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ABSTRACT

Latina women experience cancer disparities exacerbated by multilevel factors. An
understanding of how multilevel factors influence Latinas’ use of prevention services, can
inform culturally tailored interventions. Using cross-sectional surveys guided by the NIMHD
Health Disparities Research Framework, we sought to identify individual (HPV vaccine
hesitancy, HPV knowledge, HPV vaccine conspiracy beliefs), interpersonal (strength of provider
communication, mother-daughter communication), and community (negative HPV vaccine
messages, number of times offered the HPV vaccine, clinic wait times) factors associated with
HPV vaccine initiation and completion among Mexican American young adult women. At the
individual level, HPV vaccine hesitancy and HPV vaccine conspiracy beliefs were associated
with HPV vaccine initiation and completion. HPV vaccine knowledge was not associated with
initiation or completion. At the individual level, strength of provider communication and HPV
mother-daughter communication was associated with HPV vaccine initiation. Only HPV
mother-daughter communication was associated with HPV vaccine completion. At the
community level, longer clinic wait times and number of times the HPV vaccine has been
offered was associated with HPV vaccine initiation. Exposure to negative HPV vaccine
messages was not associated with HPV vaccine initiation but was associated with HPV vaccine
completion. Longer clinic wait times and number of times the HPV vaccine was offered was
not associated with completion. Findings suggest multilevel factors that influence HPV vaccine
initiation can differ from factors that influence completion, an important factor to consider
when designing interventions tailored to meet the needs of this population or when
implementing evidence-based strategies for HPV vaccination.
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Introduction

Latina women in the U.S. continue to be dispropor-
tionately affected by cervical cancer outcomes com-
pared to their non-Latina White counterparts.!?
Among US. women between 2000 and 2019, Latina
women had higher hysterectomy corrected incidence
of regional, local and distant cervical cancer compared
to non-Latina White women.! The prevalence of cer-
vical cancer among Latinas warrants an urgent need
to understand drivers of cancer prevention strategies.
A southern California Los Angeles-based assessment
found Latina women accounted for 50% of cervical
cancer cases, of which 41% were of Mexican ancestry.?
Latinas are a heterogeneous ethnic group with varying
health behaviors and outcomes. Research should con-
tinue to explore cancer disparities by subgroup to

inform ways to better reach populations at highest
disadvantage of cervical cancer disparities. Studies
exploring cervical cancer disparities by Latino racial
and ethnic subgroup found Mexican women had the
highest incidence in comparison to Cuban, New
Latinos (i.e., individuals from countries in the
Americas where Spanish is the official language), and
Puerto Ricans.> More studies are needed to inform
effective strategies that support cancer prevention
practices (e.g., HPV vaccination) among Mexican
American young adult women at high-risk of adverse
cervical cancer outcomes.

The HPV vaccine is routinely offered in adoles-
cence, making parents and guardians the primary
decision makers for HPV vaccination. To ensure
health autonomy, HPV vaccination efforts are also
needed for young adults. HPV vaccine initiation rates
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among young adult women in the U.S. are low.* Latina
young adults have reported lower vaccination initia-
tion rates (~22%) than non-Latina Whites (28%).*
HPV vaccine completion rates among young adult
women are also low (16.8%), particularly foreign-born
women (7.2%) compared to U.S.-born women (18.5%).
A deeper understanding of HPV vaccine initiation
and completion decisions among Latina women is
needed to better alleviate cervical cancer disparities
among Latina women. Unvaccinated Latina women
routinely receiving health care services may be more
amenable to receiving preventive services such as the
HPV vaccine.

HPV vaccine decisions are multifaceted and operate
at various levels of influence (e.g., individual, inter-
personal and community level).® Our previous
clinic-based studies exploring HPV vaccine decision
narratives among Latina women found individual (e.g.,
low HPV knowledge, trust in sexual partner, personal
vaccine beliefs, fear, motherhood), interpersonal (pro-
vider communication, mother-daughter communica-
tion, cultural norms), and community (e.g., health
insurance, clinic wait time, misinformation) factors
to HPV vaccine delay and refusal.*” Quantitative stud-
ies are needed to validate findings from formative
research and begin to explore the complex associations
between factors that influence HPV vaccine initiation
and completion.

Understanding how factors associated with HPV
vaccine initiation and completion are interrelated are
also necessary to comprehend the effect these factors
on HPV vaccine behaviors. Mexican American young
adult women participants described adequate provider
communication, mother’s approval and more infor-
mation may ease their hesitancy about the HPV vac-
cine.® Vaccine conspiracy beliefs may be associated
with vaccine knowledge and vaccination intention.?
This study also examined associations between HPV
vaccine hesitancy and provider communication,
mother-daughter communication, and HPV conspiracy
beliefs. We also looked at the associations between
HPV conspiracy beliefs and HPV knowledge.

The National Institute on Minority Health and
Health Disparities (NIMHD) framework presents key
drivers of health disparities in their respective levels
of influence (i.e., individual, interpersonal, community,
societal).” Additionally, the NIMHD framework
describes domains of influence (i.e., biological, behav-
ioral, physical and built environment, sociocultural
environment, health care system). In an effort to pro-
vide a foundation for exploring multilevel factors
influencing HPV vaccination and to inform future
clinic-based interventions, we explored sociocultural

BEHAVIORAL MEDICINE . 17

environmental factors across three levels of influence
(i.e., individual, interpersonal, community) identified
in the NIMHD framework and literature that influ-
ence HPV vaccine initiation and completion.

The primary objective of this study was to propose
a parsimonious conceptual model using multiple
mediator path analysis to investigate the direct effects
of individual, interpersonal and community factors
associated with HPV vaccine initiation and completion
among Mexican American young adult women. The
secondary objective of this study is to explore differ-
ences in factors associated with HPV vaccine uptake
compared to those associated completion. To accom-
plish this, we first ran bivariate analyses to decide
which individual, interpersonal, community factors
should be further investigated. Next, we ran models
with individual, interpersonal, community factors,
separately. Lastly, we included one final model with
all significant individual, interpersonal, community
factors.

Methods
Study design and participant selection

This study took place between October 2021 and May
2022 aimed at investigating the extent to which indi-
vidual, interpersonal and community factors are asso-
ciated with HPV initiation and completion.
Participants were recruited via email from two
University of California, Irvine (UCI)-affiliated
Federally Qualified Health Centers (FQHC) in Orange
County, California and participated in a one-time
15-minute online survey that was emailed. Eligibility
criteria included patients that have visited a
UCl-affiliated FQHC in the past year, self-identified
as female and Mexican or Mexican American, were
between the ages of 18 and 26 at the time of the
survey, have lived in California for the past 3years,
recall being offered the HPV vaccine by a medical
provider, were aware of their HPV vaccine status and
can read and write in English or Spanish. Participants
who indicated they did not have a mother figure
were excluded from the analysis, but not from the
survey. The Centers for Disease Control and
Prevention (CDC) Advisory Committee on
Immunization Practices (ACIP) provides HPV vaccine
guidelines by age group. Our study was interested in
HPV vaccination decisions in adulthood to ensure
parental vaccine hesitancy was not a determinant of
HPV vaccine delay and refusal. For this reason, our
study included participants 18 years of age and older.
Additionally, ACIP recommends providers routinely
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offer the HPV vaccine through the age of 26. For
adults 27 through 45, ACIP recommends that patients
engage in a shared decision-making process with their
provider to decide if HPV vaccination is recom-
mended. For this reason, we only recruited partici-
pants under 27years of age and only included
individuals who stated they had been offered the
HPV vaccine by a provider. Our study investigated
potentially modifiable multilevel factors (i.e., individ-
ual, interpersonal, community) that can influence
HPV vaccine decisions. In an effort to control for
the temporality of community-level factors (e.g.,
access to health insurance), we only included indi-
viduals who stated they lived in California for at least
3years. Only completed surveys were used in the
analysis.

Sample size

All patients attending a UCI-affiliated FQHC signed
a waiver consenting to be contacted for research pur-
poses at time of their health care visit. Researchers
obtained access to an email list of patients from the
two FQHC with patients between the ages of 18 and
26 and self-identified as Latina. Researchers also had
access to patients’ preferred language and HPV vac-
cination status verified through electronic medical
records. Of the email list of 3,908 Latina patients who
visited a UCI-affiliated FQHC in the past 3years,
3,256 patients (83.5%) preferred communicating in
English and 642 (16.4%) preferred communicating in
Spanish. From the list of 3,256 potentially eligible
patients with a listed email, patients were randomly
sampled by English language preference in cohorts of
200 until n=100U.S.-born was reached. Patients were
then randomly sampled by Spanish language prefer-
ence in cohorts of 200 until the study reached n=100
Mexican-born participants. A total of 2,960 patients
were emailed, and 324 initiated the survey. Among
those that initiated the survey, 218 respondents met
eligibility criteria, consented, and finished the survey
(7% response rate). All 218 study participants were
provided a $20 e-gift card as compensation for com-
pleting the survey. Four participants were excluded
from this study because they did not correctly answer
one or both attention check questions on the survey,
resulting in 214 (US-born = 114, Mexican-born =
100). We then excluded 15 participants who did not
report having a mother or mother figure, an inter-
personal factor included in half of the tested models.
Our final study sample included N=199 participants
(US-born = 111, Mexican-born = 88) who were

included in this analysis. Previous work supports that
this sample size is sufficient for the number of vari-
ables in the models.!? Please see the participant flow-
chart in Figure 1.

Study procedure

Researchers used Mailchimp, an email marketing plat-
form to invite participants to participate in the survey
and provided a link to the survey in their preferred
language which was accessible by computer or phone.
Participants had the option to unsubscribe from future
emails. Potentially eligible participants were sent no
more than three email reminders. Those interested
clicked on the survey link provided in the email and
directed to a prescreening survey to determine eligi-
bility. If eligible, participants were provided the study
information sheet made available for download.
Participants were asked to read the information sheet
and check a box if they consent to participate in the
study. This study was approved by UCI’s Institutional
Review Board.

Survey development, back translation and
pilot testing

All survey items had a ‘Refuse to answer’ option and
were first constructed in English. A bilingual language
expert translated survey items into Spanish. Bilingual
research staff performed the back translation.
Discrepancies were resolved. An English and Spanish
version of the surveys was developed using a survey
web application, REDCap. The English survey was
pilot tested by five bilingual-bicultural Latinas. The
Spanish survey was pilot tested by 5 bilingual or
mostly Spanish-speaking women.

Variables

Two dependent variables, HPV vaccine initiation and
HPV vaccine completion, were evaluated separately.
Participants were asked “Have you ever received
the HPV vaccine?” Response categories were coded
as 0 (Never initiated the HPV wvaccine); 1 (Initiated
and waiting to receive additional shots); 2 (Initiated
and discontinued); 3 (Initiated and completed the
vaccine) and 4 (Refuse to answer). For HPV vaccine
initiation, category responses were then collapsed
into 0 (Never initiated the HPV vaccine), and 1 (have
initiated the HPV vaccine). ‘Refuse to answer’ responses
were treated as missing. For HPV vaccine completion,
category responses were then collapsed into 0 (Have
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Figure 1. Flow chart of recruitment and selection of analytic sample.

never initiated or have initiated but not completed rec- At the individual level, HPV vaccine hesitancy,
ommended doses), and 1 (Initiated and completed rec- ~ HPV vaccine conspiracy beliefs, HPV knowledge, pro-
ommended HPV vaccine doses). ‘Refuse to answer’  vider trust, and cultural Marianismo beliefs were mea-

responses were treated as missing. sured. A 10-item HPV vaccine hesitancy scale with
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responses ranging from 1 (strongly agree) to 7 (strongly
disagree) was adapted to measure HPV vaccine hesi-
tancy.!’ Items were summed and averaged. Higher
scores indicate higher HPV vaccine hesitancy. The
7-item Vaccine Conspiracy Belief Scale was used to
evaluate negative vaccine perceptions.!? Responses
ranged from 1 (strongly disagree) to 7 (strongly agree).
Higher scores reflect higher levels of vaccine conspir-
acy beliefs. Responses were summed and averaged.
General HPV knowledge scale is a 16-item scale with
response options of true, false and don’t know."
Correct responses were summed and averaged with
higher scores reflecting higher HPV knowledge. The
10-item Wake Forest Physician Trust Scale measured
provider trust.!* Category responses ranged from 1
(strongly agree) to 5 (strongly disagree). Responses were
coded and recoded so that higher scores reflect higher
provider trust. Responses were then summed and
averaged. We investigated Marianismo, feminine Latino
cultural beliefs related to sexuality and obedience,"
measured using the Marianismo Belief Scale.'® This
23-item scale ranged from 1 (strongly disagree) to 4
(strongly agree).

At the interpersonal level, HPV mother-daughter
communication and strength of provider recommen-
dation were measured. To evaluate mother-daughter
communication, the HPV mother-daughter commu-
nication scale (HPV MDCS) was used. The HPV
MDCS included 4 questions informed by Family
Communication Pattern Theory designed to target
socio-orientation and concept-orientation and previous
studies exploring HPV parent-daughter communica-
tion.'® An example item is, E.g., My mom/mother
figure nonverbally encouraged me to get vaccinated
for HPV (e.g., scheduled my appointment, brought
me a HPV vaccine pamphlet to read). Response cat-
egories ranged from 1 (strongly agree) to 5 (strongly
disagree). Responses were then recoded so higher
scores reflect higher mother support for receiving the
HPV vaccine. Responses were summed and averaged.
Strength of provider communication questions previ-
ously used to classify practitioners with HPV recom-
mendation profiles (i.e., engagers, protocol followers,
ambivalent) were used to evaluate provider strength
of the HPV recommendation.!” An example question
is, “When my provider recommended the HPV vac-
cine, he/she told me the HPV vaccine offered protec-
tion against HPV-associated cancers (e.g., cervical
cancer).” Response categories included 1 (Yes), 2 (No),
and 3 (Don’t remember). Total ‘Yes' responses were
summed and averaged with higher scores reflecting
stronger provider HPV recommendations.

At the community level, the number of times
offered the HPV vaccine at a clinic, clinic wait times,
difficulty making appointments, reliable transporta-
tion to doctor visits and exposure to negative HPV
vaccine messages were measured as independent
items building on past work exploring clinic-based
factors.’® To measure number of times offered the
HPV vaccine, participants were asked to approximate,
“How many times has the HPV vaccine been offered
to you by a medical provider?” To evaluate clinic
wait times, participants were asked to respond to the
following question. “When I have an appointment, I
don’t wait very long in the waiting room before being
seen by a healthcare professional” Difficulty making
appointments was assessed by asking participants, “It
is easy to make an appointment at my typical health-
care clinic” Reliable transportation was evaluated by
asking participants to respond the statement, “I have
reliable transportation to get to the clinic” All
responses categories ranged from 1 (Strongly agree)
to 5 (Strongly disagree). Exposure to negative HPV
vaccine messages was evaluated by asking participants
to select all that apply to the statement “I have heard/
read/saw negative things about the HPV vaccine
from:” with response categories 1 (My mom/mother
figure), 2 (My significant other), 3 (Siblings), 4
(Friends), 5 (TV), 6 (Radio), 7 (Online), 8 (Other),
and 9 (Never heard anything negative about the HPV
vaccine). Participant responses were then recoded to
equal 1 (have heard negative HPV vaccine messages),
and 0 (Never heard anything negative about the HPV
vaccine).

Four sociodemographic variables found to be sig-
nificantly associated with HPV vaccine initiation and/
or completion (i.e., higher education, having received
the COVID-19 vaccine, normally receiving the flu
vaccine and employment) but only higher education
level was found to be associated with the number of
times the HPV vaccine has been offered. Therefore,
only education was included in models that used the
number of times a participant was offered the HPV
vaccine. To capture education level, participants were
asked to indicate their highest level of education
achieved. Response options were 1 (No formal educa-
tion); 2 (Grade School [1¥-8th grade]); 3 (High School
[9th-12th grade] and did not graduate); 4 (High school
graduate or equivalent); 5 (Vocational business or trade
school); 6 (2-year junior college/community college/
Associates degree); 7 (4-year college or university); 8
(Graduate or professional school or higher [M.A., M.S.,
Ph.D., ].D., M.D.]); and 9 (Refuse to answer). Receipt
of the COVID-19 vaccine was measured by asking,



“Have you received the COVID-19 vaccine?” Response
options were 0 (No), 1 (Yes, I received one dose but
discontinued the series); 2 (Yes, I received one dose
and waiting to receive additional doses); 3 (Yes, I
received all recommended); and 4 (Refuse to Answer).
Responses were recoded to 0 (No), 1 (Received at
least one dose). Normal receipt of the flu vaccine was
measured by asking, “Do you typically receive the flu
vaccine when offered?” Response options were 0
(Never); 1 (Almost Never); 2 (Sometimes); 3 (Almost
Always); 4 (Always); and 5 (Refuse to Answer).
Employment was captured by asking, “Are you cur-
rently employed?” Response options were 0 (No), 1
(Yes); 2 (Refuse to Answer). Refuse to answer was
coded as missing.

Two attention check questions were asked at the
midpoint and three-fourths of the way through the
survey using the question, “Please select Agree’ for
this question” Response categories ranging from 1
(Strongly agree) to 4 (Strongly disagree) among other
Likert scale questions.

Statistical analysis

All variables were screened for extreme values, ceiling
and floor effects. To obtain participant characteristics
(Table 1), means and standard deviations were calcu-
lated for continuous variables and frequencies and
proportions were calculated for categorical variables.
Cronbach alpha scores were computed to assess
inter-item reliability for HPV vaccine hesitancy
(a=0.75), HPV vaccine conspiracy beliefs (a=0.91),
HPV knowledge (a=0.86), provider trust (a=0.90),
cultural Marianismo beliefs (a=0.93), HPV
mother-daughter communication (a=0.65) and
strength of provider recommendation (a=0.78). All
scales had acceptable inter-item reliability. No scales
were measured at the community level.

The NIMHD framework recognizes conceptual over-
lap between factors and their respective levels
of influence. Therefore, this study used path analysis
to advance the understanding of associations between
factors known to contribute to HPV vaccine initiation
and completion in the literature. To build a parsimo-
nious path analysis model, first bivariate associations
were tested between all independent variables and each
dependent variable using logistic regression (Table 2).
Final models are presented with odds ratios and expo-
nentiated confidence intervals. Stata 17 was used for
descriptive and bivariate analyses.

Next, block testing in a series of path analysis mod-
els with the gsem command in Mplus 8 was used to
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Table 1. Characteristics of young adult Mexican American
women sampled from two federally qualified health centers
in orange county, California (N=199).
Characteristics

N(%) or Mean=+SD

HPV vaccination status

Never initiated 32(16)
Initiated 24(12)
Completed 143(72)
Age 24+1.7
Age at HPV initiation? 16+4.4
Relationship status®
Single 38(19)
In a relationship 88(44)
Married/living with significant other 44(39)
Divorced 0
Refused to answer 1(.01)
Monthly income before taxes
$0-$2,000 94(47)
$2,001-54,000 60(30)
$4,001-$6,000 3(2)
$6,000+ 8(4)
Don't know/don’t want to answer 34(17)
Health care coverage
Private 58(29)
Medi-Cal (Medicaid) 121(61)
Uninsured 12(6)
Refused to answer 8(4)
Nativity
U.S. born 111(56)
Mexican born 88(44)
Highest educational attainment
4-year university or higher 177(89)
Number of individuals in household 4+2.0
Has children 44(22)
Currently sexually active 92(46)
Uses condoms always or almost always 8(9)
On birth control® 46(50)

Note. Figures may not sum to 100% due to missing data or rounding
error.

aIncludes participants that initiated and completed.

bResponses were ‘Check all that apply!

‘Denominator includes respondents that indicated they are sexually active.

dResponse options were: always, almost always, sometimes, almost never,
never.

Table 2. Bivariate logistic regressions between individual, inter-
personal and community factors associated with HPV vaccine
initiation and completion (N=199).
HPV initiation
OR [95% ClI]

HPV completion
OR [95% Cl]

Variable

Individual-level factors
HPV vaccine hesitancy 0.33 [0.17, 0.64] 0.41[0.24, 0.70]
HPV vaccine conspiracy beliefs ~ 0.44 [0.28, 0.72]  0.58 [0.42, 0.80]
HPV knowledge 9.97 [1.25, 79.50] 4.95 [0.74, 33.2]
Provider trust 1.08 [0.79, 1.49] 1.08 [0.78, 1.49]
Marianismo cultural beliefs 1.49 [0.58, 3.84] 1.46 [0.64, 3.34]

Interpersonal-level factors
Strength of provider
communication
HPV mother-daughter
communication
Community-level factors
No. times offered the HPV
vaccine
Inconvenience making an
appointment
Long wait time during doctor
visits
Unreliability of transportation
Exposure to negative health
messages

11.36 [1.79, 72.29] 4.57 [1.27, 16.44]

2.86 [1.28, 6.36] 2.20 [1.13, 4.27]

1.99 [1.12, 3.56] 1.27 [0.91, 1.78]

0.90 [0.59, 1.37] 0.83 [0.57, 1.21]
0.53 [0.36, 0.78]  0.53 [0.33, 0.86]

0.66 [0.39, 1.11]
0.53 [0.13, 0.95]

0.78 [0.47, 1.31]
0.35 [0.14, 0.90]
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Figure 2. Path analysis model demonstrating individual, interpersonal and community factors associated with HPV vaccine initia-

tion (N=199).

Note. Standardized results. Model controlled for education level; *< 0.05 significance level, **<0.01 significance level, ***<0.001 significance level. Solid lines
depict statistically significant associations. Dotted lines depict non-significant associations.

test the direct effect of statistically significant associ-
ations found in the bivariate analysis of individual,
interpersonal and community factors and HPV vac-
cine initiation and completion separately. Separate
path analyses explored individual, interpersonal and
community level factors separately and evaluated by
HPV vaccination status (e.g., initiation, completion).
Subsequent multiple mediator path analysis models
with all statistically significant associations
were conducted to assess multilevel influence.
Maximum-likelihood estimator and gauss-hermite
integration was used to obtain standardized results in
the model. Missing data from all covariates were
imputed with 50 aggregated datasets. Imputed and
non-imputed results were compared to ensure consis-
tency. Odds ratios and confidence intervals are
reported in Table 2. Standardized results are reported
(Figure 1 and 2). All models were screened for appro-
priate fit using four indices (i.e., Comparative Fit
Index, Tucker Lewis Index, Root Mean Square Error,
Chi-Square Test of Model Fit).

Power calculation and sample size

Power calculation and sample size were estimated in
MPLUS using Monte Carlo simulation study. First,
we assessed power of each multilevel model (initia-
tion, completion), separately. Next, we determined
sample size needed for the multilevel HPV initiation
and completion models by adjusting the sample size
to acquire adequate power of 80% or more for each
of the variables in the final multilevel models.

Results
Participant characteristics

Among participants in this study (N=199), 20%
(n=40) never received the HPV vaccine, 4% initiated
the HPV vaccine and were awaiting additional shots
(n=8), 8% initiated the HPV vaccine and discontin-
ued the series (n=16), and 68% initiated and com-
pleted the HPV vaccine (n=135). The mean age of
participants was 24 years (SD = 2). Approximately 66%
of participants initiated the HPV vaccine by age 17.
Most participants (99%) indicated they had some
English-speaking ability, including 4 out of the 6 par-
ticipants that completed the survey in Spanish.
Approximately 60% of participants were employed at
least part-time. More than half of the participants
(55%) indicated their household incomes was at or
below $3,000. The vast majority (89%) had at least a
high school diploma or equivalent. From this sample,
88% indicated they were currently sexually active, 19%
indicated they are currently single, 45% indicated they
had children, 84% indicated they had health insur-
ance, 12% indicated they had not received at least
one dose of the COVID-19 vaccine. See Table 1 for
additional demographics.

Bivariate analysis

Bivariate analysis (Table 1) showed HPV vaccine ini-
tiation was significantly negatively associated with
HPV vaccine hesitancy (OR = 0.33, CI: 0.17, 0.64),
negatively associated with HPV vaccine conspiracy



beliefs (OR= 0.44, CI: 0.28, 0.72), positively associated
with HPV knowledge (OR = 9.97, CI: 1.25, 79.55),
positively associated with HPV mother-daughter com-
munication (OR = 2.86, CI: 1.28, 6.36), positively
associated with strength of provider recommendation
(OR= 11.36, CI: 1.79, 72.29), positively associated
number of times offered the HPV vaccine by a pro-
vider (OR = 1.99, CI: 1.12, 3.56), and negatively asso-
ciated with longer clinic wait times (OR = 0.53, CI:
0.36, 0.78) and exposure to negative health messages
(OR= 0.35, CI: 0.13, 0.95). HPV vaccine completion
was significantly negatively associated with HPV vac-
cine hesitancy (OR = 0.41, CI: 0.24, 0.70), negatively
associated with HPV vaccine conspiracy beliefs
(OR = 0.58, 0.42, 0.80), positively associated with
HPV mother-daughter communication (OR = 2.20,
CI: 1.13, 4.27), positively associated with strength of
provider recommendation (OR = 4.57, 1.27, 16.44),
and negatively associated with longer clinic wait times
(OR = 0.53, 0.33, 0.86). All associations were in the
direction of anticipated findings.

Individual-level factors associated with HPV
vaccine uptake and completion

First, path analysis models explored the associations
between individual-level factors and HPV vaccine ini-
tiation and completion, separately. HPV vaccine hes-
itancy (OR = 0.69, CI: 0.55, 0.86) and HPV vaccine
conspiracy beliefs (OR = 0.70, CI: 0.53, 0.92) were
significantly negatively associated with HPV vaccine
initiation. Knowledge was not statistically significantly
associated with HPV vaccine initiation (OR = 1.20,
CIL: 0.99, 1.44). Knowledge was negatively associated
with HPV vaccine hesitancy (OR = 0.75, CI: 0.60,
0.93) and HPV vaccine conspiracy belief (OR = 0.73,
CIL: 0.58, 0.93). Similarly, in model 2, HPV vaccine
hesitancy (OR = 0.73, CI: 0.60, 0.88) and HPV vaccine
conspiracy beliefs (OR = 0.77, CI: 0.63, 0.94) were
negatively associated with HPV vaccine completion.
Knowledge was not statistically significantly associated
with HPV vaccine completion (OR = 0.91, CI: 0.13,
6.49). Knowledge was negatively associated with HPV
vaccine hesitancy (OR = 0.70, CI: 0.54, 0.92) and
HPV vaccine conspiracy beliefs (OR = 1.45, CIL:
1.09, 1.92).

Interpersonal-level factors associated with HPV
vaccine uptake and completion

Next, path analysis models explored the associations
between interpersonal-level factors and HPV vaccine
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initiation and completion, separately. HPV
mother-daughter communication (OR = 1.26, CI: 1.04,
1.53) and strength of provider recommendation
(OR = 1.36, CI: 1.08, 1.72) were significantly positively
associated with HPV vaccine initiation. HPV vaccine
completion was positively associated with HPV
mother-daughter communication (OR = 1.32, CI: 1.07,
1.64), but not strength of provider recommendation
(OR = 1.16, CI: 0.95, 1.42).

Community-level factors associated with HPV
vaccine uptake and completion

Path analysis models then explored the associations
between community-level factors and HPV vaccine
initiation and completion, separately. HPV vaccine
initiation was significantly positively associated with
number of times offered the HPV vaccine by a pro-
vider (OR = 1.32, CI: 1.05, 1.67), and positively asso-
ciated with longer clinic wait times (OR = 0.76, CI:
0.61, 0.94), but not associated with negative HPV
vaccine messages (OR = 0.88, CI: 0.72, 1.06).
Interestingly, HPV vaccine completion was not asso-
ciated with number of times offered the HPV vaccine
by a provider (OR = 1.17, CI: 0.96, 1.44), nor asso-
ciated with longer clinic wait times (OR = 0.85, CI:
0.70, 1.03), but was significantly negatively associated
with negative HPV vaccine messages (OR = 0.76, CI:
0.62, 0.94).

Multilevel factors associated with HPV vaccine
initiation

Guided by prior models, path analysis models explored
interpersonal and community factors for initiation
(Figure 2) and completion (Figure 3). HPV vaccine
initiation was significantly negatively associated with
HPV vaccine hesitancy (OR = 0.68, 0.51,0.91), nega-
tively associated with HPV vaccine conspiracy beliefs
(OR = 0.83, CI: 0.53, 0.92), positively associated with
strength of provider recommendation (OR = 1.38, CI:
1.08, 1.76), positively associated with HPV
mother-daughter communication (OR = 1.26, CI: 1.04,
1.53), positively associated with the number of times
offered the HPV vaccine by a provider (OR = 1.28,
CIL: 1.04, 1.59), and negatively associated with longer
clinic wait times (OR = 0.75, CIL: 0.62, 0.94). Knowledge
was not statistically associated with HPV vaccine ini-
tiation (OR = 1.20, CI: 0.99, 1.45), but was signifi-
cantly negatively associated with HPV vaccine
hesitancy (OR = 0.90, CI: 0.77, 0.96), negatively asso-
ciated with HPV vaccine conspiracy beliefs (OR =
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Figure 3. Path analysis model demonstrating individual, interpersonal and community factors associated with HPV vaccine com-

pletion (N=199).

Note. Standardized results. Model controlled for education level; *< 0.05 significance level, **<0.01 significance level, ***<0.001 significance level. Solid lines de-
pict statistically significant associations. Dotted lines depict non-significant associations.

0.86, CI: 1.02, 1.20), and positively associated with
strength of provider recommendation (OR = 1.11, CI:
1.02, 1.19). HPV mother-daughter communication was
negatively associated with HPV vaccine hesitancy (OR
= 0.87, CI: 0.77, 0.80). Power of the each variable in
the final multilevel model ranged from 92-94%. A
sample size of n=120 was required to retain an ade-
quate power of above 80%.

Multilevel factors associated with HPV vaccine
completion

HPV vaccine completion was significantly negatively
associated with HPV vaccine hesitancy (OR = 0.73,
CIL: 0.62, 0.89), negatively associated with HPV vaccine
conspiracy beliefs (OR = 0.77, CI: 0.76, 0.78), posi-
tively associated with HPV mother-daughter commu-
nication (OR = 1.32, CI: 1.09, 1.58), and negatively
associated with encountering negative HPV vaccine
messages (OR = 0.81, CI: 0.68, 0.90). Knowledge was
not statistically associated with HPV vaccine comple-
tion (OR = 0.99, CI: 0.76, 1.20), but was significantly
negatively associated with HPV vaccine hesitancy (OR
= 0.70, CI: 0.68, 0.72), negatively associated with HPV
vaccine conspiracy beliefs (OR = 0.69, CI: 0.68, 0.70),
and positively associated with strength provider rec-
ommendation (OR = 1.92, CI: 0.51, 0.53). HPV vac-
cine completion was not associated with strength of
provider recommendation (1.16, CI 0.95, 1.42).
Number of times offered the HPV vaccine by a pro-
vider (1.20, CI: 0.97, 1.48) and longer clinic wait times

were not associated with HPV completion (OR = 0.85,
CI: 0.70, 1.03). HPV mother-daughter communication
(OR= 0.79, CI: 0.66, 0.96), and strength of provider
recommendation (OR = 0.75, CI: 0.61, 0.92) were
significantly negatively associated with HPV vaccine
hesitancy. Strength of provider recommendation was
negatively associated with HPV vaccine conspiracy
beliefs (OR = 0.76, CI: 0.62, 0.93). Power of the each
variable in the final multilevel model ranged from
94-96%. A sample size of n=115 was required to
retain an adequate power of above 80%.

Discussion

Among participants in this study, individual- (i.e., HPV
vaccine hesitancy, HPV conspiracy beliefs), interper-
sonal- (i.e., strength of provider recommendation,
mother-daughter communication), community- (i.e.,
number of times the HPV vaccine is offered, clinic
wait times) level factors were associated with HPV
vaccine initiation. Individual- (i.e., HPV vaccine hesi-
tancy, HPV vaccine conspiracy beliefs), interpersonal-
(i.e., HPV mother-daughter communication), and
community- (i.e., exposure to negative HPV messages)
level factors were also associated with HPV vaccine
completion. Standardized results of direct effects of
multilevel factors showed HPV vaccine hesitancy had
the strongest individual-level association for both ini-
tiation and completion. At the interpersonal level,
strength of provider communication was strongest for
HPV vaccine initiation and mother-daughter commu-



nications was strongest for completions. Community-
level factors also differed, with clinic wait times having
the strongest association for initiation, and exposure
to negative messages was strongest for completion.
Future FQHC-based HPV vaccine interventions would
benefit from targeting factors that strongly influence
both initiation and completion.

At the individual level, study findings showed HPV
vaccine hesitancy was associated with both initiation
and completion, consistent with previous studies that
found HPV vaccine hesitancy among parents of ado-
lescents are associated with HPV vaccine initiation,!®
including hesitancy of Latina mothers.”> While many
HPV health messages are targeted at parents’ respon-
sibility to learn about HPV to protect their child,
future health messages should also be targeted at
young adults to highlight the importance of protecting
their own health.

Anti-vaccine conspiracy beliefs have been shown
to play a role in adolescent vaccine intention.?! The
COVID-19 pandemic has perpetuated additional
COVID-19 vaccine-related conspiracy theories.?
Consistent with our hypothesis, HPV vaccine conspir-
acy beliefs were negatively associated with both HPV
vaccine initiation and completion among Mexican
American young adult women. This study was con-
ducted at the start of the COVID-19 pandemic. How
anti-vaccine conspiracy beliefs effect intention and
completion rates over time should be explored in
future studies.

Past empirical studies have shown HPV mother-
daughter communication may lead to HPV vaccine
initiation among college women.? Formative research
has presented the importance of mother-daughter
HPV communication in young adulthood among
Latinas.*!'” This study is among the first to empirically
show HPV mother-daughter communication is asso-
ciated with HPV vaccine initiation and completion
for Mexican American young adults. Although pro-
vider recommendation has been associated with ini-
tiation and completion,* this study did not find
strength of provider recommendation to be associated
to completion when controlling for additional multi-
level variables using path analysis. For participants in
this study, HPV mother-daughter communication was
the only interpersonal factor associated with both
initiation and completion in the path analysis.

Community-level factors encompass factors such
as access to care. A previous study conducted among
FQHC found proximity of home to clinic was not
associated with HPV vaccine initiation, but suggested
additional health system factors (e.g., clinic wait
times) may influence HPV vaccine initiation.'® This
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study built upon those findings by exploring number
of times the HPV vaccine was offered, clinic wait
times, and reliability of transportation. The number
of times the HPV vaccine has been offered and clinic
wait times were both associated with HPV vaccine
initiation. Health care system environments play an
important role in HPV vaccination rates. Study find-
ings suggest convenience and patient experience also
influence HPV vaccine decisions.

Strengths of this study sampled from an ethnic
minority community disproportionately impacted by
HPV-associated cancer outcomes. While much HPV
vaccine literature has focused on parents of adoles-
cents, this study explored young adult women to bet-
ter understand potential points of intervention for
catch-up age groups that benefit from this cancer
prevention vaccine. We conducted path analysis to
explore the direct effects of multilevel factors that
may indicate promising behavioral interventions that
support HPV vaccination in FQHC for
Mexican-American young adults.

This study explored Mexican American women
attending FQHC in Orange County, CA. To target
women that are hesitant of receiving the vaccine, this
study excluded participants that were unaware of the
HPV vaccine or their status. It is possible that many
unvaccinated Mexican American young adult women
have never heard of the HPV vaccine or are unaware
if they received the vaccine, and therefore may not
have been included in this study. Future studies
should not include unawareness of the vaccine or
status as an exclusion criterion but perhaps collect
provider-verified vaccination status in place of
self-report. Although participants must have been
aware of their vaccination status, this study may have
recall bias where participants may have incorrectly
recalled their status or number of vaccines received.
This study may also have been subject to reporting
bias where participants reported the behavior they
perceived as favorable to the research team. Not all
scales had been previously validated in Spanish and
our study was unable to verify reliability based on a
small number of participants who preferred to take
the survey in Spanish. Previous longitudinal studies
have individually explored the directionality of many
individual-, interpersonal- and community-level fac-
tors included in this study. However, this study design
was cross-sectional and unable to determine direc-
tionality between variables among our sample. Factors
investigated in this study are temporal. More studies
need to investigate how these factors change across a
lifetime and impact HPV vaccine initiation and com-
pletion. This study did not distinguish results by age
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of HPV vaccine initiation or inquire about time of
HPV mother-daughter communication. It is possible
factors that influence HPV vaccine initiation and com-
pletion vary by age of HPV vaccine initiation. Due
to COVID-19 precautions, recruitment conducted
remotely online via email. Therefore, participants that
do not have access to internet may have been excluded
from this study. Young adult Latinos appear to have
similar rates of smartphones ownership (70%) com-
pared and (68%) compared to non-Latino Whites
(70%) respectively.”> To reduce technology barriers,
the survey was accessible via computer and phone.
Participants were recruited via email and response
rate was lower than other email-based surveys.?¢
Foreign-born Latinos and non-English native speakers
may be less likely to have reliable internet access.”
Lastly, although our study was well powered, final
models were exploratory in nature and final variable
selection to include in multilevel models were based
on significant bivariate associations. It is important
to note, these results may not be generalizable to
populations that vary significantly from those in
our sample.

Conclusions

Factors that influence HPV vaccine initiation and com-
pletion are complex, interrelated and may differ.
Similar and substantial standardized results among all
variables in our models suggest multi-level solutions
are needed to combat low HPV vaccination rates in
the US. Findings are a starting point for exploring
individual, interpersonal and community factors that
play a role in HPV vaccine decisions. Future studies
should evaluate multi-level factors over time to con-
firm directionality of all independent variables.
Intervention studies can build on consistent findings
to improve HPV vaccination rates among Latinas. HPV
vaccine messaging should target young adults and aim
to mitigate the effects of conspiracy theories and neg-
ative HPV messages. Health care clinics serving
low-income diverse populations at higher risk of
HPV-associated cancers should also be aware that HPV
vaccine delay or refusal may be attributed to long
clinic wait times and exacerbate health disparities
observed in the general population. Health care clinic
procedures should be evaluated to ensure optimal effi-
ciency and reduce patients’ overall wait time.
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