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A B S T R A C T

Purpose: To determine whether depot medroxyprogesterone acetate (DMPA) use is associated
with an increased risk of acquisition of sexually transmitted infections (STIs) in a cohort of healthy
adolescents, for whom prospective evidence is sparse.
Methods: Adolescent women aged 14–17 years (n � 342) were recruited from clinical sites in the
United States between 1999 and 2005. They returned quarterly for interviews and STI testing. During
alternating 3-month periods, participants also completed daily diaries of sexual behaviors and per-
formed weekly vaginal self-obtained swabs to test for STIs. Data collected through 2009 (median
follow-up length � 42.2 months) were analyzed. Univariable and multivariable tests of association
between STI acquisition during the 3-month diary period and covariateswere calculated, using nonlin-
ear mixed-effect logistic regressionmodels to control for repeatedmeasurements.
Results: In multivariable analysis, there were no significant associations between DMPA use in the
current or previous 3-month period and incidence of Chlamydia trachomatis, Neisseria gonorrhoeae, or
Trichomonasvaginalis. Thenumberof total orunprotectedsexual eventsduring thediaryperiodwasnot
associated with the risk of STI. Older age was a protective factor for the development of Chlamydia
trachomatis (odds ratio � .85; 95% confidence interval � .76–.96). The only factor significantly associ-
atedwith an increased risk of contracting all three STIswas a greater number of sexual partners during
the diary period (odds ratio, range � 1.91–2.62).
Conclusions: In this U.S.-based cohort of adolescent women, we found no evidence that DMPA use
was associated with increased STI risk. Efforts to curb STI transmission among adolescents should
focus on education about the reduced number of sexual partners.

IMPLICATIONS AND
CONTRIBUTION

This study adds to the
sparse prospective litera-
ture on DMPA use and the
acquisition of STIs in ado-
lescents. DMPA should not
be avoided in adolescents
because of concern for in-
creased STI risk. Rather,
prevention efforts should
focus on education regard-
ing a reduced number of
sexual partners.
� 2013 Society for Adolescent Health and Medicine. All rights reserved.
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National data indicate that nearly 40%of sexually experienced
dolescents (aged 14–19 years) in the United States are infected
ith at least one sexually transmitted infection (STI) [1]. Clearly,
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ehavioral factors such as unprotected intercourse and multiple
artners are associatedwith increased risk of STIs.More recently,
tudies have investigated the relationship between STI acquisi-
ion and biological risk factors, including cervical ectopy, age,
oinfection with other STIs, and use of hormonal contraception,
uch as oral contraceptive pills and depot medroxyprogesterone
cetate (DMPA) [2–6]. These latter studies have suggested that
ormonal contraceptionmay increase the risk of STI acquisition.

ne widely postulated mechanism is the promotion of cervical
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ectopy by exogenous hormones. Both human and animalmodels
have demonstrated an association between hormonal contra-
ceptive use and increased cervical ectopy [7,8]; however, find-
ings from studies assessing the association between cervical
ectopy and infection risk have been inconsistent [9–12]. Addi-
tionally, the literature on hormonal contraceptive use and STI
risk has demonstrated methodological shortcomings including
cross-sectional studydesign and lack of controlling for important
confounders such as sexual behavior. Thus, we lack clear evi-
dence that hormonal contraceptive use is an independent risk
factor for acquisition of STIs.

Investigation of the relationship between DMPA use and STI
acquisition is particularly important for adolescents because of the
popularity of DMPA in this demographic: it is highly effective, re-
quires no daily behaviors, and is not partner dependent [13]. Na-
tional data indicate that rates of current DMPA use are highest
among adolescentwomen aged 15–19 years (at 9.4%) [14] and 20%
of sexually experienced adolescents have ever used DMPA [15].

Prospective cohort studies examining the association be-
ween DMPA and acquisition of Chlamydia trachomatis (C tracho-
atis), Neisseria gonorrhoeae (N gonorrhoeae), and Trichomonas
aginalis (T vaginalis) are few and are limited by small sample
izes and lack of adjustment for confounding. Of the five studies
n existence, three [16–18] have found statistically significant
associations betweenDMPAuse and C trachomatis infectionwith
azard ratios ranging from 1.6 to 4.3. None have observed in-
reased risk of N gonorrhoeae [16,17,19,20] or T vaginalis [16,
9,20] infection. All five studies used interviews to retrospec-
ively gather data about sexual behaviors during the previous
eek ormonths,which likely resulted in significant recall bias. In
ddition, two of the studies [16,17] were completed in popula-
ions of sex workers and two in HIV-positive women [17,19],
hich limits their generalizability.
Our study seeks to fill gaps in the literature by investigating

hether DMPA is associatedwith an increased risk of acquisition
f C trachomatis, N gonorrhoeae, and T vaginalis, independent of
ther behavioral risk factors. We studied a cohort of healthy
dolescents, using sensitive methodologies for STI testing and
aily diary reports of sexual behaviors, to adequately control for
ehavioral confounders. In this prospective cohort study, we
ypothesize that DMPA is not an independent risk factor for
cquisition of C trachomatis, N gonorrhoeae, or T vaginalis.

Methods

Study design

The data used for this analysis were collected as part of the
Young Women’s Project (YWP). The YWP is a longitudinal study
of a convenience sample of adolescent women. The study design
has been detailed in previous publications [21]. Briefly, adoles-
cent women were recruited from clinical sites and followed up
longitudinally. Enrollment began in 1999 and ended in July of
2005; the last observations (interviews) were conducted in
March of 2009. The study was originally designed for 27 months
of observation, but was extended up to 75 months for some
participantswhowere re-enrolled for a second period of variable
observation. At follow-up visits, which occurred approximately
every 3 months, participants were interviewed about their sex-
ual behaviors over the previous 3 months. STI testing was con-
ducted at each 3-month visit. During every other 3-month pe-

riod, participants completeddaily diaries of sexual behaviors and
performed weekly vaginal self-obtained swabs to test for STIs.
The research was approved by the institutional review board of
Indiana University-Purdue University at Indianapolis, IN.

Population

Young women were recruited from three adolescent medi-
cine clinics in inner-city Indianapolis, IN. Eligible women were
aged between 14 and 17 years, were English-speaking, and were
without significant psychiatric or substance abuse disorders. El-
igible participants who wished to participate were enrolled in
the clinic. At enrollment, informed consent was obtained from
participants, and parental permission was also obtained.

Data collection

On enrollment, participants completed a written questionnaire
and a face-to-face interview to ascertain sexual behaviors and STI
history. Participants were asked to report their lifetime and recent
(past 3 months) experience with vaginal, oral, and anal sex; their
number of sexual partners; frequency of sexual intercourse; past
contraceptive use; history of STIs; and age at first intercourse.
Clinician-obtainedcervical samplesorparticipant-obtainedvaginal
samples were also collected for STI testing.

Study participants returned to the clinic for follow-up every 3
months for interviews and STI testing. The interviews focused on
sexual and other health behaviors and contraception use during
the previous 3 months. Clinician-obtained cervical samples or
participant-obtained vaginal sampleswere collected for STI test-
ing. Self-administered vaginal swabs have shown high accept-
ability, sensitivity, and specificity [22].

In alternating 3-month blocks, study participants completed
daily diaries describing sexual behaviors, and they collected
weekly vaginal swabs for STI testing. Vaginal swabs were re-
trieved weekly by study personnel, were batched, and were
processed at the end of each 3-month period. All diary periods
lasted approximately 84 days and were initiated and ended by a
clinic visit as described.

DMPA use was assessed at the quarterly interviews; these
quarterly interviews flanked the diary periods and were used to
assess the use of DMPA in the 3months before a diary phase and
then to assess actual DMPA use during the diary period. Partici-
pants were asked, “Have you used Depo-Provera over the last 3
months?” If they answered “yes,” participants were asked to
report date of last injection. During the first 27 months of inter-
views, DMPA injections were verified through medical records.
Self-reports of DMPA use were found to be highly accurate, and
medical records verification was dropped. In most cases, DMPA
was administered at the same time of the quarterly interview, as
interviews were scheduled to coincide with clinical appoint-
ments for participants’ convenience. For this analysis, a diary
period was labeled with DMPA if the participant reported yes to
having used DMPA over the last 3 months.

STI testing

C trachomatis, N gonorrhoeae, and T vaginalis infections were
identified from the in-clinic visits, the participant-obtained vag-
inal samples collected weekly during diary collection, and the
episodes of infection identified from the participants’ medical
records. Testing was performed within 24–48 hours after spec-

imen collection during the quarterly interview. Participant-
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obtained samples were batched and tested at the end of the 3
month diary collection period. Nucleic acid amplification tests
(NAATs) were used to analyze all study specimens for C tracho-
matis and N gonorrhoeae (Amplicor CT/NG PCR; Roche Diagnos-
ics, Indianapolis, IN). Because of false-positive NAAT results for
gonorrhoeae, samples testing positive by the Amplicor CT/NG
CR were confirmed by Gen-Probe (San Diego, CA) Aptima,
hich amplifies a different molecular target [21]. Detection of T
aginalis DNAwas performed using a modification of the Ampli-
or CT/NG PCR assay that included primers and probes specific
or T vaginalis. Positive STI test results frommedical records (not
ncluding times of study participation) were obtained from the
egenstrief Medical Record System (Regenstrief Institute, Inc,
ndianapolis, IN), an electronic medical record system that links
ost hospitals, primary care, and acute care facilities in India-
apolis, IN.

TI treatment

Results of STI testing at enrollment, follow-up visits, and
elf-administered vaginal swabs were available to research and
linic staff within 72 hours of sample collection. Participants
eceived treatment according to published guidelines, typically
ithin 1 week of the positive test. Research staff was diligent in
roviding prompt treatment, but test of cures were assessed at
he following quarterly visit. Antibiotic types and regimenswere
ecorded for each treatment. Study participants who developed
TI symptoms between follow-up visits were tested and treated
t the study center. Documentation of treatment of infections
as also gathered from medical records.

Table 1
Disposition of study participants and diary periods

Characteristic Numb
partic

Enrolled 387
Excluded 45
No follow-up visit 22
Missing first interview with DMPA data 2
Missing STI data 9
OCP use only 12

Total in analysis 342
Accessible for analysis
Excluded
Concurrent OCP use
No STI treatment data
No STI testing (day 1)
No STI testing (final day)

Total in analysis
Using DMPA at enrollment 118
Number of diary periods contributed (%)
1 4 (3
2 12 (1
3 8 (6
4 or more 94 (7
Mean (SD) 6.3 (3

Not using DMPA at enrollment 224
Number of diary periods contributed (%)
1 26 (1
2 29 (1
3 24 (1
4 or more 145 (6
Mean (SD) 5.1 (3

C trachomatis � Chlamydia trachomatis; N gonorrhoeae

DMPA � depot medroxyprogesterone acetate; OCP � oral con
standard deviation.
ata analysis

Demographic, behavioral, and clinical characteristics of study
articipants were summarized and reported using descriptive
tatistics as appropriate. The unit of analysis was the actual diary
eriod, and the event of interest was STI acquisition during the 3
onth diary period. Diary periods provided information on po-

ential confounders, including daily reports of vaginal inter-
ourse and condom use on the day of vaginal intercourse,
hereas number of lifetime partners and partners numbers over
he previous 3 month period were collected from quarterly in-
erviews. Diary periods with concurrent use of DMPA and an-
ther form of hormonal contraception (i.e., oral contraceptive
ills or the contraceptive patch) were excluded from analysis.
dditionally, diary periodswere excluded if the participant had a
ositive test for C trachomatis, N gonorrhoeae, or T vaginalis at
he start of the periodwithout documentation of adequate treat-
ent, or if either the initial or the final STI test was missing. This

evel of exclusion was specific to each STI analyzed. Univariable
nd multivariable tests for association between STI acquisition
nd covariates were calculated using non-linear mixed-effect
ogistic regression models (to control for repeated measure-
ents), and odds ratios with 95% confidence intervals were pre-
ented. Covariates included in the models were clinically signif-
cant variables that have been previously identified to be
ssociatedwith sexually transmitted infection [20,23,24]: DMPA
se during the current diary period, and DMPA use during the
revious 3 month period (representing longer exposure); age;
resence of positive STI test at the start of a diary period; number
f lifetime sexual partners; and number of sexual partners in the

Number of diary periods

C trachomatis N gonorrhoeae T vaginalis

2,535 2,535 2,535
684 675 671
551 551 551
37 28 36
86 86 80
10 10 4

1,851 1,860 1,864

isseria gonorrhoeae; T vaginalis � Trichomonas vaginalis;
er of
ipants

.4)
0.2)
.8)
9.7)
.0)

1.6)
2.9)
0.1)
4.7)
.0)

� Ne

traceptive pill; STI � sexually transmitted infection; SD,
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past 3 months, number of sexual events, and number of unpro-
tected sexual events during the diary period. All covariates were
included in both univariable and multivariable models. Data
analysis was performed using SAS for Windows version 9.1 (SAS
Institute, Cary, NC).

Results

Study population characteristics

Three hundred eighty-seven adolescents were enrolled and
followed up in the YWP, contributing 2,535 diary periods. At 27
months, 285 (73.8%) of the 387women had completed the entire
observation period and 246were re-enrolled for a second period
of variable observation. After applying exclusion criteria for the
present study, there were 342 participants remaining for analy-
sis (Table 1). We included 1,851 diary periods for C trachomatis,
1,860 for N gonorrhoeae, and 1,864 for T vaginalis in our analysis.
Participants contributed an average of 5.6 (SD � 3.0) diary peri-
ods per person, with a range of 1–14.Median length of follow-up
for both observation periods for the 342 participants was 42.2
months (95% CI � 39.9–45.0).

Table 2
Participant characteristics at enrollment by DMPA use at enrollment

Characteristic DMPA
n (%)

No hormonal
n (%)

All
n (%)

Total number 118 (34.50%) 224 (65.50%) 342
Age (years) at enrollment:

mean � SD
15.65 � 1.10 16.01 � 1.09 15.77 � 1.11

Age (years) at first sex:
mean � SD

13.72 � 1.59 14.34 � 1.96 14.13 � 1.86

African American 107 (90.68%) 200 (89.29%) 307 (89.77%)
Positive STI 24 (20.34%) 33 (14.73%) 57 (16.67%)
Positive CT 20 (16.95%) 20 (8.97%) 40 (11.73%)
Positive GC 6 (5.08%) 8 (3.59%) 14 (4.11%)
Positive TV 2 (1.69%) 15 (6.70%) 17 (4.97%)
Number of partners in

past 2 months:
mean � SD

1 � 1 1 � 1 1 � 1

Number of lifetime
partners: mean � SD

3 � 3 3 � 4 3 � 4

CT � Chlamydia trachomatis; GC � Neisseria gonorrhoeae; TV � Trichomonas
vaginalis.

Table 3
Unadjusted odds ratios for acquisition of C trachomatis, N

Variable C trachoma
OR (95% CI)

DMPA use in current diary period
(yes/no)

.95 (.64–1

DMPA use in the previous 3-month
period (yes/no)

1.08 (.70–1

Age at start of diary period .94 (.86–1
Positive STI test at start of diary

period (yes/no)
3.08 (1.85–

Number of partners in past 3 months 2.00 (1.59–
Number of lifetime partners 1.05 (1.01–
Number of sexual events in diary

period
.98 (.96–1

Number of unprotected sexual
events in diary period

.98 (.95–1

* p � .0001.

** p � .001.
*** p � .05.
At the time of enrollment, 118 (34.5%) participants reported
having had a DMPA shot in the previous 3months. Three-fourths
of thesewomen (n� 89/118, 75.4%) stopped usingDMPA at least
once during their observation. Of the 224 women not using
DMPA at enrollment, 87 (38.8%) of them initiated the use of
DMPA during their period of observation. No differences were
seen in median length of observation between these two groups
ofwomen, based on status of DMPAuse at the time of enrollment
(log-rank test �2 � 2.30, p � .12).

The majority of the 342 participants included in the analysis
were African American (89.8%) (Table 2). The average age of
participants at the start of the diary periods was 16.0 (SD � 1.34)
ears. Of the 342 participants, 154 (45.03%) had one or more
nfectionswith C trachomatis,Ngonorrhoeae, or T vaginalisduring
he diary periods. Six hundred forty-two (33.81%) of the eligible
iary periods had recorded DMPA use. Therewere 157 (8.5%) diary
eriods ending with a positive C trachomatis test, 65 (3.5%) diary
eriods ending with a positive N gonorrhoeae test, and 80 (4.3%)
iary periods ending with a positive T vaginalis test.

nivariable analysis

In univariable analysis, there was no significant association
etween DMPA use during the current or previous 3-month
eriod and incidence of infection with C trachomatis, N gonor-
hoeae, or T vaginalis (Table 3) Age at the start of the diary period
nd number of total or unprotected sexual events in previous 3
onthswerenot significantly associatedwith risk of infection. In
ontrast, the presence of a positive STI test at the start of the diary
eriod and a larger number of both recent and lifetime sexual
artners were each associatedwith an increased risk of C tracho-
atis, N gonorrhoeae, or T vaginalis infection.

ultivariable analysis

In multivariable analysis, there was no significant association
etween DMPA use in the current or previous 3-month period
nd incidence of C trachomatis, N gonorrhoeae, or T vaginalis
nfection, controlling for all other factors (Table 4). The number
f total or unprotected sexual events during the diary periodwas
ot associated with risk of STI. Older age at the start of the diary

rrhoeae, or T vaginalis during the 3-month diary period

N gonorrhoeae
OR (95% CI)

T vaginalis
OR (95% CI)

1.22 (.69–2.16) .65 (.35–1.19)

1.22 (.66–2.24) .89 (.49–1.63)

1.07 (.95–1.20) 1.10 (.98–1.22)
3.35 (1.12–10.01)*** 4.92 (2.08–11.63)**

2.40 (1.76–3.27)* 1.99 (1.44–2.74)*
** 1.08 (1.02–1.13)*** 1.07 (1.02–1.13)***

1.00 (.97–1.03) 1.00 (.97–1.03)

1.00 (.97–1.04) 1.00 (.97–1.03)
gono

tis

.40)

.67)

.02)
5.12)*

2.53)*
1.08)*
.00)

.00)



t
i
p
o
a
t
a
a
n
t

D

a
t

H
1
r
o

i
n
i
s
u
i
t
n
i
o
p
a
t
a
p
n

l
a
i
i
t
d
S
h
t
p
i
p
A
c
r

a
v
S
c
a
t
b
f
a

A. Romer et al. / Journal of Adolescent Health 52 (2013) 83–88 87
period was a protective factor for infection with C trachomatis,
but it showed no significant association with risk of either N
gonorrhoeae or T vaginalis infection. A positive T vaginalis test at
he start of the diary period was associated with a significantly
ncreased risk of acquiring T vaginalis by the end of the diary
eriod. However, the presence of a positive test for C trachomatis
r N gonorrhoeae at the start of the diary period was not associ-
ted with increased risk of C trachomatis or N gonorrhoeae infec-
ion at the end of the diary period. The only factor significantly
ssociatedwith an increased risk of contracting all three STIswas
greater number of sexual partners during the diary period. The
umber of lifetimepartnerswasnot significantly associatedwith
he risk of any STI.

iscussion

This study considered the association between behavioral
nd biological risk factors and increased risk of acquisition of C
rachomatis, N gonorrhoeae, and T vaginalis in an urban popula-
tion of adolescent girls. A greater number of sexual partners over
the 3 months since previous STI testing, younger age, and a
history of a positive test for T vaginaliswere independently asso-
ciated with increased risk of STI infection.

We did not find an association between DMPA use and in-
creased risk of STI. These findings are consistentwith two [19,20]
of the five prospective studies examining the association be-
tween STI and DMPA use. Of the three studies that found a
positive association between DMPA use and C trachomatis infec-
tion, two were conducted in a different population: commercial
sex workers in Malawi [16,17]. In the third study, Morrison and
colleagues considered HIV-negative, predominately adult, women
in the United States, and found significant association with DMPA
use and total STI infection and C trachomatis infection alone [18].
owever, the small number of infections—37 C trachomatis and
4 N gonorrhoeae for 45 infections in 1,988 evaluated segments—
esulted in a wide confidence interval from 1.6 to 8.5. In contrast,
ur study included approximately four times the number of C tra-

chomatis and N gonorrhoeae infections in a similar number of eval-
uated segments.

Our data demonstrated a strong association between having a
positive T vaginalis test at the start of the diary period and acqui-
sition of T vaginalis during that diary period. Because all subjects
with a positive STI test at the start of a diary period received
appropriate treatment, it is unlikely the ending positive test
represents persistence of an inadequately treated infection. In-

Table 4
Adjusted odds ratios for acquisition of C trachomatis, N g

Variable

DMPA use in current diary period (yes/no)
DMPA use in previous 3-month period (yes/no)
Age at start of diary period
Positive STI test at start of diary period (yes/no)
Number of partners in past 3 months
Number of lifetime partners
Number of sexual events in diary period
Number of unprotected sexual events in diary period

* p � .0001.
** p � .001.
*** p � .05.
stead, it may represent reinfection from an untreated partner. d
Younger adolescents in our study were more likely to be
nfected with C trachomatis than older adolescents. Conversely,
ational STI surveillance data suggest that rates of C trachomatis
nfection peak between ages 18 and 20 years [25]; however,
urveillance data are prone to screening and reporting biases. It is
nclearwhether the differencewe observed is because of behav-
oral or biological variation between the age groups. Only one of
he behavioral factors investigated in the study, which was the
umber of partners in the previous 3-month period, was signif-
cantly associatedwith acquisition of all three STIs. Total number
f sexual events and number of unprotected sexual events in the
revious 3-month period were not significantly associated with
cquisition of C trachomatis, N gonorrhoeae, or T vaginalis infec-
ion. The lack of association between number of sexual events
nd STI acquisition may indicate that those without multiple
artners in the past 3 months may have been in mutually mo-
ogamous relationships.
This study benefits from its large cohort and length of

ongitudinal follow-up, which contributed many STIs to our
nalysis. In addition, the use of daily dairies of sexual behav-
ors in conjunction with quarterly interviews helps reduce
ssues of recall bias. However, some important limitations of
his study must be noted. One potential issue is that our study
id not require laboratory documentation of clearance of an
TI after a positive test. Instead, clearance was assumed to
ave occurred in patients who were prescribed appropriate
reatment consistent with clinical care. Therefore, subsequent
ositive results were treated as independent infections, when
t is possible these could represent persistent infections if
atients did not take their prescribed course of treatment.
lso, ours was an observational study and not a randomized
ontrolled trial. As such, our findings could be affected by
esidual confounding.

Ultimately, we demonstrate that DMPA users and nonusers
re at equal risk of acquiring C trachomatis, N gonorrhoeae, or T
aginalis. These data suggest that the variation in acquisition of
TIs among sexually active adolescents in this population is be-
ause of sexual behaviors, such as number of sexual partners and
ge, rather than the presence or absence of hormonal contracep-
ion. Our data suggest that hormonal contraception should not
e avoided in this population owing to concern for increased risk
or acquisition of STIs. Instead, efforts to curb STI transmission
mong adolescents should focus on education regarding a re-

oeae, or T vaginalis during the 3-month diary period

chomatis
95% CI)

N gonorrhoeae
OR (95% CI)

T vaginalis
OR (95% CI)

(.45–1.31) 1.19 (.57–2.48) .66 (.32–1.36)
(.69–1.96) 1.12 (.54–2.32) 1.04 (.52–2.08)
(.76–.96)*** .98 (.84–1.13) .97 (.85–1.11)
(.95–3.27) 2.92 (.98–8.66) 6.51 (2.90–14.63)*
(1.56–2.83)* 2.62 (1.81–3.79)* 1.91 (1.33–2.74)**
(.98–1.09) 1.02 (.97–1.09) 1.01 (.95–1.08)
(.90–1.02) .94 (.84–1.04) 1.00 (.94–1.07)
(.95–1.09) 1.06 (.94–1.18) .98 (.91–1.05)
onorrh

C tra
OR (

.76
1.17
.85

1.76
2.10
1.03
.96

1.02
uced number of sexual partners.
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