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Abstract

Background: Despite the known benefits of preventing human papillomavirus (HPV)-related cancers, HPV vaccine coverage is low in
the United States. Grounded in Social Ecological theory, we assessed the macro-level (state) and meso-level (organization) factors
associated with HPV vaccine initiation and up-to-date.

Methods: Data from 2020 National Immunization Survey-Teen were used to study a sample of 20163 US adolescents (aged 13-17
years). The data were collected from each teen’s parents or guardians and health-care professionals. Weighted prevalence estimates
were calculated, and multivariable regression analyses were conducted.

Results: The prevalence of HPV vaccine initiation was 75.1% and of remaining up-to-date was 58.6%. At the macro level, teens living
in states with high and moderate religiosity had lower odds of HPV vaccine initiation (high religiosity adjusted odds ratio [AOR] =
0.63, 95% confidence interval [CI] =0.50 to 0.78; moderate religiosity AOR =0.68, 95% CI=0.55 to 0.85) and up-to-date (high religiosity
AOR=0.69, 95% CI=0.56 to 0.85; moderate religiosity AOR=0.74, 95% CI=0.61 to 0.91) than states with low religiosity. At the meso
level, when none of their healthcare professionals ordered vaccine from the state, teens had lower odds of initiation (AOR = 0.68, 95%
CI=0.53 to 0.87) and up-to-date (AOR=0.76, 95% CI=0.60 to 0.95) than teens whose healthcare professionals ordered vaccine from
the state. In addition, race and ethnicity, age, mother’s education level, household income, well-child examination status, and doc-
tor’s recommendation were significantly associated with HPV vaccine uptake.

Conclusion: A multiprong approach is needed to address religious and systemic barriers to HPV vaccination and expand healthcare
professionals’ access and enrollment in state vaccine initiatives, such as the Vaccine for Children program.

Human papillomavirus (HPV) is responsible for common infec-
tions such as genital warts; papillomatosis; and multiple cancers,
including oropharyngeal and anogenital cancers (1). Yearly, HPV
accounts for almost 50000 new HPV-related cancer cases in the
United States (2). The oropharynx is currently the most common
site of HPV-related cancers in the United States (3), but cervical
cancer is the most common HPV-related cancer among women,
and oropharyngeal cancer is the most common HPV-related can-
cer among men (2). Cancers caused by HPV are among the few
vaccine-preventable cancers (4). A safe and effective HPV vaccine
has been available in the United States since 2006 (5), and it can
prevent 90% of HPV-related cancers and genital precancers (6).
Therefore, as a preventative measure, HPV vaccination is rou-
tinely recommended for all children 11-12 years of age, although
the vaccination series can start at 9 years of age (7).

Despite the benefits, HPV vaccination coverage is suboptimal
in the United States (8). Although Healthy People 2030

recommends that 80% of age-eligible adolescents receive the
recommended dose of vaccine, only 75.1% of US adolescents
had initiated (had atleast 1 dose), and 58.6% were up-to-date on
the vaccination series as of 2020 (ie, completed the recom-
mended number of doses) (9,10). Multiple individual-level fac-
tors, such as clinician recommendation of vaccine, sex of the
teen, well-child exam status, mother’s education level, house-
hold income, multiple clinician contacts in the past year, insur-
ance coverage, race and ethnicity, vaccine safety, HPV and
vaccine knowledge, and parents’ perceived severity account for
low initiation and being up-to-date in the United States (11-13).
In addition, individual religious beliefs and practices tend to
influence vaccine receipt because of the faith-based objection
to specific contents in the vaccines (eg, fetal cells used in SARS-
CoV-2 vaccines), greater faith in religious means of healing over
modern medicine, and lack of awareness of efficacy and
effectiveness of the vaccine (14-18).
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Vaccination initiation and being up-to-date do not depend on
individual factors alone. The Social Ecological theory posits that
individuals and the social environment are interconnected, and
health behavior results from an interplay of factors at the indi-
vidual level and the social environment (which includes interper-
sonal, organizational, community, and public policy factors) (19).
HPV vaccination behavior has primarily been studied in the con-
text of individual characteristics of teens, parents, or healthcare
professionals (11,20-25). Macro-level characteristics, however,
such as state religious ideology, have shaped health policies in
the United States. Forty-four US states and Washington, DC, cur-
rently allow a religious exemption for mandatory vaccines (26).
Moreover, in conservative religious groups, beliefs regarding
appropriate sexual behaviors and taboos on sex were associated
with hesitancy in HPV vaccine use (27). However, the role of the
state’s religious ideology on HPV vaccine initiation and being up-
to-date is understudied.

In addition to the macro-level factors, health behavior is
affected by meso-level factors, such as the vaccine procurement
process in the practicing organizations and facility type. To
address the cost-related barriers to vaccination coverage, the
Vaccines for Children (VFC) program was created (28). Studies
have shown stronger recommendations for HPV vaccine by the
healthcare professionals enrolled in the program (29), but there
is a dearth of information about how the VFC program has influ-
enced HPV vaccine coverage among adolescents in the United
States. Although information about the effect of facility type on
HPV vaccination is limited, clinics (for sexually transmitted dis-
eases, school, and teen) or other facilities, and mixed facilities
were identified as important determinants of HPV vaccination
for male adolescents (30).

Because HPV vaccination and initiation studies have focused
primarily on individual factors, there is a paucity of information
about the role of macrostructural (state religiosity) and meso-
structural (VFC enrollment/facility type) factors on vaccination
coverage. Therefore, this study was grounded in Social Ecological
theory to comprehensively understand the interplay of barriers
and facilitators with respect to HPV vaccination, focusing on reli-
glosity at the state level and source of vaccine procurement and
facility type at the organizational level. We hypothesized that
after adjusting for other individual-level factors, 1) highly reli-
gious states have low odds of HPV vaccination initiation and
being up-to-date, 2) patients visiting all nonpublic facilities have
higher odds of initiation of and being up-to-date with HPV vacci-
nation, and 3) teens whose healthcare professionals procure vac-
cine from the state (ie, are enrolled in the VFC program) have
higher odds of initiation of and being up-to-date with HPV vacci-
nation.

Methods
Study population and data collection

The current study is based on a comprehensive dataset that
included individual and state-level data. The individual-level
data for the study were obtained from the 2020 National
Immunization Survey-Teen (NIS-Teen 2020), a population-based
survey that collected data on teenage vaccination from parents
and guardians as well as healthcare professionals in all 50 states,
the District of Columbia, and some US territories. The parents
were interviewed regarding their teen's vaccination history and
families’ sociodemographic factors by telephone. Then, each
teen’s healthcare professional was contacted (with parental con-
sent) to collect data on the immunization history using a mailed

questionnaire. The details of the NIS-Teen 2020 study methodol-
ogy were reported in previous publications (31). The National
Center for Health Statistics research ethics review board
approved the NIS-Teen 2020.

Measures
Study outcome

The current study had 2 primary outcomes—HPV vaccination
initiation and being up-to-date—that were obtained from
clinician-verified vaccination history. Initiation of HPV vaccina-
tion was defined as receiving at least 1 dose of the HPV vaccine.
The second outcome variable, being up-to-date, was defined
according to the 2016 guidelines of the Advisory Committee on
Immunization Practices based on 2 criteria: 1) receipt of 3 or
more doses or 2) receipt of 2 doses of the HPV vaccine when the
first shot was administered before the patient was 15years of

age (7).

Primary predictors

Information about the macro-level predictor, state religiosity,
was obtained from the Religious Landscape Study by the PEW
Research Center (32), developed by combining 4 individual meas-
ures of religious observance: self-assessment of religion’s impor-
tance in one’s life, religious attendance, frequency of prayer, and
belief in God. The responses (-1 =1low, 0=medium, and 1=high)
were then added to create the religiosity scale of the individual,
where a score of +2 or higher was highly religious, a score
between -1 and +1 was moderately religious, and a score of -2
was low religiosity. The details of the scale have previously been
published (32). Based on the percentage of highly religious peo-
ple, each state was then categorized as low religiosity (ie, pres-
ence of highly religious people <49%), moderate religiosity (ie,
presence of highly religious people between 50% and 59%), and
high religiosity (ie, presence of highly religious people >60%).

Meso-level predictors included 1) the type of facility in which
the health-care professional practiced, which was assessed using
the question “Which of the following describes this facility” (avail-
able responses were “All public facilities,” “All hospital facilities,”
“All private facilities,” “All sexually transmitted disease/school/
teen clinics or other facilities,” and “Mixed”) and 2) physicians
ordering vaccine from the state. The second variable was used as a
proxy to measure participation of healthcare professionals in the
VFC program, assessed based on responses to the question “Do the
teen’s providers order vaccines from state/local health
department?” Given that some teens have multiple health-care
professionals, this variable was categorized as “All providers,”
“Some but possibly or definitely not all providers,” or “No
providers” order vaccine from the state or local health depart-
ment.

Individual characteristics

The following individual characteristics of teens were also
assessed as predictor variables:

* Receipt of a well-child exam. This characteristic was meas-
ured using the question “Did teen have an 11-12-year-old well
child exam or check-up?” Responses included in the study
were “yes” or “no.”

¢ Recommendation of HPV vaccine by a health-care professio-
nal. This characteristic was measured using the question
“Has a doctor or other health care professional ever recom-
mended that teen receive HPV shots?” Responses included

« »

yes,” “no,” and “don’t know.”



* Respondents’ relationship to teen. This characteristic was
measured using the question, “What is your relationship to
the teen?” Responses included “Mother or female guardian,”
“Father or male guardian,” “Grandparent,” and “Other family
members/friend.”

Additional individual characteristics included in the analysis
were the teen’s age (continuous variable), sex (binary variable),
race and ethnicity (categorical variable), family’s poverty status
(categorical variable), and mother’s education level (categorical
variable). Race and ethnicity were combined as a single variable
based on the current literature (11,13,33,34).

Statistical analysis

All analyses were survey weighted to account for the complex
survey design in the NIS-Teen 2020 and allow for the representa-
tiveness of the demographics of the US population. Survey
weights accounted for nonresponse, nonresolution of telephone
numbers, subsampling of 1 age-eligible child per household, and
multiple telephone lines in the home. Moreover, adjustments
were made after stratification on the basis of the respondents’
sociodemographic characteristics and missing clinician data. The
weighted prevalence of initiation of and being up-to-date with
HPV vaccination were estimated. A survey-weighted multivari-
able logistic regression was conducted to determine the key fac-
tors associated with the initiation of and being up-to-date with
HPV vaccination. The variables included in our model were
selected a priori on the basis of previous literature and the study
objective. We did not conduct any model selection. Because miss-
ingness for the variables included in our study was less than 2%,
we conducted a complete case analysis. We also mapped the
relationship between state religiosity and HPV vaccine initiation
and up-to-date status across the US states. We set statistical sig-
nificance as a 2-sided P <.05 for all tests included in this study.
All statistical analyses were performed using R, version 4.2.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Table 1 shows weighted percentages and associated confidence
intervals (Cls) of teens in the overall population and stratified by
HPV vaccination initiation and up-to-date status on the basis of
the NIS-Teen 2020 data. A total of 20 163 teens 13-17 years of age
were included in the study. The average (SD) age of the teens in
the study was 15 (1.4) years, 51% were male, 50% were non-
Hispanic White, 19.6% had a family income below the federal
poverty level, and 12.4% of teens’ mothers had less than 12 years
of education. About 74.8% of teens received HPV vaccination rec-
ommendations from their physician, 85.3% of the teens had had
an 11- to 12-year-old well-child exam or checkup, and 66.5% of
the survey respondents were mothers or female guardians.
About 55% of teens’ health-care professionals practiced in pri-
vate facilities. About three-fourths (74.5%) of teens had all clini-
cians ordering vaccine from the state or local health department.
About 34% of the teens came from highly religious states, 33.7%
belonged to moderately religious states, and about 32% were
from states with low religiosity.

Initiation

The overall initiation rate for the HPV vaccination series among
adolescents was 75.1% (Table 1). The initiation prevalence among
teens was highest for states with low religiosity (79%) compared
with states with moderate (74.3%) or high religiosity (72%)
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(Table 1; Supplementary Figure 1, available online). Prevalence of
initiation was highest when all health-care professionals ordered
vaccine from the state or local health department (77.5%).

In the multivariable regression analyses (Table 2), at the
macro level, we found that religiosity was a significant factor in
HPV vaccine initiation. Compared with the teens living in states
with low religiosity, those living in states with high religiosity and
moderate religiosity had 37% lower odds (adjusted odds ratio
[AOR]=0.63, 95% CI=0.50 to 0.78, P<.001) and 32% lower odds
(AOR=0.68, 95% CI=0.55 to 0.85, P=.001) of HPV vaccine initia-
tion, respectively.

At the meso level, when none of the teen’s health-care profes-
sionals ordered vaccine from the state, teens had 32% lower odds
of initiation (AOR=0.68, 95% CI=0.53 to 0.87, P=.002) than
when all the teen’s health-care professionals ordered vaccine
from the state.

At the individual level (Table 2), we found that teens identified
as non-Hispanic Black or Hispanic, living in a household with a
family income below the federal poverty level, who had had a
well-child exam at 11-12 years of age, and those receiving a doc-
tor's recommendation for the HPV vaccine had higher odds of
HPV vaccination initiation. Association between age and
increased odds of initiation was also statistically significant.
Teens whose mothers had 12 years of more of education (noncol-
lege graduates and college graduates), however, had lower odds
of HPV vaccine initiation than teens whose mothers had less
than 12 years of education. Finally, sex and facility type were not
statistically significant factors for HPV vaccine initiation.

Up-to-date

Overall, the rate of being up-to-date with the HPV vaccination
series among adolescents was 58.6% (Table 1). The up-to-date
prevalence among teens was lowest in states with high religiosity
(53.5%), and the prevalence of up-to-date was highest when all
healthcare professionals ordered vaccine from the state or local
health department (60.9%) (Table 1; Supplementary Figure 2,
available online).

In the multivariable regression (Table 2), at the macro level,
we found that teens living in states with high religiosity had 31%
lower odds (AOR=0.69, 95% CI=0.56 to 0.85, P<.001) and mod-
erate religiosity had 26% lower odds of being up-to-date
(AOR=0.74, 95% CI=0.61 to 0.91, P=.004) than teens living in
states will low religiosity. At the meso level, teens had 24% lower
odds of being up-to-date (AOR=0.76, 95% CI=0.60 to 0.95,
P=.015) when none of the teen’s health-care professionals
ordered vaccine from the state or local health department than
when all health-care professionals of the teen ordered vaccine
from the state or local health department. At the individual level,
teens who were non-Hispanic Black or Hispanic, lived in house-
holds below the federal poverty level, had received a well-child
examination at 11-12years of age, and had received a doctor’s
recommendation for the HPV vaccine had higher odds of being
up-to-date. The association between age and being up-to-date
with HPV vaccination was also found statistically significant.
Finally, sex, mother’s education level, and facility type were not
statistically significant variables for being up-to-date with HPV
vaccination (Table 2).

Discussion

Using the nationally representative data from NIS-Teen 2020, we
found in our study that approximately 25% of the US adolescent
population between 13 and 17 years of age had yet to receive a
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Table 1. Characteristics of the participants in the overall population, stratified by initiation of and being up-to-date with HPV vaccination and based on 2020 National Immunization

Survey-Teen (N =20163)?

% Weighted (95% CI)
Total Initiation Up-to-date

Characteristic No. (weighted No.) % Weighted (95% CI) Yes No Yes No
Teen’s HPV vaccination
Initiation

Yes 15169 (15697001)  75.1(73.9 t0 76.2)

No 4994 (5211255) 24.9 (23.8t026.1)
Up-to-date

Yes 12115 (12258618)  58.6 (57.3 to 60.0)

No 8048 (8649 638) 41.4 (40.0t0 42.7)
Individual characteristics of teens
Age, mean (SD), y 20163 (20908256)  15.0 (1.40) 15.0 (1.4) 14.8 (1.41) 15.1 (1.36) 14.8 (1.43)

Sex
Male
Female
Ethnicity and race
Non-Hispanic White
Non-Hispanic Black
Hispanic
Multiple/others
Family’s federal poverty status
Below federal poverty level
Above federal poverty level and income <$75 000
Above federal poverty level and income >$75 000
Mother’s education level
<12y
12y
>12y, noncollege graduate
College graduate
Doctor’s recommendation

10587 (10671879)
9576 (10236 377)

12585 (10461 520)
1667 (2745973)
3410 (5233713)
2501 (2467 050)

2848 (3845 030)
5567 (6212 890)
11037 (9533 029)

1689 (2590351)
3058 (4447 142)
5187 (5028230)

10229 (8842 533)

51.0 (49.7 t0 52.4)
49.0 (47.6 10 50.3)

50.0 (48.7 t0 51.3)
13.1 (12.2 to 14.1)
25.0 (23.7 t0 26.4)
11.8 (11.0to 12.7)

19.6 (18.4 t0 20.9)
31.7 (30.4 to 33.0)
487 (47.3 10 50.0)

12.4 (11.3 to 13.6)
21.3(20.1 to 22.5)
24.0 (22.9 t0 25.2)
42.3 (41.0t0 43.6)

Has a doctor or other health-care professional ever recommended that teen receive HPV shots?

Yes
No
Don'’t know
Well-child examination for 11- and 12-year-olds
Did teen have an 11- to 12-year-old well-child exam or check-up?
Yes
No
Relationship of the respondent to the teen
Mother or female guardian
Father or male guardian
Grandparent
Other family members/friends

15419 (15261 169)
3115 (3484 851)
1263 (1665 968)

10025 (10212571)
1696 (1754 680)

14573
4777
469
341

13901875)
5647 369)
794 837)
557877)

o~ —

74.8 (73.5 t0 76.0)
17.1(16.0t0 18.2)
8.2(7.3t09.1)

85.3 (84.0 to 86.6)
14.7 (13.4 t0 16.0)

66.5 (65.2 0 67.8)
27.0 (25.8 to 28.3)
3.8 (3.3t04.4)
2.7 (2.2103.2)

73.1(71.5t0 74.8)
77.1(75.4 10 78.7)

71.1
78.1
80.0
78.0

69.7 t0 72.5)
74.7 10 81.2)
77.0t0 82.7)
74.6 10 81.0)

83.2 (80.8 to 85.4)
72.5 (70.2 to 74.7)
74.3 (72.7 t0 75.7)

84.3 (80.8 t0 87.3)
72.6 (69.5 0 75.5)
71.2 (68.7 t0 73.5)
75.9 (74.3t0 77.3)

80.8 (79.6 to 81.9)
51.5 (48.0 to 54.9)
74.9 (69.9 t0 79.3)

80.8 (79.3 t0 82.1)
64.1(59.6 to 68.3)

75.3 (73.9t0 76.7)
72.9 (70.3 t0 75.3)
83.6 (78.110 87.9)
79.4 (72.0 t0 85.3)

26.9 (25.2 to 28.5)
22.9 (21.3 to 24.6)

28.9
21.9
20.0
22.0

27.5t030.3
18.8t025.3
17.3t023.0
19.0to 25.4

=222

16.8 (14.6 t0 19.2)
27.5(25.3 t0 29.8)
25.7 (24.3 t0 27.3)

15.7 (12.7 10 19.2)
27.4 (24.5 t0 30.5)
28.8(26.5 t0 31.3)
24.1(22.7 t0 25.7)

19.2 (18.1t0 20.4)
485 (45.1t0 52.0)
25.1(20.7 to 30.1)

19.2 (17.9 to 20.7)
35.9 (31.7 to 40.4)

24.7 (23.3 10 26.1)
27.1(24.7 t0 29.7)
16.4 (12.1 to 21.9)
20.6 (14.7 to 28.0)

56.0 (54.1t0 57.8)
61.4 (59.5 to 63.3)

55.4
60.7
62.7
61.3

53.9 10 56.9)
56.9 to 64.4)
59.3 10 66.1)
57.5 to 64.9)

63.1(59.7 to 66.4)
54.1 (51.5 t0 56.5)
60.2 (58.5 to 61.9)

64.1(59.2 to 68.7)
55.0 (51.8 t0 58.2)
54.1(51.5 t0 56.7)
61.4 (59.7 to 63.1)

65.3 (63.8 t0 66.7)
33.5 (30.3 to 36.9)
54.8 (49.0 to 60.4)

65.1 (63.2 to 66.8)
42.0 (37.4 10 46.8)

58.6 (57.0 to 60.1)
57.4 (54.6 t0 60.1)
67.2 (60.1t0 73.5)
60.8 (52.2 to 68.9)

44.0 (42.2 t0 45.9)
38.6 (36.7 t0 40.5)

44.6 (43.1t0 46.1)
39.3 (35.6 t0 43.1)
37.3(33.9t040.7)
38.7 (35.1t0 42.5)

36.9 (33.6 t0 40.3)
45.9 (43.5 t0 48.5)
39.8 (38.1 to 41.5)

35.9 (31.3t0 40.8
45.0 (41.8 10 48.2
459 (43.3 0 48.5
38.6 (36.9 t0 40.3

=L

34.7 (33.3 10 36.2)
66.5 (63.110 69.7)
45.2 (39.6 t0 51.0)

34.9 (33.2 to 36.8)
58.0 (53.2 t0 62.6)

41.4(39.9 10 43.0
426 (39.9t045.4
(
(

39.2(31.1t0 47.8

)
32.8(26.5 to 3949§
)
)

(continued
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Table 1. (continued)

Characteristic

Total

% Weighted (95% CI)

Initiation

Up-to-date

No. (weighted No.)

% Weighted (95% CI)

Yes

Yes

Meso-level characteristics
Facility type
Which of the following describes this facility?

All public facilities
All hospital facilities
All private facilities
All sexually transmitted disease/school/teen clinics or other facilities
Mixed type

Doctors order vaccine from state or local health department

2460 (2491 936)
2756 (2223 957)
9027 (9909 221)
505 (473979)
3356 (2992 116)

13.8 (12.8 to 14.8)
123 (11.5 to 13.1)
54.8 (53.4 t0 56.1)
2.6 (2.2 t0 3.1)

16.5 (15.6 t0 17.5)

Does your practice order vaccine from your state or local health department to administer to children?

All healthcare professionals
Some but possibly or definitely not all healthcare professionals
No healthcare professionals
Macro-level characteristics
State religious ideology
High religiosity
Moderate religiosity
Low religiosity

13353 (12943 350)

2185 (2171514)
1975 (2268783)

5956 (7 124 100)
7570 (7 042 954)
6233 (6715523)

74.5 (73.2 t0 75.7)
125 (11.6 to 13.4)
131 (12.1to 14.1)

34.1(33.3 t0 35.0)
33.7 (32.9 to 34.5)
32.2 (31.2 t0 33.2)

74.1(70.5 t0 77.3)
76.0 (72.9 t0 78.8)
76.8 (75.2t0 78.3)
55.5 (47.4 10 63.4)
75.9 (72.8 t0 78.6)

77.5 (76.1 10 78.7)
774 (73.7 10 80.7)
68.3 (64.4 to 72.0)

72.0 (70.2 t0 73.8)
743 (72.5 0 76.1)
79.0 (76.5 to 81.3)

25.9 (22.7 t0 29.5)
24.0 (21.2 to 27.1)
23.2 (21.7 to 24.8)
445 (36.6 t0 52.6)
241 (21.4 0 27.2)

22,5 (21.3 to 23.9)
226 (19.3 to 26.3)
31.7 (28.0 to 35.6)

28.0 (26.2 to 29.8)
25.7 (23.9 to 27.5)
21.0 (18.7 to 23.5)

51.7 (47.6 10 55.7)
61.2 (57.8 t0 64.5)
61.4 (59.5 t0 63.2)
42,6 (35.0t0 50.5)
59.1(55.9 10 62.2)

60.9 (59.4 to 62.5)
57.2 (53.2t0 61.1)
52.1 (48.0 t0 56.2)

53.5 (51.4 t0 55.6)
58.3 (56.3 t0 60.3)
64.4 (61.5 to 67.1)

48.3 (44.31052.4)
38.8(35.5 t0 42.2)
38.6 (36.8 t0 40.5)
57.4 (495 t0 65.0)
40.9 (37.8 to 44.1)

39.1 (37.5 to 40.6)
42.8(38.9 to 46.8)
47.9 (43.8t052.0)

465 (44.4 t0 48.6)
41.7 (39.7 t0 43.7)
35.6 (32.9 to 38.5)

2CI = confidence interval; HPV = human papillomavirus.
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Table 2. Multivariable survey-weighted logistic regression analyses correlating factors associated with initiation of and being up-to-date with HPV vaccination series among teens, based

on 2020 National Immunization Survey-Teen®

Initiation Up-to-date
Characteristic AOR Lower 95% CI Upper 95% CI P AOR Lower 95% CI Upper 95% CI P
Individual-level characteristics, teens
Age 1.15 1.08 1.23 <.001 1.28 1.21 1.35 <.001
Sex
Female 1.08 0.91 1.28 .363 1.14 0.98 1.33 .099
Male (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Ethnicity and race
Hispanic 1.84 1.42 2.38 <.001 1.52 1.21 1.90 <.001
Non-Hispanic Black 1.89 1.32 2.69 <.001 1.36 1.04 1.77 .027
Multiple/others 1.61 1.21 2.13 .001 1.36 1.04 1.77 .023
Non-Hispanic White (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Family’s federal poverty level status
Below federal poverty level 1.95 1.42 2.67 <.001 1.76 1.33 2.32 <.001
Above federal poverty level and income <$75 000 1.06 0.85 1.33 607 0.98 0.80 1.20 843
Above federal poverty level and income >$75 000 (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Mother’s education
12y 0.44 0.30 0.66 <.001 0.78 0.52 1.16 213
>12y, noncollege graduate 0.45 0.30 0.68 <.001 0.67 0.45 1.01 .055
College graduate 0.59 0.39 0.90 013 1.01 0.67 1.51 .983
<12y (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Respondent’s relation to the teen
Father or male guardian 1.20 0.98 1.47 .081 1.06 0.88 1.28 529
Grandparents 1.55 0.84 2.87 159 1.39 0.86 2.25 .18
Other family member/friends 2.09 1.07 4.09 031 1.70 0.97 2.98 .065
Mother (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Doctor recommended HPV vaccine
Has a doctor or other health-care professional ever recommended that teen receive HPV shots?
Yes 5.54 4.46 6.88 <.001 3.92 3.17 4.85 <.001
Don’t know 2.74 1.89 4.00 <.001 211 1.42 3.14 <.001
No (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Well-child examination for 11- and 12-year-olds
Yes 2.32 1.83 2.95 <.001 2.66 2.10 3.37 <.001
No (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Meso-level characteristic
Facility type
All hospital facilities 0.93 0.65 1.35 718 1.31 0.92 1.89 138
All private facilities 0.88 0.66 1.17 375 1.13 0.82 1.56 444
All sexually transmitted disease/school/teen clinics or other facilities 0.74 0.42 1.31 304 1.02 0.55 1.90 .949
Mixed type 0.94 0.65 1.34 722 1.27 0.89 1.83 .19
All public facilities (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Health-care professional orders HPV vaccine from the state
Some but possibly or definitely not all healthcare professionals 1.07 0.75 1.52 724 0.99 0.73 1.33 929
No healthcare professionals 0.68 0.53 0.87 .002 0.76 0.60 0.95 .015
All healthcare professionals (Referent) N/A N/A N/A  (Referent) N/A N/A N/A
Macro-level characteristic
State religious ideology
High religiosity 0.63 0.50 0.78 <.001 0.69 0.56 0.85 <.001
Moderate religiosity 0.68 0.55 0.85 .001 0.74 0.61 0.91 .004
Low religiosity (Referent) N/A N/A N/A  (Referent) N/A N/A N/A

#AOR = adjusted odds ratio; CI = confidence interval; HPV = human papillomavirus; N//A = not applicable.
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single dose of the HPV vaccine, and only about 59% had com-
pleted the dose series. To investigate the factors associated with
low initiation of and being up-to-date with HPV vaccination, the
study was grounded in the Social Ecological theory, and we found
that not only individual-level factors, such as age, race, ethnicity,
family income, mother’s education level, having had a well child
exam, and physician recommendation affected adolescent HPV
vaccination coverage, but the macro-level and meso-level forces,
such as state religiosity and source of vaccine procurement,
played a significant role in adolescent HPV vaccine coverage.

At the macro level, we found that religiosity was a significant
determinant of HPV vaccination coverage, after adjusting for other
individual and organization-level characteristics. These findings are
consistent with a study based on 2016 NIS-Teen data (35).
Furthermore, the findings resonate with the existing literature at
the individual level, such as highly religious parents having less
vaccine intention (17) and high immunization refusal (36).

Individuals tend to be influenced by subjective norms based
on the strength of the collective self or consciousness (37).
Religion shapes collective consciousness, which means that fol-
lowers not only have shared beliefs, attitudes, and norms that
they integrate into their lives, but as a group, they also share
resources and knowledge (38). Therefore, individuals living in
states with conservative religious ideology feel hesitant to use
HPV vaccination because, in the collective consciousness, the
vaccine is perceived as an enabler of sexual promiscuity (as HPV
infection is sexually transmitted) and perceived as containing
religiously prohibited materials or processed in religiously unap-
proved ways (14,39). In contrast, other nonmandatory vaccines,
such as SARS-CoV-2 and influenza, were not linked to religious
beliefs associated with sexual norms and taboos. Among conser-
vative religious groups, hesitancy regarding SARS-CoV-2 and
influenza vaccine uptake was associated with mistrust of sci-
ence, skepticism about vaccine effectiveness, and fear of serious
side effects (40,41).

The religious reasons for declining vaccination were not
driven by theology but by concerns about vaccine safety and reli-
glous beliefs among the social network of people in the faith
community (42). Moreover, Williams and colleagues (41) found
that most members of the clergy did not identify any vaccine pro-
hibiting religious beliefs but “emphasized the religious beliefs
highlighting preservation of life and community” through vacci-
nation. Such findings indicate that religious leaders can become
effective advocates for HPV vaccination by addressing the gap
between theology and psychosocial barriers, particularly in reli-
giously conservative states (43). State-medical-religious partner-
ships with faith-based organizations were proven effective in
addressing community mistrust and facilitating the distribution
of vaccines during COVID-19 (44). Faith-based interventions have
been shown to be effective in improving community health
behavior, such as hepatitis B virus testing and vaccination, intent
to undergo yearly mammograms, and reducing HIV stigma and
mistrust (45-47). Therefore, the findings indicate an opportunity
for faith-based intervention in highly religious states to increase
HPV vaccine coverage by increasing awareness and reducing mis-
information.

Among the meso-level factors, we found a low likelihood of
HPV vaccine coverage for teens when their clinicians did not
order vaccine from the state (ie, not enrolled in the VFC pro-
gram). This finding corroborates studies indicating that as more
physicians enrolled in the VFC program, their cost-related bar-
riers were reduced significantly, encouraging them to recom-
mend the HPV vaccine (29). We also found that about a quarter
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of the healthcare professionals did not enroll in the VFC program.
Expanding healthcare professional participation in the VFC pro-
gram will increase HPV vaccine recommendation and coverage.
Nonparticipation in the VFC program among healthcare profes-
sionals can be reduced by implementing policies that enable
adequate and timely reimbursement of vaccine administration
costs, covering costs associated with vaccine storage and record-
keeping, and educating healthcare professionals on the benefits
of the VFC program (29,48-50). Our study found no significant
association between facility type and vaccine coverage.

After controlling for the macro-level factor (state religiosity) and
meso-level factors (VFC program enrollment and facility types), we
found that at the individual level, the healthcare professional’s rec-
ommendation had the greatest impact on increasing the odds of
initiation as well as being up-to-date compared with all the factors
studied in the model. This finding resonates with the existing litera-
ture, which found that healthcare professional recommendation
was statisticaly significant and positively associated with HPV vac-
cine initiation and being up-to-date (11,25,34,51). Lack of healthcare
professional recommendation can be attributed to many factors,
such as vaccine finance (ie, vaccine cost, inadequate reimburse-
ment, and burden of determining insurance coverage) and the lack
of training on the HPV vaccine (20,52). Therefore, the study findings
indicated the need for interventions to improve physician knowl-
edge and reduce the barriers to reimbursement for vaccine costs.
We also found that at the individual level, teens were more likely to
receive the HPV vaccination series if they were non-Hispanic Black
or Hispanic, had a family income below the federal poverty level,
and had had the well-child examination at 11-12 years of age.
These findings were consistent with the current literature (8,53).
We also found that teens with mothers who had 12 or more years
of education were less likely to initiate the vaccination series. The
inverse relationship between HPV vaccine uptake and household
income and maternal education in our study corroborates the exist-
ing literature. Although the ability to prevent cervical cancer moti-
vates low-income parents to use the HPV vaccine (54), concerns
about vaccine safety among mothers with a high level of education
were the main factor for HPV vaccine refusal (13). This finding calls
for tailored interventions for mothers because they are the primary
caregiver of most adolescent minor children (55,56).

This study had some limitations. Because it was a cross-
sectional study, causality cannot be determined. Moreover, each
teen’s household data were based on self-report, which increased
the risk of social desirability and recall bias. Furthermore, reli-
glosity was at the state level because NIS-Teen 2020 did not col-
lect data on religiosity. The significant inverse association
between state-level religiosity and individual-level HPV vaccine
uptake found in our study, however, reaffirmed that religiosity
shapes the collective consciousness of society at large, which in
turn affects individual vaccine decisions. The response rate of
NIS-Teens 2020 national data was low, but the NIS-Teen 2020
study incorporated weights adjusting for nonresponse for house-
hold interviews and insufficient clinician data (57). Importantly,
the findings are nationally representative and can be generalized
to the US population. In addition, the data on religiosity did not
specify the types of religious affiliation (Christianity, Judaism,
Islam, etc) or denominations within a religion (Protestant,
Catholic, Lutheran, etc) in a state. Therefore, in our study, HPV
vaccination coverage was not adjusted for heterogeneity in reli-
gious affiliations and intrareligion denominational variation
across the states, which will be pertinent for future studies.

HPV vaccination can reduce the incidence of HPV-associated
cancers if the population receives the recommended dosage.
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Rising oropharyngeal cancer rates and existing challenges with
high mortality from cervical cancer call for more consolidated
efforts to increase HPV vaccination initiation and being up-to-
date. Based on our findings, we recommend a multiprong
approach that includes a faith-based HPV vaccine intervention
involving religious leaders, reduces the administrative barriers in
vaccine cost reimbursement, and provides training to the
healthcare community to increase vaccine recommendation.
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