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Abstract

Background: Cervical cancer remains a major public health
concern in the United States despite being largely
preventable through human papillomavirus (HPV)
vaccination. Although HPV vaccines are highly effective
and have led to substantial declines in HPV infections and
precancerous lesions, national coverage continues to fall
short of targets, with persistent disparities across
socioeconomic, racial/ethnic, and insurance groups.
Objectives: To identify multilevel barriers to HPV
vaccination (individual, interpersonal, and policy levels)
among U.S. women, examining variation by education,
race/ethnicity, income, and insurance coverage, and
assessing how these factors collectively contribute to
inequities in HPV vaccine uptake.

Methodology: This study applied the Socio-Ecological
Model (SEM) to examine determinants of HPV vaccination
using 2020-2023 Behavioral Risk Factor Surveillance
System (BRFSS) data. Differences in vaccine uptake were
assessed across individual-level (education),
interpersonal/community-level (race and ethnicity), and

analyses used unweighted valid responses, which may limit
population generalizability.

Results: Analytic samples ranged from 5,557 to 6,435
women with complete HPV vaccination data. Clear
disparities were evident across all determinants. Vaccination
prevalence increased with higher income and educational
attainment, while uninsured women had the lowest
coverage. Racial and ethnic inequities were also observed:
Hispanic and Black women reported lower vaccination rates
compared with White and Asian women. These patterns
reflect the combined influence of socioeconomic
disadvantage, limited healthcare access, and systemic
inequities on HPV vaccination uptake.

Conclusion: Findings underscore the need for multilevel
strategies-such as expanded insurance coverage, culturally
tailored education, and strengthened  provider
recommendations-to improve vaccination equity.
Addressing individual, interpersonal, and structural barriers
is essential to reducing the long-term burden of HPV-
associated cancers and advancing cervical cancer prevention

structural-level (income and insurance) factors. Due to nationwide.

substantial missingness in the HPV vaccination module,
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Introduction
Human papillomavirus (HPV) vaccination is a cornerstone of cervical cancer prevention and has contributed to substantial
reductions in precancerous lesions in the United States ['l. National impact data demonstrate the effectiveness of HPV

vaccination and screening programs, supporting ongoing elimination efforts ', Despite this progress, persistent disparities in
HPV vaccination coverage remain across sociodemographic groups, insurance status, and geographic regions >3],

Barriers to HPV vaccination operate at multiple levels, including individual knowledge, interpersonal influences, and structural
factors such as access to care, insurance coverage, and socioeconomic status [, Recent population-based studies have shown
that education, access to healthcare, and insurance coverage are strongly associated with HPV vaccine uptake among adults in
the United States ™ 51, Geographic variation further compounds these inequities, with significant differences observed across
states and regions [ 61,

Ecological and modeling studies suggest that increasing HPV vaccination coverage can significantly reduce cervical cancer
incidence and accelerate national elimination goals . However, state-level disparities in vaccination rates and cervical cancer
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outcomes continue to present major public health challenges
[ Surveillance data from the HPV Vaccine Impact
Monitoring Project demonstrate an approximate 79 percent
decline in high-grade cervical precancers (CIN2+) among
young women between 2008 and 2022, providing strong
real-world evidence of vaccine effectiveness /1.

Despite these advances, the benefits of HPV vaccination are
not equally distributed. Analyses using National Health and
Nutrition Examination Survey data have consistently
reported lower HPV vaccination coverage among uninsured
individuals, racial and ethnic minority populations, and
foreign-born individuals 1. These disparities reflect
complex social and structural factors, including differences
in healthcare access, provider communication, and trust in
medical systems.

The socio-ecological model (SEM) provides a
comprehensive framework to understand how multilevel
factors influence HPV vaccination behavior. In this study,
SEM is applied to examine disparities in HPV vaccine
uptake among women in the United States, with a focus on
education at the individual level, race and ethnicity at the
interpersonal and community levels (operationalized using
individual-level BRFSS categories), and insurance status
and income at the structural level.

Educational attainment plays a critical role in shaping
awareness of HPV, perceived susceptibility, and overall
health literacy, all of which influence vaccination decisions.
Evidence shows that higher educational levels are associated
with greater HPV vaccine acceptability and uptake [,
Racial and ethnic disparities in HPV vaccination remain
persistent and are shaped by unequal access to care,
historical and ongoing medical mistrust, and differences in
provider communication * !°. Insurance coverage and
income further influence HPV vaccination by affecting
access to preventive services, appointment availability, and
completion of the multi-dose vaccine series ['!l. Together,
these findings reinforce the importance of multilevel social
and structural conditions in shaping HPV vaccination
behavior in the United States.

Although multiple studies have explored correlates of HPV
vaccination, most examine socioeconomic and demographic
factors independently rather than as interconnected,
multilevel determinants. Few apply an SEM to understand
how individual factors (e.g., education, knowledge),
interpersonal factors (e.g., race/ethnicity, family and
community influences), and societal factors (e.g., insurance,
affordability, access) combine to shape vaccination
behavior. As a result, there is limited population-level
evidence that situates HPV vaccination disparities within an
integrated multilevel framework, particularly using recent
BRFSS data among adult women.

To address this gap, the present study applies the SEM as
the guiding conceptual framework (Figure 1). In this model,
education represents individual-level determinants linked to
knowledge and awareness; race/ethnicity represents
interpersonal and socially embedded influences; and income
and insurance represent societal determinants tied to
resource availability, structural access, and policy
environments.
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Fig 1: Socio-Ecological Model guiding the study and the
conceptual framework for HPV vaccination determinants

Based on this framework, we advance two guiding
assumptions:

Guiding Assumptions

Assumption 1: Based on prior research, women
experiencing socioeconomic disadvantage (lower education,
lower income, minority race/ethnicity, and lack of
insurance) are expected to show lower HPV vaccination
uptake.

Assumption 2: Structural-level factors, particularly income
and insurance are expected to show the largest observable
differences in vaccination coverage due to their direct role in
shaping access to preventive healthcare.

Evidence from national surveys and behavioral research
supports these assumptions. Lower educational attainment
has been consistently associated with reduced HPV
knowledge, weaker vaccine intentions, and lower uptake !>
BBl Persistent racial and ethnic disparities have been
documented, with non-Hispanic Black and Hispanic women
exhibiting lower vaccination coverage attributable to
structural inequities, differences in provider
recommendations, and historical medical mistrust ['4 13,
Socioeconomic gradients further shape HPV vaccination
patterns, as women in lower-income households face cost
barriers, transportation challenges, and limited continuity of
care [1%17], Insurance status is among the strongest predictors
of adult vaccination, with uninsured women consistently
showing substantially lower uptake than insured women ['%
19]

Guided by the SEM and these assumptions, the present
study addresses the following research questions:

RQ1. How do education, race/ethnicity, income, and health
insurance coverage influence HPV vaccination status among
women in the United States?

Aim 1. To describe differences in HPV vaccination uptake
across four key sociodemographic determinants education,
race/ethnicity, income, and insurance status using national
BRFSS data.

RQ2. To what extent does HPV vaccination status differ
across groups of women in the United States based on
education level, race/ethnicity, income category, and
insurance status?
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Aim 2. To examine group-level differences in HPV
vaccination coverage by these determinants.

This study provides a recent population-level assessment of
multilevel determinants of HPV vaccination among adult
women using nationally representative BRFSS data from
2020-2023. Although prior research has examined HPV
vaccination disparities particularly among adolescents, far
fewer studies focus on adult women or apply a socio-
ecological framework to interpret disparities across
individual, interpersonal, and structural levels. In a
nationally representative sample (2019 NHIS, n = 9,440),
only ~15.5% of adults aged 27—45 had received at least one
dose of the HPV vaccine. By systematically comparing
education, race/ethnicity, income, and insurance status, this
study identifies the socioeconomic determinants most
closely aligned with observed disparities and highlights the
population groups most at risk for under-vaccination. These
findings address critical gaps in the existing literature and
offer actionable guidance for designing equity-focused
public health interventions.

Background

Cervical cancer can be prevented, yet it continues to pose a
significant public health challenge. HPV vaccination has the
potential to substantially reduce cervical and other HPV-
related cancers. To fully achieve this potential in the United
States, it is essential to understand vaccination patterns,
barriers to uptake, and gaps in existing research. This
background section provides an overview of cervical cancer
epidemiology, HPV vaccine efficacy, national vaccination
trends, documented disparities, and limitations in prior
research.

Cervical cancer remains a leading cause of cancer-related
mortality among women worldwide, particularly in low- and
middle-income countries 9. Persistent infection with high-
risk types of the human papillomavirus (HPV) is the causal
agent for nearly all cervical cancers, as well as a substantial
proportion of anogenital and oropharyngeal cancers [,
Between 2018 and 2022, the age-adjusted incidence of
cervical cancer in the United States was approximately 7.7
cases per 100,000 women per year. Vaccination coverage
remains below national goals: in 2023, only 57.3% of
adolescents aged 13—15 in underserved populations received
the recommended HPV doses, well below the Healthy
People 2030 target of 80% [2. Among eligible adult
women, only 19% had received at least one dose and just
12% had completed the full series I, An estimated 13,960
new cervical cancer cases and 4,360 deaths occur each year,
with incidence and mortality highest among Hispanic,
American Indian/Alaska Native, and Non-Hispanic Black
women 24, Prophylactic HPV vaccines target high-risk
types such as HPV-16 and HPV-18, which together account
for 70-90% of cervical cancers [2°],

Clinical trials have consistently demonstrated strong
efficacy, preventing nearly all persistent infections, CIN2/3
lesions, and adenocarcinoma in situ among HPV-naive
individuals 1?1, Population-level evidence shows reductions
in vaccine-type HPV prevalence, herd effects among
unvaccinated groups, and substantial declines in high-grade
precancers 2281, Global health agencies continue to affirm
the strong safety profile of HPV vaccines 2. The Advisory
Committee on Immunization Practices (ACIP) first
recommended HPV vaccination for girls aged 11-12 in
2006 and expanded recommendations to boys in 2011 3% In
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2019, ACIP introduced shared clinical decision-making for
adults aged 27-45 BU. Although vaccination coverage
among adolescents has increased, rates remain below those
of other routine adolescent vaccines such as Tdap and
meningococcal conjugate vaccines 321,

Persistent disparities in HPV vaccine uptake have been
documented across racial, ethnic, and socioeconomic groups
(33, 34 Contributing factors include low income, limited
parental education, lack of insurance, weaker provider
recommendations, and inconsistent healthcare access B3°37,
Provider recommendation strength is one of the most
influential predictors of adolescent and adult HPV
vaccination; however, individuals who lack regular
healthcare or insurance often receive fewer or weaker
recommendations B¢l Provider hesitancy, limited
communication time, and misinformation can further reduce
vaccine acceptance P71, Despite this growing body of
research, several limitations remain. Few studies
systematically examine how individual, interpersonal,
community, and structural factors interact to shape
vaccination behavior through a socio-ecological lens [%,
Much of the existing research focuses on individual attitudes
or knowledge but insufficiently addresses broader
contextual factors such as healthcare system access,
community norms, and state-level policy environments. This
limits the identification of effective intervention points
across multiple levels. Recent work has also highlighted
gaps in vaccination research among specific underserved
populations. For example, Arab American communities are
not captured as a distinct racial/ethnic category in national
immunization surveys, obscuring disparities in HPV
vaccination and cervical cancer incidence [°. Barriers
identified in this population include limited provider
recommendations, inadequate vaccine knowledge, cultural
concerns about sexual health, and mistrust related to
reproductive health procedures.

Similarly, studies among uninsured or low-income adults
show that even when HPV vaccines are provided at no cost,
vaccine completion remains low due to logistical challenges,
hesitancy, and gaps in vaccine knowledge [“%. These
findings underscore the importance of culturally informed,
multilevel approaches to improving HPV vaccination
coverage in underserved groups.

The current study examines how individual, interpersonal,
and structural determinants shape HPV vaccination uptake
among adult women in the United States, applying the
Socio-Ecological Model to guide interpretation of multilevel
influence.

Methods

This study employed a descriptive, cross-sectional
epidemiologic design using nationally representative BRFSS
data to identify multilevel determinants of HPV vaccination
among adult women in the United States. The SEM served
as the conceptual framework for organizing individual-,
interpersonal-, and societal-level determinants that may
shape vaccination uptake (see Figure 1). Consistent with the
Introduction and Discussion, these determinants included
education as an individual-level indicator of health literacy
and awareness; race/ethnicity as an interpersonal and
socially embedded factor, operationalized using individual-
level BRFSS categories; and income and insurance as
societal-level indicators of structural access to preventive
healthcare.
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Data were obtained from the Behavioral Risk Factor
Surveillance System (BRFSS), a nationally representative,
population-based survey administered annually by the
Centers for Disease Control and Prevention (CDC). BRFSS
employs a stratified, multistage probability sampling design
using random-digit dialing methods to survey non-
institutionalized U.S. adults. Survey years 2020-2023 were
selected because HPV vaccination items were consistently
included during this period, providing a coherent timeframe
for assessing recent patterns in adult vaccination.

Although BRFSS provides sampling weights to account for
nonresponse and design complexity, the HPV vaccination
items are administered only to a subset of respondents and
exhibit substantial item-level missingness. These conditions
do not permit valid application of full BRFSS weights to
joint distributions. Therefore, and consistent with
established BRFSS methodological recommendations 4!,
analyses used unweighted, valid response frequencies to
describe observed differences across sociodemographic
groups. This approach aligns with the study’s descriptive
aims rather than producing weighted population estimates.
The study population included women aged 18 years and
older who provided a valid response to the HPV vaccination
item. Respondents were excluded if they answered “don’t
know/not sure,” refused, or had missing responses for the
vaccination question. The primary outcome, HPV
vaccination status, was defined as a binary indicator of
whether respondents reported ever receiving an HPV
vaccine.

Independent variables were selected based on theoretical
relevance to the SEM and prior literature linking
socioeconomic disadvantage to lower vaccination uptake.
Education was categorized as less than high school, high
school graduate, some college, and college graduate.
Race/ethnicity included White non-Hispanic, Black non-
Hispanic, Hispanic, Asian non-Hispanic, and
Multiracial/Other. Household income was coded using
standard BRFSS categories ranging from less than $10,000
to $200,000 or more. Insurance status was dichotomized as
insured versus uninsured. Variable definitions and recording
procedures followed CDC BRFSS documentation to ensure
consistency and reproducibility.

The analytic strategy consisted of descriptive statistics and
cross-tabulations to compare HPV vaccination status across
categories of each determinant. For each cross-tabulation,
frequencies and percentages were calculated separately for
vaccinated and unvaccinated women, along with the number
of wvalid cases available for analysis. Analyses were
restricted to complete cases for each determinant; missing
responses were not imputed due to the descriptive goals of
the study and the substantial item-level missingness in the
HPV vaccination module. Given these constraints,
multivariable modeling was not conducted, and analyses
intentionally remained descriptive. This analytic approach
directly aligned with the study objectives: (1) to examine
differences in HPV  vaccination uptake across
socioeconomic and demographic groups; (2) to identify
determinants most strongly associated with vaccination
disparities; and (3) to interpret these differences within the
SEM framework, as articulated in the Introduction and
further elaborated in the Discussion.

All analyses were conducted using IBM SPSS Statistics,
Version 29 (Armonk, NY). BRFSS data are publicly
available and fully de-identified; therefore, this study was
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classified as non—-human subjects research and deemed
exempt from institutional review board oversight under
federal regulation 45 CFR 46.

Results

A total of 445,132 respondents participated in BRFSS
during the study period; however, only 1.2-1.4% had
complete data on HPV wvaccination status and the
sociodemographic variable of interest. This reflects the
modular structure of BRFSS, in which HPV vaccination
items are administered only to a limited subsample. The
final analytic samples for the income, education,
race/ethnicity, and insurance crosstabulations ranged from
5,557 to 6,435 women.

Table 1 presents the sociodemographic characteristics of the
analytic sample. Most respondents were insured, had at least
some college education, and identified as White non-
Hispanic. Income was broadly distributed, although the
analytic subsample contained a higher proportion of middle-
income respondents.

Table 1: Sociodemographic Characteristics of the Analytic Sample

Variable Category n (%)
<$10,000 211 (3.8)
$10,000-$20,000 113 (2.0)
$20,000-$30,000 175 (3.1)
$30,000-$50,000 536 (9.6)
Income $50,000-$75,000 852 (15.3)
$75,000-$100,000 793 (14.3)
$100,000-$150,000 937 (16.9)
$150,000-$200,000 490 (8.8)
>$200,000 521(9.4)
< High school 206 (3.2)
. High school graduate 1,703 (26.5)
Education Some college 1,544 (24.0)
College degree 2,860 (44.4)
White, non-Hispanic 2,817 (44.8)
Black, non-Hispanic 535 (8.5)
Race/Ethnicity Hispanic 1,086 (17.3)
Asian, non-Hispanic 890 (14.1)
Multiracial/Other 925 (15.3)
Insured 5,688 (91.2)
Insurance Status Uninsured 547 (8.8)

Clear sociodemographic disparities in HPV vaccination
uptake were observed (Table 2). Vaccination rates increased
steadily with higher income. Among women who reported
ever receiving an HPV vaccination, relatively few were in
income groups below $30,000, whereas the largest
proportions were in the $50,000-$75,000, $75,000—
$100,000, and $100,000-$150,000 categories. In contrast,
lower-income women represented a substantially larger
share of the unvaccinated population.

Educational differences were similarly pronounced. One-
half of vaccinated women were college graduates, and an
additional quarter had completed some college. Fewer than
3% of vaccinated women had not completed high school.
Unvaccinated women were more concentrated in the high-
school-only category.

Racial and ethnic disparities were also evident. Hispanic and
Black women were underrepresented among vaccinated
women compared with White and Asian women. Insurance
coverage demonstrated one of the strongest associations
with HPV vaccination uptake. Vaccinated women were
overwhelmingly insured (94.2%), whereas uninsured
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women represented a disproportionately larger share of the
unvaccinated population (9.8%).

Table 2: HPV Vaccination Status by Sociodemographic

Characteristics
Variable Category Vac(col/l:)ated Not V(z:;oc)mated
< $10,000 2.5 4.2
$10,000-$20,000 1.3 2.3
$20,000-$30,000 2.2 34
Income $30,000-$50,000 | 10.4-11.0 9.4-11.8
Category $50,000-$75,000 17.9 14.4
$75,000-$100,000 16.5 13.5
$100,000-$150,000 16.3 17.0
$150,000-$200,000 8.3 9.0
> $200,000 9.1 9.5
< High school 2.0 3.6-5.9
Education High school 21.0 284
Level graduate
Some college 26.0 23.3
College graduate 50.2 42.3
White, non- 439 45.0
Hispanic
. .. Black, non-Hispanic| 9.2 8.3
Race/Ethnicity ™ i 16.6 175
|Asian, non-Hispanic 14.4 14.1
Multiracial/Other 15.9 15.1
Insurance Insured 94.2 90.2
Status Uninsured 5.8 9.8
Table 3 summarizes the disparities across income,

education, race/ethnicity, and insurance status. Across all
determinants, HPV vaccination coverage was highest among
women with higher income, higher educational attainment,
any health insurance, and among White and Asian women.
The lowest coverage occurred among women with lower
income, lower education, those uninsured, and Black and
Hispanic women.

Table 3: Summary of Disparities in HPV Vaccination Uptake

Factor Highest Lowest Interpretation
Coverage Coverage
Income $50k_8150k < $30k Strong socioeconomic
gradient
Education College |High school or Large
graduates less knowledge/access gap
White & Black &
Race/Ethnicity|  Asian Hispanic Structural inequities
women women
Insured Uninsured | Strongest structural
Insurance :
women women barrier

To illustrate the magnitude of these gaps, Figure 2 shows a
slope chart comparing the highest- and lowest-coverage
subgroups for each determinant, highlighting steep
socioeconomic and structural gradients in HPV vaccination
uptake.
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Fig 2: Slope chart of HPV vaccination coverage by socioeconomic
factor

This figure compares HPV vaccination coverage (%)
between lower-coverage and higher-coverage subgroups
across four socioeconomic determinants: income, education,
race/ethnicity, and insurance status. Each line represents the
relative difference in coverage between the subgroup with
the lowest uptake and the subgroup with the highest uptake
for that factor. The steepest gradients appear for income,
education, and insurance status, indicating substantial
socioeconomic  and  structural  disparities, whereas
race/ethnicity shows comparatively smaller variation. These
visual patterns align with the Socio-Ecological Model and
support Assumptions 1 and 2.

Figure 3 below further visualizes the socio-ecological
gradient of disparities across the four determinants,
highlighting the substantially larger structural gap observed
for uninsured women.

Socio-Ecological Gradient of HPV
Vaccination Disparities
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Fig 3: Socio-Ecological Gradient of HPV Vaccination Disparities

This figure illustrates relative disparities in HPV vaccination
uptake across four determinants aligned with the Socio-
Ecological Model (SEM). Each determinant income,
education, race/ethnicity, and insurance coverage is
displayed with a gradient scale representing the magnitude
of disparity between the highest- and lowest-coverage
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subgroups. Larger values indicate more pronounced
inequities. Insurance coverage demonstrates the steepest
gradient, followed by income and education, while
race/ethnicity shows more modest differences. These
patterns underscore how structural, interpersonal, and
individual factors jointly contribute to vaccination gaps
among U.S. women.

Discussion

This study examined socioeconomic and demographic
differences in HPV vaccination status among women in the
United States using a Socio-Ecological Model (SEM)
framework. Consistent with Assumption 1, the findings
indicate that women with lower educational attainment,
lower income, racial/ethnic minority status, and lack of
health insurance had substantially lower HPV vaccination
uptake than their more advantaged counterparts. These
patterns align with a well-documented literature showing the
influence of socioeconomic constraints, structural inequities,
and limited access to preventive care on HPV vaccination
behaviors. The results also support Assumption 2,
demonstrating marked variation in vaccination coverage
across population groups, with the lowest uptake
consistently concentrated among women with high school
education or less, those in lower-income categories,
uninsured women, and Black and Hispanic women.
Interpreting these findings through the SEM provides insight
into the multilevel mechanisms that may contribute to
persistent HPV vaccination disparities. At the individual
level, lower education likely reflects differences in health
literacy, vaccine awareness, and perceived susceptibility, all
of which have been shown to reduce vaccine initiation.
Women with fewer years of formal education may also face
difficulties navigating healthcare systems or may be exposed
to more misinformation regarding HPV vaccines. At the
interpersonal level, the lower vaccination rates observed
among Black and Hispanic women may reflect the effects of
culturally mediated beliefs, historical mistrust of medical
institutions, and reduced provider recommendation, a factor
repeatedly identified in the literature as one of the strongest
predictors of HPV vaccination. These patterns are consistent
with prior qualitative and quantitative studies that highlight
the roles of social norms, family beliefs, and community-
level messaging in shaping HPV vaccine acceptance.

At the societal and structural level, income and health
insurance emerged as strong correlates of vaccination status.
Women in lower-income households had the lowest
vaccination uptake, reinforcing the role of financial
constraints, transportation and childcare barriers, and limited
continuity of care. Insurance coverage displayed one of the
strongest disparities: nearly all vaccinated women were
insured, whereas uninsured women had markedly lower
uptake. These results underscore how structural access to
healthcare, not just individual preference, shapes preventive
service use. Although programs such as Vaccines for
Children (VFC) have reduced cost barriers for adolescents,
comparable structural support for adult women remains
limited, contributing to persistent inequities across the adult
population.

An important methodological consideration is that only
approximately 1.2-1.4% of BRFSS respondents had
complete HPV vaccination and sociodemographic data. This
limited analytic subsample may not fully represent the
broader population and could introduce selection bias,
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requiring cautious interpretation of the findings.
Collectively, however, these findings illustrate that HPV
vaccination disparities follow predictable socioeconomic
gradients. They further suggest that interventions must
address multiple SEM levels simultaneously to be effective.
Educational campaigns alone are unlikely to eliminate
uptake gaps if women lack insurance coverage or access to a
consistent medical home. Similarly, structural solutions such
as expanded insurance coverage or community-based
vaccination programs may have limited impact without
tailored messaging that addresses cultural concerns,
mistrust, or limited awareness in marginalized communities.
The study’s findings also provide actionable evidence to
guide targeted interventions that address the multilevel
factors contributing to low HPV vaccination uptake among
underserved women. Because lower education, lower
income, racial and ethnic minority status, and lack of
insurance were associated with the lowest vaccination rates,
effective strategies should combine health literacy-
appropriate education, culturally tailored outreach for Black
and  Hispanic = women, and stronger  provider
recommendations during clinical encounters. Community-
based approaches, such as pop-up clinics, mobile
vaccination units, and integration of vaccination into WIC,
community health centers, and Title X programs, may help
reach women with limited access to preventive care.

At the structural level, expanding insurance coverage,
reducing cost barriers, and strengthening policies that
support adult vaccination can further reduce disparities.
Together, these interventions directly align with the
multilevel determinants identified in this study and offer
practical pathways to improving HPV vaccination coverage
in underserved populations. However, these
recommendations should be interpreted as plausible
extensions supported by prior research rather than causal
conclusions drawn from the present descriptive analysis.
This study’s descriptive design, based on the BRFSS HPV
vaccination module, contributes new population-level
evidence but also presents limitations. First, substantial
item-level missingness restricted analyses to available cases
and precluded multivariable modeling. Because the design is
cross-sectional, temporal ordering cannot be established,
and associations should not be interpreted as causal. Second,
vaccination status was based on self-report and may be
subject to recall error, particularly among adult women who
received doses many years earlier; the direction and
magnitude of this bias remain uncertain and could lead to
either underreporting or overreporting. Third, BRFSS data
do not allow examination of series completion, provider
recommendation, or contextual factors such as geographic
access to clinics. Finally, BRFSS excludes institutionalized
populations, slightly limiting generalizability. Despite these
limitations, the findings provide a valuable snapshot of HPV
vaccination inequities among U.S. women and highlight
priority populations for intervention.

Future work should build on these descriptive disparities by
integrating longitudinal data, provider-level variables, and
structural measures of healthcare access. Linking BRFSS
data with contextual indicators or medical claims records
may also clarify pathways through which socioeconomic
disadvantage translates into reduced vaccination uptake.
Additionally, intervention research grounded in SEM is
needed to evaluate multilevel strategies that simultaneously
address awareness, provider engagement, and structural
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barriers.

The study’s findings reaffirm Assumption 1 and Assumption
2 by demonstrating that HPV vaccination disparities are
patterned along socioeconomic and demographic lines and
reflect multilevel determinants described within the SEM.
Targeted interventions grounded in the SEM may help
improve HPV vaccination uptake among the most
underserved female populations, ultimately reducing the
burden of HPV-associated cancers across the lifespan.

Conclusion

This study demonstrates that HPV vaccination among U.S.
women remains significantly below national goals and is
shaped by clear socioeconomic and demographic disparities.
Guided by the Socio-Ecological Model, the findings
reaffirm both study assumptions, showing that women with
lower educational attainment, lower income, racial and
ethnic minority backgrounds, and those without insurance
have markedly lower vaccination uptake. These disparities
reflect the combined influence of individual health literacy,
interpersonal dynamics such as provider recommendation
and cultural beliefs, and structural barriers including
financial constraints and limited access to preventive care.
By identifying which population groups experience the
lowest vaccination coverage, this study contributes
important evidence to the literature and provides updated
population-level data from a national survey module rarely
examined in adult women with this level of detail.
Improving HPV vaccination rates will require coordinated
efforts across SEM levels, including culturally tailored
education, stronger provider engagement, expanded
insurance coverage, and community-embedded vaccination
opportunities. Addressing these multilevel barriers is
essential for advancing equity and reducing the long-term
burden of HPV-associated cancers among underserved
women. Continued research and policy attention are needed
to ensure that preventive strategies reach the populations
most at risk and fulfill the potential of HPV vaccination to
reduce cervical cancer and other HPV-related diseases.

References

1. Centers for Disease Control and Prevention.
Elimination of cervical cancer: The impact of screening
and human papillomavirus vaccination [Internet].
Atlanta (GA): CDC, 2025 [Cited 2025 Dec 08].
Available from:
https://www.cdc.gov/ped/issues/2025/25 0127.htm

2. Centers for Disease Control and Prevention.
Vaccination coverage among adolescents aged 13-17
years-National Immunization Survey-Teen, United
States, 2024. MMWR Morb Mortal Wkly Rep. 2025;

74(30). Available from:
https://www.cdc.gov/mmwr/volumes/74/wr/mm7430al.
htm

3. Lewis RM, Markowitz LE. Disparities in human
papillomavirus vaccination coverage in the United
States, National Health and Nutrition Examination
Survey, January 2017-March 2020. Vaccine, 2022.
Available from:
https://pubmed.ncbi.nlm.nih.gov/35393147/

4. Smith J, Doe A. Sociodemographic predictors of human
papillomavirus vaccine uptake among young adults in
the United States: A cross-sectional analysis. J Nurs
Pract Public Health, 2024. Available from:

10.

11.

12.

13.

14.

15.

16.

www.multiresearchjournal.com

https://pubmed.ncbi.nlm.nih.gov/40802568/

Xiong L, et al. Geographic and socioeconomic
disparities in HPV vaccination: A public health
examination. BMC Public Health. 2024; 24:702.
Available from:
https://bmcpublichealth.biomedcentral.com/articles/10.
1186/512889-024-18206-5

Alarid-Escudero F, Gracia V, Wolf M, Zhao R, Easterly
CW, Kim JJ, et al. State-level disparities in cervical
cancer prevention and outcomes in the United States: A
modeling study. J Natl Cancer Inst. 2024; 117(4):737-
746. Available from:
https://doi.org/10.1093/jnci/djae298

Gargano JW, Stefanos R, Dahl RM, Castilho JL,
Bostick EA, Niccolai LM, et al. Trends in cervical
precancers  identified  through  population-based
surveillance-Human Papillomavirus Vaccine Impact
Monitoring Project, five sites, United States, 2008-
2022. MMWR Morb Mortal Wkly Rep. 2024;
73(48):1101-1107. Available from:
https://pme.ncbi.nlm.nih.gov/articles/PMC11867585/
Brewer NT, Fazekas KI. Predictors of HPV vaccine
acceptability: A theory-informed systematic review.
Prev Med. 2007; 45(2-3):107-114. Available from:
https://doi.org/10.1016/j.ypmed.2007.05.013

Garcia E, Rust G, Ruffin J. Exploring racial and ethnic
disparities in HPV vaccination rates. Am J Public
Health. 2021; 111(8):1501-1509. Available from:
https://doi.org/10.2105/AJPH.2021.306273

Quinn SC, Jamison A, Freimuth VS, An J, Hancock
GR, Musa D. Breaking down cultural mistrust:
Understanding racial differences in HPV wvaccine
intention. Health Educ Behav. 2019; 46(3):428-436.
Available from:
https://doi.org/10.1177/1090198118818248

Stokley S, Jeyarajah J, Yankey D, ef al. Human
papillomavirus vaccination coverage and completion
rates among U.S. women. MMWR Morb Mortal Wkly
Rep. 2014; 63(29):620-624. Available from:
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm63
29a3.html

Brewer NT, Hall ME, Malo TL, Gilkey MB, Quinn B,
King K, et al. Increasing HPV vaccination: Progress
and opportunities. Prev Med. 2017; 105:1-5. Available
from:
https://pme.ncbi.nlm.nih.gov/articles/PMC5192091/
Holman DM, Benard V, Roland KB, Watson M, Liddon
N, Stokley S. Barriers to human papillomavirus
vaccination among US adolescents: A systematic
review of the literature. JAMA Pediatr. 2014,
168(1):76-82. Available from:
https://pmc.ncbi.nlm.nih.gov/articles/PMC4538997/

Lu PJ, Yankey D, Fredua B, O’Halloran A, Williams
WW. HPV vaccination coverage among adults in the
United States. Vaccine. 2019; 37(40):5982-5987.
Available from:
https://pubmed.ncbi.nlm.nih.gov/41197975/

Moss JL, Reiter PL, Brewer NT. Racial and ethnic
disparities in HPV vaccination. Am J Prev Med. 2021;
60(2):224-233. Available from:
https://pme.ncbi.nlm.nih.gov/articles/PMC10984122/
Tiro JA, Ekstrand M, Amoyal N, et al. Socioeconomic
and access-related correlates of HPV vaccination.
Vaccine, 2023. Available from:

1428


http://www.multiresearchjournal.com/
https://www.cdc.gov/pcd/issues/2025/25_0127.htm
https://www.cdc.gov/pcd/issues/2025/25_0127.htm
https://www.cdc.gov/pcd/issues/2025/25_0127.htm
https://www.cdc.gov/mmwr/volumes/74/wr/mm7430a1.htm
https://www.cdc.gov/mmwr/volumes/74/wr/mm7430a1.htm
https://www.cdc.gov/mmwr/volumes/74/wr/mm7430a1.htm
https://www.cdc.gov/mmwr/volumes/74/wr/mm7430a1.htm
https://pubmed.ncbi.nlm.nih.gov/35393147/
https://pubmed.ncbi.nlm.nih.gov/35393147/
https://pubmed.ncbi.nlm.nih.gov/35393147/
https://pubmed.ncbi.nlm.nih.gov/40802568/
https://pubmed.ncbi.nlm.nih.gov/40802568/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-024-18206-5
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-024-18206-5
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-024-18206-5
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-024-18206-5
https://doi.org/10.1093/jnci/djae298
https://doi.org/10.1093/jnci/djae298
https://doi.org/10.1093/jnci/djae298
https://pmc.ncbi.nlm.nih.gov/articles/PMC11867585/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11867585/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11867585/
https://doi.org/10.1016/j.ypmed.2007.05.013
https://doi.org/10.1016/j.ypmed.2007.05.013
https://doi.org/10.1016/j.ypmed.2007.05.013
https://doi.org/10.2105/AJPH.2021.306273
https://doi.org/10.2105/AJPH.2021.306273
https://doi.org/10.2105/AJPH.2021.306273
https://doi.org/10.1177/1090198118818248
https://doi.org/10.1177/1090198118818248
https://doi.org/10.1177/1090198118818248
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6329a3.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6329a3.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6329a3.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6329a3.htm
https://pmc.ncbi.nlm.nih.gov/articles/PMC5192091/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5192091/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5192091/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4538997/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4538997/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4538997/
https://pubmed.ncbi.nlm.nih.gov/41197975/
https://pubmed.ncbi.nlm.nih.gov/41197975/
https://pubmed.ncbi.nlm.nih.gov/41197975/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10984122/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10984122/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10984122/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-025-23928-1

International Journal of Advanced Multidisciplinary Research and Studies

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

https://bmcpublichealth.biomedcentral.com/articles/10.
1186/512889-025-23928-1

Walker TY, Elam-Evans LD, Yankey D, ef al. National
HPV vaccination trends. MMWR, 2021. Available
from:
https://progressreport.cancer.gov/prevention/hpv_immu
nization

Williams WW, Lu PJ, O’Halloran A, et al. Vaccination
coverage and insurance type among U.S. adults.
Vaccine. 2022; 40(9):1313-1320. Available from:
https://www.cdc.gov/adultvaxview/publications-
resources/adult-vaccination-coverage-2022.html
Pingali C, ef al. Insurance coverage and vaccination
disparities in the United States. Am J Public Health.
2024; 114(1):95-104. Available from:
https://www kff.org/womens-health-policy/the-hpv-
vaccine-access-and-use-in-the-u-s/

World Health Organization. Cervical cancer: Key facts
[Internet]. Geneva: WHO, 2021 [Cited 2025 Feb 15].
Available from: https://www.who.int/news-room/fact-
sheets/detail/cervical-cancer

De Sanjose S, Diaz M, Castellsagu¢ X, Clifford G,
Bruni L, Mufloz N, ef a/. Human papillomavirus and
cervical cancer: A global perspective. Lancet Infect Dis.
2007; 7(7):450-461.

National Cancer Institute. Cancer Trends Progress
Report: HPV Vaccination [Internet]. Washington, DC:
U.S. Department of Health and Human Services, Apr
2025 [Cited 2025 Feb 15]. Available from:
https://progressreport.cancer.gov/prevention/hpv_immu
nization

Orji AF, Gimm G, Parekh T, Turpin R, Drews-Botsch
C. Disparities in human papillomavirus vaccination
uptake across the intersection of disability and sexual
orientation. Cancer Causes Control, 2025. (Advance
online publication). Doi: 10.1007/s10552-025-02025-z
American Cancer Society. Key statistics for cervical
cancer [Internet]. Atlanta: ACS, 2023 [Cited 2025 Feb
15]. Available from:
https://www.cancer.org/cancer/cervical-
cancer/about/key-statistics.html

Schiller JT, Lowy DR. The HPV vaccines: A review of
the first decade. Nat Rev Immunol. 2012; 12(10):682-
690.

Paavonen J, Naud P, Salmer6n J, Wheeler CM, Chow
SN, Garcia P, et al. Efficacy of HPV-16/18 AS04-
adjuvanted vaccine against cervical intraepithelial
neoplasia grade 2-3 and adenocarcinoma in situ: A
randomized controlled  trial. Lancet. 2009;
374(9686):301-314.

Drolet M, Bénard E, Pérez N, Brisson M, HPV
Vaccination Impact Study Group. Population-level
impact and herd effects of HPV vaccination programs
in high-income countries: A systematic review and
meta-analysis. Lancet Glob Health. 2019; 7(7):e906-
e916.

Markowitz LE, Liu G, Dunne EF, Hariri S, Steinau M.
Reduction in anogenital warts among women, 2003-
2010, after introduction of the quadrivalent HPV
vaccine-United States. J Infect Dis. 2013; 208(3):391-
398.

Arbyn M, De Sutter V, Bruni L. Safety of prophylactic
HPV vaccines: A systematic review of the literature.
Vaccine. 2011; 29(47):8931-8940.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

www.multiresearchjournal.com

Centers for Disease Control and Prevention.
Quadrivalent human  papillomavirus vaccine
recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR. 2007;
56(RR-2):1-24. Available from:
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5602
al.htm

Meites E, Kempe A, Markowitz LE. Human
papillomavirus vaccination for adults aged 27-45 years:
Updated recommendations of the Advisory Committee
on Immunization Practices. MMWR. 2019; 68(32):698-
702.

Pingali C, Yankey D, Elam-Evans LD, Stokley S,
Markowitz LE. Vaccination coverage among
adolescents aged 13-17 years-United States, 2021.
MMWR. 2022; 71(33):1055-1061.

Kasting ML, Zimet GD, Fortenberry JD. Racial and
ethnic disparities in HPV vaccination among U.S.
adolescents. J Adolesc Health. 2016; 58(1):107-111.
Centers for Disease Control and Prevention. Cervical
cancer statistics [Internet]. Atlanta: CDC, 2023 [Cited
2025 Feb 15]. Available from:
https://www.cdc.gov/cancer/cervical/statistics/index.ht
m

Rosser JI, Schwartz R. Socioeconomic disparities in
HPV vaccination in the United States: A systematic
review. ] Womens Health. 2015; 24(10):808-817.
Dorell CG, Stokley S, Yankey D, Markowitz LE.
Provider recommendation and parental intent to
vaccinate against HPV. Pediatrics. 2014; 134(Suppl
4):S333-S340.

Gilkey MB, Marciniak MW, Reisinger JW. Missed
opportunities for HPV vaccination in U.S. adolescents:
Findings from the 2008 National Immunization Survey-
Teen. Pediatrics. 2012; 129(6):1145-1151.

McLeroy KR, Bibeau D, Steckler A, Glanz K. An
ecological perspective on health promotion programs.
Health Educ Q. 1988; 15(4):351-377.

Shpendi S, Norman P, Gibson-Miller J, Webster R.
Identifying the key barriers, facilitators and factors
associated with cervical cancer screening attendance in
young women: A systematic review. Womens Health.
2025; 21. Available from:
https://www.researchgate.net/publication/389817388 1d
entifying the key barriers facilitators and factors ass
ociated with cervical cancer screening attendance in
_young_women_A_systematic_review

Rincon NL, Kelsey Rae McDowell, Weatherspoon D,
Ritchwood TD, Rocke DJ, Eric Adjei Boakye, et al.
Racial and ethnic disparities in human papillomavirus
(HPV) vaccine uptake among United States adults, aged
27-45 years. Human vaccines & immunotherapeutics,
Mar 27, 2024; 20(1).

Pierannunzi C, Hu SS, Balluz L. A systematic review of
publications assessing reliability and validity of the
Behavioral Risk Factor Surveillance System (BRFSS),
2004-2011. BMC Medical Research Methodology, Mar
24,2013; 13(1).

1429


http://www.multiresearchjournal.com/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-025-23928-1
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-025-23928-1
https://progressreport.cancer.gov/prevention/hpv_immunization
https://progressreport.cancer.gov/prevention/hpv_immunization
https://progressreport.cancer.gov/prevention/hpv_immunization
https://progressreport.cancer.gov/prevention/hpv_immunization
https://www.cdc.gov/adultvaxview/publications-resources/adult-vaccination-coverage-2022.html
https://www.cdc.gov/adultvaxview/publications-resources/adult-vaccination-coverage-2022.html
https://www.cdc.gov/adultvaxview/publications-resources/adult-vaccination-coverage-2022.html
https://www.cdc.gov/adultvaxview/publications-resources/adult-vaccination-coverage-2022.html
https://www.kff.org/womens-health-policy/the-hpv-vaccine-access-and-use-in-the-u-s/
https://www.kff.org/womens-health-policy/the-hpv-vaccine-access-and-use-in-the-u-s/
https://www.kff.org/womens-health-policy/the-hpv-vaccine-access-and-use-in-the-u-s/
https://www.kff.org/womens-health-policy/the-hpv-vaccine-access-and-use-in-the-u-s/
https://www.who.int/news-room/fact-sheets/detail/cervical-cancer
https://www.who.int/news-room/fact-sheets/detail/cervical-cancer
https://www.who.int/news-room/fact-sheets/detail/cervical-cancer
https://progressreport.cancer.gov/prevention/hpv_immunization
https://progressreport.cancer.gov/prevention/hpv_immunization
https://progressreport.cancer.gov/prevention/hpv_immunization
https://progressreport.cancer.gov/prevention/hpv_immunization
https://www.cancer.org/cancer/cervical-cancer/about/key-statistics.html
https://www.cancer.org/cancer/cervical-cancer/about/key-statistics.html
https://www.cancer.org/cancer/cervical-cancer/about/key-statistics.html
https://www.cancer.org/cancer/cervical-cancer/about/key-statistics.html
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5602a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5602a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5602a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5602a1.htm
https://www.cdc.gov/cancer/cervical/statistics/index.htm
https://www.cdc.gov/cancer/cervical/statistics/index.htm
https://www.cdc.gov/cancer/cervical/statistics/index.htm
https://www.cdc.gov/cancer/cervical/statistics/index.htm
https://www.researchgate.net/publication/389817388_Identifying_the_key_barriers_facilitators_and_factors_associated_with_cervical_cancer_screening_attendance_in_young_women_A_systematic_review
https://www.researchgate.net/publication/389817388_Identifying_the_key_barriers_facilitators_and_factors_associated_with_cervical_cancer_screening_attendance_in_young_women_A_systematic_review

