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Incidence of Sexually Transmitted Infections After Human
Papillomavirus Vaccination Among Adolescent Females
Anupam B. Jena, MD, PhD; Dana P. Goldman, PhD; Seth A. Seabury, PhD

IMPORTANCE Human papillomavirus (HPV) vaccination rates among US females remain low,
in part because of concerns that HPV vaccination may promote unsafe sexual activity by
lowering perceived risks of acquiring a sexually transmitted infection (STI).

OBJECTIVE To study whether HPV vaccination of females is associated with increases
in STI rates.

DESIGN, SETTING, AND PARTICIPANTS Using a large, longitudinal insurance database of
females aged 12 to 18 years insured from January 1, 2005, through December 31, 2010, in the
United States, we examined whether HPV vaccination was associated with an increase in
incident STIs among females who were vaccinated compared with those who were not. We
defined STIs as one or more medical claims for any of the following infections in a given
quarter: chlamydia, gonorrhea, herpes, human immunodeficiency virus or AIDS, or syphilis.
We used difference-in-difference analysis to compare changes in STI rates among
HPV-vaccinated females before and after vaccination (index quarter) to changes among
age-matched nonvaccinated females before and after the index quarter. We analyzed
whether effects varied according to age and prior contraceptive medication use.

MAIN OUTCOMES AND MEASURES Rates of STIs.

RESULTS The rates of STIs in the year before vaccination were higher among HPV-vaccinated
females (94 of 21 610, 4.3 per 1000) compared with age-matched nonvaccinated females
(522 of 186 501, 2.8 per 1000) (adjusted odds ratio, 1.37; 95% CI, 1.09-1.71; P = .007). The
rates of STIs increased for the vaccinated (147 of 21 610, 6.8 per 1000) and nonvaccinated
(781 of 186 501, 4.2 per 1000) groups in the year after vaccination (adjusted odds ratio, 1.50;
95% CI, 1.25-1.79; P < .001). The difference-in-difference odds ratio was 1.05 (95% CI,
0.80-1.38; P = .74), implying that HPV vaccination was not associated with an increase in STIs
relative to growth among nonvaccinated females. Similar associations held among subgroups
aged 12 through 14 years and aged 15 through 18 years and among females with contraceptive
use in the index quarter.

CONCLUSIONS AND RELEVANCE Human papillomavirus vaccination was not associated with
increases in STIs in a large cohort of females, suggesting that vaccination is unlikely to
promote unsafe sexual activity.
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N early one-quarter of US women aged 14 through 19
years and 45% of women aged 20 through 24 years are
affected by human papillomavirus (HPV).1 The an-

nual incidence of cervical cancer, the leading public health con-
cern of HPV, is approximately 12 000 in the United States and
more than 500 000 worldwide.2,3 In 2006, the Food and Drug
Administration approved the first quadrivalent HPV vaccine
indicated for use in women aged 9 through 26 years for the pre-
vention of cervical, vulvar, and vaginal cancers caused by
HPV-16 and HPV-18 and genital warts caused by HPV-6 and
HPV-11.4 In 2009, approval for the quadrivalent vaccine was
expanded to males aged 9 through 26 years, and a new biva-
lent vaccine was also approved for the prevention of cancers
associated with HPV-16 and HPV-18 in women alone.5 The most
recent recommendations of the Advisory Committee on Im-
munization Practices advocate for females a 3-dose series of
either vaccine at 11 or 12 years of age and through 26 years of
age if not vaccinated previously. For males, a 3-dose vaccina-
tion is recommended at 11 or 12 years of age and through 21
years of age if not vaccinated previously.6

Despite the widespread prevalence of HPV in the United
States, vaccination among females remains low. In 2008, 37%
of females aged 13 through 17 years received at least 1 dose of
the vaccine series, whereas 18% received all 3 recommended
doses.7 By 2013, only 57% of females aged 13 through 17 years
received at least 1 dose, whereas 38% received all 3 doses.7

Although several factors have been proposed to explain
why HPV vaccination rates in the United States are so low,8-14

few barriers have received as much attention as the concern
that vaccination against HPV, a sexually transmitted infec-
tion (STI), could promote unsafe sexual activity among fe-
males by lowering perceived risks of acquiring an STI (ie, be-
havioral disinhibition or risk compensation) or implicitly
endorsing sexual activity by recognizing the need for HPV
vaccination.14-21 These concerns spurred immediate legisla-
tive efforts to prohibit HPV vaccination mandates in several
states.15

Several surveys of females or their parents have sug-
gested that HPV vaccination is unlikely to lead to unsafe sexual
activity among adolescents.16,20,22-26 Although rich in their as-
sessment of knowledge and attitudes about vaccination and
sexual activity, these studies rely on self-reported outcomes,
do not follow up adolescents longitudinally, and, with the
exception of 2 studies,24,25 are small and not nationally rep-
resentative. In addition to these studies, an important retro-
spective cohort study27 of girls aged 11 through 12 years
enrolled in a managed care organization found no differ-
ence in a composite measure of sexual activity–related out-
comes between 493 girls who received HPV vaccination and
905 girls who did not. Despite the strengths of directly mea-
suring sex-related outcomes and having a 3-year follow-up,
the study was conducted in one metropolitan area, had lim-
ited sample size, and did not study changes in outcomes
before and after vaccination.

Using a large longitudinal database of insurance claims
from January 1, 2005, through December 31, 2010, we exam-
ined whether HPV vaccination was associated with an in-
crease in STIs among females who were vaccinated com-

pared with those who were not. We used a difference-in-
difference analysis comparing changes in STI incidence among
HPV-vaccinated females before and after vaccination to
changes in incidence over time among matched females who
were not vaccinated. Large data are required to examine STIs
given their low incidence in the population (eg, annual chla-
mydia and gonorrhea rates among US females aged 15-19 years
are approximately 3% and 0.5%, respectively).28,29 We ana-
lyzed whether effects of HPV vaccination varied according to
age and use of contraceptive medications before vaccination.

Methods
Data Sources
We used compiled data on all pharmacy and medical claims
from January 1, 2005, through December 31, 2010, from 41 large
employers across the United States. Each employer offered one
or more health plans to its current or retired employees and
their dependents. These data have been used to study STIs
among adults,28 the effect of pharmacy benefit design on medi-
cation use,30,31 and use of medications by the chronically ill.32

The study was exempt from human subjects review by the in-
stitutional review board of the University of Southern Califor-
nia; therefore, no informed consent was required.

Study Sample
All females in our study were dependents of primary insured
adults. We identified all females who were 12 through 18 years
of age at any point during the study period and who received
at least one dose of the HPV vaccine based on the presence of
Common Procedural Terminology (CPT) codes for quadriva-
lent HPV-6, -11, -16, and -18 recombinant vaccine (Gardasil;
Merck & Co; CPT code 90649 or 90649-SL) in the medical claims
or appropriate national drug codes in the pharmacy claims. Vac-
cinations that were financed by the state or a free vaccine pro-
gram, rather than paid for by the insurer, were identified by
the suffix -SL in the CPT codes. The HPV bivalent vaccine (Cer-
varix; GlaxoSmithKline) users were excluded from the analy-
sis because the vaccine was approved in the United States late
in our study period (October 2009).5 We did not have addi-
tional information from Immunization Information Systems
to assign HPV vaccinations to females.

For each vaccinated female, we identified the first calen-
dar quarter in which the vaccine was administered and the fe-
male’s age in years, zip code of residence, and health plan
(based on employer) during that quarter. We then matched vac-
cinated females to nonvaccinated females according to age, zip
code of residence, and health plan in the first quarter of HPV
vaccine use. The quarter of match was defined as the index
quarter for each matched cohort, and we tracked outcomes on
a quarterly basis for 1 year before and after the index quarter.
We sampled with replacement, meaning the same nonvacci-
nated female could match to more than one vaccinated fe-
male if she met the same matching criteria. We required all vac-
cinated and nonvaccinated females in the sample to have at
least 2 years of continuous enrollment before and after HPV
vaccination (ie, 9 quarters total). This approach allowed us to
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estimate rates of STIs before and after a common index date
among females who received the vaccine and a matched group
of nonvaccinated females. For each vaccinated female, we al-
lowed multiple nonvaccinated female matches, rather than 1:1
matching, to improve the precision of our STI estimates.

Outcome Measure
Our primary outcome was an indicator variable for whether a
female had at least one medical claim for any of the following
STIs in a given quarter: chlamydia, gonorrhea, herpes, hu-
man immunodeficiency virus or AIDS, or syphilis. Outcomes
were measured at the person-quarter level. The STIs were iden-
tified in medical claims according to International Classifica-
tion of Diseases, Ninth Revision diagnoses.

Statistical Analysis
A simple comparison of STI rates between vaccinated and non-
vaccinated females could be confounded by selection bias. That
is, females receiving HPV vaccination may have unobserved
characteristics that are associated with higher rates of STIs com-
pared with nonvaccinated females (eg, females who are sexu-
ally active may have higher demand for the vaccine because
they know they are at higher risk of acquiring HPV). More-
over, females receiving the HPV vaccine may be expected to
have higher rates of STIs after vaccination simply because rates
of STIs increase with age28; this expectation would preclude
an analysis that studies the effect of HPV vaccination on STI
incidence by only analyzing females who are vaccinated. We
addressed these issues through a difference-in-difference ap-
proach that estimated changes in STI rates before and after HPV
vaccination (among females who were vaccinated) and com-
pared this difference to changes in STI rates among age-
matched females who were not vaccinated. This approach
eliminates time-invariant differences in unobserved charac-
teristics of vaccinated and nonvaccinated females that are cor-
related with HPV vaccine receipt and STI incidence.

We compared STI rates among females who were vacci-
nated against HPV with those of the matched females who were
never vaccinated for 1 year before and after vaccination using
a logistic regression model of the form:

Logit(STI) = b0 + b1 × HPV_vac + b2 × Post + b3 × HPV_vac ×
Post + b4 × Age + b5 × Covariates

in which STI was a binary indicator for an STI in the year, HPV-
_vac was an indicator for whether a female had ever been vac-
cinated against HPV, Post was an indicator for the year (4-
quarter period) after vaccination, Age included binary indicator
variables for the female’s age at the start of the index quarter,
and Covariates included indicator variables for year and cen-
sus region. To control for potential differences in sexual ac-
tivity before baseline, we also included an indicator for any
pharmacy claim for a contraceptive medication in the year be-
fore the index quarter. The model selection followed past work
and included factors available in the claims data that were hy-
pothesized to be associated with sexual activity and STI rates
and that might be confounded with HPV vaccination. We used
the Hosmer-Lemeshow goodness-of-fit tests with 10 groups
to assess model fit.33

The difference-in-difference odds ratio (OR), which can be
thought of as a ratio of ORs, derived from coefficient b3 would
be greater than 1 if, relative to nonvaccinated females, those
vaccinated against HPV had greater increases in STIs in the year
after the index quarter compared with the year before. We es-
timated the logistic model for all ages combined (adjusting for
age at baseline) and separately for subgroups aged 12 through
14 years and aged 15 through 18 years. We also analyzed
whether the association between HPV vaccination and STI was
modified by the level of sexual activity before vaccination as
measured by a pharmacy claim for a contraceptive medica-
tion in the index quarter. Specifically, we estimated the dif-
ference-in-difference model among the subgroup of females
who had a contraceptive medication claim in the index quar-
ter. These females were more likely to have been sexually ac-
tive with or without vaccination, so any association between
STI incidence and vaccine use in this population would more
likely reflect a change in the riskiness of sexual activity (as op-
posed to the overall analysis, which reflected changes in any
sexual activity and changes in the riskiness of the sexual ac-
tivity). Model SEs allowed for correlation (or clustering) within
each match cohort.

Results
Characteristics of Study Population
The HPV vaccine uptake increased during the study period,
with 2.5% of females aged 12 through 18 years in the fourth
quarter of 2006 receiving the vaccine compared with 27.3% by
the fourth quarter of 2010. Vaccination increased with age
(Figure 1). For example, in the fourth quarter of 2010 among
12 862 females aged 12 years, 2675 (20.8%) received the HPV
vaccine, increasing to 3740 (27.1%) of 13 809 by the age of 14
years and 3894 (31.6%) of 12 311 by the age of 18 years.

Table 1 presents the characteristics of 21 610 females who
were vaccinated against HPV and 186 501 matched nonvacci-
nated females. The mean age among vaccinated females was
15.0 years compared with 14.9 years among matched nonvac-
cinated females. Geographic differences were found in HPV
vaccination rates, with females living in the southern United

Figure 1. Vaccination Against Human Papillomavirus (HPV) According to
Age of Female, 2010
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States less likely to be vaccinated. For example, among fe-
males vaccinated against HPV, 29.1% lived in the south com-
pared with 39.4% in the overall sample and 40.6% among fe-
males who were not vaccinated (P = .006). Females vaccinated
against HPV were more likely to be sexually active in the year
before vaccination compared with matched nonvaccinated fe-
males. For instance, the STI rate was 4.3 per 1000 females in
the year before vaccination among vaccinated females com-
pared with 2.8 per 1000 females among matched nonvacci-
nated females (P = .007). Similarly, contraceptive medication
use in the year before vaccination was higher among vacci-
nated females. Comparable patterns were noted for females
aged 12 through 14 years and aged 15 through 18 years.

Unadjusted Trends in STIs Between HPV-Vaccinated and
Nonvaccinated Females
Vaccinated females had higher rates of STIs before and after
vaccination compared with matched nonvaccinated females
(Figure 2). In the full sample, those who were vaccinated had
1.6 STIs per 1000 females in the quarter before vaccination com-
pared with 0.9 STIs per 1000 among nonvaccinated females
in the quarter before the index quarter. By the fourth quarter
after vaccination, STI rates increased to 2.4 and 1.4 per 1000
vaccinated and matched nonvaccinated females, respec-
tively. Similar patterns were noted for females aged 12 through
14 years and aged 15 through 18 years, with STI rates less vari-
able in the older group given the higher incidence of STIs.

Difference-in-Difference Results
Higher prevaccination rates of STIs among females who
received the HPV vaccine highlight the importance of
accounting for these differences when estimating the effect
of HPV vaccination on STIs. Table 2 gives the estimates of
this association using a difference-in-difference approach
that analyzed the difference in STI trajectories between
HPV-vaccinated females (before and after vaccination) and
matched nonvaccinated females (before and after the index
quarter). In the full sample, the adjusted OR of STIs in the
year before vaccination was 1.37 (95% CI, 1.09-1.71) in vacci-

Figure 2. Unadjusted Quarterly Rates of Sexually Transmitted Infection
Among Human Papillomavirus (HPV)–Vaccinated and Nonvaccinated
Females

1.0

1.5

2.0

0.5

3

2

1

2

3

4

1

0
–5 –4 –3 –2 –1 0 1 2 54

Ra
te

 p
er

 1
00

0 
Fe

m
al

es

Quarter From First HPV Vaccination

3

A Full sample

12-14 Years old

15-18 Years old

Vaccinated
Nonvaccinated

0
–5 –4 –3 –2 –1 0 1 2 54

Ra
te

 p
er

 1
00

0 
Fe

m
al

es

Quarter From First HPV Vaccination
3

B

0
–5 –4 –3 –2 –1 0 1 2 54

Ra
te

 p
er

 1
00

0 
Fe

m
al

es

Quarter From First HPV Vaccination
3

C

A, Full sample; B, females aged 12 through 14 years; and C, females aged 15
through 18 years.

Table 1. Characteristics of Females Vaccinated Against HPV and Matched Nonvaccinated Femalesa

Characteristic

All Females Females Aged 12-14 Years Females Aged 15-18 Years
Full

Sample
(n = 208 111)

HPV
Vaccinated

(n = 21 610)
Nonvaccinated
(n = 186 501)

Full
Sample

(n = 90 821)

HPV
Vaccinated
(n = 9024)

Nonvaccinated
(n = 81 797)

Full
Sample

(n = 117 290)

HPV
Vaccinated

(n = 12 586)
Nonvaccinated
(n = 104 704)

Mean age, y 14.9 15.0 14.9 13.0 13.1 13.0 16.3 16.3 16.3

Geographic region, %

South 39.4 29.1 40.6 38.9 29.8 40.0 39.7 28.7 41.0

Northeast 26.2 31.5 25.6 26.8 31.1 26.3 25.8 31.7 25.2

Midwest 17.4 22.1 16.8 17.0 20.9 16.5 17.7 22.9 17.0

West 17.0 17.3 17.0 17.3 18.2 17.2 16.8 16.7 16.8

Any STI in previous year,
No. per 1000 females

3.0 4.4 2.8 1.7 2.7 1.5 4.0 5.6 3.8

Oral contraceptive use
in previous year, %

10.1 17.9 9.2 2.0 4.2 1.7 16.4 27.7 15.1

Abbreviations: HPV, human papillomavirus; STI, sexually transmitted infection.
a Females who were vaccinated were matched with replacement to nonvaccinated females according to age at first vaccination, employer providing insurance, and

3-digit zip code. The STI rates were computed in the year before HPV vaccination among vaccinated females and in the year before matched age among
nonvaccinated females. All differences were statistically significant at P < .05.
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nated (94 of 21 610, 4.3 per 1000) and nonvaccinated (522
per 186 501, 2.8 per 1000) females. The STI rates increased in
the year after vaccination for the vaccinated (147 of 21 610,
6.8 per 1000) and nonvaccinated (781 of 186 501, 4.2 per
1000) females. However, the adjusted OR in the year after
vaccination was 1.50 (95% CI, 1.25-1.79), implying a
difference-in-difference OR of 1.05 (95% CI, 0.80- 1.38;
P = .74). Among females aged 12 through 14 years and aged
15 through 18 years, the difference-in-difference ORs were
0.94 (95% CI, 0.54-1.65; P = .83) and 1.08 (95% CI, 0.79-1.49;
P = .62), respectively. The Hosmer-Lemeshow test failed to
reject the fit of our model at the P = .05 level of significance.

A similar association was found among females who
were more likely to have been sexually active before HPV
vaccination as proxied by contraceptive use. Table 3 reports
the results of difference-in-difference analysis for females
with contraceptive medication use in the index quarter, all
females, and females aged 15 through 18 years (we excluded
a separate analysis of females aged 12-14 years because of
small sample sizes from comparatively infrequent contra-
ceptive medication use). In the full sample, the adjusted OR
was 1.21 (95% CI, 0.81-1.80; P = .36) before vaccination and
1.36 (95% CI, 0.99-1.89; P = .06) after vaccination. The
difference-in-difference estimate provided no evidence of
increased risky sexual activity, with an OR of 1.11 (95% CI,

0.68-1.81; P = .70). Among females aged 15 through 18 years
in the index quarter, the difference-in-difference OR was
1.04 (95% CI, 0.63-1.73; P = .27).

Discussion
Using longitudinal insurance data on adolescent females aged
12 through 18 years across the United States, we examined
whether HPV vaccination was associated with an increase in
unsafe sexual behavior. We found that, although vaccinated
females had higher STI rates after vaccination compared with
matched controls, these differences existed before vaccina-
tion as well. Our difference-in-difference analysis that com-
pared changes in STI rates over time between vaccinated and
nonvaccinated females found no evidence of an association
between HPV vaccination and higher STI rates. Even among
females who were more likely to be sexually active before HPV
vaccination as measured by contraceptive medication use,
there was no evidence of increased unsafe sexual behavior.

Despite the widespread prevalence of HPV in the United
States, approximately half of all US adolescent females have
never been vaccinated, and only one-third have received the
recommended 3-dose vaccination.34 In contrast, approxi-
mately 80% of females aged 14 through 19 years in Australia,

Table 2. Change in STI Rates After HPV Vaccination in Vaccinated Females vs Matched Nonvaccinated Females

Vaccination
Status

Total
No. of
Females

Year Before HPV Vaccination Year After HPV Vaccination
Unadjusted STI
Rate, No. (Rate
per 1000)

OR (95% CI) [P Value] Unadjusted STI
Rate, No. (Rate
per 1000)

OR (95% CI) [P Value]

Unadjusted Adjusted Unadjusted Adjusted Difference-in-Difference
Full Sample

Vaccinated 21 610 94 (4.3) 1.56
(1.25-1.90)
[<.001]

1.37
(1.09-1.71)
[.007]

147 (6.8) 1.63
(1.37-1.94)
[<.001]

1.50
(1.25-1.79)
[<.001]

1.05
(0.80-1.38)
[.74]Nonvaccinated 186 501 522 (2.8) 781 (4.2)

Females Aged 12-14 Years

Vaccinated 9024 24 (2.7) 1.73
(1.12-2.68)

[.01]

1.75
(1.12-2.73)
[.01]

33 (3.7) 1.63
(1.12-2.36)

[.01]

1.53
(1.05-2.22)

[.03]

0.94
(0.54-1.65)
[.83]Nonvaccinated 81 797 126 (1.5) 184 (2.2)

Females Aged 15-18 Years

Vaccinated 12 586 70 (5.6) 1.44
(1.14-1.90)

[.003]

1.26
(0.97-1.64)
[.08]

114 (9.1) 1.59
(1.30-1.95)
[<.001]

1.49
(1.21-1.83)
[<.001]

1.08
(0.79-1.49)
[.62]Nonvaccinated 104 704 396 (3.8) 597 (5.7)

Abbreviations: HPV, human papillomavirus; OR, odds ratio; STI, sexually transmitted infection.

Table 3. Change in STI Rates After HPV Vaccination in Vaccinated Females vs Matched Nonvaccinated Females With Contraceptive Medication Use
in Index Quarter

Vaccination
Status

Total No.
of
Females

Year Before HPV Vaccination Year After HPV Vaccination
Unadjusted STI
Rate, No. (Rate
per 1000)

OR (95% CI) [P Value] Unadjusted STI
Rate, No. (Rate
per 1000)

OR (95% CI) [P Value]

Unadjusted Adjusted Unadjusted Adjusted Difference-in-Difference
Full Sample

Vaccinated 3865 33 (8.5) 1.16
(0.79-1.72)
[.45]

1.21
(0.81-1.80)
[.36]

51 (13.2) 1.29
(0.94-1.78)
[.11]

1.36
(0.99-1.89)
[.06]

1.11
(0.68-1.81)
[.70]Nonvaccinated 14 567 107 (7.3) 149 (10.2)

Females Aged 15-18 Years

Vaccinated 3490 31 (8.9) 1.20
(0.80-1.80)
[.37]

1.24
(0.82-1.87)
[.31]

47 (13.5) 1.25
(0.90-1.75)
[.18]

1.33
(0.95-1.86)
[.10]

1.04
(0.63-1.73)
[.27]Nonvaccinated 13 374 99 (7.4) 144 (10.8)

Abbreviations: HPV, human papillomavirus; OR, odds ratio; STI, sexually transmitted infection.
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which in 2007 became one of the first countries to implement
a school-based free HPV vaccination program, received at least
one dose of the HPV vaccine in 2012, and 70% completed the
full series.35,36 Although high rates of vaccination in Australia
have been attributed to the program’s increased accessibility
to vaccines through school-based administration, mandated
vaccine use, and elimination of costs, it is unknown which of
these factors has been most important in increasing high rates
of vaccination.

Although low rates of HPV vaccination in the United States
have been attributed to several factors, including difficulty ad-
hering to a multiple-dose regimen, high out-of-pocket costs
for some patients, infrequent state vaccine mandates, pa-
tient and physician concerns about vaccine safety, and phy-
sician concerns about insurance reimbursement,8-14 among the
most widely discussed concerns about the HPV vaccine is that
it could promote unsafe sexual activity through behavioral dis-
inhibition or by simply advancing discussions about sexual ac-
tivity with adolescents before parents and health care profes-
sionals would otherwise do so.14-21 In a national survey of
pediatricians, for example, 60% of those surveyed thought par-
ents would be concerned that HPV vaccination would pro-
mote unsafe sexual behavior, and 11% of pediatricians them-
selves reported this concern.37 In a more recent physician
survey, factors associated with not strongly recommending
HPV vaccination to females aged 11 through 12 years included
a perceived need to first discuss sexual activity before recom-
mending the vaccine and a reported higher rate of vaccina-
tion refusals among parents of younger vs older children.38

Similar concerns about the timing of vaccination compared
with onset of sexual activity were noted in a small but quali-
tative survey of pediatric health care professionals.39

We found no evidence that HPV vaccination leads to un-
safe sexual activity as measured by STI rates reflected in in-
surance claims data. Our findings are consistent with surveys
of adolescents and their parents in which HPV vaccination is
reported as being unlikely to promote unsafe sexual
activity,16,20,22-25 as well as a retrospective study27 of adoles-
cent females insured by a large managed care organization in
Atlanta, Georgia, in which a combined end point of sexual ac-
tivity was similar between vaccinated and nonvaccinated fe-
males. Our study adds to these findings by measuring STI rates
among more than 20 000 vaccinated females across the United
States and analyzing changes in STI rates before and after vac-
cination.

Although HPV vaccination does not appear to lead to higher
rates of STIs, females who receive the vaccine have mean higher
rates of STIs before vaccination compared with age-matched
females during the same period. This finding has at least 2 im-
plications. First, because females with a history of STI are at
higher risk of subsequent HPV exposure, early vaccination
against HPV is particularly important among these females and
in some instances may have been directly prompted by a pre-

ceding non-HPV STI diagnosis. Second, our finding that HPV-
vaccinated females have higher STI rates before vaccination
suggests that, until HPV vaccination becomes widespread, fe-
males who elect to receive the vaccine may benefit from screen-
ing questions and counseling about safe sexual practices.

Our study had several limitations. First, the decision to vac-
cinate against HPV may be correlated with unobserved char-
acteristics that are also associated with STI risk, which would
confound our estimates. For example, females who expect to
become sexually active may be more likely to become vacci-
nated, which could spuriously suggest that HPV vaccination
leads to greater sexual activity. Our difference-in-difference
approach accounted for preexisting differences in STI rates be-
tween vaccinated and nonvaccinated females and found no ef-
fect of HPV vaccination on STI rates. It is possible, however,
that HPV vaccination is more likely in households that are
wealthier and more educated, which, if unaccounted for, could
bias toward zero any deleterious effect of HPV vaccination on
STI rates. Although we did not have data on family income or
educational level, HPV vaccination was not associated with
family socioeconomic status in several prior surveys.14,40,41 Sec-
ond, we identified STIs from insurance claims, which may miss
visits to anonymous clinics and may also include episodes of
STI testing rather than confirmed infection. We similarly iden-
tified HPV vaccinations from insurance claims, which may miss
instances in which females were vaccinated in clinics that did
not bill an individual’s insurance. Third, STIs are but one mea-
sure of unsafe sexual activity, which could alternatively be as-
sessed through questionnaires about condom use and num-
ber of sexual partners. Fourth, we focused on the privately
insured for whom effects of HPV vaccination may differ from
those with public insurance or without insurance. Fifth, our
analysis was not powered to analyze specific STIs. Sixth, par-
ents of adolescent females would in most instances be aware
if their daughter had an insurance claim filed by the health care
professional for diagnosis and/or treatment of an STI, in con-
trast to free testing in a clinic that did not file an insurance
claim. It is possible that sexual activity may be influenced by
parents’ potential awareness of an STI diagnosis, which we
could not account for. Finally, we conducted a subgroup analy-
sis of females with a contraceptive claim in the index quarter
to identify females who were likely to already be sexually ac-
tive. This approach misses other females who may be sexu-
ally active and using barrier contraception methods.

Conclusions
We found no evidence that HPV vaccination leads to higher
rates of STIs. Given low rates of HPV vaccination among ado-
lescent females in the United States, our findings should be re-
assuring to physicians, parents, and policy makers that HPV
vaccination is unlikely to promote unsafe sexual activity.

ARTICLE INFORMATION

Accepted for Publication: November 25, 2014.

Published Online: February 9, 2015.
doi:10.1001/jamainternmed.2014.7886.

Author Contributions: Drs Jena and Seabury had
full access to all the data in the study and take

responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Jena, Seabury.

Research Original Investigation STIs After HPV Vaccination

622 JAMA Internal Medicine April 2015 Volume 175, Number 4 (Reprinted) jamainternalmedicine.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Utah User  on 04/10/2015



Copyright 2015 American Medical Association. All rights reserved.

Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Jena, Seabury.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Jena, Seabury.
Obtained funding: Jena, Goldman.
Administrative, technical, or material support:
Seabury.
Study supervision: Goldman, Seabury.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was funded by grant
1DP5OD017897-01 from the National Institutes of
Health (Early Independence Award) (Dr Jena) and
grant 5P01AG033559 from the National Institute of
Aging (Drs Goldman and Seabury).

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and the decision to
submit the manuscript for publication.

REFERENCES

1. Dunne EF, Unger ER, Sternberg M, et al.
Prevalence of HPV infection among females in the
United States. JAMA. 2007;297(8):813-819.

2. Centers for Disease Control and Prevention.
Cervical cancer statistics. 2014. http://www.cdc.gov
/cancer/cervical/statistics/. Accessed July 7, 2014.

3. Arbyn M, Castellsagué X, de Sanjosé S, et al.
Worldwide burden of cervical cancer in 2008. Ann
Oncol. 2011;22(12):2675-2686.

4. Food and Drug Administration. Product approval
information: human papillomavirus quadrivalent
(types 6, 11, 16, 18) vaccine, recombinant. 2006.
http://www.fda.gov/BiologicsBloodVaccines
/Vaccines/ApprovedProducts/UCM094042.
Accessed July 7, 2014.

5. Food and Drug Administration. Product approval
information: human papillomavirus bivalent (types
16 and 18) vaccine, recombinant. 2009. http://www
.fda.gov/biologicsbloodvaccines/vaccines
/approvedproducts/ucm186957.htm. Accessed July
7, 2014.

6. Markowitz LE, Dunne EF, Saraiya M, et al;
Centers for Disease Control and Prevention (CDC).
Human papillomavirus vaccination:
recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm Rep.
2014;63(RR-05):1-30.

7. Stokley S, Jeyarajah J, Yankey D, et al;
Immunization Services Division, National Center for
Immunization and Respiratory Diseases, Centers for
Disease Control and Prevention (CDC). Human
papillomavirus vaccination coverage among
adolescents, 2007-2013, and postlicensure vaccine
safety monitoring, 2006-2014—United States.
MMWR Morb Mortal Wkly Rep. 2014;63(29):620-624.

8. Keating KM, Brewer NT, Gottlieb SL, Liddon N,
Ludema C, Smith JS. Potential barriers to HPV
vaccine provision among medical practices in an
area with high rates of cervical cancer. J Adolesc
Health. 2008;43(4)(suppl):S61-S67.

9. Bednarczyk RA, Birkhead GS, Morse DL,
Doleyres H, McNutt LA. Human papillomavirus
vaccine uptake and barriers: association with
perceived risk, actual risk and race/ethnicity among

female students at a New York State university,
2010. Vaccine. 2011;29(17):3138-3143.

10. Patel DA, Zochowski M, Peterman S, Dempsey
AF, Ernst S, Dalton VK. Human papillomavirus
vaccine intent and uptake among female college
students. J Am Coll Health. 2012;60(2):151-161.

11. Sundaram SS, Roberts C, Rowen D, Patel R.
Parental attitudes towards the human
papillomavirus vaccine in ethnic minorities. Int J
STD AIDS. 2010;21(6):449.

12. Liddon NC, Hood JE, Leichliter JS. Intent to
receive HPV vaccine and reasons for not
vaccinating among unvaccinated adolescent and
young women. Vaccine. 2012;30(16):2676-2682.

13. Kahn JA, Rosenthal SL, Jin Y, Huang B,
Namakydoust A, Zimet GD. Rates of human
papillomavirus vaccination, attitudes about
vaccination, and human papillomavirus prevalence
in young women. Obstet Gynecol. 2008;111(5):1103-
1110.

14. Marlow LA, Waller J, Wardle J. Parental
attitudes to pre-pubertal HPV vaccination. Vaccine.
2007;25(11):1945-1952.

15. Charo RA. Politics, parents, and
prophylaxis—mandating HPV vaccination in the
United States. N Engl J Med. 2007;356(19):1905-
1908.

16. Kahn JA, Ding L, Huang B, Zimet GD, Rosenthal
SL, Frazier AL. Mothers’ intention for their
daughters and themselves to receive the human
papillomavirus vaccine: a national study of nurses.
Pediatrics. 2009;123(6):1439-1445.

17. Kahn JA, Zimet GD, Bernstein DI, et al.
Pediatricians’ intention to administer human
papillomavirus vaccine. J Adolesc Health. 2005;37
(6):502-510.

18. Waller J, Marlow LA, Wardle J. Mothers’
attitudes towards preventing cervical cancer
through human papillomavirus vaccination. Cancer
Epidemiol Biomarkers Prev. 2006;15(7):1257-1261.

19. Williams K, Forster A, Marlow L, Waller J.
Attitudes towards human papillomavirus
vaccination: a qualitative study of vaccinated and
unvaccinated girls aged 17-18 years. J Fam Plann
Reprod Health Care. 2011;37(1):22-25.

20. Schuler CL, Reiter PL, Smith JS, Brewer NT.
Human papillomavirus vaccine and behavioural
disinhibition. Sex Transm Infect. 2011;87(4):349-353.

21. Forster A, Wardle J, Stephenson J, Waller J.
Passport to promiscuity or lifesaver: press coverage
of HPV vaccination and risky sexual behavior.
J Health Commun. 2010;15(2):205-217.

22. Ferris DG, Cromwell L, Waller JL, Horn L. Most
parents do not think receiving human
papillomavirus vaccine would encourage sexual
activity in their children. J Low Genit Tract Dis.
2010;14(3):179-184.

23. Litton AG, Desmond RA, Gilliland J, Huh WK,
Franklin FA. Factors associated with intention to
vaccinate a daughter against HPV. J Pediatr Adolesc
Gynecol. 2011;24(3):166-171.

24. Liddon NC, Leichliter JS, Markowitz LE. Human
papillomavirus vaccine and sexual behavior among
adolescent and young women. Am J Prev Med.
2012;42(1):44-52.

25. Mullins TL, Zimet GD, Rosenthal SL, et al.
Adolescent perceptions of risk and need for safer

sexual behaviors after first human papillomavirus
vaccination. Arch Pediatr Adolesc Med. 2012;166(1):
82-88.

26. Bowyer HL, Dodd RH, Marlow LA, Waller J.
Association between human papillomavirus vaccine
status and other cervical cancer risk factors. Vaccine.
2014;32(34):4310-4316.

27. Bednarczyk RA, Davis R, Ault K, Orenstein W,
Omer SB. Sexual activity-related outcomes after
human papillomavirus vaccination of 11- to
12-year-olds. Pediatrics. 2012;130(5):798-805.

28. Centers for Disease Control and Prevention.
Sexually Transmitted Disease Surveillance 2012.
Atlanta, GA: US Dept of Health and Human Services;
2014.

29. Jena AB, Goldman DP, Kamdar A, Lakdawalla
DN, Lu Y. Sexually transmitted diseases among
users of erectile dysfunction drugs: analysis of
claims data. Ann Intern Med. 2010;153(1):1-7.

30. Joyce GF, Escarce JJ, Solomon MD, Goldman
DP. Employer drug benefit plans and spending on
prescription drugs. JAMA. 2002;288(14):1733-1739.

31. Karaca-Mandic P, Jena AB, Joyce GF, Goldman
DP. Out-of-pocket medication costs and use of
medications and health care services among
children with asthma. JAMA. 2012;307(12):1284-1291.

32. Goldman DP, Joyce GF, Escarce JJ, et al.
Pharmacy benefits and the use of drugs by the
chronically ill. JAMA. 2004;291(19):2344-2350.

33. Hosmer DW, Lemeshow S. Goodness of fit tests
for the multiple logistic regression model. Commun
Stat Theory Methods. 1980;9(10):1043-1069.

34. Centers for Disease Control and Prevention.
National and state vaccination coverage among
adolescents aged 13–17 Years—United States, 2012.
2013. http://www.cdc.gov/mmwr/preview
/mmwrhtml/mm6234a1.htm#Tab1. Accessed July 7,
2014.

35. Ali H, Donovan B, Wand H, et al. Genital warts
in young Australians five years into national human
papillomavirus vaccination programme. BMJ.
2013;346:f2032.

36. National HPV Vaccination Program Register.
HPV vaccination coverage by dose number
(Australia) for females by age group in mid 2012.
2014. http://www.hpvregister.org.au/research
/coverage-data/coverage-by-dose-2012. Accessed
July 16, 2014.

37. Daley MF, Liddon N, Crane LA, et al. A national
survey of pediatrician knowledge and attitudes
regarding human papillomavirus vaccination.
Pediatrics. 2006;118(6):2280-2289.

38. Daley MF, Crane LA, Markowitz LE, et al.
Human papillomavirus vaccination practices:
a survey of US physicians 18 months after licensure.
Pediatrics. 2010;126(3):425-433.

39. Perkins RB, Clark JA, Apte G, et al. Missed
opportunities for HPV vaccination in adolescent
girls. Pediatrics. 2014;134(3):e666-e674.

40. Reiter PL, Brewer NT, Gottlieb SL, McRee AL,
Smith JS. Parents’ health beliefs and HPV
vaccination of their adolescent daughters. Soc Sci
Med. 2009;69(3):475-480.

41. Reiter PL, Cates JR, McRee AL, et al. Statewide
HPV vaccine initiation among adolescent females in
North Carolina. Sex Transm Dis. 2010;37(9):549-556.

STIs After HPV Vaccination Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine April 2015 Volume 175, Number 4 623

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Utah User  on 04/10/2015




