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Abstract

Introduction—The consequences of low human papillomavirus (HPV) vaccination in Census 

regions with higher incidence of cervical cancer may contribute to continued disparities. Our 

purpose was to evaluate regional variations in HPV prevalence across time.

Methods—Repeated cross-sectional data from the National Health and Nutrition Examination 

Survey (NHANES), 2003–2014 were examined. Participants included females 14 to 34 years old 

who provided adequate vaginal samples for HPV DNA typing (N=6,387). Region of residence and 
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HPV vaccination status associations with HPV prevalence were examined using chi-square and 

multivariable logistic regression. HPV types were grouped according to vaccine-type HPV (types 

6, 11, 16, 18) and risk (high or low-risk). Time and vaccination status were included in subsequent 

models for post-licensure survey cycles (2007–2014) to assess their effects on observed 

associations.

Results—No decreases in vaccine-type HPV prevalence were found between the prevaccine 

cycles (2003–2006) and early post-licensure cycles (2007–2010, p>0.05). Vaccine-type HPV 

prevalence decreased in late post-licensure years (2011–2014) compared to prevaccine years 

(2003–2006, p=0.001). The highest prevalence of vaccine-type HPV occurred in the South (8.6%) 

and Midwest (8.6%), followed by the West (4.8%), and the Northeast (3.5%) in late post-licensure 

years. Lower odds of vaccine-type HPV across time in post-licensure survey cycles were found to 

be attributable to time, and more strongly to HPV vaccination.

Conclusions—There were regional variations in vaccine-type HPV prevalence between 

prevaccine and post-licensure years. These decreases appeared to be at least partially attributable 

to HPV vaccination. Programs are needed to address geographical disparities in HPV vaccination.
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INTRODUCTION

Human papillomavirus (HPV) is a common infection with several types that can cause 

anogenital cancers as well as oropharyngeal cancer [1–3]. The most common HPV types 

associated with cancer can be prevented through vaccination of young adolescents, 

preferably before exposure. The most widely used HPV vaccine in the U.S. until 2014, the 

quadrivalent HPV vaccine (4vHPV), protects against 2 high risk HPV types (16 and 18) 

responsible for 70% of cervical cancer cases and 2 types responsible for 90% of genital 

warts (types 6 and 11) [4–7]. In late 2014, the 9-valent HPV vaccine (9vHPV), which 

protects against 5 additional types of high risk HPV (31, 33, 45, 52, 58), was approved by 

the Food and Drug Administration (FDA) and has replaced the 4vHPV in the US [8]. 

Although the vaccine is effective in preventing HPV infections and precancerous lesions, 

vaccination rates among adolescents and young adults are inadequate in the U.S. due to a 

combination of factors, including lack of strong health provider recommendation, lack of 

knowledge or awareness about the HPV vaccine, and concerns with vaccine safety [9–12]. 

Moreover, regional disparities in HPV vaccination may exist, with Southern states reporting 

lower initiation and completion rates of the 3-dose series among adolescents and young 

adults [13–15]. Little is known about how HPV vaccination has affected variations in HPV 

prevalence between the 4 major Census regions of the United States.

Regional variations in HPV vaccination are concerning, as cervical cancer is particularly 

high in several Southern states, which have high rates of cervical cancer [16]. As of yet, it 

may be too early to determine whether regional disparities in cervical cancer incidence will 

be affected by a geographic variation in vaccine uptake, as cervical cancer develops a decade 

or more after HPV infection [17]. Thus, potential consequences of low HPV vaccination by 
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region can be investigated through the examination of variation in HPV prevalence to 

determine whether there is potential for continued or widening geographic disparities in 

future HPV-related diseases.

The purpose of this study was to: (1) examine geographic variation in HPV prevalence 

across time and (2) examine the effect of HPV vaccination on associations of region and 

time with vaccine-type HPV prevalence. Data from 6 survey cycles of the National Health 

and Nutrition Examination Survey (NHANES) were used to examine regional variation in 

HPV prevalence in the U.S. across time.

METHODS

Study sample

The NHANES survey is a complex, stratified, multistage probability sample with ongoing 

cross-sectional surveys of the civilian noninstitutionalized U.S. population. Details about 

sampling and methodology can be found on the National Center for Health Statistics’ 

(NCHS) website [18]. Briefly, participants take a household interview followed by a 

physical examination in a mobile examination center (MEC), which includes self-collected 

cervicovaginal swab samples among females 14–59 years of age. Cervicovaginal samples 

were tested for 37 HPV DNA types at the Centers for Disease Control and Prevention 

(CDC) using the Linear Array HPV genotyping Assay (Roche Diagnostics) [18]. The survey 

and MEC methods were approved by the NCHS/ CDC research ethics board, and this 

secondary analysis of NHANES data was exempted by the University of Texas Medical 

Branch Institutional Review Board.

Data from 2-year cycles between 2003 and 2014 were examined and analyzed. Pre-vaccine 

years included 2003– 2006 because the 4vHPV was approved by the FDA late in 2006, and 

the Advisory Committee on Immunization Practices (ACIP) recommended it in early 2007 

[19]. Post-licensure years included 2007–2014, with early post-licensure years including 

2007–2010 and late post-licensure years including 2011–2014. Regions included states in 

the Northeast, Midwest, South, and West, as defined by the Census [20]. The number of 

HPV vaccine doses was assessed among those that reported it. Demographics and sexual 

history were evaluated. Sexual history was included as a count of the number of lifetime 

male sex partners, which was categorized as “0” for those who had never had sex, “1–2”, 

and “≥3” for those that reported 3 or more lifetime partners.

We developed 4 HPV infection groupings, based on type. “Any HPV” included positive 

values for any of the 37 types tested for. Other categories included: 4 “vaccine-types” (6, 11, 

16, 18), 2 “high-risk vaccine-types” (16, 18), and “nonvaccine-types” (33 types, not 

including 6, 11, 16, 18). Women were included if they: 1) were between 14 and 34 years of 

age, 2) participated in both the interview and the MEC examination 3) had an adequate 

cervicovaginal swab sample (inadequate sample were negative for both β-globin and HPV), 

and 4) either participated in the pre-vaccine cycle, or responded, “yes” or “no” to a question 

about HPV vaccination status in the post-licensure cycles. HPV vaccination was defined as 

women who reported they received 1 or more doses. NHANES data included information 

about HPV vaccination, including number of doses, and age at first dose has been collected 
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since 2011. We did not analyze age at first dose because it was not available for all cycles, 

and not included in the original data request from the NCHS. Although participants 20–30 

years of age may have a lower rate of HPV vaccination compared to younger women, we 

included those 14–34 years of age because a higher prevalence of HPV vaccination in post-

licensure years was anticipated among this group compared to those greater than 35 years of 

age. Participant samples with inadequate cervicovaginal swab samples were still tested for 

HPV DNA, and consistent with previous NHANES studies on HPV prevalence, were 

included if they tested positive for HPV DNA. Participants from prevaccine cycles were 

considered to be unvaccinated.

Statistical analyses

Demographic characteristics were calculated and compared for the overall sample, and by 

region. HPV infection prevalence was examined between pre-vaccine and post-licensure 

periods for each region. HPV type category prevalence was then examined between 

prevaccine and post-licensure years, stratified by region. In order to examine general trends 

in vaccine-type HPV prevalence across the NHANES cycles, the prevalence was calculated 

for each cycle and graphed by region. HPV vaccination rates were also graphed for each 

NHANES cycle across time for each region. Bivariate comparisons were made using Rao-

Scott Chi-square tests. All analyses were weighted using MEC weights provided in the 

dataset, using methods described in detail elsewhere [18].

Multivariable binary logistic regression models were used to calculate population adjusted 

odds ratios (PaOR) to examine the effects of time and HPV vaccination on vaccine-type 

HPV and any HPV types. We developed 3 models for vaccine-type HPV. The first model 

included age, race/ ethnicity, number of lifetime male sexual partners, and region. Model 2 

added a NHANES cycles (2003–2014) to model 1 to assess effects of the vaccine licensure 

period on associations observed in model 1. We then excluded time (NHANES cycles) in 

Model 3 and included HPV vaccination to observe its effects on associations from Model 1. 

We did not include time in model 3, as HPV vaccination and vaccination status during the 

prevaccine period were strongly associated because all values would have been set to zero.

To evaluate how HPV vaccination affected the association between time and HPV 

prevalence, multivariable binary logistic regression models were used to calculate PaORs for 

vaccine-type HPV during the post-licensure period (2007–2014) only. We excluded women 

who participated in the prevaccine period, as they were all unvaccinated. Model 1 assessed 

the effect of region on HPV prevalence in post-licensure years (2007–2014), controlling for 

age, race/ ethnicity, and number of lifetime male sexual partners. Model 2 added the 3 post-

licensure NHANES cycles. Model 3 added HPV vaccination to Model 2. Analyses were 

carried out using a remote access system to the NHANES dataset at the CDC. All analyses 

were done using SAS® statistical software (SAS Institute, Inc., Cary, NC).

RESULTS

A total of 6,387 participants were included in this study. Regional differences were observed 

in some demographic variables, including age, and race/ ethnicity (Table 1). There were 

regional variations in the number of lifetime male sex partners, with the highest proportion 
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of women reporting 3 or more male partners residing in Northeast states (63% ), and the 

lowest proportion in the West (51%). No regional variations in HPV vaccine initiation or 

number of HPV doses were found. However, HPV vaccination was low in all regions. 

Among women in the post-licensure period only (n=3,732), HPV vaccination was 26.3%.

The highest HPV vaccination rate was found in the Northeast (30.2%) and the lowest in the 

West (22.1%) and the South (22.5%), although HPV vaccination did not vary significantly 

by region (p=0.06). Rates of HPV vaccination (≥1 dose) increased at a faster rate in the 

Northeast, followed by the Midwest, South, then West regions (supplemental figure 1), 

although there were no significant differences between regional frequencies during any of 

the cycles. HPV vaccination rates appear to be leveling off in all regions, with the exception 

of the South, which shows a continued but possibly slowed increase in HPV vaccine 

initiation.

Regional differences in vaginal HPV prevalence were found for any HPV type (p=0.01), 

vaccine-type (p<0.05), and non-vaccine HPV types (p<0.05) (Supplemental Table 1). 

Stratification by prevaccine and post-licensure years revealed regional variations of 

nonvaccine-type HPVprevalence (p<0.05) in prevaccine years. In post-licensure years, only 

vaccine-type HPV prevalence differed between regions (p=0.01), with the highest prevalence 

in the South.

The prevalence in vaccine-type HPV prevalence for each region across the 6 survey cycles 

were calculated (Figure 1). After the first 2 survey cycles, there was a general downward 

trend in the Northeast and West. Declines in vaccine-type HPV occurred in the South after 

the first 4 cycles. Vaccine-type HPV prevalence declined between the 3rd and 4th survey 

cycles in the Midwest, and prevalences were similar to those in the South and West regions 

in the 2013–2014 cycle.

Interactions between region and survey cycle were significant (p=0.03, analysis not shown), 

indicating vaccine-type HPV prevalence decreased at different rates between regions.

Overall, HPV prevalence did not decrease significantly between prevaccine cycles and early 

post-licensure cycles (Table 2). Vaccine-type HPV and high-risk vaccine-type HPV 

decreased significantly between prevaccine and late post-licensure cycles. Similar reductions 

between these 2 time periods were observed in the Northeast and West regions. However, 

there were no changes in the prevalence of high-risk vaccine-type HPV in the Midwest 

between prevaccine and late post-licensure years (p>0.05), and there were modest reductions 

in both vaccine-type HPV (p=0.05) and high-risk vaccine-type HPV (p=0.03) in the South 

between the same 2 time periods.

In models that examined the association between HPV vaccination and vaccine-type HPV 

prevalence after adjusting for demographics and number of lifetime male sex partners, no 

associations between region and vaccine-type HPV infection were observed (Table 3, Model 

1). When vaccine cycle was included in the model (Model 2), the odds of vaccine-type HPV 

was lower post-licensure (PaOR: 0.66, 95% CI: 0.54–0.81) compared to the prevaccine 

period. After including HPV vaccination and removing time from the model, HPV 

vaccination was associated with lower odds (PaOR: 0.32, 95% CI: 0.20–0.53) of vaccine-
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type HPV infection (Model 3). This model also demonstrated elevated prevalence of 

vaccine-type HPV in the Midwest (PaOR: 1.59, 95% CI: 1.00–2.52) compared to the West, 

and there was an increase in the PaOR for the South (PaOR: 1.33, 95% CI: 0.88–2.02) 

compared to the West, although it remained non-significant.

In an examination of the effects of both time and HPV vaccination on regional variations in 

vaccine-type HPV during post-licensure cycles, regional differences were non-significant 

(Table 4, Model 1). However, we wanted to examine the effect of HPV vaccination on the 

association between time and vaccine-type HPV prevalence. Therefore, in the 2nd Model, 

after including time, we observed a small but significant decrease in the odds of infection 

across time during the 2011–2012 (PaOR: 0.48, 95% CI: 0.32–0.71) and 2013–2014 survey 

cycles(PaOR: 0.38, 95% CI: 0.24–0.62). After adding HPV vaccination (PaOR: 0.48, 95% 

CI: 0.30–0.77) into the model (Model 3), the association between time and infection became 

smaller, but remained significant in the last 2 survey cycles. This indicates that part of the 

association between time and HPV prevalence was attributable to HPV vaccination. We also 

noted that the PaORs for region, even though non-significant, changed slightly between 

models, indicating that vaccination, and to lesser extent, time, was partially responsible for 

the observed changes.

DISCUSSION

Significant reductions in prevalence of vaccine-type HPV were found between prevaccine 

and late post-licensure cycles in all regions but decreases in the South were marginal. 

Vaccine-type HPV prevalence has been shown to have decreased significantly between 

prevaccine and post-licensure cycles of NHANES [21, 22]. However, our results indicate 

that reductions in vaccine-type HPV, particularly high-risk types, may be occurring 

somewhat unevenly in the U.S. If changes in high-risk vaccine-type HPV prevalence 

continue to occur unevenly between regions, then cervical cancer disparities may persist in 

areas that do not experience similar decreases in those HPV types. In particular, Southern 

states had higher rates of cervical cancer before the HPV vaccine was introduced [23]. Even 

if these differences were originally due to lower cervical cancer screening rates or increased 

smoking rates, these disparities could remain if HPV vaccination rates remain similar or 

lower than the rest of the U.S.

We found the Midwest and South had almost twice the prevalence of vaccine-type HPV 

during the late post-licensure years compared to Northeastern and Western regions. In 

particular, we found that high-risk vaccine-types (types 16 and 18) did not decrease 

significantly in the Midwest and was about 2 times more prevalent in the South and Midwest 

in late post-licensure years compared to the Northeastern and Western regions during the 

same time period. This is concerning, as these types are associated with a high proportion of 

HPV-related cancers, including cervical cancer, oropharyngeal cancer, anal cancer, and 

vulvar and vaginal cancers [24–26]. Southern states are the most populous in the U.S., and 

they also include a high proportion of sub-groups considered at higher risk of HPV 

infection, persistence, cervical cancer incidence, and related mortality [27–29]. For example, 

Hispanic women have an elevated risk of developing cervical cancer, with an incidence of 

9.9 per 100,000, while black women also have higher rates of both cervical cancer incidence 
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(9.2 per 100,000) and cervical cancer mortality (4.0 per 100,000) compared to non-Hispanic 

white women (incidence, 7.7 per 100,000; mortality 2.1 per 100,000) [30]. Although we did 

not find variations in HPV vaccination by region, HPV vaccination prevalence has been 

found in other studies to be lower in Southern states among both adolescent and young 

women compared to other regions in the U.S [13–15]. The variations in age groups that were 

assessed in previous studies could account for these differences, as they examined HPV 

vaccination among younger age groups (9–17, 13–17, and 18–26 year olds) and used 

different methods to collect the data. It is also possible that erroneous HPV vaccine parental/

self-report in this study, particularly for vaccine series completion, affected the findings [31, 

32]. Although HPV vaccination report has been assessed in a small sample of 128 

participants in NHANES and was found to have an agreement of 0.70 (95% CI 0.56–0.83) 

with provider records, there was no evaluation of differences in regional or ethnic variations 

in the results. Therefore, it is unknown what level of bias this issue may have presented [32]. 

It is also possible that vaccination after exposure occurs more frequently in Southern states, 

as there were differences in age at sexual initiation in this study, with the South reporting the 

highest proportion of women who initiated sex before or at age 14 (8.8%). Without 

improving vaccination rates at the recommended age, geographic disparities in cervical 

cancer may persist.

Although odds of HPV infection did not vary by region after controlling for potential 

confounders, the odds of vaccine-type HPV infection in the entire sample were lower in the 

late post-licensure cycles compared to prevaccine cycles. Further, vaccine-type HPV 

prevalence decreased across time in the 3 post-licensure cycles, which appeared to be at least 

partially attributable to HPV vaccination. Reductions across time in the post-licensure period 

that were not attributable to HPV vaccination may be related to herd immunity effects. HPV 

vaccination has been shown to be efficacious at preventing new vaccine-type HPV infections 

in clinical trials [33, 34]. Further, observational studies in Australia, which has vaccinated 

more than 70% of 12–13 year olds, have shown that high HPV vaccination rates have 

resulted in significant reductions in vaccine-type HPV infections, cervical lesions, and 

genital warts, even among unvaccinated populations in the vaccinated age cohort [35, 36]. 

The U.S. had not achieved such high rates of HPV vaccine coverage, with close to 63% of 

females and 50% males 13–17 years old having initiated the series and 42% of females and 

28% of males in the same age group completing the series by 2015 [37]. It is possible that 

decreases over time in vaccine-type HPV prevalence not attributable to vaccination could be 

partially explained by herd immunity, which has previously been found to exist using 

NHANES data among unvaccinated women [38]. Another previous analysis of NHANES 

data indicated that HPV prevalence decreased by 34% among sexually active unvaccinated 

women 14–24 years of age between prevaccine years (2003–2006) and late post-licensure 

years (2011–2014) [39]. It should be noted that although the vaccine is expected to provide 

significant levels of herd protection and even cross-protection against other cancer-causing 

types of HPV [40], low vaccination rates in one region of the US may create a geographic 

reservoir for these viruses and contribute to a continuing source of potential disease.

The primary strength of this study is that it utilized repeated cross-sectional survey data 

representative of the U.S. from the NHANES survey. Pooling data to observe prevaccine and 

post-licensure years allowed us to examine variations in HPV prevalence changes between 
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regions as well as within each region. There were also some limitations. First, while the data 

are representative of the U.S., they may not be representative of each region. HPV vaccine 

report was limited to self-report, which is subject to recall bias, as accuracy of adolescent 

HPV vaccination reports have been found to vary by race/ ethnicity, and could potentially 

vary across region [31]. Recall bias may have contributed to a conservative estimate of the 

effect of vaccination on the association between time and vaccine-type HPV infection, as 

vaccination may have been underreported, particularly among racial/ ethnic minorities who 

would have been more strongly represented in some regions compared to others. We also 

restricted the post-licensure sample to only those who responded to the question about 

vaccination, while the prevaccine years was only restricted to those who had adequate 

cervicovaginal swab samples.

This may have introduced some bias, but it is unknown whether those who failed to respond 

to the question about vaccination would have been vaccinated or not. However, the 

frequency of non-response to the question about HPV vaccine initiation was low (0.4%). In 

addition, we did not consider age when the HPV vaccine was administered, which may 

affect outcomes due to increased prevalence of teens receiving the vaccine at younger ages. 

Previous research found that more than 40% of females who reported their age when they 

received the first dose of HPV vaccine reported having sex before or during the same year as 

vaccination [41]. It is possible that regional differences in age at HPV vaccination could 

affect the findings.

In conclusion, there were regional variations in vaccine-type HPV prevalence between the 

prevaccine and post-licensure years, with decreases in high-risk vaccine types occurring 

primarily in the Northeast and Western states. Further, the observed decreases are at least 

partially attributable to HPV vaccination. These results indicate that observed reductions in 

HPV may not be occurring evenly across the U.S. More efforts to improve HPV vaccination, 

particularly in the Southern and Midwestern states, could decrease differences in HPV 

prevalence observed in post-licensure years. Increased efforts, including strengthening of 

vaccine policy and provider recommendation to all eligible young adults, with an emphasis 

on providing the vaccine to adolescents during the recommended age of 11–12 years, will 

contribute to reductions in geographic disparities in cervical cancer incidence and mortality 

in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Prevalence of vaccine-type HPV (6, 11, 16, 18) among 14–34 year old women across time, 

by region, NHANES 2003–2014 (N=6,387)

Hirth et al. Page 12

Vaccine. Author manuscript; available in PMC 2020 July 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 13

Ta
b

le
 1

.

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 1

4–
34

 y
ea

r 
ol

d 
w

om
en

 w
ith

 H
PV

 r
es

ul
ts

 b
y 

re
gi

on
, N

H
A

N
E

S 
da

ta
 2

00
3–

20
14

 (
N

=
6,

38
7)

O
ve

ra
ll 

(N
=6

,3
87

)
N

or
th

ea
st

 a  (
n=

93
1)

M
id

w
es

t 
a  (

n=
1,

25
9)

So
ut

h 
a  (

n=
2,

45
8)

W
es

t 
a  (

n=
1,

73
9)

W
ei

gh
te

d 
n

w
%

 (
95

%
 C

I)
w

%
 (

95
%

 C
I)

w
%

 (
95

%
 C

I)
w

%
 (

95
%

 C
I)

w
%

 (
95

%
 C

I)
p-

va
lu

e

A
ge

0.
13

14
–1

9
9,

58
8,

78
9

26
.9

 (
25

.4
–2

8.
4)

25
.4

 (
22

.6
–2

8.
3)

30
.2

 (
26

.4
–3

3.
9)

26
.4

 (
23

.7
–2

9.
1)

25
.7

 (
23

.1
–2

8.
3)

20
–2

9
17

,4
83

,8
14

49
.1

 (
47

.2
–5

0.
9)

47
.3

 (
43

.3
–5

1.
2)

46
.9

 (
42

.9
–5

0.
9)

49
.4

 (
46

.4
–5

2.
4)

51
.6

 (
48

.3
–5

5.
0)

30
–3

4
8,

55
1,

15
7

24
.0

 (
22

.5
–2

5.
5)

27
.3

 (
23

.0
–3

1.
6)

22
.9

 (
19

.8
–2

6.
0)

24
.2

 (
21

.5
–2

6.
8)

22
.7

 (
20

.2
–2

5.
2)

R
ac

e/
et

hn
ic

it
y

<
0.

00
1

N
on

-H
is

pa
ni

c 
w

hi
te

21
,5

83
,8

83
60

.6
 (

57
.4

–6
3.

8)
68

.3
 (

60
.1

–7
6.

6)
75

.8
 (

70
.0

–8
1.

6)
51

.0
 (

45
.2

–5
6.

8)
55

.6
 (

48
.9

–6
2.

3)

N
on

-H
is

pa
ni

c 
bl

ac
k

5,
05

0,
54

2
14

.2
 (

12
.2

–1
6.

2)
10

.9
 (

6.
5–

15
.3

)
11

.1
 (

7.
4–

14
.9

)
24

.1
 (

19
.7

–2
8.

5)
5.

0 
(3

.4
–6

.7
)

M
ex

ic
an

 A
m

er
ic

an
4,

12
4,

69
8

11
.6

 (
9.

8–
13

.4
)

1.
9 

(0
.8

–2
.9

)
5.

0 
(3

.3
–6

.8
)

12
.5

 (
8.

6–
16

.4
)

22
.1

 (
17

.4
–2

6.
8)

O
th

er
 H

is
pa

ni
c

2,
29

8,
62

8
6.

4 
(5

.3
–7

.6
)

12
.8

 (
8.

0–
17

.6
)

1.
8 

(0
.7

–2
.9

)
6.

8 
(5

.1
–8

.6
)

6.
2 

(4
.6

–7
.8

)

O
th

er
2,

56
6,

00
9

7.
2 

(6
.2

–8
.2

)
6.

1 
(4

.2
–8

.0
)

6.
2 

(4
.2

–8
.2

)
5.

5 
(4

.0
–7

.1
)

11
.1

 (
8.

5–
13

.7
)

M
ar

it
al

 S
ta

tu
s

0.
25

N
ev

er
 m

ar
ri

ed
18

,0
32

,7
58

52
.2

 (
49

.8
–5

4.
5)

51
.5

 (
46

.9
–5

6.
0)

53
.8

 (
50

.1
–5

7.
4)

53
.7

 (
49

.0
–5

8.
5)

48
.9

 (
45

.4
–5

2.
5)

L
iv

in
g 

to
ge

th
er

4,
17

5,
12

9
12

.1
 (

10
.9

–1
3.

3)
13

.3
 (

9.
9–

16
.7

)
12

.9
 (

10
.7

–1
5.

1)
11

.4
 (

9.
2–

13
.6

)
11

.4
 (

9.
2–

13
.7

)

M
ar

ri
ed

10
,5

61
,7

70
30

.6
 (

28
.4

–3
2.

7)
28

.9
 (

24
.8

–3
3.

1)
29

.6
 (

25
.9

–3
3.

2)
29

.8
 (

25
.8

–3
3.

9)
33

.4
 (

29
.4

–3
7.

4)

W
id

ow
ed

/d
iv

or
ce

d/
 s

ep
ar

at
ed

1,
80

1,
28

0
5.

2 
(4

.4
–6

.0
)

6.
3 

(4
.7

–7
.8

)
3.

7 
(2

.4
–5

.0
)

5.
0 

(3
.7

–6
.3

)
6.

2 
(4

.3
–8

.1
)

A
ge

 a
t 

fi
rs

t 
se

x
0.

04

N
ev

er
5,

84
3,

93
6

17
.8

 (
16

.6
–1

9.
0)

16
.6

 (
14

.1
–1

9.
1)

18
.9

 (
16

.5
–2

1.
3)

16
.6

 (
14

.4
–1

8.
6)

19
.3

 (
16

.8
–2

1.
8)

<
14

 y
2,

45
6,

01
0

7.
5 

(6
.6

–8
.3

)
7.

0 
(5

.3
–8

.8
)

7.
9 

(5
.3

–1
0.

4)
8.

8 
(7

.6
–1

0.
1)

5.
5 

(4
.3

–6
.7

)

Vaccine. Author manuscript; available in PMC 2020 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 14

O
ve

ra
ll 

(N
=6

,3
87

)
N

or
th

ea
st

 a  (
n=

93
1)

M
id

w
es

t 
a  (

n=
1,

25
9)

So
ut

h 
a  (

n=
2,

45
8)

W
es

t 
a  (

n=
1,

73
9)

W
ei

gh
te

d 
n

w
%

 (
95

%
 C

I)
w

%
 (

95
%

 C
I)

w
%

 (
95

%
 C

I)
w

%
 (

95
%

 C
I)

w
%

 (
95

%
 C

I)
p-

va
lu

e

14
–1

8 
y

19
,2

50
,3

52
58

.6
 (

56
.6

–6
0.

6)
62

.6
 (

59
.0

–6
6.

2)
57

.0
 (

53
.1

–6
0.

9)
59

.4
 (

56
.5

–6
2.

4)
56

.6
 (

51
.6

–6
1.

5)

19
+

 y
5,

28
6,

36
0

16
.1

 (
14

.6
–1

7.
6)

13
.8

 (
10

.5
–1

7.
0)

16
.2

 (
12

.9
–1

9.
5)

15
.2

 (
12

.9
–1

7.
4)

18
.6

 (
14

.9
–2

2.
4)

L
if

et
im

e 
m

al
e 

se
x 

pa
rt

ne
rs

<
0.

00
1

0
5,

98
5,

67
5

18
.5

 (
17

.2
–1

9.
8)

17
.2

 (
14

.5
–2

0.
0)

19
.4

 (
16

.9
–2

1.
9)

17
.5

 (
15

.4
–1

9.
6)

19
.9

 (
17

.3
–2

2.
4)

1–
2

8,
01

5,
80

0
24

.8
 (

23
.3

–2
6.

3)
19

.8
 (

16
.7

–2
3.

0)
23

.8
 (

21
.1

–2
6.

5)
24

.2
 (

22
.1

–2
6.

4)
29

.4
 (

25
.8

–3
3.

0)

>
3

18
,3

15
,6

13
56

.7
 (

54
.9

–5
8.

4)
62

.9
 (

59
.5

–6
6.

3)
56

.8
 (

53
.9

–5
9.

7)
58

.2
 (

55
.6

–6
0.

9)
50

.7
 (

46
.4

–5
5.

1)

T
im

e 
pe

ri
od

Pr
e-

va
cc

in
e 

cy
cl

e 
(2

00
3–

20
06

)
11

,7
63

,7
09

33
.0

 (
30

.5
–3

5.
5)

32
.8

 (
23

.0
–4

2.
6)

35
.0

 (
26

.0
–4

4.
1)

32
.6

 (
27

.8
–3

7.
4)

32
.0

 (
23

.8
–4

0.
2)

0.
96

Po
st

-v
ac

ci
ne

 c
yc

le
 (

20
07

–2
01

4)
23

,8
60

,0
51

67
.0

 (
64

.5
–6

9.
5)

67
.2

 (
57

.4
–7

7.
0)

65
.0

 (
55

.9
–7

7.
0)

67
.4

 (
62

.6
–7

2.
2)

68
.0

 (
59

.8
–7

6.
2)

H
P

V
 v

ac
ci

ne
 in

 p
os

t-
lic

en
su

re
 y

ea
rs

 (
20

07
–2

01
4,

 n
=3

,7
32

)
0.

06

0 
do

se
s

17
,6

35
,4

74
75

.4
 (

73
.7

–7
7.

9)
69

.8
 (

64
.2

–7
5.

3)
74

.8
 (

70
.2

–7
9.

5)
77

.5
 (

74
.0

–8
1.

0)
77

.9
 (

74
.0

–8
1.

7)

>
1 

do
se

5,
63

5,
36

5
24

.2
 (

22
.1

–2
6.

3)
30

.2
 (

24
.7

–3
5.

7)
25

.2
 (

20
.5

–2
9.

8)
22

.5
 (

19
.0

–2
5.

9)
22

.1
 (

18
.3

–2
6.

0)

H
P

V
 v

ac
ci

ne
 d

os
e 

nu
m

be
rb in

 p
os

t-
lic

en
su

re
 y

ea
rs

 (
20

07
–2

01
4,

 n
=3

,6
96

)
0.

05

1 
do

se
85

1,
58

4
3.

7 
(3

.2
–4

.2
)

3.
0 

(2
.3

–3
.6

)
3.

4 
(2

.4
–4

.4
)

4.
0 

(3
.1

–5
.0

)
3.

9 
(2

.7
–5

.1
)

2 
do

se
1,

09
8,

45
4

4.
8 

(3
.8

–5
.7

)
6.

6 
(4

.0
–9

.2
)

5.
2 

(2
.3

–8
.0

)
3.

5 
(2

.2
–4

.8
)

5.
0 

(3
.5

–6
.5

)

3 
do

se
3,

48
2,

25
8

15
.1

 (
13

.3
–1

6.
9)

19
.7

 (
14

.7
–2

4.
7)

16
.4

 (
12

.6
–2

0.
2)

14
.0

 (
11

.0
–1

7.
0)

12
.7

 (
9.

2–
16

.2
)

w
%

 =
 w

ei
gh

te
d 

pr
ev

al
en

ce
, 9

5%
 C

I 
=

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

a N
or

th
ea

st
 s

ta
te

s=
C

on
ne

ct
ic

ut
, M

ai
ne

, M
as

sa
ch

us
et

ts
, N

ew
 H

am
ps

hi
re

, N
ew

 J
er

se
y,

 N
ew

 Y
or

k,
 P

en
ns

yl
va

ni
a,

 R
ho

de
 I

sl
an

d,
 V

er
m

on
t; 

M
id

w
es

t s
ta

te
s=

In
di

an
a,

 I
lli

no
is

, I
ow

a,
 K

an
sa

s,
 M

ic
hi

ga
n,

 M
in

ne
so

ta
, 

M
is

so
ur

i, 
N

eb
ra

sk
a,

 N
or

th
 D

ak
ot

a,
 O

hi
o,

 S
ou

th
 D

ak
ot

a,
 W

is
co

ns
in

; S
ou

th
 s

ta
te

s=
A

rk
an

sa
s,

 A
la

ba
m

a,
 D

el
aw

ar
e,

 D
is

tr
ic

t o
f 

C
ol

um
bi

a,
 F

lo
ri

da
, G

eo
rg

ia
, K

en
tu

ck
y,

 L
ou

is
ia

na
, M

ar
yl

an
d,

 M
is

si
ss

ip
pi

, N
or

th
 

C
ar

ol
in

a,
 O

kl
ah

om
a,

 S
ou

th
 C

ar
ol

in
a,

 T
en

ne
ss

ee
, T

ex
as

, V
ir

gi
ni

a,
 W

es
t V

ir
gi

ni
a;

 W
es

t=
A

la
sk

a,
 A

ri
zo

na
, C

al
if

or
ni

a,
 C

ol
or

ad
o,

 H
aw

ai
i, 

Id
ah

o,
 N

ev
ad

a,
 N

ew
 M

ex
ic

o,
 O

re
go

n,
 W

as
hi

ng
to

n,
 W

yo
m

in
g.

b So
m

e 
da

ta
 w

er
e 

m
is

si
ng

 d
ue

 to
 n

on
-r

es
po

ns
e 

am
on

g 
re

sp
on

de
nt

s 
w

ho
 h

ad
 r

ec
ei

ve
d 

at
 le

as
t 1

 H
PV

 v
ac

ci
ne

 d
os

e.
 H

PV
=

hu
m

an
 p

ap
ill

om
av

ir
us

; N
H

A
N

E
S=

N
at

io
na

l H
ea

lth
 a

nd
 N

ut
ri

tio
n 

E
xa

m
in

at
io

n 
Su

rv
ey

Vaccine. Author manuscript; available in PMC 2020 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 15

Ta
b

le
 2

.

C
om

pa
ri

so
n 

of
 p

re
va

cc
in

e 
an

d 
po

st
-l

ic
en

su
re

 p
re

va
le

nc
e 

of
 v

ag
in

al
 H

PV
 b

y 
re

gi
on

, N
H

A
N

E
S 

20
03

–2
01

4 
(N

=
6,

38
7)

P
re

va
cc

in
e 

cy
cl

es
 (

20
03

–2
00

6)
E

ar
ly

 p
os

t-
lic

en
su

re
 c

yc
le

s 
(2

00
7–

20
10

)
P

re
va

cc
in

e 
&

ea
rl

y 
P

L
p-

va
lu

e
L

at
e 

po
st

-l
ic

en
su

re
 c

yc
le

s 
(2

01
1–

20
14

)
P

re
va

cc
in

e 
an

d 
la

te
 P

L
p-

va
lu

e

w
%

 (
95

%
 C

I)
w

%
 (

95
%

 C
I)

w
%

 (
95

%
 C

I)

O
ve

ra
ll 

(n
=6

,3
87

)

A
ny

 H
PV

 ty
pe

s
44

.4
 (

41
.5

–4
7.

2)
43

.5
 (

40
.6

–4
6.

4)
0.

68
41

.7
 (

38
.2

–4
5.

2)
0.

23

V
ac

ci
ne

-t
yp

e 
(6

, 1
1,

 1
6,

 1
8)

12
.6

 (
11

.2
–1

4.
0)

11
.6

 (
10

.1
–1

3.
0)

0.
31

6.
7 

(5
.2

–8
.2

)
<

0.
00

1

H
ig

h-
ri

sk
 v

ac
ci

ne
-t

yp
e 

(1
6,

 1
8)

9.
3 

(7
.9

–1
0.

6)
9.

1 
(7

.6
–1

0.
6)

0.
90

5.
5 

(4
.2

–6
.8

)
<

0.
00

1

N
on

va
cc

in
e-

ty
pe

 (
no

n-
6,

 1
1,

 1
6,

 1
8)

41
.7

 (
39

.0
–4

4.
4)

41
.7

 (
38

.6
–4

4.
8)

0.
99

40
.6

 (
37

.1
–4

4.
0)

0.
62

N
or

th
ea

st
 (

n=
93

1)

A
ny

 H
PV

 ty
pe

s
44

.7
 (

39
.0

–5
0.

4)
45

.3
 (

36
.0

–5
4.

6)
0.

90
38

.6
 (

33
.9

–4
3.

4)
0.

05

V
ac

ci
ne

-t
yp

e 
(6

, 1
1,

 1
6,

 1
8)

12
.3

 (
7.

6–
16

.9
)

11
.1

 (
7.

2–
15

.0
)

0.
66

3.
5 

(3
.0

–4
.0

)
<

0.
00

1

H
ig

h-
ri

sk
 v

ac
ci

ne
-t

yp
e 

(1
6,

 1
8)

8.
1 

(5
.3

–1
0.

9)
9.

0 
(4

.6
–1

3.
4)

0.
69

3.
3 

(2
.8

–3
.7

)
<

0.
00

1

N
on

va
cc

in
e-

ty
pe

 (
no

n-
6,

 1
1,

 1
6,

 1
8)

40
.4

 (
35

.1
–4

5.
8)

41
.2

 (
35

.6
–5

4.
4)

0.
40

38
.2

 (
33

.4
–4

3.
0)

0.
46

M
id

w
es

t 
(n

=1
,2

59
)

A
ny

 H
PV

 ty
pe

s
40

.6
 (

34
.4

–4
6.

9)
46

.0
 (

40
.2

–5
1.

8)
0.

17
38

.9
 (

35
.8

–4
2.

1)
0.

57

V
ac

ci
ne

-t
yp

e 
(6

, 1
1,

 1
6,

 1
8)

14
.4

 (
12

.7
–1

6.
1)

12
.6

 (
9.

9–
15

.4
)

0.
24

8.
6 

(5
.2

–1
2.

0)
0.

00
2

H
ig

h-
ri

sk
 v

ac
ci

ne
-t

yp
e 

(1
6,

 1
8)

8.
2 

(6
.7

–9
.7

)
10

.1
 (

7.
5–

12
.8

)
0.

16
7.

3 
(4

.0
–1

0.
6)

0.
57

N
on

va
cc

in
e-

ty
pe

 (
no

n-
6,

 1
1,

 1
6,

 1
8)

38
.8

 (
33

.8
–4

3.
9)

43
.2

 (
37

.7
–4

8.
6)

0.
20

38
.0

 (
35

.0
–4

1.
1)

0.
78

So
ut

h 
(n

=2
.4

58
)

A
ny

 H
PV

 ty
pe

s
48

.7
 (

42
.9

–5
4.

6)
44

.1
 (

39
.5

–4
8.

7)
0.

20
47

.6
 (

42
.2

–5
3.

0)
0.

77

V
ac

ci
ne

-t
yp

e 
(6

, 1
1,

 1
6,

 1
8)

12
.2

 (
9.

6–
14

.8
)

12
.7

 (
9.

9–
15

.4
)

0.
78

8.
6 

(6
.2

–1
1.

1)
0.

05

H
ig

h-
ri

sk
 v

ac
ci

ne
-t

yp
e 

(1
6,

 1
8)

10
.0

 (
7.

3–
12

.7
)

9.
4 

(6
.6

–1
2.

1)
0.

72
6.

8 
(5

.2
–8

.5
)

0.
03

N
on

va
cc

in
e-

ty
pe

 (
no

n-
6,

 1
1,

 1
6,

 1
8)

47
.0

 (
40

.8
–5

3.
2)

42
.3

 (
37

.0
–4

7.
5)

0.
23

45
.9

 (
40

.4
–5

1.
4)

0.
79

W
es

t 
(n

=1
,7

39
)

A
ny

 H
PV

 ty
pe

s
41

.6
 (

37
.7

–4
5.

6)
38

.8
 (

34
.0

–4
3.

6)
0.

37
37

.9
 (

29
.9

–4
6.

0)
0.

39

V
ac

ci
ne

-t
yp

e 
(6

, 1
1,

 1
6,

 1
8)

11
.8

 (
9.

9–
13

.7
)

9.
0 

(5
.5

–1
2.

5)
0.

18
4.

8 
(2

.6
–7

.0
)

<
0.

00
1

H
ig

h-
ri

sk
 v

ac
ci

ne
-t

yp
e 

(1
6,

 1
8)

10
.0

 (
8.

5–
11

.6
)

7.
9 

(4
.2

–1
1.

6)
0.

31
3.

9 
(2

.1
–5

.6
)

<
0.

00
1

N
on

va
cc

in
e-

ty
pe

 (
no

n-
6,

 1
1,

 1
6,

 1
8)

37
.7

 (
33

.5
–4

1.
8)

37
.3

 (
32

.4
–4

2.
3)

0.
90

37
.0

 (
28

.9
–4

5.
1)

0.
87

Vaccine. Author manuscript; available in PMC 2020 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 16
A

ny
 H

PV
ge

no
ty

pe
 in

cl
ud

es
 ty

pe
s 

6,
 1

1,
 1

6,
 1

8,
 2

6,
 3

1,
 3

3,
 3

5,
 3

9,
 4

0,
 4

2,
 4

5,
 5

1,
 5

2,
 5

3,
 5

4,
 5

5,
 5

6,
 5

8,
 5

9,
 6

1,
 6

2,
 6

4,
 6

6,
 6

7,
 6

8,
 6

9,
 7

0,
 7

1,
 7

2,
 7

3,
 8

1,
 8

2,
 8

3,
 8

4,
 8

9,
 a

nd
 I

S3
9.

PL
=

po
st

-l
ic

en
su

re
; H

PV
=

hu
m

an
 p

ap
ill

om
av

ir
us

; N
H

A
N

E
S=

N
at

io
na

l H
ea

lth
 a

nd
 N

ut
ri

tio
n 

E
xa

m
in

at
io

n 
Su

rv
ey

Vaccine. Author manuscript; available in PMC 2020 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 17

Ta
b

le
 3

.

E
ff

ec
t o

f 
tim

e 
pe

ri
od

 a
nd

 H
PV

 v
ac

ci
na

tio
n 

on
 v

ac
ci

ne
 ty

pe
 H

PV
 (

6,
 1

1,
 1

6,
 1

8)
, N

H
A

N
E

S 
da

ta
 2

00
3–

20
14

 a (N
=

6,
38

7)

M
od

el
 1

 b
M

od
el

 2
 c

M
od

el
 3

 d

P
aO

R
 (

95
%

 C
I)

P
aO

R
 (

95
%

 C
I)

P
aO

R
 (

95
%

 C
I)

A
ge

 
14

–1
9

2.
07

 (
1.

46
–2

.9
5)

1.
98

 (
1.

40
–2

.8
1)

1.
90

 (
1.

14
–3

.1
8)

 
20

–2
9

1.
76

 (
1.

35
–2

.2
8)

1.
80

 (
1.

38
–2

.3
2)

1.
95

 (
1.

41
–2

.7
0)

 
30

–3
4

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

R
ac

e/
et

hn
ic

it
y

 
N

on
-H

is
pa

ni
c 

w
hi

te
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

 
N

on
-H

is
pa

ni
c 

bl
ac

k
1.

35
 (

1.
07

–1
.6

9)
1.

35
 (

1.
07

–1
.7

1)
1.

69
 (

1.
24

–2
.2

9)

 
M

ex
ic

an
 A

m
er

ic
an

1.
02

 (
0.

68
–1

.5
1)

0.
99

 (
0.

67
–1

.4
6)

1.
21

 (
0.

77
–1

.9
0)

 
H

is
pa

ni
c

0.
95

 (
0.

63
–1

.4
4)

1.
06

 (
0.

68
–1

.6
6)

1.
49

 (
0.

93
–2

.3
8)

O
th

er
1.

44
 (

0.
93

–2
.2

4)
1.

64
 (

1.
04

–2
.6

0)
2.

15
 (

1.
29

–3
.5

8)

L
if

et
im

e 
m

al
e 

se
x 

pa
rt

ne
rs

 
0

0.
06

 (
0.

03
–0

.1
1)

0.
06

 (
0.

03
–0

.1
1)

0.
05

 (
0.

02
–0

.1
1)

 
1–

2
0.

24
 (

0.
17

–0
.3

4)
0.

24
 (

0.
17

–0
.3

4)
0.

22
 (

0.
15

–0
.3

3)

 
3+

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

N
H

A
N

E
S 

cy
cl

e

 
20

03
–2

00
4

R
ef

er
en

ce

 
20

05
–2

00
6

1.
24

 (
0.

93
–1

.6
6)

 
20

07
–2

00
8

1.
13

 (
0.

80
–1

.5
9)

Vaccine. Author manuscript; available in PMC 2020 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 18

M
od

el
 1

 b
M

od
el

 2
 c

M
od

el
 3

 d

P
aO

R
 (

95
%

 C
I)

P
aO

R
 (

95
%

 C
I)

P
aO

R
 (

95
%

 C
I)

 
20

09
–2

01
0

0.
87

 (
0.

64
–1

.1
8)

 
20

11
–2

01
2

0.
54

 (
0.

38
–0

.7
9)

 
20

13
–2

01
4

0.
48

 (
0.

30
–0

.7
6)

R
eg

io
n

 
N

or
th

ea
st

0.
94

 (
0.

60
–1

.4
5)

0.
93

 (
0.

63
–1

.3
9)

1.
01

 (
0.

55
–1

.8
4)

 
M

id
w

es
t

1.
30

 (
0.

89
–1

.9
0)

1.
30

 (
0.

92
–1

.8
3)

1.
59

 (
1.

00
–2

.5
2)

 
So

ut
h

1.
14

 (
0.

82
–1

.6
0)

1.
15

 (
0.

85
–1

.5
6)

1.
33

 (
0.

88
–2

.0
2)

 
W

es
t

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

 
H

PV
 v

ac
ci

na
tio

n

 
 

0 
va

cc
in

es
R

ef
er

en
ce

 
 

1+
 d

os
es

0.
32

 (
0.

20
–0

.5
3)

a V
ac

ci
ne

 ty
pe

s 
in

cl
ud

e 
4 

H
PV

 ty
pe

s 
(6

, 1
1,

 1
6,

 a
nd

 1
8)

 th
at

 th
e 

qu
ad

ri
va

le
nt

 H
PV

 v
ac

ci
ne

 p
ro

te
ct

s 
ag

ai
ns

t.

b M
od

el
 1

 in
cl

ud
ed

 a
ge

, r
ac

e/
et

hn
ic

ity
, n

um
be

r 
of

 li
fe

tim
e 

m
al

e 
se

x 
pa

rt
ne

rs
, a

nd
 r

eg
io

n.

c M
od

el
 2

 in
cl

ud
ed

 v
ar

ia
bl

es
 f

ro
m

 M
od

el
 1

 +
 v

ac
ci

ne
 c

yc
le

.

d M
od

el
 3

 in
cl

ud
ed

 v
ar

ia
bl

es
 f

ro
m

 M
od

el
 1

 +
 H

PV
 v

ac
ci

ne
 in

iti
at

io
n.

aO
R

=
ad

ju
st

ed
 o

dd
s 

ra
tio

; 9
5%

 C
I=

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

; H
PV

=
hu

m
an

 p
ap

ill
om

av
ir

us
; N

H
A

N
E

S=
N

at
io

na
l H

ea
lth

 a
nd

 N
ut

ri
tio

n 
E

xa
m

in
at

io
n 

Su
rv

ey

Vaccine. Author manuscript; available in PMC 2020 July 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirth et al. Page 19

Ta
b

le
 4

.

M
ul

tiv
ar

ia
bl

e 
lo

gi
st

ic
 r

eg
re

ss
io

n 
to

 e
xa

m
in

e 
th

e 
ef

fe
ct

 o
f 

tim
e 

an
d 

va
cc

in
at

io
n 

on
 v

ac
ci

ne
-s

pe
ci

fi
c 

H
PV

 ty
pe

s 
(6

, 1
1,

 1
6,

 1
8)

 d
et

ec
te

d 
th

ro
ug

h 
va

gi
na

l 

sw
ab

 d
ur

in
g 

po
st

-l
ic

en
su

re
 y

ea
rs

, N
H

A
N

E
S 

da
ta

 2
00

7–
20

14
 (

N
=

3,
18

8)
a

M
od

el
 1

 b
M

od
el

 2
 c

M
od

el
 3

 d

P
aO

R
 (

95
%

 C
I)

P
aO

R
 (

95
%

 C
I)

P
aO

R
 (

95
%

 C
I)

R
eg

io
n

 
N

or
th

ea
st

0.
95

 (
0.

53
–1

.7
1)

0.
92

 (
0.

54
–1

.5
9)

0.
96

 (
0.

54
–1

.7
2)

 
M

id
w

es
t

1.
60

 (
0.

99
–2

.5
6)

1.
55

 (
0.

97
–2

.4
6)

1.
54

 (
0.

97
–2

.4
6)

 
So

ut
h

1.
38

 (
0.

91
–2

.1
0)

1.
38

 (
0.

92
–2

.0
7)

1.
32

 (
0.

87
–1

.9
9)

 
W

es
t

R
ef

er
en

ce
R

ef
er

en
ce

R
ef

er
en

ce

N
H

A
N

E
S 

cy
cl

es

 
20

07
–2

00
8

R
ef

er
en

ce
R

ef
er

en
ce

 
20

09
–2

01
0

0.
76

 (
0.

54
–1

.0
6)

0.
80

 (
0.

57
–1

.1
2)

 
20

11
–2

01
2

0.
48

 (
0.

32
–0

.7
1)

0.
54

 (
0.

36
–0

.8
2)

 
20

13
–2

01
4

0.
38

 (
0.

24
–0

.6
2)

0.
48

 (
0.

30
–0

.7
7)

H
P

V
 v

ac
ci

na
ti

on

 
0 

do
se

s
R

ef
er

en
ce

 
1+

 d
os

es
0.

48
 (

0.
30

–0
.7

7)

a V
ac

ci
ne

-s
pe

ci
fi

c 
H

PV
 ty

pe
s 

in
cl

ud
e 

4 
H

PV
 ty

pe
s 

(6
, 1

1,
 1

6,
 a

nd
 1

8)
 th

at
 th

e 
qu

ad
ri

va
le

nt
 H

PV
 v

ac
ci

ne
 p

ro
te

ct
s 

ag
ai

ns
t.

b  M
od

el
 1

 c
on

tr
ol

le
d 

fo
r 

ag
e,

 r
ac

e/
et

hn
ic

ity
, a

nd
 n

um
be

r 
of

 li
fe

tim
e 

m
al

e 
se

x 
pa

rt
ne

rs
.

c M
od

el
 2

 c
on

tr
ol

le
d 

fo
r 

va
ri

ab
le

s 
fr

om
 M

od
el

 1
 +

 N
H

A
N

E
S 

cy
cl

es
 in

 p
os

t-
lic

en
su

re
 p

er
io

d.

d M
od

el
 3

 c
on

tr
ol

le
d 

fo
r 

va
ri

ab
le

s 
fr

om
 M

od
el

 2
 +

 H
PV

 v
ac

ci
ne

 in
iti

at
io

n.

A
ll 

m
od

el
s 

co
nt

ro
lle

d 
fo

r 
ag

e,
 r

ac
e/

 e
th

ni
ci

ty
, a

nd
 n

um
be

r 
of

 m
al

e 
se

xu
al

 p
ar

tn
er

s 
in

 th
e 

pa
st

 y
ea

r.

H
PV

=
hu

m
an

 p
ap

ill
om

av
ir

us
; N

H
A

N
E

S=
N

at
io

na
l H

ea
lth

 a
nd

 N
ut

ri
tio

n 
E

xa
m

in
at

io
n 

Su
rv

ey

Vaccine. Author manuscript; available in PMC 2020 July 09.


	Abstract
	INTRODUCTION
	METHODS
	Study sample
	Statistical analyses

	RESULTS
	DISCUSSION
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

