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Abstract

Introduction: This study explores how human papillomavirus vaccination initiation and
completion among men and women aged 18-34 years varies by geographic region.

Methods: Data from the 2015-2017 Behavioral Risk Factor Surveillance System were analyzed.
Geographic regions for the selected states were defined as South, Northeast, and Midwest/\West.
Human papillomavirus vaccination initiation was defined as receipt of =1 dose and completion as
receipt of =3 doses. Weighted, multivariable logistic regression models estimated the association
between geographic region and vaccine uptake, adjusting for sociodemographic, health, and
healthcare factors. Analyses were performed in November 2019.

Results: A total of 18,078 adults were included in the study, 80% of whom resided in the South.
The overall vaccination initiation rate was 23.4% and the completion rate was 11.0%. Initiation
was higher among those who resided in the Northeast (38.6%), followed by Midwest/\West
(23.8%), and lowest for those in the South (21.8%) (p<0.0001). Completion rates followed the
same trend as initiation. In the adjusted models, compared with adults residing in the Northeast,
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those living in the South were less likely to initiate (AOR=0.47, 95% CI=0.40, 0.55) and complete
(AOR=0.56, 95% CI1=0.46, 0.68) human papillomavirus vaccination.

Conclusions: Human papillomavirus vaccine uptake was low for all regions, but vaccine uptake
was significantly lower in the South region. This demonstrates the need to identify barriers
specifically associated with the Southern population, which may include differing levels of
education and insurance. Such work is especially pertinent as many Southern states face increased
risk of human papillomavirus—associated cancers, such as cervix and oral cavity and pharynx
cancers.

The abstract of this study was presented at the 12th American Association for Cancer Research
Conference on the Science of Cancer Health Disparities in Racial/Ethnic Minorities and the
Medically Under-served, San Francisco, CA.

INTRODUCTION

Human papillomavirus (HPV) is the most common sexually transmitted infection in the U.S.
and it is associated with virtually all cases of cervical and anal (90% of each), vaginal
(69%), oropharyngeal (60%), vulvar (51%), and penile (40%) cancer.l HPV infection is not
only associated with primary cancers but also contributes to second primary cancers.2
Since 2006, bivalent vaccine and later quadrivalent and nonavalent vaccines have been
developed to prevent HPV-associated cancers and genital warts. The vaccine was first
recommended exclusively for adolescent girls in 2006 and then in 2011 for adolescent boys.
The Advisory Committee on Immunization Practices now recommends routine HPV
vaccination for adolescents between age 11 and 12 years.>® Catch-up vaccination is also
recommended for both male and female individuals aged 13-26 years and shared clinical
decision making through age 45 years.>8 In 2017, a total 65.5% of adolescents aged 13-17
years received =1 dose of HPV vaccine (68.6% for girls and 62.6% for boys) and 48.6%
completed the series (53.1% for girls and 44.3 % for boys).” For young adults aged 1826
years, this uptake is even lower, with national initiation rates of 40% for women and only
8% for men.8 Many young adults can benefit from the vaccine; therefore, better
understanding of vaccination rates among young adults is warranted.

Previous research on geographic variation in HPV vaccination showed that female
individuals age 9-26 years living in the Northeast were significantly more likely to initiate/
complete vaccination than those in the South.®-15 Rahman et al.10 found on further analysis
in 2012 that male and female residents of the South were less likely to initiate or complete
the HPV vaccine series compared with those living in the Northeast. Only the study by
Rahman and colleagues? examined geographic variations in HPV vaccination among male
individuals. However, the study used 2012 data, when the vaccine had been recommended
for male patients for 1 year. This study includes male individuals and used 2015-2017 data
when the vaccine has been recommended for male patients for 4—6 years. Including men is
very important because they have a higher burden of HPV-associated oropharyngeal cancer
than women,16:17 and are at risk of anal and penile cancers.1® In addition, using current data
is important as they can capture current geographic differences in male HPV vaccination
rates. Furthermore, since 2012, adolescent HPV vaccination rates have increased in the West
and Northeast whereas rates remain low in the South.1® The geographic variation may
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continue to exist owing to differences in state immunization requirements and insurance
mandates from the Affordable Care Act. It is therefore warranted to further examine current
geographic variations in HPV vaccination in young adults. This study examines the
association between geographic regions and HPV vaccination initiation and completion
(vaccine uptake) among men and women aged 18-34 years.

Study Sample

Measures

Data were extracted from the 2015-2017 Behavioral Risk Factor Surveillance System
(BRFSS). The BRFSS is an annual, nationally representative telephone survey that collects
data from non-institutionalized adults from the U.S. and U.S. territories (Puerto Rico, Guam,
and the U.S. Virgin Islands) regarding their health-related risk behaviors, chronic health
conditions, and use of preventive services. It is the largest continuously conducted health
survey in the world, is administered by state health departments with oversight from the
Centers for Disease Control and Prevention (CDC), and reaches >500,000 respondents.
Details of the survey methods used have been published in the literature.2 The BRFSS has 3
overall components: core modules (sets of questions consistently administered to all states
and territories to establish national estimates), optional modules (CDC—-developed questions
that states can include in their BRFSS survey depending on their priorities), and state-added
questions (state-customized items).

From 2015 to 2017, an optional module focused on adult HPV vaccination was administered
by 16 states (Alabama, Arkansas, Connecticut, Georgia, Hawaii, Massachusetts, Mississippi,
Missouri, New Hampshire, Nebraska, North Carolina, South Carolina, South Dakota,
Tennessee, Texas, and West Virginia) (Appendix Figure 1), representing 28.7% of the U.S.
population. The overall response rate for all 3 years ranged from 45% to 48%, and totaled
18,876 individuals aged 18-34 years. Respondents who did not know or refused to answer if
they had been vaccinated (/7=798) were removed. This resulted in a final sample of 18,078
individuals. The censored upper age was selected because these adults would have been
eligible to have received the HPV vaccine at some point after it was licensed in the U.S. in
2006. As all data used in this study were de-identified and publicly available, downloaded
from BRFSS website, IRB approval was not warranted.

The primary outcomes were self-reported HPV vaccination initiation and completion.
Initiation was assessed with the question: A vaccine to prevent the human papillomavirus or
HPV infection is available and is called the cervical cancer or genital warts vaccine, HPV
shot, (GARDASIL or CERVARIX). Have you ever had the HPV vaccination? Respondents
with a yesresponse were deemed to have initiated the vaccination. Respondents who had
initiated vaccination were subsequently asked: How many HPV shots did you receive?
Respondents indicating receipt of =23 vaccine doses were deemed to have completed the
vaccination. It is worth noting that although Advisory Committee on Immunization Practices
guidelines for those aged 11-14 years specify only 2 doses are required for completion, this
age range is not included in the BRFSS data.?!
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As the HPV vaccination module was optional and only included by a minority of states, the
states could not be grouped according to commonly defined regions (such as the 10 used by
HHS).22 Thus, the study used grouping previously employed by Rahman et al.,? which
divided into 3 regions: South (Alabama, Arkansas, Georgia, Mississippi, North Carolina,
South Carolina, Tennessee, Texas, West Virginia), Northeast (Connecticut, Massachusetts,
New Hampshire), and Midwest/West (Hawaii, Missouri, Nebraska, South Dakota). The
Midwest and West were combined owing to the small sample size for each region.

Covariates identified from other studies®-%23 included sociodemographic variables: age
category (18-24, 25-29, 30-34 years), sex, race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, non-Hispanic other), marital status (married, divorced/separated/
widowed, never married), educational attainment (college graduate or higher, some college
or associate degree, high school diploma, less than a high school diploma), income level (=
$50,000, $25,000-<$50,000, <$25,000, refused/missing), health insurance coverage (yes or
no). Other covariates concerned health and health care: regular provider (yes or no), time
since last medical checkup (within the past year, >1 year), and general health (excellent/very
good, good, poor/fair).

Statistical Analysis

To account for the BRFSS complex survey design, survey weights were used throughout all
analyses to reduce bias owing to non-response and non-coverage using SAS procedures
SURVEYFREQ and SURVEYLOGISTIC. Descriptive statistics for the overall sample,
stratified by geographic region, were estimated across covariates (age, sex, race/ethnicity,
marital status, educational attainment, income level, health insurance coverage, regular
provider, time since last medical checkup, and general health). Wald’s design-based chi-
square tests of independence analyses were performed to test for differences in geographic
region by HPV vaccine uptake and sociodemographic, health, and healthcare characteristics.
Weighted, multivariable binary logistic regression models were used to assess the
association between geographic region and HPV vaccine uptake, adjusting for
sociodemographic and health and healthcare factors. The Advisory Committee on
Immunization Practices recommends “catch-up” vaccination for those aged 13-26 years;
therefore, sensitivity analysis was conducted where respondents were restricted to age 18-26
years. Also, owing to the vaccination being recommended at different years for female
compared with male individuals, a sensitivity analysis was conducted stratified by sex.
Analyses were performed in November 2019. All statistical analyses were performed using
SAS, version 9.4.

RESULTS

Descriptive statistics for this study sample are shown in Table 1. A total of 18,078 adults
were included in the study, 80% of whom resided in the South. Chi-square analyses
comparing geographic region with age, race/ethnicity, marital status, educational attainment,
level of income, insurance coverage, regularity of healthcare provider, time since last
checkup, and general health showed statistically significant differences by geographic
region. Overall, 4,338 (23.4%) adults initiated the HPV vaccine, while 2,287 (11.0%)
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completed the vaccine. Figure 1 shows that the highest proportion of vaccine initiators
(38.6%) and vaccine completers (21.3%) resided in the Northeast whereas the lowest
proportion of initiators (21.8%) and vaccine completers (9.6%) resided in the South (all with
p<0.0001).

In the multivariable models in Table 2, respondents residing in the South were less likely to
initiate (AOR=0.47, 95% CI=0.40, 0.55) and complete (AOR=0.56, 95% CI1=0.46, 0.68) the
HPV vaccination than those in the Northeast. Midwestern/Western residents were also less
likely to initiate (AOR=0.55, 95% CI=0.45, 0.68) and complete (AOR=0.70, 95% CI=0.56,
0.89) the HPV vaccination than those in the Northeast. Younger age groups (18-24 years
and 25-29 years) were more likely to initiate vaccination compared with those aged 30-34
years. Similarly, respondents aged 18-24 years were more likely to complete the vaccine
series than those aged 30-34 years. Male participants were less likely than female
participants to initiate and complete the vaccine. Compared with married young adults,
unmarried young adults were more likely to initiate and complete the vaccine; adults with
health insurance were more likely to initiate and complete the vaccine compared with those
without health insurance. The study also showed a linear relationship between level of
education and vaccine uptake, with the highest uptake among participants who had a college
education or higher.

The sensitivity analyses, which limited data to adults aged 18-26 years, provided similar
results to the main analyses. Appendix Table 1 shows that the highest proportion of young
adults who initiated (55.9%) and completed (30.9%) the HPV vaccine resided in the
Northeast, whereas the lowest proportion of those who initiated (33.4%) and completed
(14.5%) resided in the South (all with p<0.0001). Appendix Table 2 shows the association
between HPV vaccination and geographic region among participants aged 18-26 years. In
the adjusted models, respondents residing in the South were less likely to initiate
(AOR=0.44, 95% CI1=0.34, 0.57) and complete (AOR=0.53, 95% CI=0.40, 0.71) the
vaccination compared with those in the Northeast. The same was true for respondents in the
Midwest/West compared with those in the Northeast. In the second sensitivity analyses,
when the analyses were stratified by sex, the results observed were similar to the original
results. Both female and male residents of the South were less likely to have initiated and
completed the vaccination compared with those in the Northeast (Appendix Table 3).

DISCUSSION

Based on the states included in the study, the study noted regional variations in HPV vaccine
uptake among adults aged 18—34 years, with vaccination rates being low across all regions.
However, vaccination uptake was significantly lower in the South region compared with the
Northeast even after adjusting for covariates. These results mirror previous published
geographical HPV vaccination disparities observed in 2008-2012 among young adults.%1 It
should be noted that Rahman and colleagues® in 2013 focused on only women and Rahman
et al.10 in 2015 observed only 2012 data, whereas this study included both men and women
with data from 2015-2017. Compared with the BRFSS data between 2008 and 2010, the
weighted vaccine uptake increased over time among young adult women in the South, from
14% of vaccine initiation to 21.8% and from 6.6% of vaccine completion to 9.6%. Similar
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regional variation in HPV initiation and completion was reported among adolescents in
Texas.24 The study’s finding on the impact of region, similar to the Texas finding by Conrey
et al.,24 exemplifies the significance of considering region-tailored interventions when
developing programs aimed at increasing HPV vaccine uptake. Additionally, these findings
also underscore the importance of improving awareness and knowledge about the benefits of
HPV vaccination especially in Southern states as this will enhance shared decision making
between clients and healthcare providers as postulated by Thomas and colleagues.2®

Low vaccination rates in the South are concerning given the high HPV infection prevalence
in the region. Hirth et al.2 found that respondents in the Midwest and South had higher
HPV infection prevalence compared with Northeastern and Western regions. A consistent
lower rate of HPV vaccine uptake in the South may contribute to the higher burden of HPV-
associated diseases and cancers. Whitney and colleagues?” indicated that there is a higher
burden of HPV-associated cancers in the Southern regions of the U.S. Cervical cancer,
which is primarily caused by HPV infection, is more prevalent in the South. CDC data from
2012-2016 shows higher rates of cervical cancer in the South than the other regions (Figure
2A).28 Studies have also shown that cervical cancer disproportionately affects Black women
in the South.29:30 |n this study, a higher proportion of Black individuals (18.2%) resided in
the South than the Northeast (7.0%), underscoring the need to improve vaccination rates in
the South.

Similarly, for head and neck cancer, CDC data from 2012—-2016 show higher rates of oral
cavity and pharynx cancer in the South than other regions (Figure 2B).28 Head and neck
cancer affects men more than women with a 3:1 ratio; however; after controlling for
covariates, the study uncovered a significant gap in vaccine uptake between male and female
participants, where male participants were 81% and 88% less likely to initiate and complete
the vaccine, respectively, compared with female participants. It should be noted oral cavity
and pharynx cancers are caused not only by HPV, but also tobacco use; thus, the effect of
HPV should not be underestimated. There is a need to design strategies to improve the HPV
vaccine uptake in the South to lower the burden of HPV-associated diseases and cancers in
the future.

People affected by HIV are disproportionately affected by HPV-associated cancers even
without profound immunosuppression.31:32 In 2017, Southern states had a greater proportion
of new HIV diagnoses (an estimate of 52%) than all other regions combined annually.33 In
addition, diagnosis rates for people in the South are higher than for Americans overall: 8 of
the 10 states with the highest rates of new HIV diagnoses are in the South.33 The
intersectional effect of socioeconomic disparity, HIV prevalence, and low vaccination rates
discovered in this study highlights how profoundly the South is at risk for HPV-associated
sequelae. There is a need to develop targeted education and public health programs
dedicated to addressing HPV vaccination disparities in the U.S.

Reasons that could explain the low vaccination in the South may include the lower SES of
individuals in the South. For instance, in this study, a higher proportion of participants in the
South indicated not having health insurance (30%) compared with the Northeast (11%).
Lack of health insurance in Southern states may have been complicated by contextual factors
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such as lack of state Medicaid expansion and history of Jim Crow laws.343% For example,
respondents have shown statistically increased vaccination report for influenza in states
where the cost of vaccination was covered by Medicaid.3* Also, because of the history of
Jim Crow law in the south, racial disparities continued to exist in the receipt of primary care.
35 The HPV vaccine is covered by most private insurances, public programs and the
Vaccines for Children3® for boys and girls aged <18 years. Merck offers a Vaccine Patience
Assistance Program for uninsured young adults aged 19-26.37 However, currently there is
no federal funding stream that supports young adults who do not get assistance. There
should therefore be programs that provide funding for young adults especially now that the
vaccine is recommended for adults up to age 45 years. Another potential reason that could
explain low HPV uptake in the south is rurality: Most Southern states have been noted to
consist of large proportion of rural counties.38:39 Some of the reasons that were identified as
likely associated with decreased vaccination uptake among rural dwellers are lower income,
less educational attainment, higher rates of being uninsured, and less knowledge and
awareness of HPV vaccination and its benefits,38:39

This study has limitations. First, the BRFSS survey is a telephone survey and relies on self-
report; thus, the data may have been subject to recall bias and social desirability bias.
Second, not all states of different regions of the U.S. conducted the HPV vaccination
module. Similarly, different states participated in different years during 2015-2017. Third,
this was a cross-sectional study and therefore this study cannot infer causality. Because this
is a cross-sectional study, mediation analysis was unable to be performed.4? Fourth, the
sample size consisted largely of people who lived in the Southern U.S. (80%); this may
affect generalizability of the findings and the ability to detect associations between other
regions and HPV vaccination. In addition to Southern states being 80% of the sample size,
most southern states have been noted to consist of large proportion of rural counties;
however, rurality was unable to be controlled within the study. Finally, the effects of other
variables such as provider recommendation, sexual behaviors, rural-urban status, and age of
vaccination (BRFSS do not assess these variables) were unable to be assessed, which could
have explained some of the variations in vaccination uptake.

CONCLUSIONS

Although HPV vaccination recommendations have been developed at the federal level,
specific HPV vaccination implementation is needed at state level considering the regional
differences in HPV vaccine uptake observed in this study. Currently, Rhode Island, Virginia,
the District of Columbia, and Puerto Rico require HPV vaccination for school entry.41
Mandating school entry administration of the HPV vaccine could reduce regional disparities
in HPV vaccine uptake. Moreover, this study demonstrates the critical need to develop and
implement interventional programs that promote HPV vaccination for young adults in the
catch-up group, especially residents of the South. As provider recommendation is the
primary predictor of vaccine uptake,*2 providers in all regions—especially the South—
should take every doctor visit as an opportunity to recommend the vaccine to eligible
patients. Each year, approximately 44,000 new cases of cancer in the U.S. are attributable to
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HPV infection, and the HPV vaccine could potentially prevent up to 92% of those cancers.*3
Raising HPV vaccination rates is therefore warranted.

This study noted geographic disparities in HPV vaccination among young adults. Although
HPV vaccination initiation and completion rates were low for all regions, they were
significantly lower in the South region. The results of this study provide important evidence
to highlight the need for public health interventions to reduce geographical disparities in
HPV vaccination and ultimately increase HPV vaccination rates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

HPV vaccine initiation and completion rates of young adults aged 18—34 years by
geographic region, BRFSS (2015—2017).

Notes. There were significant differences between geographic region and vaccine initiation,
completion and completion among initiators (all with p<0.0001) based on Chi-square tests.
BRFSS, Behavioral Risk Factor Surveillance System.
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Cervix, All Ages, All Races/Ethnicities, Female, Rate per 100,000 women, 2012-2016
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Figure 2A.
Rate of new cervical cancers in the U.S., 2012—2016.

Notes. Rate per 100,000 women.

Source: U.S. Cancer Statistics Working Group, U.S. Cancer Statistics Data Visualizations
Tool, based on November 2018 submission data (1999—2016). HHS, Centers for Disease
Control and Prevention, National Cancer Institute. https://www.cdc.gov/cancer/dataviz. June
2019.
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Oral Cavity and Pharynx, All Ages, All Races/Ethnicities, Male, and Female, Rate per 100,000 people, 2012-
2016
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Figure 2B.
Rate of new oral cavity and pharynx cancers in the U.S., 2012—2016.

Notes. Rate per 100,000 women.

Source: U.S. Cancer Statistics Working Group, U.S. Cancer Statistics Data Visualizations
Tool, based on November 2018 submission data (1999—2016). HHS, Centers for Disease
Control and Prevention, National Cancer Institute. https://www.cdc.gov/cancer/dataviz. June
2019.
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Table 1.

Characteristics of Young Adults Aged 18-34 Years in the U.S. Overall and Stratified by Region of Residence,
BRFSS (2015-2017)

n (W%o) Weighted percent p-value
Characteristics Total n=18,078 Southern West/Midwest Northeast n=2,429
n=10,354 (80.0%)  n=5,295 (11.8%) (8.2%)
HPV vaccine initiation: yes 4,338 (23.4) 21.8 23.8 38.6 <0.0001
HPV vaccine completion overall: yes 2,287 (11.0) 9.6 12.8 213 <0.0001
HPV vaccine completion among initiators: yes 2,287 (46.9) 44.3 54.0 55.3 <0.0001
Age, years 0.0010
18-24 6,303 (42.4) 423 42.8 440
25-29 5,414 (25.8) 26.0 22.6 28.4
30-34 6,361 (31.8) 31.8 34.6 27.6
Sex 0.7498
Female 9,676 (50.9) 50.8 51.1 52.1
Male 8,397 (49.1) 49.2 48.9 479
Race/Ethnicity <0.0001
Non-Hispanic White 11,090 (48.9) 43.8 71.0 66.6
Non-Hispanic Black 2,526 (16.3) 18.2 9.6 7.0
Hispanic 2,399 (26.3) 30.1 8.1 15.6
Non-Hispanic other 2,063 (8.5) 7.9 11.3 10.9
Marital status 0.0015
Married 7,360 (38.9) 39.2 40.3 33.7
Not married 10,718 (61.1) 60.8 59.7 66.3
Educational attainment <0.0001
College graduate or higher 5,609 (19.0) 17.7 20.8 29.4
Some college or associate degree 5,868 (35.2) 35.1 385 31.6
High school diploma 5,205 (31.5) 324 28.8 26.3
Less than high school diploma 1,396 (14.3) 14.8 11.9 12.7
Income level <0.0001
>$50,000 6,166 (30.8) 28.8 35.6 43.0
$25,000 to $49,999 4,301 (22.0) 224 24.7 15.2
<$25,000 4,723 (29.2) 322 22.8 18.8
Refused/missing 2,888 (18.0) 17.6 16.8 23.0
Has insurance coverage <0.0001
Yes 14,591 (72.8) 70.0 80.3 88.7
No 3,487 (27.2) 30.0 19.7 11.3
Has regular provider <0.0001
Yes 11,423 (56.1) 53.1 62.6 75.6
No 6,655 (43.9) 46.9 37.4 24.4
Time since last medical checkup <0.0001
Within past year 10,061 (53.9) 53.2 50.9 65.3
More than a year 8,017 (46.1) 46.8 49.1 34.7
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n (W%o) Weighted percent p-value
Characteristics Total n=18,078 Southern West/Midwest Northeast n=2,429
n=10,354 (80.0%) n=5,295 (11.8%) (8.2%)
General health <0.0001
Excellent/Very good 10,841 (56.8) 55.6 60.2 63.3
Good 5,335 (31.4) 321 30.7 25.9
Poor/Fair 1,902 (11.8) 12.3 9.1 10.8

Note: Boldface indicates statistical significance (p<0.05). p-value based on chi-square tests.

n, frequency; w%, weighted percentage; BRFSS, Behavioral Risk Factor Surveillance System; HPV, human papillomavirus.
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Table 2.

Association Between Region of Residence and HPV Vaccination Uptake Among Young Adults 18-34 Years,
BRFSS (2015-2017)

AOR (95% ClI)

Variable HPV vaccine initiation HPV vaccine completion —
(n=18,078) overall (n=18,078)

HPV vaccine completion
among initiators (n=4,336)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Geographic region
Northeast
West/Midwest
Southern

Age, years
18-24
25-29
30-34

Sex
Female
Male

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Non-Hispanic other

Marital status
Married
Not married

Educational attainment

College graduate or higher

Some college or associate degree

High school diploma

Less than high school diploma

Income level
2$50,000
$25,000 to $49,999
<$25,000
Refused/missing
Has insurance coverage
Yes
No
Has regular provider
Yes
No

Time since last medical checkup

Within past year

ref
0.55 (0.45, 0.68)
0.47 (0.40, 0.55)

6.32 (5.12, 7.81)
2.41 (1.97, 2.95)

ref

ref

0.19 (0.16, 0.22)

ref
1.00 (0.82, 1.22)
0.92 (0.72,1.17)
0.80 (0.60, 1.08)

ref

1.35 (1.13, 1.61)

ref
0.82 (0.68, 0.98)
0.69 (0.56, 0.84)
0.48 (0.34, 0.66)

ref
0.96 (0.78, 1.18)
0.89 (0.72, 1.10)
0.63 (0.50, 0.80)

ref

0.69 (0.56, 0.85)

ref
0.88 (0.74, 1.04)

ref

ref
0.70 (0.56, 0.89)
0.56 (0.46, 0.68)

5.63 (4.26, 7.44)
2.77 (2.14, 3.58)

ref

ref

0.12 (0.10, 0.15)

ref
0.46 (0.35, 0.60)
0.62 (0.46, 0.84)
0.65 (0.42, 1.01)

ref

1.45 (1.16, 1.81)

ref
0.57 (0.46, 0.70)
0.47 (0.36, 0.62)
0.35 (0.20, 0.58)

ref
0.88 (0.68, 1.15)
0.89 (0.69, 1.15)
0.59 (0.45, 0.77)

ref

0.69 (0.51, 0.92)

ref

0.76 (0.61, 0.94)

ref
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ref
1.14 (0.82, 1.57)
1.02 (0.78, 1.33)

1.46 (1.03, 2.07)
1.34 (0.94, 1.90)

ref

ref

0.33 (0.25, 0.44)

ref
0.33(0.24, 0.46)
0.53(0.37,0.76)
0.68 (0.39, 1.18)

ref

1.23(0.93, 1.64)

ref
0.52 (0.39, 0.69)
0.46 (0.33, 0.64)
0.41 (0.22, 0.76)

ref
0.89 (0.62, 1.27)
1.01 (0.73, 1.41)
0.78 (0.54, 1.13)

ref
0.83(0.57, 1.19)

ref
0.76 (0.58, 1.00)

ref
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Variable

HPV vaccine initiation
(n=18,078)

AOR (95% ClI)

HPV vaccine completion —
overall (n=18,078)

HPV vaccine completion
among initiators (n=4,336)

More than a year
General health
Excellent/Very good
Good
Poor/Fair
Survey year
2017
2016
2015

0.79 (0.68, 0.92)

ref
0.84 (0.71, 1.00)
0.94 (0.73,1.21)

ref
0.72 (0.59, 0.86)
1.00 (0.83, 1.22)

0.87 (0.71, 1.06)

ref
0.83 (0.67, 1.03)
0.89 (0.66, 1.19)

ref
0.77 (0.60, 0.97)
1.20 (0.94, 1.53)

0.92 (0.70, 1.21)

ref
0.85 (0.65, 1.13)
0.83 (0.58, 1.21)

ref
1.08 (0.80, 1.45)
1.45 (1.05, 1.99)

Note: Boldface indicates statistical significance (p<0.05).

BRFSS, Behavioral Risk Factor Surveillance System; HPV, human papillomavirus.
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