the HPV vaccine. Additionally, as there
are fewer pediatricians in rural areas, adolescents may be seeking care from providers not as
familiar with vaccine recommendations, and thus not receiving multiple recommended
vaccines.*6 The differences in coverage among other vaccines that the CDC has
recommended for all children longer than the HPV vaccine could indicate that
recommendation implementation differences are due less to novelty of the recommendation
and more to geographical variations in attitude and culture, or a combined effect of health
literacy, access to care, and education.

A possible explanation for our findings of lower HPV vaccination in rural areas is that fewer
rural teens might have received a provider recommendation for their first HPV vaccination
dose than urban teens. A post-hoc examination of our sample indicated that in fact the
proportion of teen girls (56.7% 95% ClI: 53.5-60.0) and boys (27.7 95% CI: 25.1-30.2) in
rural areas with a provider recommendation was lower overall than teen girls (64.1% 95%
Cl: 62.6-65.6) and boys (36.0 95% ClI: 34.6-37.4) in urban areas. Further research is needed
to examine the differences in provider recommendations in rural versus urban areas at the
ZIP Code level.
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As HPV is a sexually transmitted infection, differences in attitudes about sexual activity
between rural and urban parents could explain differences in vaccination. With regard to
attitudes about sexual activity, fear of sexual disinhibition has been touted as a reason for
parents to refuse the vaccine.4” One study found that parents who self-identify as politically
conservative are more likely to believe that the HPV vaccine will lead to increased sexual
activity in their daughters.* As more rural areas tend to be more politically conservative, a
concern about sexual disinhibition could explain differences in vaccination rates.?

Of note, population density was significantly associated with vaccine initiation and
completion for boys and girls, which persisted in multivariable analyses even after
controlling for poverty. We are unsure why boys and girls living in the most densely
populated areas were most likely to initiate and complete the vaccine; however, this finding
provides further support of rural-urban disparities in HPV vaccination.

In examining the interaction between poverty and rural and urban areas, the results indicated
that boys and girls living in poor rural areas had lower odds of vaccine initiation and
completion than their counterparts living in poor urban areas had, suggesting that residence
rather than poverty alone may be more important in vaccination compliance. Urban areas
often have more community health centers and vaccine programs that target low-income
populations, as well as public transit systems that provide low-income residents cost-
effective and time-efficient modes of accessing health care, which rural areas lack.

Limitations and Strengths

This study has several limitations. First, the overall household response rate for 2012 and
2013 combined was approximately 36.7% (53.5% for the landline and 23.7% for the cell
phone samples), and only 61.1% of landline-completed and 55.1% of cellphone-completed
interviews had adequate provider data verifying vaccination. Because non-responders might
have answered the survey differently than responders, the NIS-Teen survey is adjusted for
household and provider nonresponse and phoneless households. Despite survey adjustments
and sample weighting to minimize nonresponse and non-coverage, bias in estimates might
remain. Second, provider nonresponse is accounted for in the sampling weights. However,
the use of provider-verified immunization records may have led to an underestimation of
vaccination coverage, as these records from providers may have been incomplete. We also
do not know whether certain types of facilities might be more likely to keep more complete
records or whether this might vary in urban versus rural areas. We did, however, examine
whether there were differences in the distribution of records with and without adequate
provider data by rural/urban, population density, area poverty, and facility type. No
differences were noted between survey participants with and without provider-verified
vaccine reports for ZCTA poverty or facility type. Differences were noted for rural/urban
residence, but the survey data showed that the proportion of teens with adequate provider
data was higher among participants in rural areas compared to urban (rural girls 59.5%, 95%
Cl: 57.0-61.9 to urban girls 56.8%, 95% CI: 55.7-57.9 and rural boys 63.7%, 95% CI:
61.4-65.9 to urban boys 58.1%, 95% CI: 57.0-59.1). Third, this study examines 2 years of
data, 2012 and 2013, just as the recommendation to vaccinate boys went live in 2011. While
this study captures the early trends that could be applied to future new vaccination programs,
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it does not expand on the trend over time as the recommendation becomes more widely
adopted. Finally, while the NIS-Teen survey data are available publicly, the ZIP Codes are
restricted variables; therefore, adding additional years of data was limited by data access
restrictions for the study protocol approved by the Research Data Center. Despite these
limitations, the strengths of this study include the use of provider-verified HPV vaccination
data from the largest nationally representative sample of teens in the US and the use of
participant ZIP Codes, a restricted NIS-Teen variable, to assess HPV vaccination uptake
among teens living in urban and rural places.

In conclusion, rurality was a significant factor in teens’ initiation and completion of the HPV
vaccine, particularly for boys, which may be exacerbated by poverty. This study provides the
foundation for targeted interventions for both urban and rural teens and highlights the need
to improve access to health care programs for poor and rural adolescents in the US. More
research is necessary to better understand the factors contributing to the lower HPV
vaccination rates in rural areas and to identify interventions to increase rates.
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Figure 1.

Adjusted Odds Ratio (95%Cl)

Adjusted Odds of Initiation (Receipt of at Least 1 Dose) and Completion (Receipt of =3
Doses) Among Boys (top) and Girls (bottom) Aged 13 to 17 Years and Their Families:
National Immunization Survey — Teen, 2012-2013.
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Figure 2.
Model Adjusted Percent of Girls (top) and Boys (bottom) That Initiated HPV Vaccination

and Series Completion (receipt of >3 doses) by ZCTA Poverty and Urban and Rural
Residence. The adjusted percentages are based on multivariable logistic regression models.
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Geographica Characteristics of HPV Vaccine Initiation (Receipt of at Least 1 Dose) and Completion (Receipt
of >3 Doses): Teen Girls Aged 13 to 17 Based on Responses From the National Immunization Survey-Teen,

2012-2013
Characteristics Survey Weighted % (95% | P value | Weighted % (95% | P value
Participants, n Cl), Vaccine ClI), Vaccine =3
weighted % Initiation (Yes) Doses
Total 17596 | 55.6 (54.3 - 56.9) 35.3 (33.5-37.2)
Geographic Measures by ZIP Code
ZIP Code Poverty (% below poverty) .0002 .3540
(POVERTY1Z)
1 - 0-4.99 %, least impoverished 2508 (12.8) | 54.8 (51.7 - 58.0) 36.3(33.3-39.3)
2-5-9.9% 4621 (23.9) | 54.4 (51.7-57.0) 36.1 (33.5 - 38.8)
3-10-19.9% 6422 (37.2) | 53.2 (51.0 - 55.4) 33.9(31.8-35.9)
4 - 20+%, poorest 3841 (26.1) 61.2 (58.3 - 64.0) 36.5 (33.6 — 39.5)
Residence Type (RUCA) .1499 .0018
Isolated Small Rural Town 868 (2.23) 51.0 (44.5-57.5) 30.0 (24.6 - 35.3)
Small Rural Town 870(3.02) | 50.2(44.4-56.1) 26.8 (22.1 - 31.6)
Large Rural Town 1486 (5.67) 55.9 (51.3-60.5) 34.0(29.5-38.5)
Urban focused 14262 (89.1) | 56.0 (54.6 — 57.5) 35.9 (34.5 - 37.4)
Residence Type (RUCA) 1331 .0049
Rural 3224 (10.9) | 53.3(50.1-56.5) 31.2(28.3-34.1)
Urban 14262 (89.1) 56.0 (54.6 — 57.5) 35.9 (34.5-37.4)
Population density, (Quartiles) .0033 .0002
1.1-20 per sq mile 1301 (3.20) 48.3 (42.7 - 54.0) 26.1(21.9-30.3)
2. 21-71 per sq mile 2236 (9.16) | 51.6(48.2-55.2) 32.3(29.0 - 35.6)
3. 72-651 per sq mile 4891 (27.3) | 549 (52.4-57.4) 34.8(32.3-37.2)
4. >651-203,546 per sq mile 9058 (60.3) | 57.1(55.3-59.0) 36.6 (34.8 — 38.5)

aGeographic level: ZCTA ZIP Code Tabulation Areas

J Rural Health. Author manuscript; available in PMC 2020 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Swiecki-Sikora et al.

Table 2.

Page 17

Geographica Characteristics of HPV Vaccine Initiation (Receipt of at Least 1 Dose) and Completion (Receipt
of >3 Doses): Teen Boys Aged 13 to 17 Based on Responses From the National Immunization Survey-Teen,

2012-2013
Characteristics Survey Weighted % (95% CI), | P value Weighted % P value
Participants, n Vaccine Initiation (95% CI),
weighted % (Yes) Vaccine =3 Doses
Total 19,518 27.9(26.6 - 29.2) 10.4 (9.48-11.3)
Geographic Measures by ZIP Code
ZIP Code Poverty (% below poverty) <.0001 .0217
(POVERTY1Z)
1 - 0-4.99%, least impoverished 2981 (13.5) 24.4 (216 -27.1) 9.01 (7.01 - 11.0)
2-5-9.9% 5192 (25.2) 25.5(23.3-27.8) 9.52 (8.07 - 11.0)
3-10-19.9% 7170 (36.4) 25.3(23.2 - 27.4) 9.14 (7.82 - 10.5)
4 - 20+%, poorest 4070 (24.9) 34.8 (32.0 - 37.6) 12.9 (10.8-15.1)
Residence Type (RUCA) <.0001 <.0001
Isolated Small Rural Town 964 (2.32) 17.3 (13.5-21.2) 5.31(3.33-7.30)
Small Rural Town 938 (3.07) 18.7 (13.9 - 23.9) 5.50 (3.32 — 7.67)
Large Rural Town 1715 (5.66) 18.6 (15.6 — 21.5) 6.45 (4.69 - 8.21)
Urban focused 15799 (89.0) 28.7 (27.4 - 30.1) 10.7 (9.74 - 11.6)
Residence Type (RUCA) <.0001 <.0001
1. Rural 3617 (11.0) 18.3 (16.2 — 20.5) 5.95 (4.78 — 7.11)
2. Urban 15799 (89.0) 28.7 (27.4-30.1) 10.7 (9.74 - 11.6)
Population density, (Quartiles) <.0001 <.0001
1. 1-20 per sq mile 1472 (3.25) 19.3 (15.5-23.1) 8.10 (5.08 - 11.1)
2. 21-71 per sq mile 2516 (10.3) 20.4 (17.1-23.7) 5.63 (3.99 — 7.28)
3. 72-651 per sq mile 5504 (27.0) 23.4(21.2 - 25.6) 9.44 (7.79-11.1)
4. >651-203,546 per sq mile 9924 (59.5) 31.2 (29.4 - 32.9) 11.4 (10.2 - 12.6)

aGeographic level: ZCTA ZIP Code Tabulation Areas
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