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Abstract

Background: To assess the demographic and attitudinal factors associated with HPV vaccine initiation and completion
among 18–26 year old women in Utah.

Method: Between January 2013 and December 2013, we surveyed 325 women from the University of Utah Community
Clinics about their HPV vaccine related beliefs and behaviors. Odds ratios (ORs) were estimated from logistic regression
models to identify variables related to HPV vaccine initiation and series completion.

Results: Of the 325 participants, 204 (62.8 %) had initiated the vaccine and 159 (48.9 %) had completed the 3-dose series.
The variables associated with HPV vaccine initiation were lower age (OR = 1.18 per year); being unmarried (OR = 3.62); not
practicing organized religion (OR = 2.40); knowing how HPV spreads (OR = 6.29); knowing the connection between HPV
and cervical cancer (OR = 3.90); a belief in the importance of preventive vaccination (OR = 2.45 per scale unit); strength of
doctor recommendation (OR = 1.86 per scale unit); and whether a doctor’s recommendation was influential (OR = 1.70
per scale unit). These variables were also significantly associated with HPV vaccine completion.

Conclusion: The implications of these findings may help inform policies and interventions focused on increasing HPV
vaccination rates among young women. For example, without this information, programs might focus on HPV
awareness; however, the results of this study illustrate that awareness is already high (near saturation) in
target populations and other factors, such as strong and consistent physician recommendations, are more
pivotal in increasing likelihood of vaccination. Additionally, our findings indicate the need for discussions of
risk assessment be tailored to the young adult population.
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Background
The American Cancer Society estimates that in 2014, there
will be over 12,000 new cases of invasive cervical cancer
diagnosed in the United States and over 4,000 women will
die from this disease [1]. Human papillomavirus (HPV), the
most common sexually transmitted infection [2, 3], has
been shown to be necessary to cause cervical cancer [4–6].
Recognition of this link led to the development of vaccines

protecting against infection with certain high-risk types of
HPV. There are currently two HPV vaccines available:
Merck’s Gardasil® vaccine [7], proved highly effective in
preventing the highest prevalence HPV types 16 and 18
(which cause up to 70 % of all cervical cancers), as well as
HPV types 6 and 11 (which cause about 90 % of genital
warts) [4, 8–10]; and GlaxoSmithKline’s Cervarix® vaccine
[11], targeting the two most common oncogenic HPV types
(16 and 18) [4, 10].
In 2006, the Centers for Disease Control (CDC) Advisory

Committee on Immunization Practices (ACIP) recom-
mended a 3-dose HPV vaccination series as a routine
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vaccine for girls age 11–12 years old [12]. Vaccine ad-
ministration is optimal at this age because adolescents
have the best immunoresponse to the vaccine and likely
have not yet been exposed to the virus [12]. However,
the ACIP also recommended the HPV vaccination series
as a catch-up vaccine for young women age 13–26 years
old [12]. Additionally, these recommendations have been
extended to include males. It is hypothesized that with
good vaccination coverage, the prevalence of HPV and
HPV-associated cancers will decline [5, 12–14].
Despite this opportunity for cervical cancer prevention,

HPV vaccination rates are low in the United States. In
2013, just 57.3 % of adolescent girls age 13–17 years old
had received one dose of the vaccine, and only 37.6 % had
completed the three-dose series [15]. Coverage is espe-
cially poor in Utah, with just 44.3 % of Utah adolescent
girls initiating the vaccine, and 20.5 % completing the 3-
dose series [15]. Most recent data indicates that uptake is
the worst among young women: only 34.5 % of women
age 19–26 years old report receiving at least one dose of
the HPV vaccine [16]. State-specific data for this age
group is unavailable. In spite of this low HPV vaccine
coverage, recommendations from physicians remain sub-
optimal for all age groups [17].
While the choice whether or not to vaccinate adoles-

cent usually falls to their parents, young women who are
eligible to receive the vaccine are able to make the deci-
sion for themselves. These women are responsible for
their own health, so their attitudes towards receiving the
HPV vaccine and their decision-making processes may
be different from those of the parents of young adoles-
cents. There have been many studies on women’s beliefs
and behaviors related to the HPV vaccine, but few stud-
ies have specifically focused on a state with low HPV
vaccine initiation and completion rates [18–25].
The purpose of this study is to assess the demographic

and attitudinal factors associated with HPV initiation
and completion among 18–26 year old women in Utah.
Our goal is to generate information to develop interven-
tion programs to increase HPV vaccination in this age
group in Utah.

Methods
This study was approved by the University of Utah
Institutional Review Board.

Survey development
Previous studies have used Health Belief Model (HBM)
constructs [26, 27] and/or Social Cognitive Model (SCM)
factors [28, 29] to identify predictors of HPV vaccination
intention. The HBM considers potential motivating factors
such as perceived severity (an individual’s assessment of
the seriousness of the condition), perceived susceptibility
(an individual’s assessment of their risk of getting the

condition), expected benefit (an individual’s assessment of
the positive rewards of adopting the behavior), self-efficacy,
and perceived barriers [30]. Whereas SCM also incorpo-
rates a person’s social environment, e.g., peer group, and
observational learning on their health behaviors [29]. Each
question included in our survey corresponded to a concep-
tual variable representing one facet in either HBM or SCM
[29, 30]. Survey items were also motivated by use of di-
rected acyclic graphs and a survey developed by other re-
searchers and shared with permission [23, 31].
Our study questionnaire included six sections:

(1)Attitudes about health,
(2)Attitudes about vaccines,
(3)Demographic information and history/family history

of cancer,
(4)Attitudes about reproductive health,
(5)Attitudes about the HPV vaccine, and
(6)Future (intended) HPV vaccine use.

Data collection
A Survey sampling flow diagram representing recruitment
is presented in Fig. 1. We recruited participants from the
University of Utah Community Clinics through the
University of Utah Primary Care Research Network. An
initial data query of potential participants was performed to
identify young women age 18–26 years old who had a
University of Utah Community Clinic visit in the 12 months
preceding the query. Two groups of 1,000 were created. In
the first group, we included 336 women who had at least
one documented dose of the HPV vaccine and 664 unvac-
cinated women. In the second group we included 233 who
had initiated the vaccine and 776 unvaccinated women.
Potential participants were sorted by zip code and only
those within the catchment areas for the University of Utah
Community Clinics were included in the sample. Potential
participants were mailed a letter briefly describing the pro-
ject and given the opportunity to opt out. Remaining partic-
ipants were mailed a letter describing the project in greater
detail, a paper version of the survey, and a business reply
envelope to return the survey.
Introduction letters with study opt-out information

went out in two waves of 1,000. The initial wave of 1,000
opt-out letters was sent out in January 2013. After exclud-
ing nine opt-outs, we had a response rate of 84 of 991 sur-
veys (8.5 %). The target response rate for analysis was
between 300–325 completed surveys. In order to improve
return rates, the implementation protocol was revised, fol-
lowing the Tailored Design Method proposed by Dillman,
et. al. [32]. Modifications to the survey wave, according to
the Dillman method, included:

� 1,000 Opt-out letters and cover letters were printed
in high-resolution color and hand-signed,
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Fig. 2 DAG showing potential cofounders of predictors of HPV vaccine uptake (Utah, January December 2013)

Fig. 1 Survey sampling flow diagram (Utah, January-December 2013)
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� Surveys now included a 5$ bill thank you with
return envelope, and

� Address verification services were used.

These revisions bolstered returns from 8.5 % to over
27.1 % (244 surveys completed of 901 delivered). All sur-
veys were mailed between January and December 2013.

Data analysis
Fisher’s Exact Tests and Logistic Regression were used
to determine differences in demographics, initiation, and

completion rates between the two waves of survey re-
sponses to assess appropriateness of pooling results.
Summary statistics for participant characteristics were
calculated by vaccination status. Principal component
factor analysis with promax rotation was used for the
attitude questions to derive useful attitude factor vari-
ables. Correlation between items in factor variables
was assessed using Cronbach’s alpha (Table 3).
A Directed Acyclic Graph (DAG) (Fig. 2) was created to

help identify and adjust for potential confounders and
minimize bias assessing individual predictors of vaccine

Table 1 Characteristic of study participants (Utah, January-December 2013)

No doses (n = 121)
n (%)

1+ dose (n = 204)
n (%)

3 dose completion (n = 159)
n (%)

Age

18–21.5 y.o. 28 (23.14) 82 (40.20) 65 (40.88)

22–24 y.o. 48 (39.67) 70 (34.31) 53 (33.33)

24.5–26 y.o. 45 (37.19) 52 (25.49) 41 (25.79)

Race/ethnicity

Asian 9 (7.44) 8 (3.92) 8 (5.03)

Black or African American 2 (1.65) 4 (1.96) 3 (1.89)

Hispanic or Latina 9 (7.44) 15 (7.35) 10 (6.29)

White/Caucasian 96 (79.34) 167 (81.86) 133 (83.65)

Other 5 (4.13) 10 (4.90) 5 (3.14)

Highest level of education

Up to or graduated high school 24 (19.83) 25 (12.25) 17 (10.69)

Some college, but no degree 39 (32.23) 90 (44.12) 72 (45.28)

College degree 46 (38.02) 77 (37.75) 60 (37.74)

Graduate school 12 (9.92) 12 (5.88) 10 (6.29)

Marital status

Single, never married 66 (54.55) 165 (80.88) 132 (83.02)

(Ever) Married 54 (44.63) 38 (18.63) 26 (16.35)

Ever received a cancer diagnosis

Yes 3 (2.48) 3 (1.47) 2 (1.26)

No 118 (97.52) 199 (97.55) 155 (97.48)

Know anyone who has had a cancer diagnosis

Yes 95 (79.51) 178 (87.25) 140 (88.05)

No 26 (21.49) 26 (12.75) 19 (11.95)

Know anyone who has had cervical cancer

Yes 9 (9.57) 24 (13.04) 18 (12.59)

No 85 (90.43) 160 (86.96) 125 (87.41)

Practice organized religion

Yes 72 (59.50) 75 (36.95) 53 (33.54)

No 49 (40.50) 128 (63.05) 105 (66.46)

Religion guide your daily decisions

Yes 57 (65.52) 51 (48.57) 38 (48.10)

No 30 (34.48) 54 (51.43) 41 (51.90)
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initiation (1+ dose) and series completion (3 doses) [33,
34]. An online tool, DAGitty (http://www.dagitty.net), was
used to produce potential DAGs and derive minimally suffi-
cient adjustment sets for predictor variables [35]. Univariate
and multivariable logistic regression models were used to
calculate odds ratios (ORs) to identify variables related to
vaccine initiation and series completion.
Factor and Principal Component Analysis was performed

using R (R Core Team, 2013). Descriptive statistics and uni-
variate and multivariable logistic regression was performed
using SAS software, Version 9.4. Results were considered
statistically significant if p < 0.05.

Results
A total of 84 of 993 surveys (8.5 %) from the first wave
and 244 of 901 surveys (27.1 %) from the second wave
were returned for a total of 328 of 1,983 returned
(16.5 %). Three participants were excluded: two for hav-
ing an age out of range and one for incompleteness of
the questionnaire. The remaining 325 were included in
the final analysis. There were no statistically significant
differences between the two survey waves, and the only

difference between wave one and wave two was wave
two included a small incentive, but otherwise was drawn
from the same population. Therefore, the two waves
were pooled for the analysis.
Of these 325 participants, 204 (62.8 %) had initiated

the vaccine series and 159 (48.9 %) had completed the 3-
dose series. Of the 45 who had initiated, but not com-
pleted the vaccine series, 31 (70.5 %) said they intended
to complete the series and 13 (29.6 %) said they did not
(one missing). The mean age for those who initiated the
vaccine was 22.4 years (s.d. 2.4 years), for those who com-
pleted the 3-dose series was 22.4 years (s.d. 2.4 years), and
for those who did not receive any vaccine doses was
23.3 years (s.d. 2.3 years). Participant characteristics are
presented in Table 1 and participants’ HPV vaccine related
knowledge and attitudes are presented in Table 2.
The factor analysis produced a total of seven attitude

factors with good inter-item correlation, presented in
Table 3. Table 4 shows the significant univariate predictors
of vaccine initiation were lower age vs. older age: OR = 1.18
per lower year [95 % CI: 1.07–1.30]; marital status (being
unmarried vs. married): OR = 3.62 [95 % CI: 2.18–5.99]; not

Table 2 Participants’ attitudes about and knowledge relating to the HPV vaccine (Utah, January-December 2013)

No doses
(n = 119)
n (%)

1+ dose
(n = 202)
n (%)

3 dose completion
(n = 157)
n (%)

Have you ever heard of human papillomavirus (HPV)?

Yes 105 (86.78) 200 (98.04) 155 (97.48)

No 16 (13.22) 4 (1.96) 4 (2.52)

Do you know how HPV is spread?

Yes 72 (59.50) 185 (90.69) 144 (90.57)

No 49 (40.50) 19 (9.31) 15 (9.43)

Have you ever heard of a relationship between HPV and cervical cancer?

Yes 78 (65.00) 180 (88.24) 143 (89.94)

No 42 (35.00) 24 (11.76) 16 (10.06)

Have you ever heard of a vaccine to prevent HPV (e.g., Gardasil® or Cervarix®)?

Yes 90 (75.00) 203 (100) 158 (100)

No 30 (25.00) 0 (0) 0 (0)

(If heard of vaccine) how important do you think the vaccine to help prevent cervical cancer is for you?

Not at all important 10 (11.11) 5 (2.45) 2 (1.26)

Not very important 18 (20.00) 6 (2.94) 0 (0)

Somewhat important 27 (30.00) 50 (24.51) 33 (20.75)

Very important 35 (38.89) 143 (70.10) 124 (77.99)

Have you discussed the vaccine to help prevent cervical cancer with a doctor?

Yes 34 (37.36) 201 (98.53) 158 (99.37)

No 57 (62.64) 3 (1.47) 1 (0.63)

Did a doctor recommend that you get the vaccine to help prevent cervical cancer?

Yes 22 (55.00) 199 (98.03) 157 (99.37)

No 18 (45.00) 4 (1.97) 1 (0.63)
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practicing vs. practicing organized religion: OR = 2.4 [95 %
CI: 1.49–4.0]; knowledge of HPV transmission: OR = 6.29
[95 % CI: 3.46–11.44]; known connection between HPV
and cervical cancer: OR = 3.90 [95 % CI: 2.21–6.89]; known
importance of vaccine (to help prevent cervical
cancer): OR = 2.45 [95 % CI: 1.79–3.36]; strength of
doctor recommendation: OR = 1.86 per Likert scale
unit [95 % CI: 1.27–2.70]; and a binary indicator of
whether a physician’s recommendation is influential:
OR = 1.70 [95 % CI: 1.38–2.09]. These variables were

all also significant predictors of completion of the 3-
dose series (see Table 4). Minimal sufficient adjustment
sets were derived from application of the DAG (see
Fig. 2) to produce subsets of variables adequate to con-
trol for potential confounding. These subsets were
used to produce adjusted estimates (see Table 4).
The main reasons for not intending to initiate or

complete the vaccine were waiting for more informa-
tion/vaccine too new (n = 38), married or monogam-
ous relationship (n = 36), cost of vaccine or unsure if
insurance covers vaccine (n = 23), concern of side ef-
fects (n = 18), not sexually active (n = 14), and vaccine
inconvenience (n = 7) (see Fig. 3).

Discussion
The HPV vaccine has been available in the United States
for eight years, yet only one third of adolescents have
been fully immunized with all three recommended
doses, and only one third of older eligible women (age
18–26 years old) have received just one dose of the 3-
dose series [12, 15, 16]. HPV vaccine coverage varies
substantially among states, with Utah having some of
the lowest coverage rates in the U.S. [15]. Clearly, the
Unites States is far from the Healthy People 2020 target
of 80 % HPV vaccine coverage among eligible females,
indicating an urgent need for interventions [15].
Resources are currently available to help increase HPV

vaccination in Utah. In April 2007, Jon Huntsman, Sr.
donated $1 million to the Utah Department of Health to
educate Utahans about cervical cancer and provide low
cost HPV vaccines to eligible women [36]. An additional
$25,000 allocated by the Utah legislature was used for a
public awareness media campaign and to inform physi-
cians and other health care professionals about the HPV
vaccine [36]. Additionally, the HPV vaccine is available
for free or at low cost for girls age 9–18 years old
through the Vaccines for Children Program and may be
available for free or at low cost for women age 19–26
years old who have no insurance or insurance that does
not pay for the vaccine thanks to Vaccine Patient Assist-
ance Programs [37, 38]. The results of our study can
help to focus these funds and resources to reach women
who have not yet initiated and/or completed the HPV
vaccination series.
Our study of young women age 18–26 years old

found several correlates of vaccine initiation and com-
pletion that may be useful for future public health
interventions for this population. Among these corre-
lates were lower age, awareness of HPV transmission,
knowledge of its connection to cervical cancer, belief
in the importance of the HPV vaccine, and a physician
recommendation (especially a strong recommenda-
tion) (Additional file 1: Figure S1). Marital status (be-
ing unmarried), practicing organized religion, and

Table 3 Factor analysis results (Utah, January-December 2013)

Factor 1: Attitudes toward vaccines. [Cronbach’s alpha:
0.903 (95 % CI: (0.880, 0.925))]

• Vaccines are a good way to protect public health.
• I do not like the idea of vaccines.a

• Vaccines are generally safe.
• Vaccines are a way to take good care of myself now
and in the future.

• Vaccines are effective.
• Vaccines are safe. In particular, HPV vaccine is safe.

Factor 2: Regular gynecological care. [Cronbach’s alpha:
0.856 (95 % CI: (0.819, 0.892))]

• Gynecological/pelvic exams are necessary to stay healthy.
• I get a Pap test/Pap smear according to my doctor’s/health
care provider’s advice.

• It is very important to have an annual pelvic exam.

Factor 3: Comfort with sexual health (care). [Cronbach’s alpha:
0.754 (95 % CI: (0.701, 0.807))]
• I am comfortable discussing sexual health issues with a
doctor or nurse.

• I am comfortable discussing sexual health issues with others
such as family or friends.

• I don’t mind getting a gynecological/pelvic exam.

Factor 4: External locus of health control 1: (medical professionals
drive health). [Cronbach’s alpha:

0.720 (95 % CI: (0.668, 0.772))]
• Having regular contact with my physician is the best way for
me to avoid illness.

• Whenever I don’t feel well, I should consult a medically
trained professional.

• Health professionals control my health.
• Regarding my health, I can only do what my doctor tells
me to do.

Factor 5: Internal locus of health control. [Cronbach’s alpha:
0.734 (95 % CI: (0.680, 0.788))]

• I am in control of my health.
•The main thing which affects my health is what I myself do.
•If I take care of myself, I can avoid illness.
• If I take the right actions, I can stay healthy.

Factor 6: External locus of health control 2: (health matter of luck).
[Cronbach’s alpha: 0.646 (95 % CI: (0.570, 0.722))]

• Luck plays a big part in determining how soon I will recover
from an illness.

• My good health is largely a matter of good fortune.
• If it’s meant to be, I will stay healthy.

Factor 7: Comfort with shots. [Cronbach’s alpha: 0.729
(95 % CI: (0.660, 0.797))]
• I am not afraid of shots.
• Shots are very painful.a

aReverse coded (6 minus response)

Wilson et al. BMC Women's Health  (2016) 16:41 Page 6 of 9



higher education were also significant predictors of
vaccine initiation and completion. Cost, being in a
monogamous relationship, and novelty of the vaccine
were the main barriers against vaccination.
These findings echo previous studies that identified

knowledge-attitude-practice gaps in the context of the HPV
vaccine [39]. The differences we found between vaccinated
women and unvaccinated women regarding risk beliefs (i.e.,
the vaccine is not personally relevant because they are in a
monogamous relationship and the vaccine is too new and

more information is needed) help explain why increasing
uptake of the HPV vaccine requires targeted risk communi-
cation strategies [39]. Additionally, our study confirms one
of the most ubiquitous finding in HPV vaccine research:
the importance of a consistent and strong recommendation
of the HPV vaccine from healthcare providers [23, 40, 41].
However, our findings run counter to an earlier study
showing no association between marital status in their mul-
tivariable analysis [23]. This difference could be due to the
particular interplay between marriage, age, and religiosity in
the state of Utah.
There are limitations to the generalizability of the current

study. The majority of participants were White/Caucasian
(>80 %), had access to healthcare, and response rates were
higher in the vaccinated vs. the unvaccinated, which may
have introduced unmeasured response bias. Furthermore,
cross-sectional study design prohibits assessment of causal
relationships.

Limitations
There are limitations to the generalizability of the current
study. One of the primary limitations was the low survey
return rate. Even after incentivizing a second wave of sur-
vey dissemination, response rates totaled well under 30 %.
Therefore, our sample size was limited. Additionally, those
who vaccinated were more likely to respond than those
who did not vaccinate, leaving the potential for voluntary

Table 4 Crude and adjusted odds ratios (95 % CIs) for predictors of vaccination initiation and completion and adjustment variables
used in regression modeling (Utah, January-December 2013)

Initiated Completed DAG-directed Adjustment Variablesa

Crude
(95 % CI)

Adjusted
(95 % CI)

Crude
(95 % CI)

Adjusted
(95 % CI)

Physician rec. influential (Likert) 1.71
(1.39–2.11)

1.86
(1.46–2.36)

1.85
(1.46–2.34)

2.01
(1.53–2.63)

Factor 1: Attitudes toward vaccines, Age

Age (per year) 0.85
(0.77–0.94)

** 0.87
(0.79–0.95)

** **

Education (ref: High school) Age

Some college 2.22
(1.13–4.35)

2.33
(1.15–4.70)

2.38
(1.20–4.71)

2.53
(1.25–5.14)

College graduate 1.61
(0.82–3.14)

2.72
(1.26–5.88)

1.79
(0.90–3.56)

3.07
(1.39–6.77)

Graduate school 0.96
(0.36–2.55)

1.62
(0.55–4.76)

1.34
0.49–3.66)

2.26
(0.74–6.90)

Ethnicity (white vs. non-white) 1.18
(0.67–2.07)

** 1.42
(0.81–2.49)

** **

Marital status (ever vs never married) 0.28
(0.17–0.47)

0.31
(0.18–0.53)

0.30
(0.18–0.50)

0.32
(0.18–0.56)

Age, Factor 2: Regular Gynecological care,
Factor 4: External locus of health control
1: (medical pros), Factor
5: Internal locus of health control

Practice Organized Religion (yes vs no) 0.40
(0.25–0.63)

0.41
(0.25–0.67)

0.38
(0.25–0.61)

0.40
(0.25–0.64)

Factor 1: Attitudes toward vaccines,
Physician recommendation

For variables with **, they are unconfounded without adjustment and so adjustment variables are not needed
aMinimal sufficient adjustment set for estimating the total effect of variable on Vaccine uptake
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My religion prohibits or strongly discourages HPV in particular
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My religion prohibits or strongly discourages vaccinations

The HPV vaccination would not affect my risk of HPV

I cannot afford the cost of the vaccine
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n

Fig. 3 Reasons for not initiating or completing the HPV vaccine
(Utah, January-December 2013)
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response bias. Furthermore, cross-sectional study design
prohibits assessment of causal relationships.
The majority of participants were White/Caucasian

(>80 %), had access to healthcare, and response rates
were higher in the vaccinated vs. the unvaccinated, which
may have introduced unmeasured response bias.

Conclusions
The implications of these findings may help inform policies
regarding HPV vaccination education among young
women. For example, without this information pro-
grams might focus on awareness [36, 42–44], but the
results of this study illustrate that the significance of
awareness of HPV as a predictor of vaccine uptake has
diminished over time and that programs should now
focus on other variables (for example, strong and consistent
physician recommendations). Additionally, our findings in-
dicate the need for discussions of risk assessment tailored
to the young adult population since young women are sure
of their sexual behavior in a way parents may not be of
their children’s. These interventions may use our results to
take into account a patient’s education, religious affiliation
and relationship status when having such conversations.
Future research is needed to assess the impact these
tailored interventions would have on bolstering HPV
vaccination rates in the low vaccination state of Utah.

Additional file

Additional file 1: Figure S1. Influence of rhysician reccomendation and
age on probability of initiating HPV vaccine series. (PDF 555 kb)

Abbreviations
ACIP, advisory committee on immunization practices; CDC, centers for
disease control; DAG, directed acyclic graph; HBM, health belief model; HPV,
human papillomavirus; IRB, institutional review board; OR, odds ratio; SCM,
social cognitive model

Acknowledgements
We would like to thank Michelle Judd, Echo Warner, and Ke Zhang for help
with survey distribution and collection. We would also like to thank the
University of Utah Primary Care Research Network for their assistance in
participant recruitment from the University of Utah Community Clinics. This
project was supported in part by Huntsman Cancer Institute and Huntsman
Cancer Foundation.

Availability of data and materials
Data can be shared by emailing corresponding author, but permission was
not granted to publically host data.

Authors’ contributions
AW conceived of and designed the study, performed the statistical analysis,
and helped draft the manuscript. MH, JG, BJ, and RS participated in the
design of the study and development of the statistical analysis plan, and
revised manuscript critically for important intellectual content. NB and JB
contributed to the data analysis and revised manuscript critically for
important intellectual content. LG, DK and BT helped in acquisition of data,
and revised manuscript critically for important intellectual content. ME
helped design survey questionnaire, participated in the design of the study
and development of the statistical analysis plan, and revised manuscript

critically for important intellectual content. All authors read and approved
the final manuscript.

Competing interests
The authors declare that they have no competing interest.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by the University of Utah IRB. Participants implied
consent by returning surveys.

Author details
1University of Utah, College of Nursing, 10 South 2000 East, Room 2200, Salt
Lake City, Utah 84112, USA. 2Huntsman Cancer Institute, Cancer Control and
Population Sciences, 2000 Circle of Hope, Salt Lake City, Utah 84112, USA.
3University of Utah, Department of Family and Preventive Medicine,
University of Utah School of Medicine, 375 Chipeta Way Ste, A Salt Lake City,
Utah 84108, USA. 4ARUP Laboratories, 500 Chipeta Way, Salt Lake City, Utah
84108, USA. 5Department of Pathology, University of Utah, 15 North Medical
Drive East, Salt Lake City, Utah 84112, USA. 6University of Southern California,
Keck School of Medicine, 1975 Zonal Ave, Los Angeles, California 90033, USA.

Received: 12 July 2016 Accepted: 15 July 2016

References
1. What are the key statistics about cervical cancer? Cervical cancer. Aug 15, 2014.

Available from: http://www.cancer.org/cancer/cervicalcancer/detailedguide/
cervical-cancer-key-statistics.

2. Genital HPV Infection - Fact Sheet. Human Papillomavirus (HPV). Mar 20,
2014. Available from: http://www.cdc.gov/std/hpv/stdfact-hpv.htm.

3. Satterwhite CL, et al. Sexually transmitted infections among US women and men:
prevalence and incidence estimates, 2008. Sex Transm Dis. 2013;40(3):187–93.

4. Bhatia N, et al. Understanding genital warts: epidemiology, pathogenesis,
and burden of disease of human papillomavirus. J Cutan Med Surg. 2013;17
Suppl 2:S47–54.

5. Lowy DR, Schiller JT. Prophylactic human papillomavirus vaccines. J Clin
Invest. 2006;116(5):1167–73.

6. Walboomers JM, et al. Human papillomavirus is a necessary cause of
invasive cervical cancer worldwide. J Pathol. 1999;189(1):12–9.

7. Vaccine Information Statement: HPV Vaccine Gardasil. Centers for Disease
Control and Prevention. 2013.

8. Human papillomavirus-associated cancers - United States, 2004–2008.
MMWR Morb Mortal Wkly Rep, 2012. 61: p. 258–61. Available from: https://
www.cdc.gov/mmwr/preview/mmwrhtml/mm6115a2.htm.

9. Bosch FX, et al. Prevalence of human papillomavirus in cervical cancer:
a worldwide perspective. International biological study on cervical
cancer (IBSCC) Study Group. J Natl Cancer Inst. 1995;87(11):796–802.

10. Hariri S, et al. Prevalence of genital human papillomavirus among females in
the United States, the National Health And Nutrition Examination Survey,
2003–2006. J Infect Dis. 2011;204(4):566–73.

11. Vaccine Information Statement: HPV Vaccine Cervarix. Centers for Disease
Control and Prevention. 2011.

12. Markowitz LE, et al. MMWR Recomm Rep. 2007;56(Rr-2):1–24.
13. Barnabas RV, et al. Epidemiology of HPV 16 and cervical cancer in Finland

and the potential impact of vaccination: mathematical modelling analyses.
PLoS Med. 2006;3(5):e138.

14. Markowitz LE, et al. Reduction in human papillomavirus (HPV) prevalence
among young women following HPV vaccine introduction in the United
States, National Health and Nutrition Examination Surveys, 2003–2010. J Infect
Dis. 2013;208(3):385–93.

15. Elam-Evans LD, et al. National, regional, state, and selected local area vaccination
coverage among adolescents aged 13–17 years - United States, 2013. MMWR
Morb Mortal Wkly Rep. 2014;63(29):625–33.

16. Williams WW, et al. Noninfluenza vaccination coverage among adults -
United States, 2012. MMWR Morb Mortal Wkly Rep. 2014;63(5):95–102.

17. Vadaparampil ST, et al. Physicians’ human papillomavirus vaccine
recommendations, 2009 and 2011. Am J Prev Med. 2014;46(1):80–4.

Wilson et al. BMC Women's Health  (2016) 16:41 Page 8 of 9

dx.doi.org/10.1186/s12905-016-0323-5
http://www.cancer.org/cancer/cervicalcancer/detailedguide/cervical-cancer-key-statistics
http://www.cancer.org/cancer/cervicalcancer/detailedguide/cervical-cancer-key-statistics
http://www.cdc.gov/std/hpv/stdfact-hpv.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6115a2.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6115a2.htm


18. Brewer NT, Fazekas KI. Predictors of HPV vaccine acceptability: a theory-informed,
systematic review. Prev Med. 2007;45(2–3):107–14.

19. Gold R, Naleway A, Riedlinger K. Factors predicting completion of the
human papillomavirus vaccine series. J Adolesc Health. 2013;52(4):427–32.

20. Kennedy S, et al. Knowledge of human papillomavirus among publicly and
privately insured women. J Midwifery Womens Health. 2011;56(5):481–7.

21. Kepka D, et al. Low Human Papillomavirus (HPV) Vaccine Knowledge
Among Latino Parents in Utah. J Immigr Minor Health. 2015;17:125. doi:10.
1007/s10903-014-0003-1.

22. Kharbanda EO, et al. Receipt of human papillomavirus vaccine among
privately insured adult women in a U.S. Midwestern Health Maintenance
Organization. Prev Med. 2013;57(5):712–4.

23. Rosenthal SL, et al. Predictors of HPV vaccine uptake among women aged 19–26:
importance of a physician’s recommendation. Vaccine. 2011;29(5):890–5.

24. Verdenius I, et al. Predictors of three dose on-time compliance with HPV4
vaccination in a disadvantaged, underserved, safety net population in the
US Midwest. PLoS One. 2013;8(8):e71295.

25. Weiss TW, Rosenthal SL, Zimet GD. Attitudes toward HPV Vaccination
among Women Aged 27 to 45. ISRN Obstet Gynecol. 2011;2011:670318.

26. Donadiki EM, et al. Health Belief Model applied to non-compliance with HPV
vaccine among female university students. Public Health. 2014;128(3):268–73.

27. Reiter PL, et al. Parents’ health beliefs and HPV vaccination of their
adolescent daughters. Soc Sci Med. 2009;69(3):475–80.

28. Chan SS, et al. Adolescent girls’ attitudes on human papillomavirus
vaccination. J Pediatr Adolesc Gynecol. 2009;22(2):85–90.

29. Bandura A. Social cognitive theory: an agentic perspective. Annu Rev
Psychol. 2001;52:1–26.

30. Bandura A, Self-efficacy: The exercise of control. 1997: W.H. Freeman
31. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research.

Epidemiology. 1999;10(1):37–48.
32. Dillman DA. Internet, mail, and mixed-mode surveys: the tailored design

method. Hoboken, New Jersey: Wiley & Sons; 2009.
33. Evans D, et al. Combining directed acyclic graphs and the change-in-estimate

procedure as a novel approach to adjustment-variable selection in epidemiology.
BMC Med Res Methodol. 2012;12:156.

34. Shrier I, Platt RW. Reducing bias through directed acyclic graphs. BMC Med
Res Methodol. 2008;8:70.

35. Textor J, Hardt J, Knuppel S. DAGitty: a graphical tool for analyzing causal
diagrams. Epidemiology. 2011;22(5):745.

36. Collins, L.M. and A. Welling, Huntsman donates $1 million to prevent
cervical cancer, in Deseret News. 2007: Salt Lake City, UT

37. Vaccines for Children Program (VFC). Apr 24, 2014. Available from: http://www.
cdc.gov/vaccines/programs/vfc/index.html.

38. Merck Vaccine Patient Assistance Program. Aug 28, 2014. Available from:
http://www.merckhelps.com.

39. Cohen EL, Head KJ. Identifying knowledge-attitude-practice gaps to
enhance HPV vaccine diffusion. J Health Commun. 2013;18(10):1221–34.

40. Darden PM, Jacobson RM. Impact of a physician recommendation. Hum
Vaccin Immunother. 2014;10(9):2632–5. doi:10.4161/hv.29020.

41. Krawczyk AL, et al. Human papillomavirus vaccination intentions and uptake
in college women. Health Psychol. 2012;31(5):685–93.

42. Cui Y, et al. Human papillomavirus vaccine among adult women: disparities
in awareness and acceptance. Am J Prev Med. 2010;39(6):559–63.

43. Gerend MA, Magloire ZF. Awareness, knowledge, and beliefs about human
papillomavirus in a racially diverse sample of young adults. J Adolesc
Health. 2008;42(3):237–42.

44. Jain N, et al. Human papillomavirus (HPV) awareness and vaccination
initiation among women in the United States, National Immunization
Survey-Adult 2007. Prev Med. 2009;48(5):426–31.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Wilson et al. BMC Women's Health  (2016) 16:41 Page 9 of 9

http://dx.doi.org/10.1007/s10903-014-0003-1
http://dx.doi.org/10.1007/s10903-014-0003-1
http://www.cdc.gov/vaccines/programs/vfc/index.html
http://www.cdc.gov/vaccines/programs/vfc/index.html
http://www.merckhelps.com
http://dx.doi.org/10.4161/hv.29020

	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Methods
	Survey development
	Data collection
	Data analysis

	Results
	Discussion
	Limitations

	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

