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Introduction

According to the Centers for Disease Control and Prevention (CDC) (2016), the human
papillomavirus (HPV) is the most common sexually transmitted infection in the United States and
it is estimated that approximately 90% of sexually active individuals will be infected at some point
in their life. HPV can cause genital warts (from the low-high HPV strain) and cervical, anal,
oropharynx, penile, vaginal, and vulvar cancers (from the high-risk HPV strain). Among adults,
low levels of education and higher levels of poverty are associated with increased incidence rates
of invasive HPV-associated cancers: cervical, penile, and vaginal (Benard et al., 2008) (Brisson,
Drolet, & Malagén, 2013).

HPV and its associated health outcomes can be prevented through the completion of the
HPV vaccine, a three-dose series developed in June 2006. The doses are administered over a six
month time-period (0, 2, 6 months) (“HPV Vaccine Administration | Human Papillomavirus
Vaccination | CDC,” 2017) . Currently, there are three types of HPV vaccines: Cervarix, Gardasil,
Gardasil-9. They protect against two, four, and nine types of HPV, respectively. All of them
protect against HPV 16 and 18, which are high risk strains and are responsible for most HPV-
associated cancers (National Institutes of Health, n.d.). In mid-2006, the Advisory Committee on
Immunization Practices (ACIP) announced a recommendation that added the HPV vaccine to the
routine immunization schedule for girls aged 9 to 26 years. In 2011, the ACIP included boys aged
9 to 21 years to its routine HPV vaccination recommendation (Centers of Disease Control and
Prevention, 2016). Males who identify as gay, bisexual, transgender, have sex with other males,
or have an immunocompromising condition are recommended through age 26 (Centers of Disease

Control and Prevention, 2016¢).



As of 2016, ACIP altered the recommendation a two-dose HPV vaccine for adolescent
females and males aged 11 or 12 (Meites, Kempe & Markowitz, 2016). Individuals who initiate
prior to their 15" birthday is recommended for two doses. Those initiating on or after their 15
birthday is recommended to receive the full three dose series (Meites, Kempe & Markowitz, 2016).

In 2016, the CDC estimated that 65% and 56% of girls and boys, respectively have initiated
the series. However, only 43% of adolescents have completed the entire vaccination series (Centers
of Disease Control and Prevention, 2017). Healthy People 2020 objectives aim to increase
coverage of at least three doses of the HPV vaccine to 80% for adolescent males and females aged
13 to 15 years. However, as of 2014, 39.7% and 21.6% of adolescent females and males,
respectively, received at least three doses of the vaccine series (“Vaccination Coverage | NIS Teen
| 2014 Maps by State | CDC,” 2017). Increasing access and use of the HPV vaccine series remains
an important public health goal. Full vaccine coverage would substantially reduce disease burden

and associated health care costs.

Background

Fundamental Cause Theory

The HPV vaccine is an example of a medical intervention created to reduce HPV associated
conditions. For example, the HPV vaccine has reduced cervical cancer incidence and mortality,
which in the past was the leading cause of cancer death among women in the United States
(National Institutes of Health, n.d.). However, the American Cancer Society estimates that 13,240
women will be newly diagnosed and 4,170 will die from cervical cancer in 2018 (American Cancer
Society, 2018). A majority of cervical cancer cases were among minority and/or low
socioeconomic status women. Non-Hispanic Black (11.3 per 100,000) and Hispanic (13.8 per

100,000) women have higher incidence rates than non-Hispanic White women (8.5 per 100,000)



(National Cancer Institute, n.d.). Similarly, racial and ethnic minorities are more likely to die from
cervical cancer. Non-Hispanic Black women have the highest mortality rate (4.9 per 100,000)
compared Hispanic (3.3 per 100,000) and non-Hispanic white women (2.3 per 100,000) (National
Cancer Institute, n.d.). These disparities among minority women and/or women of lower
socioeconomic status can be attributed to a variety of factors such as lack of healthcare coverage,
knowledge, health literacy, access to primary care and/or diverse and culturally competent health
care providers.

Though cervical cancer does not affect males, they are equally susceptible to low and high-
risk HPV in the form of genital warts and cancers of the oropharynx, anus, mouth, and penis. The
prevalence of low and high risk HPV is higher among adult males compared to adult females.
More recently, research has shown that oropharyngeal cancer among males has increased nearly
300 percent in the past 40 years; there are approximate 12,638 new cases among males compared
to 3,100 new cases among women every year (Sonawane et al., 2017). In fact, the incidence of
oropharyngeal cancer has surpassed the incidence of cervical cancer, making oropharyngeal cancer
the most common HPV associated cancer in the United States (Sonawane et al., 2017).

According to Phelan, Link, and Tehranifar (2010), the Fundamental Cause Theory was
developed to explain health and mortality disparities related to socioeconomic status. Despite
modern advancements in disease prevention and risk reduction the association between
socioeconomic status, adverse health outcomes, and mortality persists (Link & Phelan, 1995).

The Fundamental Cause Theory consists of four key features: [1] socioeconomic positions
influences multiple diseases; [2] socioeconomic position is linked multiple proximate risk factors
for these diseases; [3] the accessibility of resources that can reduce risks or can minimize the

effects of disease once it occurs; [4] the association between a fundamental cause and health can



be replicated over time through the replacement of intervening mechanisms (Phelan, Link, &
Tehranifar, 2010). HPV is a proximate risk factor for genital warts and HPV-associated cancers
and the Fundamental Cause Theory predicts the onset of these health conditions and cancers by
access to preventative methods, such as the HPV vaccine.

In this study, I will test the Fundamental Cause Theory on adolescent male and female
HPV vaccine utilization. The HPV vaccine is a medical intervention that is administered during
adolescence and is the potential to reduce risk of genital warts and a variety of cancers affecting
adult males and females. It can also produce socioeconomic position and race/ethnicity disparities
in the incidence and mortality of HPV-associated conditions and cancers. The HPV vaccine can
serve as an empirical test of the Fundamental Cause Theory because it introduces a shift in
treatment and knowledge of HPV associated conditions and cancers. Prior to its debut in 2006,
there were not any preventative methods for HPV. Second, given that the HPV vaccine is
recommended for adolescents, the access and receipt of the vaccine is dependent upon the
knowledge, consent, and socioeconomic status of their parents. Third, the vaccine is a one-time
intervention (after completion of three dose series within six months) that is capable of preventing
genital warts and HPV-associated cancers unlike other screenings such as the pap smear which
requires regular adherence (Polonijo & Carpiano, 2013).

It was expected that the HPV vaccination would significantly reduce the incidence of
cervical cancer and other HPV associated cancers (“American Cancer Society Guideline for
Human Papillomavirus (HPV) Vaccine Use to Prevent Cervical Cancer and Its Precursors - Saslow
- 2007 - CA: A Cancer Journal for Clinicians - Wiley Online Library,” n.d.). However, groups
with lower socioeconomic position and/or are racial-ethnic minorities are disproportionately

affected by HPV and its associated conditions and cancers. It is assumed that they would benefit



the most from the vaccine, however they are the least likely to utilize the vaccine (Downs, Scarinci,
Einstein, Collins, & Flowers, 2010).

Polonijo and Carpiano (2013), tested the Fundamental Cause Theory in adolescent HPV
vaccination inequalities, by focusing on the impact of socioeconomic position and race/ethnicity
on HPV vaccination. They analyzed the association of socioeconomic position and race/ethnicity
with parental knowledge of HPV, receipt of healthcare provider recommendation, and vaccination
uptake (initiation and completion).

Prevalence of Adult HPV

In 2011-2014, the prevalence of any oral HPV (low risk and high risk) was 7.3% among
adults aged 18 to 69 years, with 11.5% prevalence among males and 3.3% among females. In
regard to high-risk oral HPV, the prevalence is 4% among all adults and 6.8% among males and
1.2% among females (McQuillan, 2017). Overall, non-Hispanic Asian adults had a lower
prevalence of high-risk oral HPV (1.7%) and among males (2.3%) compared to non-Hispanic
White adults (4.2% overall and 7.3% males), non-Hispanic Black adults (4.3% overall and 7.5%
males), and Hispanic adults (3.4% overall and 5.4% males) (McQuillan, 2017).

Likewise, in 2011-2014, the prevalence of genital HPV was 42.5% among adults 18 to 69
years and males had a higher prevalence (45.2%) than females (39.9%). Non-Hispanic Black
adults has the highest prevalence compared to other racial-ethnic groups (64.1%) (McQuillan,
2017).

The prevalence of high-risk genital HPV was 22.7% among adults aged 18 to 69 years. The
male prevalence was higher (25.1%) compared to females (20.4%). The prevalence of high-risk
HPV is highest among all non-Hispanic Black adults (33.7% overall and 40.3% male) compared

to non-Hispanic White adults (21.6% overall and 24.7% males), Hispanic adults (21.7% overall



and 21.8% males), and non-Hispanic Asian adults (11.9% overall and 12.2% males) (McQuillan,
2017).

The Role of Family Income on HPV Vaccine Utilization

Per the Fundamental Cause Theory, it is expected that adolescents with lower family
incomes would decreased utilization of the HPV vaccine compared to adolescents with higher
family income. Niccolai et al. (2011) findings suggest that adolescents with family incomes below
the federal poverty line (FPL) were less likely to initiate the vaccine series compared to adolescent
with family incomes greater than $75,000. This study observed adolescent females aged 13 to 17
years using the 2008 and 2009 National Immunization Survey-Teen (Niccolai, Mehta, & Hadler,
2011). Polonijo and Carpiano, (2013), analyzed the association of household income on HPV
vaccine knowledge, receipt of provider recommendation, initiation, and completion of the HPV
vaccine series using the same income levels as Niccolai et al. (2011): below poverty level, greater
than poverty level but less than or equal to $75,000, and greater than $75,000. Using the 2008,
2009, and 2010 National Immunization Survey-Teen, Polonijio and Carpiano also found a positive
correlation between household income and HPV vaccine initiation and completion, as well as,
HPV vaccine knowledge and receipt of provider recommendation (Niccolai et al., 2011) (Polonijo
& Carpiano, 2013).

On the contrary, Previous research suggests that low-income mothers view the HPV
vaccine positively because they have had personal experiences with cervical cancer (Perkins,
Pierre-Joseph, Marquez, Iloka, & Clark, 2010) (Gainforth Heather L., Cao Wei, & Latimer-
Cheung Amy E., 2012). According to Jeudin et al. (2014), women who are living below the FPL
have higher prevalence of HPV (56.5%) compared to women who live above the FPL (39.7%)

(Hariri et al., 2011). In addition, women living below the FPL are more likely to be diagnosed with



late-stages of cervical cancer and they are less likely to survive being diagnosed with a metastatic
disease (Jeudin, Liveright, del Carmen, & Perkins, 2014). These findings influenced the study’s
hypotheses.

The Role of Healthcare Providers

Similarly to parents and guardians, healthcare providers also play an integral role in
adolescent HPV vaccination uptake as they can present barriers, implicitly or explicitly, that
negatively impact the uptake of the HPV vaccine among adolescents. Barriers include inconsistent
knowledge of the HPV vaccine among healthcare providers (Perkins & Clark, 2012) (Saraiya,
Rosser, & Cooper, 2012), lack of understanding of the association between HPV and genital warts
and/or the association between HPV and non-cervical cancers (Perkins & Clark, 2012) (Saraiya et
al., 2012).

Previous research has found that collaborative communication between providers and
parents of adolescent girls improve the likelihood of HPV vaccination uptake (Moss, Gilkey,
Rimer, & Brewer, 2016). Moss et al. (2016), found that 53% of parents who completed the 2010
NIS-Teen survey for their daughters reported having collaborative communications with their
providers. This revealed that there were vast disparities in patient-provider collaborative
communication. It was less likely to occur in underserved groups which accounted for differential
utilization of the vaccine among adolescent girls. Patients who were poor, less-educated, Spanish
speaking, southern, lived in rural areas, with non-privately insured parents, and identified as
Hispanic reported less collaborative communication (Moss et al., 2016).

The need for increased uptake of the HPV vaccine has generated research centered around
immunization quality improvement in regards to adolescent health and cancer prevention (Gilkey

etal.,2016). The literature suggests that receipt of provider recommendation is a stronger indicator



of vaccine initiation relative to race/ethnicity, health insurance coverage status, knowledge of the
HPYV vaccine, and attitudes around the vaccine’s safety and effectiveness (Gilkey et al., 2016). In
fact, provider recommendation of the vaccine accounts for 70% of adolescent initiation of the
series (Dorell, Yankey, Santibanez, & Markowitz, 2011).

Gilkey et al. (2016), investigated the association of provider recommendation quality (no
recommendation, low-quality, or high-quality) and found that 48% of parents in the study (N=
1495) were not recommended the vaccine. They found that parents who received high-quality
recommendations from provider had nine times the odds of initiating the series and three times the
odds of completing the series compared to parents who did not receive a recommendation (Gilkey
et al.,, 2016). As expected, they also found that parents who received a low-quality
recommendation had four times the odds of initiating compared to parents who did not receive a
recommendation, however, the odds of completing the series were not statistically distinguishable
(Gilkey et al., 2016).

HPV Vaccine Effectiveness and Dosage

The HPV vaccine is highly effective in preventing HPV types if received prior to exposure
to the virus. Given the high prevalence of HPV, vaccines must be delivered prior to the onset of
sexual activity, which on occurs at age 17.3 and 17 for females and males, respectively (Chandra,
Martinez, Mosher, Abma, & Jones, 2005) (“Fertility, Contraception, and Fatherhood,” 2006).
Clinical trials for Gardasil and Cervarix found that the vaccines protect against nearly 100% of
cervical infections caused by HPV 16 and HPV 18 (“Human Papillomavirus (HPV)
Vaccines”, n.d.). Similarly, Gardasil-9 is highly effective. Clinical trials found that the vaccine

was 97% effective in preventing cervical, vulvar, and vaginal cancer caused by five additional



HPV types 31, 33, 45, 52, and 58 (“Human Papillomavirus (HPV) Vaccines,” n.d.) (Chatterjee,
2014).

Gardasil and Cervarix are known to protect against their target HPV types for 8 (Ferris et
al., 2014) and 9 (Naud et al., 2014) years, respectively. However, the duration of Gardasil-9 is
unknown (“Human Papillomavirus (HPV) Vaccines,” n.d.). In regards to males, a Gardasil clinical
trial found that it can prevent genital warts and anal cell changes caused by HPV infection
(Giuliano et al., 2011). Other studies have found that Cervarix is protective against HPV 16 and
18 infections within the anus (Kreimer et al., 2011) and oral cavity (Herrero et al., 2013) among
women.

The HPV vaccine was originally recommended to be received in a three dose series over
six months. Kreimer et al. (2011), found that the protection against HPV types 16 and 18 among
women with one or two doses of Cervarix was comparable to women who received all three doses
of the series, the research team also found that this protection persisted throughout four years of
follow up (Kreimer et al., 2011). Similar studies have found that young adolescents who receive
two doses of Cervarix and Gardasil have an immune response as strong as that of 15 to 25 years
old individuals who received all three doses (Dobson et al., 2013) (Romanowski et al., 2011).

Parental Acceptance

Given that target age group for the vaccine is typically under 18, the receipt of the HPV
vaccination is often dependent on the willingness and acceptance of their parents or guardians.
Previous research has shown that a majority of parents are well aware the HPV vaccine (Joseph
et al., 2012) (Tsui et al., 2013) (Litton, Desmond, Gilliland, Huh, & Franklin, 2011), however
most parents lack knowledge and preferred more information prior to vaccinating their children;

these were barriers to adolescent uptake of the vaccine (Luque et al., 2012; Bastani et al., 2011;



C. G. Dorell, Yankey, Santibanez, & Markowitz, 2011; C. Dorell, Yankey, & Strasser, 2011;
Stokley et al., 2011; Gilkey, Moss, McRee, & Brewer, 2012; Joseph et al., 2012b; Kepka, Ulrich,
& Coronado, 2012; Laz, Rahman, & Berenson, 2012; Oldach & Katz, 2012; Wilson, Brown,
Boothe, & Harris, 2013; Hamlish, Clarke, & Alexander, 2012; Hofstetter & Rosenthal, 2014).
Additional reluctance of the vaccine can be attributed to pharmaceutical involvement in ACIP
recommendation, marketing of the vaccine, and quickness to incorporate the HPV vaccine into
proposed school mandates and national vaccination program (Hofstetter & Rosenthal, 2014).

Cultural Barriers to HPV Vaccine Uptake

Prior to the introduction of the HPV vaccine, socioeconomic disparities in cervical cancer
persisted across countries worldwide (Fisher, Trotter, Audrey, MacDonald-Wallis, & Hickman,
2013). In general, the disadvantaged women experienced higher incidence of cervical cancer
compared to women who were more affluent women, this disparity persisted regardless of national
cervical screening programs. The introduction of the HPV vaccine has broadened these health
disparities (Fisher et al., 2013).

Differential uptake of the HPV vaccine are can partially be attributed to cultural differences
that predispose some groups, relative to others, to vaccine use. A small pilot study (n=12) in
Georgia found that Hispanic immigrant parents felt their immigration status, distrust in healthcare
professionals and facility, as well as cultural factors prevented them from vaccinating their
teenagers (Luque, Raychowdhury, & Weaver, 2012). Additionally, Joseph et al (2012), found that
47% of African American and 31% of Haitian daughter have received the vaccine. This difference
in uptake can be attributed to the increased awareness of HPV among African Americans compared
to Haitian immigrants (Joseph et al., 2012). These finding reinforce the importance of

understanding the role of provider recommendation on the uptake of the HPV vaccine.
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Methodology

Data

Data was obtained from the National Immunization Survey—Teen (NIS-Teen), a
nationally representative survey administered by the National Center for Immunization and
Respiratory Diseases of the CDC. It was launched in 2006 and aims to provide estimates of current,
population-based, state and local vaccination coverage among adolescents aged 13 to 17 years old
(“NIS | About the National Immunization Surveys | Vaccines | CDC,” 2018). The purpose of NIS-
Teen data is to monitor vaccination of adolescents at the national, state, and local level, as well as
some US territories. In addition, the survey supports the Childhood Immunization Initiative by
monitoring vaccine coverage and progress towards HealthyPeople 2020 objectives for adolescent
immunizations (“A User’s Guide for the 2016 Public-Use Data File,” 2016). The data includes
coverage of the tetanus, diphtheria, acellular pertussis (Tdap), quadrivalent meningococcal
vaccine, (MenACWY) HPV, and the seasonal influenza vaccine. The analysis focused on
adolescent females and males aged 13 to 17 years in the US, excluding territories.

Telephone numbers are selected using a complex sample design that includes stratification
and clustering and is representative at estimation areas of residence (“A User’s Guide for the 2016
Public-Use Data File,” 2016). Oversampling occurred for local areas: El Paso County, Texas and
Dallas County, Texas. Currently, NIS-Teen used random digit dialing (RDD) to sample landline
and cell-phone numbers. Each year uses independent, quarterly samples of landline or cell-phone
numbers within estimation areas (“A User’s Guide for the 2016 Public-Use Data File,” 2016).
During this study period (2010 — 2016), NIS-Teen underwent methodological changes which

added cell-phones to the sampling frame in 2011. Prior to 2011, the survey only utilized landlines.
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The addition of cell-phone accounts for the increase in households that solely use cell-phones (“A
User’s Guide for the 2016 Public-Use Data File,” 2016).

Data is collected through computer assisted telephone interviews of parents/guardians.
Household with one or more adolescents aged 13 to 17 is selected, then one of the adolescents is
randomly selected, and the parent or guardian who is most familiar with the selected adolescent’s
immunization history is interviewed (“A User’s Guide for the 2016 Public-Use Data File,” 2016).
Interview topics include: household-reported vaccination and health information;
demographic/socioeconomic household/teen information, and geographic variables.

During the interview permission is sought from parents/guardians in order to collect data
from the teens’ vaccinating healthcare providers. Providers are administered an Immunization
History Questionnaire, which reports the types of vaccination received, number of doses, and dates
of administration of the sampled adolescent. In addition, the Immunization History Questionnaire
also collects data on the provider’s practice, including the type of healthcare facility. The response
rate for the provider interviews ranges from 93.2 to 94.8% (“NIS - Datasets for the National
Immunization Survey - Teen,” 2018), depending on the year. The response rate, defined by the
Council of American Survey Research Organization, of parents or guardians and is 22.4% to
57.9%, depending on the year (“A User’s Guide for the 2016 Public-Use Data File,” 2016). The
proportion of adolescents with adequate provider ranges from 47.4% to 59.4%, depending on the
year (“A User’s Guide for the 2016 Public-Use Data File,” 2016).

Independent Variables

The primary independent variables examined in Aims 1 and 2 are family income and sex.
The family income was defined using income to poverty ratios, Each year utilized its respective

census poverty threshold. Family Income was coded into three levels: less than 200% of the
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federal poverty line (FPL), 200-399% of the FPL, and greater than or equal to 400% of the FPL.
The gender variable was derived from the NIS-Teen variable describing the sex of the
adolescent. The variable includes two categories: male and female. The independent variables of
interest for Aim 3 are described in the analytic approach section.

Dependent Variables

The dependent variables include provider recommendation, HPV vaccine initiation, and
HPYV vaccine completion. Provider recommendation was a binary indicator derived from a NIS-
Teen survey question that ask parents: “Provider recommendation comes from a survey question
that asks parents: “Had or has doctor or other health care professional ever recommended that teen
receive HPV shots?” HPV vaccine initiation and vaccine completion comes from survey question:
“Number of human papillomavirus shots / HPV-Gardasil / HPV-Gardasil 9 / HPV-Cervarix / HPV
shots of unknown type by age 13 years” determined from provider info, excluding any vaccination
after the teen interview date”. Vaccine initiation was coded as a binary indicator of at least one
dose versus zero doses. Vaccine completion was coded as a 0/1 variable indicating three or more
doses. The measure of the vaccine completion observed adolescents who received at least three
doses out of all adolescents.

Prior to 2010, adolescent males were excluded from any HPV vaccine related questions.
Initially, I planned to analyze NIS-Teen data from 2008 to 2016. However, due to the lack of data
regarding adolescent males, years 2008 and 2009 were dropped and the analyzed was limited to
years 2010 to 2016.

Control Variables

All analyses control for the following variables: race/ethnicity (Hispanic, non-Hispanic

White, non-Hispanic Black, and non-Hispanic Other and Multiple Race), maternal education (Less
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than 12 years, 12 years, more than 12 year but non-college graduate, and college graduate), health
care coverage status (uninsured, private, and public), census region (Northeast, Midwest, South,
West), marital status (married and non-married), type of healthcare facility (usual place of care)
(private, public, hospital, STD/school/teen clinics or others, and mixed) (See Appendix B through
D).

Analvtic Approach

Aim 1 will measure the relationship between family income and the three HPV vaccine
outcomes described above using multiple logistic regression. Control variables include gender,
parental education, health insurance type, race/ethnicity, census region, marital status, and type of
healthcare facility (see Appendix B). Results are reported as adjusted odds ratios (AOR). All
models used survey weights to weight the sample with sufficient provider information to be
representative of the U.S. teen population. Variance estimates adjusted for the complex sample
design using Taylor series linearized standard errors.

Aim 2 will measure the association between gender and outcomes using the same logistic
regression framework described above. In addition separate stratified models were estimated for
males and females separately to examine if income gradients differ by gender.

Aim 3 will measure the impact of the 2011 ACIP recommendation on male HPV vaccine
uptake by conducting a multivariable linear probability difference-in-differences analysis. The
control group are adolescent females and the treatment group is adolescent males. Given that the
new ACIP guideline was implemented in late 2011, the pre period included 2010 and 2011 and
the post period included 2012 through 2016. The assumption of the difference-in-differences
approach is that the trend for females represents the trend for males had they never been exposed

to the ACIP guidelines. The approach controls for any observed or unobserved factors that are
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unique to males and any national trends, common to both sexes, that could be confounded with the
introduction of the guidelines. Figures 1,2, and 3 describes the study’s conceptual framework for

each of the specific aims (See Appendix A).

Results

Descriptive Statistics

Tables 1 and 2 reports the descriptive statistics (N =263,401). In regards to family income,
41% of the population are less than 200% of the FPL, 52% are within 200% to 399% of the FPL,
and 7% is greater than or equal to 400% of the FPL.

The racial and ethnic delineation of the sample included 22% Hispanic, 55% non-Hispanic
White, 14% non-Hispanic Black, and 9% identify as non-Hispanic, other and multiple races.
Overall, 14% of the sample have mothers with less than 12 years of education, 27% of adolescents’
mothers have 12 years of education, 26% have more than 12 years with a bachelor’s degree, and
36% are college graduates. 17% of the sample resides in the Northeast, 22% in the Midwest, 37%
in the South, and 24% in the West. Lastly, 33% of adolescents within the sample have mothers
who are married and 67% have mothers who are not married.

Overall, 52.97% of the population received a provider recommendation for the HPV
vaccine, 41.20% initiated the series, and 22.11% completed the HPV vaccine series. Table 1
shows 49.20% of those less than 200% of the FPL, 56.39% of those between 200 and 399% of
FPL, and 49.01% of those greater than 400% of the FPL were recommended for the HPV
vaccine by a provider. Moreover, 43.67% of those less than 200%, 39.95% of those 200 to
399%, and 36.73% of those greater than 400% of the FPL initiated the HPV vaccine series.
Lastly, 21.41% of those less than 200% of FPL, 22.92% of those between 200 and 399% of FPL,

and 19.85% of those greater than 400% of the FPL
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When stratifying by gender, 38.45% of adolescent males received a recommendation

compared to adolescent females (67.94%). Similarly, 28.07% of adolescent males initiated the

series compared to adolescent females (54.66%), and 12.81% of adolescent males completed the

series compared to 31.65% of adolescent females (Table 2).

Table 1. Selected Descriptive Statistics

by Family Income (Aim 1)

<200% of FPL 200-399% of FPL >400% of FPL Total
N=8§2382 N= 156285 N=24634 N=263401
Estimates Estimates Estimates Estimates
Rate SE Rate SE Rate SE Rate SE
Provider Recommendation
No 5080 0AS 4361 031 5099 108 4703 0.2
Yes 4920 045 5639 031 4901 108 5297 02
HPV Vaccine Initiation
No 5633 046 6005 031 6327 105 5880 2
Yes 4367 046 3995 031 3673 105 41.20 25
HPV Vaccine Completion
No 7859 8 708 027 80.15 084 7789 022
Yes 2141 s 2292 027 19 85 0384 2211 022
Parental Education (Mother)
Less than 12 years 26.16 0.40 257 0.11 2222 094 1370 0.20
12 years 3498 041 1545 024 26 .50 093 26 .50 093
More than 12 years, non-college grad 2758 037 2496 027 2296 0384 2589 021
College Graduate 1128 024 702 031 28 32 084 36.13 023
Health Insurance Type
Uninsured 345 0.19 TAS8 028 406 051 485 0.15
Private 1055 028 66.15 053 2476 1.11 3025 031
Public 8600 033 26 37 5 71.18 1.18 6490 033
Race/Ethnicity
Hispanic 3366 043 1140 025 2651 108 2165 024
Non-Hispanic White 3669 038 70.70 031 50.70 102 5527 025
Non-Hispanic Black 2061 034 904 0.19 14.14 0.70 14.16 0.1%
Non-Hispanic Other + Multiple Race 905 023 886 0.19 8465 057 892 0.14
Census Region
Northeast 1403 022 1883 0.16 1976 0467 1693 0.10
Midwest 20 33 0.26 2301 0.18 2041 068 2172 0.11
South 40 45 036 3494 023 377 094 741 0.15
West 2518 040 2321 026 2205 1.10 2393 0.17
Marital Status
Non-Married 5152 043 2068 0.28 3221 097 3329 024
Married 48 4% 043 7932 0.2% 779 096 65581 024

Source: National Immunization Survey
Note: Standard Errors (SE) are calculated
Note: Table 1 reports the weighted samyg]

le size of the study

Teen, 2010.2016 person files
using Taylor Series Linearization with Stata version 142,
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Table 2. Selected Descriptive Shlistic;bv Gender (Aim 2)

Male Female Total
N= 137532 N= 125869 N=263401
Estimates Estimates Estimates
Rate SE Rate SE Rate SE
Provider Recommendation
No 61F 034 3206 035 4703 02
Yes 384 034 6794 035 5297 025
HPV Vaccine Initiation
No 193 033 4534 037 58 80 02
Yes 2807 033 5466 037 41.20 025
HPV Vaccine Completion
No 8£7.19 0.2 68 35 034 7789 022
Yes 1281 025 3165 034 2211 022
Parental Education (Mother)
Less than 12 years 1365 028 1375 0.29 1370 0.20
12 years 24 66 033 2387 032 2428 023
More than 12 years, non-college grad 2528 0.29 2653 031 2589 021
College Graduate 3640 031 3585 033 36.13 022
Health Insurance Type
Uninsured 456 0.19 5.14 024 485 0.15
Private 3043 043 3006 044 3025 n3l
Public 6501 045 64 80 047 6490 033
Race/Ethnicity
Hispanic 2147 034 2183 036 2165 024
Non-Hispanic White 5571 035 54 80 036 5527 025
Non-Hispanic Black 1399 025 1434 0.26 14.16 0.18%
Non-Hispanic Other + Multiple Race 8§82 0.20 903 021 $92 0.14
Census Region
Northeast 1694 0.1% 1692 0.19 1693 0.10
Midwest 2175 0.20 21469 021 2172 0.11
South 3771 027 37 A4S 029 3741 0.15
West 2393 031 2394 033 2393 0.17
Marital Status
Non-Married 3379 034 3461 035 34.19 024
Married 6621 034 6539 035 6581 024
Family Income
Less than 200% 4095 035 41.14 036 4104 025
200% to 399% 51.70 035 5148 036 5159 025
Greater than 400% 735 0.20 739 021 737 0.14

Source: National Immunization Survey-Teen, 2010.2016 person files

Note: Standard Errors (SE) are calculated using Taylor Series Linearization with Stata version 142,

Note: Table 2 reports the weighted sample size of the study

The Association of Family Income and HPV Vaccine Utilization Qutcomes

Table 3 shows the results of the logistic regression of the HPV utilization outcomes: (1) provider

recommendation, (2) HPV Vaccine Initiation, and (3) HPV Vaccine Completion. The data is
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pooled across all years in the study period. In regards to receipt of provider recommendation,
adolescents with family incomes between 200 and 399% of the FPL have increased odds of
receiving a provider recommendation compared to adolescents who have a family income greater
than 400% of the FPL (AOR =1.16, P=0.04). Additionally, adolescents with the 200 to 399%
(AOR =1.23,P=0.01) and less than 200% of the FPL (AOR = 1.30, P<0.01) have increased
odds of initiating the vaccine. Adolescents within the 200 to 399% of the FPL (AOR = 1.27,
P=0.01) and less than 200% of the FPL (AOR=1.21, P=0.02) have increased odds of completing
the series compared to those greater than 400% of the FPL. Vaccine completion is defined as
adolescents who received at least three doses out of all adolescents.

Hispanic adolescents have an increased odds of receiving a provider recommendation
(AOR=1.16, P<0.01), HPV vaccine initiation (AOR=1.45, P<0.01), and vaccine completion
(AOR=1.22, P<0.01) compared to non-Hispanic White adolescents. Moreover, Table 3 shows
that non-Hispanic Black have increased odds of initiating the series (AOR=1.12, P=0.01) and
significantly reduced odds of completing the vaccine series (AOR=0.08, P=0.02) compared to
non-Hispanic White adolescents. In regards to education of the adolescents’ mothers, mothers
with less than 12 years, 12 years of education, and mothers with more than 12 years but without
a college degree have significantly reduced odds of receiving a provider recommendation,
initiating and completing the vaccination series compared to adolescents with mothers who
graduated from college.

I also found that publicly insured (AOR=0.77, P<0.01) and uninsured (AOR=0.61,
P<0.01) adolescents have significantly reduced odds of receiving a provider recommendation
compared to privately insured adolescents. Similarly, uninsured adolescents also have reduced

odds of initiating (AOR=0.72, P<0.01) and completing (AOR=0.65, P<0.01) the HPV vaccine
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series when compared to privately insured adolescents. The logistic regression also shows that
adolescents that seek care from public facility (AOR=0.67, P<0.01) and STD/school/teen clinics
or others (AOR=0.69, P<0.01) facilities have significantly reduced odds of receiving a provider
recommendation compared to adolescents who seek care at private facilities. In addition,
adolescents who seek care at public facilities (AOR=0.79, P<0.01) have reduced odds and
adolescents who seek care at hospitals have increased odds (AOR=1.20, P<0.01) of initiating the
series compared to adolescents that use private facilities. Lastly, adolescents who seek care at
public facilities (AOR=0.77, P<0.01) and STD/School/Teen Clinics or Others (AOR=0.73,
P<0.01) have reduced odds of completing the series compared to adolescents who seek care at
private facilities.

Lastly, adolescents who reside in the Midwest, South, and Western regions of the United
States have reduced odds of receiving a provider recommendation and completing the HPV
vaccine series compared to adolescents residing in the Northeast region of the United States.
Similarly, adolescents in the Midwest and South have reduced odds of HPV vaccine initiation
and completion compared to the Northeast. When observing the association between marital
status and the three HPV vaccine utilization outcomes, I found that adolescents with non-married
mothers had significant increased odds of receiving a provider recommendation (AOR=1.14,
P<0.01), initiating (AOR=1.23, P<0.01), and completing the HPV vaccine series (AOR=1.11,

P=0.01) compared to adolescents with married mothers.

19



Table 3. Regression Results of HPV Utilization Outcomes
Provider Recommendation HPV Initiation HPV Completion

AOR SE P-Value AOR SE P-Value AOR SE P-Value
Gender
Female 1 1 1 1 1 1 1 1 1
Male 0354+ 00l 000 0374+ 00l 000 0384+ 00l 000
Family Income
Greater than 400% 1 1 1 1 1 1 1 1 1
200% ta 399% 1.16% 008 004 12344 009 001 1274+ 0.11 001
Less than 200% 1.10 008 0.17 1304+ 0.10 000 121+ 0.10 002
Race/Ethnicity
Non-Hispanic White 1 1 1 1 1 1 1 1 1
Non-Hispanic Black 102 005 0465 1.129% 005 001 088+ 00s 002
Non-Hispanic Other + Multiple Racd 096 00s 043 108 006 0.15 096 006 0.50
Hispanic 1.164+ 005 000 1 454+ 007 000 1224 006 000
Parental Education (Mother)
College Graduate 1 1 1 1 1 1 1 1 1
Less than 12 years 0514+ 003 000 0824+ 005 000 0754+ 00s 000
12 years 06444 003 000 0814+ 004 000 07844 004 000
More than 12 years, non-college gral 0.80+* 004 000 0874+ 004 000 0844+ 004 000
Health Insurance Type
Private 1 1 1 1 1 1 1 1 1
Public 07744 003 0.00 095 004 0.26 093 005 0.12
Uninsured LUED R 005 000 0724+ 007 000 065++ 007 000
Usual Place of Care
Private 1 1 1 1 1 1 1 1 1
Public D67+ 003 000 0794+ 004 000 0774+ 005 000
Hospital 105 006 043 1204+ 007 000 108 007 0.20
STINSchool!Teen Clinics or Others | 06944 006 000 086 007 008 0734+ 007 000
Mixed 097 nns 049 103 004 04l 104 00s 044
Census Region
Northeast 1 1 1 1 1 1 1 1 1
Midwest 0824+ 004 000 0854+ 004 000 D874+ nns 000
South 06944 003 000 07644 003 000 0814+ 004 000
West 0794+ 004 000 093 005 0.10 087+ 00s 002
Marital Status
Married 1 1 1 1 1 1 1 1 1
Non-Married 1,144+ 004 000 12344 005 000 1,114+ 005 001
Source: National Immunization-Teehq, 2010.2016 person files
Note: Standard Errors (SE) are calculated using Taylor Series Linearization with Stata version 142
Note: * for P-Value <005, ** for P-NValue =001
Note: N=263 401
Note: AOR (Adjusted Odds Ratio)

The Association of Sex and HPV Vaccine Outcomes and Sex Specific Income Gradients

Table 3 also demonstrates that adolescent males have statistically significant reduced
odds of receiving a provider recommendation (AOR = 0.35, P<0.01), HPV vaccination initiation
(AOR =0.37,P =0.00), and HPV vaccination completion (AOR = 0.38, P<0.01) compared to

adolescent females.
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Tables 4 and 5 shows the results of gender specific regressions. Table 4 shows that

among adolescent males, there is not statistical difference in provider recommendation or HPV

vaccine completion by family income. However, male adolescents with less than 200%

(AOR=1.22, P=0.05) of the FPL have increased odds of initiating the series compared to

adolescents who are greater than 400% of the FPL.

A similar phenomenon occurs among adolescent females (Table 5). Female adolescents

within 200 to 399% had increased odds of receiving a provider recommendation (AOR=1.32,

Table 4. Regression Results of HPV Uliliz.ﬂion Outcomes for Males

Provider Recommendation HPV Initiation HPV Completion

OR SE P-Value OR SE P-Value OR SE P-Value
Family Income
Greater than 400% 1 1 1 1 1 1 1 1 1
200% to 399% 103 0.10 074 107 0.11 0.49 1.16 0.15 024
Less than 2009% 107 0.10 046 122+ 0.12 00s 1.13 0.14 034
Race/Ethnicity
Non-Hispanic White 1 1 1 1 1 1 1 1 1
Non-Hispanic Black 1.14+% 007 004 ] 234+ 008 000 101 009 087
Non-Hispanic Other + Multiple Race 108 008 033 1.17+ 009 004 094 009 053
"i.ip.mic 1314+ 008 000 ] 534+ 0.10 000 ] 294+ 0.10 000
Parental Education (Mother)
College Graduate 1 1 1 1 1 1 1 1 1
Less than 12 years D63+ 0n0s 000 0844 007 00ns 0389 0.10 028
12 years 0644+ 004 000 0764+ 0nns 000 0734+ 006 000
More than 12 years, non.college grad 0774+ 00s 000 N82+4 005 000 07344 00s 000
Health Insurance Type
Private 1 1 1 1 1 1 1 1 1
Public 0704+ 0nns 000 N85+ 00s 00l 080+ 006 000
Uninsured DA+ 00s 000 0524+ 007 000 D454+ 0.10 000
Usual Place of Care
Private 1 1 1 1 1 1 1 1 1
Public 0694+ 0nns 000 080++ 006 000 086+ 009 0.15
Hospital 109 008 029 12444 0.10 001 100 0.10 096
STINSchool/Teen Clinics or Others 0684+ 008 000 085 0.11 022 0614+ 0.10 000
Mixed n93 00s 0.1% 102 006 075 1.12 009 0.15
Census Region
Northeast 1 1 1 1 1 1 1 1 1
Midwest 086+ 0n0s 00l 086* 00s 002 085+ 007 003
South 0724+ 004 000 0774+ 004 000 0774+ 00s 000
West 08]+* 006 00l na2 0n7 026 080+ 008 002
Marital Status
Married 1 1 1 1 1 1 1 1 1
Non-Married 1.10 006 007 1. 184+ 006 000 1.14 008 006

Source: National Immunization-Teen, 2
Note: Standard Errors (SE) are calculate
Note: * for P-Value =005, ** for P-Val

Note: N=263 401
Note: AOR (Adjusted Odds Ratio)

110-2016 person files

d using Taylor Series Linearization with Stata version 142

ne=001
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P=0.01), initiating (AOR=1.36, P<0.01), and completing (AOR=1.32, P<0.01) the series
compared to female adolescents who have a family income greater than 400% of the FPL.
Similarly, female adolescents with a family income less than 200% of the FPL have increased
odds of initiating (AOR=1.36, P<0.01) and completing (AOR=1.25, P<0.05)the vaccination
series compared to those greater than 400% of the FPL. Further, female adolescents within 200

to 399% of the FPL have increased odds of completing the series (AOR=1.23, P=0.01) compared
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to those above 400% of the FPL. The results presented in Tables 4 and 5 regarding the

socioeconomic gradients suggest that the odds of receiving a provider recommendation,

initiating, and completing the vaccine series is consistent regardless of gender.

Table 5. Regression Results of HPYV

! Utilization Outcomes for Females

Provider Recommendation HPV Initiation HPV Completion

AOR SE P-Value AOR SE P-Value AOR SE P-Value
Family Income
Greater than 400% 1 1 1 1 1 1 1 1 1
200% to 399% ] 324¢ 0.14 00l 1 3644 0.15 000 ] 3244 0.15 00l
Less than 200% 1.11 0.12 032 1364+ 0.14 000 125+ 0.14 004
Race/Ethnicity
Non-Hispanic White 1 1 1 1 1 1 1 1 1
Non-Hispanic Black 090 006 0.11 103 006 0465 0814+ 005 000
Non-Hispanic Other + Multiple Racd  083* 005 002 102 008 084 097 008 067
Hispanic 100 007 097 ] 384¢ 009 000 1.17+ 008 002
Parental Education (Mother)
College Graduate 1 1 1 1 1 1 1 1
Less than 12 years 04]1+* nn4 000 080++ 007 00l D68+ 006 000
12 years 06244 nn4 000 087+ 006 004 N8]+* 00s 000
More than 12 years, non.college gral 08344 006 00l 093 006 023 090 006 0.11
Health Insurance Type
Private 1 1 1 1 1 1 1 1 1
Public 0n87+ 006 003 106 007 036 102 006 074
Uninsured 077+ 009 002 090 0.10 033 0n78+ 0.10 004
Usual Place of Care
Private 1 1 1 1 1 1 1 1 1
Public 0654+ 004 000 JT4 005 000 071++ 005 000
Hospital 100 009 100 1.16 0.10 009 1.13 009 0.14
STINSchool/Teen Clinics or Others 070%+ 009 000 086 0.10 0.20 080 0.10 007
Mixed 102 006 0.70 104 006 045 099 006 084
Census Region
Northeast 1 1 1 1 1 1 1 1 1
Midwest 0784+ 005 000 084+ 005 00l 088+ 006 005
South 06644 004 000 075+¢ 004 000 0844+ 005 000
West TS5 006 000 091 007 024 092 007 028
Marital Status
Married 1 1 1 1 1 1 1 1
Non-Married 1.19+# 006 000 ] 284¢ 006 000 1.10 006 007

Source: National Immunization-Tee
Note: Standard Errors (SE) are calcul
Note: * forP-Value=005,** for P
Note: N=263 401

Note: AOR (Adjusted Odds Ratio)

n,2010.2016 person files
ated using Taylor Series Linecarization with Stata version 142

Value =001
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The Association of the ACIP Guideline for Males with HPV Vaccine OQutcomes
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Figures 1, 2, and 3
display a time series of the HPV
vaccine utilization variables
stratified by gender The red
dashed line represents the 2011
ACIP recommendation and the
black line represents the
beginning of the post-period of
the difference in differences
analysis.

Table 6 shows the effect of the
2011 ACIP recommendation on
male

adolescent receipt of

provider recommendation,
HPV vaccine initiation, and
HPV  vaccine  completion.
Adolescent male receipt of
provider recommendation
increased 23 percentage points
(P<0.01) during 2012 to 2016
compared to 2010 to 2011,

relative to the change for



females. Similarly, adolescent male HPV vaccine initiation improved by 28 percentage point

(P<0.01), and HPV vaccine completion improved by 12 percentage points (P<0.01).

Tahle 6. Difference in Differences Resulls for HPV Vaccine Utillization Outcomes

Provider Recommendation HPV Vaccine Initiation HPV Vaccine Completion
Coef. | SE | P.Value Coef. | SE | P.Value Coef. | SE | P.Value

Males D42 nnl 0o D445+ nnl 000 026%* nnl 00
Males*Post N2 nn: 000 0Is* nnl 000 012 nnl 000
Family Income
Greater than 400% 1 1 1 1 1 1 1 1 1
2005 1o 199% DR S nnl 0o D4 nn nnl D4 nnl 000
Less than 200% nnl nnl 028 DDE** nn 000 No3ss nnl nnl
Race/Ethnicity
NoaHepana: Whae 1 1 1 1 1 1 1 1 1
Noa-Hepanae Blick onl nnl DRES nOass nnl 000 00Nz nnl nns
Noa Hepana: Other + Mukpk Race nn: nnl 016 nnl nnl n1s nnl nnl 04D
Hepana 0N nnl nm DOE** nnl 000 NOI** nnil 000
Parental Education (Mether)
College Graduate 1 1 1 1 1 1 1 1 1
Less than 12 vears DR R nnl 000 nn nn 0.10 Dgs* nnl 000
12 vears DY) S nnl 000 noss nnl nnl noass nnl 000
Moee than 12 vears, soa-college grad noiss nnl 0o DA nnl 012 Nl nnl 0o
Health Insurance Type
Private 1 1 1 1 1 1 1 1 1
Pablx onl onl n54 DTS nnl onil nnl nnl 0.16
Unmwared T} nn: 0o DN nn 0N DR S nn nnl
Usual Place of Care
Private 1 1 1 1 1 1 1 1 1
Publx NOE** nnl 000 DN S nnl 000 D4 nnl 000
Hospatal 0o nnil DR 0N nnl nni nnl nni Nnsl
STIVSchool Teen Clmacs o Others UJ) nn: 0o nn nn 017 D4 nn nnl
Mixed 000 nnl n&0 nnl nnl nal nnl nnl nas
Census Region
Noetheast 1 1 1 1 1 1 1 1 1
Madwest N5+ nnl 00 D4 nnl 000 N nnl 000
South D)) nnil 0o DO nnl 0o D4 nni 0o
West DO5** nonl 0o nn: nnl nne nnis nnl nn:
Marital Status
Marred 1 1 1 1 1 1 1 1 1
Noa-Marmed 00z 0Nz nns D4 nnl 000 nnl nnl nm
Year
min 1 1 1 1 1 1 1 1 1
il DOT* nnl 0o DG+ nnl 0o nnl nnl 0.8
mil D07 nn: 000 000 nn 078 nnl nnl 0nie
mil 0.15%* nn: N DS+ nn 000 0N nn 0
mi4 N2ss nn: 0o 0.12%* nn 0o DOT nnl 00
mis 026 nn: 000 014 nnl 000 DY) 0N 000
mis 0N29%* nnl N 0.17%* nnl N0 0.11** nnil 00

Source: Natweal Immeazzatos Teen, 2010.2016 persoa files
Note: Sundard Erroes (SE) are cakuhited wsmg Taylor Series Lecarzatios wih Sat versoa 142
Note: * for P-Vakee <005, ** for P-Vakae <001

Note: N = 263 401
Note: Coef (Coeffacxnt)

25

Discussion and Conclusion




Family Income and HPV Vaccine Utilization Outcomes

Informed by the Fundamental Cause Theory, we hypothesized that adolescents with a
lower family income would have reduced odds of receiving provider recommendation, HPV
vaccination initiation, and vaccine completion. However, my findings negate my hypothesis and
defies the Fundamental Cause Theory. I found that adolescents within the 200 to 399% of the
FPL had increased odds of receiving a provider recommendation, initiating, and completing the
vaccination series compared to adolescents with a family income greater than 400% of the FPL.
Additionally, adolescents with less than 200% of the FPL had increased odds of initiating and
completing the vaccine series compared to adolescents with a family income greater than 400%
of the FPL.

These findings contradict results reported by Niccolai et al. (2011) and Polonijo and
Carpiano’s (2012) where they found that adolescents of lower family incomes had reduced odds
of receiving provider recommendation, initiating, and completing the vaccine series. The
difference in our finding can be attributed to using different time periods of data. I used six years
of data (2010 to 2016) and the data I analyzed was more reliable because providers verified the
responses of parents or guardians.

Given that family income and educational attainment are correlated (Jeudin et al., 2014).
I was surprised that our findings related to parental education did not agree with the findings
regarding family income. Our findings align with Polonijo and Carpiano (2010), adolescents
with lower parental education had significantly reduced odds of the HPV vaccine utilization
outcomes compared to adolescents with mothers who graduated from college. These findings
contradict with Jeudin et al. (2014), who found that mothers who had a high school diploma or

less were more willing to have their daughters vaccinated than mothers who had bachelor’s
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degrees. These difference in findings may be an indication that maternal education is not a strong
indicator of the HPV vaccine utilization outcomes as it does not necessarily reflect the highest
level of educational attainment within the household whereas family income has the potential to
be a more accurate indicator of socioeconomic position.

Unlike, Jeudin et al. (2014), Polonijo and Carpiano (2010), and Niccolai et al. (2011) our
study included adolescent males in the analysis. The inclusion of adolescent males may be
skewing the association of maternal education and HPV vaccine utilization outcomes., All of
these study focus solely on the role of the mother’s education excluding the potential role father
play on the HPV vaccine utilization outcomes. Future studies should examine the role the father
plays on HPV vaccine uptake for adolescent males and females. Additionally, future studies
should explore if mothers and fathers have differential impact on receipt of provider
recommendation, HPV vaccine initiation, and completion.

Gender and HPV Vaccine Utilization Qutcomes

Aim 2 measured the association between gender and the HPV utilization outcomes and
explored if socioeconomic gradients in HPV utilizations were consistent across genders, I
hypothesized that adolescent males would have reduced odds compared to adolescent females
and that adolescents with lower family income would have reduced odds of the three HPV
vaccination outcomes compared to those with higher family income. Findings from Table 3
support our hypothesis regarding reduced adolescent male vaccination. However, Tables 4 and 5,
continue to defy the Fundamental Cause Theory as adolescent males with family incomes less
than 200% of the FPL have increased odds of initiating the vaccination series compared to
adolescent males with incomes greater than 400% of the FPL. A similar trend occurs among

adolescent females as those with family incomes between 200 and 399% of the FPL have
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increased odds of all three outcomes when compared to adolescent females with family incomes
greater than 400% of the FPL. Likewise, adolescent females with family incomes less than 200%
of the FPL have increased odds initiating and completing the HPV vaccine series compared to
adolescent females with family incomes greater than 400% of the FPL

Understanding patient-provider communication experiences among adolescent males and
their families could explain the low utilization of the HPV among adolescent males. Exposing
this can provide practical and policy implications to improve uptake and coverage of the vaccine
in young males. Per Gilkey et al. (2016) findings, high quality provider recommendation
significantly improved the odds of initiating and completing the vaccine series compared to low-
quality or no provider recommendation.

Therefore, there is a need to educate pediatricians on effective recommendation tactics
for parents and guardians of adolescent males. There is also a need to ensure that all pediatricians
are aware of the impact of HPV on males and the need for male vaccine uptake as males have
been equally susceptible to HPV. Given that there is no routine HPV preventative screening
mechanism for males, they can serve as a vehicle in the transmission of HPV if uptake does not
improve.

Effect of 2011 ACIP Recommendation on HPV Vaccine Utilization Outcomes

Lastly, in Aim 3, measured the effect of the 2011 ACIP on adolescent male HPV vaccine
utilization outcomes. Table 6 shows that there was a significant increase in all of the male
adolescent HPV vaccine utilization series before and after the 2011 ACIP recommendation. The
magnitude of the increase in male receipt of provider recommendation and HPV vaccine
initiation is moderate, while the increase in HPV vaccine completion was mild. Even though,

these outcome have increased since the implementation of the 2011 ACIP recommendation,
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there is still a need for improvement on each of these outcomes especially when considering
adolescent females HPV outcomes since the HPV vaccine became a routine immunization for
females in 2006.

Study Limitations

Limitations of the study relate to methodologic changes of the NIS-Teen survey. In 2011,
cell-phones were added to the sampling frame, which prior to 2011, previously only utilized
landline phones (“A User’s Guide for the 2016 Public-Use Data File,” 2016). The addition of
cell-phones to the sampling frame potentially increased the representation of younger parents or
guardians. Younger parents or guardians could have different views of the HPV vaccine
compared to older parents or guardian, which could also explain the difference in our study’s
findings compared to older studies that used data prior to 2011.

Moreover, the definition of adequate provider data (APD) changed in 2014 (Reagan-
Steiner et al., 2015). As of 2014, all coverage estimates are based on provider-reported
immunization records. The revised APD definition has affected the vaccine coverage estimates
along with characteristics of the adolescents in the sample, in fact, it decreased coverage
estimates of the HPV vaccine (Reagan-Steiner et al., 2015). However, I consulted directly with
NIS-Teen affiliated statisticians at the CDC about the potential implications of the sample frame
and adequate provider definition and they expressed little concern that these survey design
changes adversely impacted the time series.

A related issue had to do with the exclusion of males from the HPV questions in years
2008 and 2009. This particularly affected the pre-period (2010 to 2011) of the difference in

differences analysis. The lack of data prior to 2010 limits my ability to fully attribute the increase
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in the HPV vaccine utilization outcomes to the 2011 ACIP recommendation. Specifically, I was
unable to fully examine if pre-period trends were similar for males and females.

Study Implications

Though the 2011 ACIP recommendation is associated with an increase in receipt of
provider recommendation, HPV vaccine initiation, and completion among adolescent males there
are still significant differences in these outcomes compared to adolescent females. Given that the
prevalence of low and high risk HPV is higher among adult males compared to adult females, it
is imperative that the utilization of the vaccine is improved among adolescents of all genders
prior to sexual debut.

The initiation and completion of the series is likely dependent on the receipt of a
provider recommendation (Gilkey et al., 2016) (Moss, Gilkey, Rimer, & Brewer, 2016). Future
studies should aim to further understand adolescent males uptake of the vaccine, especially as it
related to patient-provider communication. Along with studying parents or guardian knowledge
and acceptance of the vaccine for their son(s), it is also crucial to ensure that providers are also
aware of the need for adolescent male HPV vaccination and are trained to educate and encourage
parents or guardians to vaccine their son(s).

In addition to further research, health promotion, and interventions, our findings suggest
the need for an HPV vaccine mandate for school-aged or college-aged students. The Healthy
People 2020 objectives Immunization and Infectious Diseases-11.4 and 11.5 aims to increase the
coverage of at least three of the HPV vaccine for adolescent females and males ages 13 to 15
years to 80% (“Immunization and Infectious Diseases | Healthy People 2020,” n.d.). The vaccine
became a routine recommendation for girls in 2006 and boys in 2011, and uptake has been low

relative to the Healthy People 2020 target. As of 2014, 39.7% and 21.6% of adolescent females
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and males, respectively, aged 13 to 17 years have received at least three doses of the vaccine
series (“Vaccination Coverage | NIS Teen | 2014 Maps by State | CDC,” 2017).

Our finding that family income was inversely related to vaccine outcomes was surprising.
Our motivating theory was that lower income individuals would be excluded from resources that
enable health service use, including HPV vaccine use. However, our data suggest the opposite
pattern. It is likely that this pattern is driven by the fact that the HPV vaccine is a controversial as
it related to sexual activity and preventing a sexual transmitted infection that could cause genital
warts or cancer. On top of the vaccine being tied to sexual activity, it is highly recommended to
be taken as early as the age of nine. It is possible that lower income parents had or knows
someone who has had personal experiences with sexual transmitted infections or HPV-associated
cancers and therefore are more understanding or more realistic about the potential for their
children’s sexual debut or activity. On the other hand, it is possible that lower income parents do
not have access to the information that may hinder more affluent parents from having their
children vaccinated, such as effectiveness, side effects, or adverse health events related to uptake
of the vaccine.

Since the vaccine was issued in 2006, a plethora of research has been published around
understanding and improving parental acceptance, willingness, and barriers to HPV vaccine
uptake through community-based interventions, however, the rates of uptake of been slowly
increasing over the past 12 years. A mandate for school-aged children would ensure that the
vaccine is initiated and completed but more importantly, vaccinating school-aged children is the
most effective way of preventing most HPV strains because the vaccine will be received prior to
sexual debut. From a population health standpoint, mandating the vaccine for school-aged

children will decrease the incident of HPV, which could slow down the rate of transmission, and
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ultimate reduce the onset of genital warts and HPV-associated cancer, such as oropharyngeal

cancer which has recently been on the rise among adult males (Sonawane et al., 2017).
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Appendices

Appendix A: Conceptual Framework for Study Aims

Figure 1: Aim 1: | will investigate the relationship between family income and HPV vaccination
outcomes: (1) provider recommendation; (2) vacclne Initlation; and (3) vaccine completion.

Type of Healthcare
Parental Education Facility,
Race/Ethnicity ' Census Region,
Gender insurance Type Marital Status, Provider Recommendation
(Effect Modifier) (Mediators) (Moderator) (Dependent)
l l l Vax Initiation
Family Income | (Dependent)
Independent )
( pe ) Vax Completion
(Dependent)
Figure 2: Aim 2: | will Investigate the overall assoclation between gender and HPV utilization outcomes

and explore If socloeconomlc gradlents in HPV utllization are consistent across genders.

Family Income, Type of Healthcare
Parental Education | | Facility,

I Census Region,
Race/Ethnicity Insurance Coverage| | Marital Status,
Effect Modifi (Mediators)
(Effec ier) (Moderator) Provider Recommendation
(Dependent)
Gender l l ' Vax Initiation
(Independent) ~ | (Dependent)

Vax Completion
(Dependent)
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Figure 3. Aim 3: Measure effect of the 2011 ACIP guideline on adolescent male HPV vaccine

utilization
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Appendix B: Variable Table for Aim 1

Variable Type Concept Variable Name Variable Description
Independent e Family e INCORPAR e Income to poverty
Variable Income ratio (recode)
Dependent Variables | ¢ Vaccination e HPVI_NUM_TOT Number of HH-reported
Initiation Human Papillomavirus
shots received (total)
e Vaccination e HPVI NUM TOT Number of HH-reported
Completion Human Papillomavirus
shots received (total)
e Physician e HPVI_RECOM
Had or has doctor or other
Recommendation
healthcare ~ professional
ever recommended that
teen receive HPV shots?
Effect ~ Modifying e Race/Ethnicity | ¢ RACEETHK Race/ethnicity of teen with
Variables multirace category
(recode)
Moderator Variables | ¢ Parent Education | e EDUCI Education level of mother
with 4 categories
e Family Income e [INCPORAR Income to poverty ratio

(recode)
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Marital Status

Type of healthcare
facility
Geographic

Location

MARITAL2

FACILITY

CEN_REG

Marital status of mother
(recode)
Facility types for teen’s

providers

Census region based on

true state of residence
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Appendix C: Variable Table for Aim 2

Variable Type Concept Variable Name Variable Description
Independent e Gender e SEX e Sex of teen
Variable
Dependent Variables | ¢ Vaccination e HPVI_NUM_TOT Number of HH-reported
Initiation Human Papillomavirus
shots received (total)
e Vaccination e HPVI NUM TOT Number of HH-reported
Completion Human Papillomavirus
shots received (total)
e Physician e HPVI_RECOM
Had or has doctor or other
Recommendation
healthcare ~ professional
ever recommended that
teen receive HPV shots?
Effect ~ Modifying e Race/Ethnicity | ¢ RACEETHK Race/ethnicity of teen with
Variables multirace category
(recode)
Moderator Variables | ¢ Parent Education | e EDUCI Education level of mother
with 4 categories
e Family Income e [INCPORAR Income to poverty ratio
(recode)
Marital status of mother
e  Marital Status e MARITAL2 (recode)
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Type of healthcare
facility
Geographic

Location

FACILITY

CEN_REG

Facility types for teen’s

providers

Census region based on

true state of residence
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Appendix D: Variable Table for Aim 3

Variable Type Concept Variable Name Variable Description
Independent e Gender e SEX e Sex of teen
Variable
Dependent Variables | @ Vaccination e HPVI_NUM_TOT Number of HH-reported
Initiation Human Papillomavirus
shots received (total)
e Vaccination « HPVI NUM TOT Number of HH-reported
Completion Human Papillomavirus
shots received (total)
* Physician e HPVI_RECOM
Had or has doctor or other
Recommendation
healthcare professional
ever recommended that
teen receive HPV shots?
Effect ~ Modifying e Race/Ethnicity | ¢ RACEETHK Race/ethnicity of teen with
Variables e Year e Year multirace category
(recode)
Sampling year
Moderator Variables | e Parent Education |e EDUCI Education level of mother
with 4 categories
e Family Income e [INCPORAR
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e Income to poverty ratio

(recode)
Marital Status e MARITAL2 e Marital status of mother
(recode)
Type of healthcare | ¢ FACILITY e Facility types for teen’s
facility providers
. Geographic
Location A. CEN_REG

Census region based on true

state of residence
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