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Abstract

Introduction: Whether intramuscular depot medroxyprogesterone acetate (DMPA-IM) and 

norethisterone enanthate (NET-EN) have a differential impact on the incidence of sexually 

transmitted infection (STI) remains unclear. In the Vaginal and Oral Interventions to Control 

the Epidemic (VOICE) trial, HIV-1 acquisition was higher for DMPA-IM users vs. NET-EN users. 

We compared DMPA-IM and NET-EN users with regard to chlamydia, gonorrhea, trichomoniasis, 

syphilis, and herpes simplex virus type 2 (HSV-2) infection.

Materials and Methods: Prospective data were analyzed from VOICE, a randomized trial of 

HIV-1 chemoprophylaxis. Participants were evaluated annually and as indicated for chlamydia, 

gonorrhea, trichomoniasis, and syphilis. Stored specimens were tested for HSV-2. Proportional 

hazards models compared the risk of STI between DMPA-IM and NET-EN users.

Results: Among 2,911 injectable contraception users in South Africa, 1,800 (61.8%) used 

DMPA-IM and 1,111 used NET-EN (38.2%). DMPA-IM and NET-EN users did not differ in 

baseline chlamydia: 15.1 vs. 14.3%, p= 0.54; gonorrhea: 3.4 vs. 3.7%, p= 0.70; trichomoniasis: 

5.7 vs.5.0%, p= 0.40; or syphilis: 1.5 vs. 0.7%, p= 0.08; but differed for baseline HSV-2: (51.3 vs. 

38.6%, p < 0.001). Four hundred forty-eight incident chlamydia, 103 gonorrhea, 150 trichomonas, 

17 syphilis, and 48 HSV-2 infections were detected over 2,742, 2,742, 2,783, 2,945, and 756 

person-years (py), respectively (chlamydia 16.3/100 py; gonorrhea 3.8/100 py; trichomoniasis 

5.4/100 py; syphilis 0.6/100 py; HSV-2 6.4/100 py). Comparing DMPA-IM with NET-EN users, 

no difference was noted in the incidence of chlamydia, gonorrhea, trichomoniasis, syphilis, or 

HSV2 infections, including when adjusted for confounders [chlamydia (aHR 1.03, 95% CI 0.85–

1.25), gonorrhea (aHR 0.88, 95% CI 0.60–1.31), trichomoniasis (aHR 1.07, 95% CI 0.74–1.54), 

syphilis (aHR 0.41, 95% CI 0.15–1.10), and HSV-2 (aHR 0.83, 95% CI 0.45–1.54, p= 0.56)].

Discussion: Among South African participants enrolled in VOICE, DMPA-IM and NETEN 

users differed in prevalence of HSV-2 at baseline but did not differ in the incidence of chlamydia, 

gonorrhea, trichomoniasis, syphilis, or HSV-2 infection. Differential HIV-1 acquisition, previously 

demonstrated in this cohort, does not appear to be explained by differential STI acquisition. 

However, the high incidence of multiple STIs reinforces the need to accelerate access to 

comprehensive sexual and reproductive health services.

Keywords

depot medroxyprogesterone acetate; norethisterone enanthate; chlamydia; gonorrhea; 
contraception; trichomoniasis; syphilis; HSV-2

INTRODUCTION

Uptake of injectable progestin contraception, particularly the progestogen derivative, 

intramuscular depot medroxyprogesterone acetate (DMPA-IM), and the synthetic progestin 

norethisterone enanthate (NET-EN), has increased substantially over the past several decades 

(1). These two methods differ in duration of contraceptive effectiveness and administration 
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schedule (every three months for DMPA-IM vs. every two months for NET-EN) but have 

otherwise been treated similarly in terms of clinical guidance (2). Results from multiple 

observational studies previously suggested that DMPA-IM might increase the risk of women 

acquiring sexually transmitted HIV, although findings have been inconsistent (3). Evidence 

has also conflicted regarding the potential impact of injectable progestin contraception on 

sexually transmitted infections (STIs), including Chlamydia trachomatis (CT), Neisseria 
gonorrhoeae (NG), Trichomonas vaginalis (TV), syphilis, and herpes simplex virus type 2 

(HSV-2) infections (4–7).

The Evidence for Contraceptive Options in HIV Outcomes (ECHO) trial (8) found no 

difference in risk for HIV acquisition among those randomized to DMPA-IM, a copper 

intrauterine device (IUD), or a levonorgestrel (LNG) implant. A subsequent analysis of 

data from ECHO noted that prevalent CT at the final visit did not differ between the 

DMPA-IM and copper IUD groups, and the DMPA-IM group had a significantly lower 

risk of CT compared with the LNG implant group [prevalence ratio (PR) 0.83, 95% CI 

0.72–0.95] (9). At the final visit, the prevalence of NG in the same study differed between 

the DMPAIM and copper IUD groups (PR 0.67, 95% CI 0.52–0.87). These results suggest 

that women randomized to DMPA did not have a higher risk of CT or NG compared with 

users of LNG implants or copper IUD. However, the ECHO trial lacked a randomization 

arm for NET-EN, which has been noted as a gap in understanding the potentially complex 

relationship between contraceptive method of choice and risk for HIV and STI acquisition 

(10).

Following the results of the ECHO trial, a guidance statement from WHO reiterated that 

women at high risk of HIV infection are eligible to use all progestogen-only contraceptive 

methods without restriction (MEC Category 1) (11). While global guidance has treated 

DMPA-IM, DMPASC, and NET-EN similarly, a recent review of pharmacokinetic, 

biologic, and epidemiologic differences in MPA- and NET-based progestin-only injectable 

contraceptives concluded that they are likely to act differently relative to potential HIV 

acquisition in women, based on most of the available biological activity and epidemiological 

data (12). Recent findings from the ZimCHIC study suggest that women who initiate DMPA 

and NETEN exhibit some differences in genital tract immune mediators (both soluble 

and cellular) (13). However, changes were limited compared to those observed among 

women initiating the use of a copper IUD. Differential impact on the vaginal epithelium, 

genital microenvironment, and/or local immune response have been proposed as potential 

mechanisms for differences in STI acquisition among users of different contraceptive 

methods. However, until recently, relatively few studies have reported whether NET-EN 

users differ from DMPA-IM users with respect to the acquisition of HIV and STI, although 

analysis of available data suggests a lower risk for HIV-1 infection associated with NET-EN 

compared with DMPA-IM (3).

Among South African participants who used injectable progestin contraception in the 

VOICE study, DMPA-IM users had ∼50% increased risk of HIV-1 acquisition, compared 

with NET-EN users (14). In this cohort, HIV-1 infection was strongly associated with the 

history of CT, NG, or TV infection at screening (HR 2.15, 95% CI 1.66–2.79, p < 0.001). 

Users of DMPA-IM tended to be slightly older compared with users of NET-EN (14), a 
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finding consistent with historic trends in South Africa (15), but suggesting a comparatively 

lower risk for many STIs (16). However, in a secondary analysis of data from a randomized 

trial of the dapivirine vaginal ring for HIV-1 prevention, investigators found no statistically 

significant differences in HIV-1 incidence by contraceptive method, including DMPAIM, 

NET-EN, implants, or copper IUD (17). Additional analyses from the same dapivirine ring 

study found that incidence of CT and NG was not significantly different between DMPA-IM 

and NET-EN users; however, the incidence of TV was lower among DMPA-IM compared 

with copper IUD users (18).

Thus, the extent to which DMPA-IM and NET-EN users may differ in their risk for HIV and 

STI acquisition remains unclear, particularly for STI other than CT and NG. In this analysis, 

the prevalence and incidence of CT, NG, TV, syphilis, and HSV-2 infections were compared 

between DMPA-IM and NET-EN users enrolled at VOICE sites in South Africa.

MATERIALS AND METHODS

This analysis included prospective data from participants at 11 South African sites in 

VOICE, a Phase 2B, randomized trial of the safety and effectiveness of tenofovir-based 

HIV-1 chemoprophylaxis (Figure 1) (19). Details of the VOICE trial have been described in 

Marrazzo et al. (20). Diagnostic tests for STI were chosen based upon sensitivity, specificity, 

and feasibility, among those that were available at the time VOICE was implemented. 

Women were screened for CT and NG infection by using nucleic acid amplification testing 

(Becton Dickinson ProbeTec ET ®, Franklin Lakes, NJ, USA) of urine samples at study 

screening, annually, and at the end of study product use, with additional testing performed 

as clinically indicated. Routine screening and clinically indicated testing for TV were 

performed using the OSOM Rapid Trichomonas ® test (Genzyme, Cambridge, MA, USA). 

Specimens were collected from the lateral vaginal wall or posterior fornix using a Dacron 
® swab (Genzyme, Cambridge, MA, USA). Testing was performed during participant visits, 

when possible, but storage at room temperature for 24 h or refrigeration for 36 h was 

permitted before testing. Due to low sensitivity, wet prep data were not used to define TV 

infection outcomes in this analysis. Syphilis testing was performed at study screening of 

participants, annually, as clinically indicated, and at study exit using a rapid plasma reagin 

(RPR) screening test, followed by a confirmatory microhemagglutinin assay for Treponema 
pallidum (MHA-TP) or T. pallidum hemagglutination assay (TPHA) for reactive samples.

Participant sera were tested for HSV-2 (HerpeSelect enzyme immunoassay, EIA) at 

enrollment and were determined to have a pre-existing infection if the titer result was ≥ 

3.5. Quarterly EIA results were available for participants in the two VOICE gel study 

arms, due to a planned, separate comparison between tenofovir gel and placebo gel arms. 

At study exit, repeat EIA was conducted for samples of susceptible participants, using a 

seroconversion cut-off of ≥ 3.5. Confirmation was performed using Western blot on samples 

from enrollment and exit visits for the subset of participants in study gel arms.

Results, counseling, and treatment were provided on-site. Single-dose, directly observed 

STI therapy for CT, NG, and TV infections, was encouraged across sites but not required. 

Syphilis was treated with three doses of benzathine penicillin. While local guidelines 
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advised syndromic management for genital tract infections, sites used protocol-specific 

guidance for laboratory assay-based STI screening and treatment (21). Consistent with local 

standards of care, sex partners of women with STI diagnoses were not routinely offered 

presumptive therapy but were referred to local facilities. Asymptomatic women, who had 

completed treatment for CT, NG, TV, and/or syphilis, diagnosed at screening were permitted 

to enroll.

Contraception was provided on-site at all study sites and methods obtained off-site were 

transcribed from family planning records of participants. Exposure lengths per injection 

[17 weeks (DMPA-IM) and 10 weeks (NET-EN)] were based on WHO guidelines for the 

duration of contraceptive coverage (22). Exposure was further categorized to distinguish 

periods where combined oral contraceptive (COC) and injectable exposure overlapped, 

for example, to treat breakthrough vaginal bleeding. Distinct segments of exposure were 

estimated representing days that each woman used each method. Participant-years of 

contraceptive exposure include all segments of use.

This secondary analysis of data from the VOICE study excluded those participants who 

enrolled in countries not using NET-EN, were HIV-infected at enrollment, never used 

injectable contraception, were missing data on injectable contraceptive type, switched 

between the two injectable types during follow-up, or initiated injectable contraception 

following censoring (Figure 1). Participants were not excluded for injections that were not 

received on schedule. Baseline demographic, sexual behavior, and partner characteristics 

were compared between participants using DMPA-IM and NET-EN as their first injectable 

method on the study, using Wilcoxon rank-sum test for continuous variables and Pearson’s 

chi-squared test for categorical variables. Prevalence for each STI was calculated and 

compared between DMPA-IM and NET-EN users using Pearson’s chi-squared test. 

Incidence rates for each STI were calculated per 100 person-years (py) follow-up with 

95% confidence intervals overall and separately for person-time specific to DMPA-IM and 

NET-EN exposure. Recent partner change was measured as a binary variable. The frequency 

of vaginal sex was measured as a number of vaginal sex acts in the past week. The additional 

partners of primary partners were reported categorically (“yes,” “no,” and “don’t know”). 

Condom use was a binary variable indicating condom use at last vaginal intercourse.

Andersen-Gill proportional hazards models, which allow for multiple individual failure 

events per participant, were used to investigate the potential association between injectable 

contraceptive type and acquisition of CT, NG, TV, and syphilis during follow-up (23). 

Cox proportional hazards models were used to investigate the potential association between 

injectable type and HSV-2 acquisition and were restricted to VOICE study gel arms, as 

noted above. As participants may have missed injections or switched to contraceptive 

methods other than injectables, exposure was treated as time-varying. As routine STI 

screening occurred on an annual basis following enrollment, analysis was restricted to 

women who did not switch injectable contraceptive types during follow-up. Follow-up 

time began after enrollment, with first injectable use during the study used as the time 

origin for all models. Observations were censored at the estimated date of HIV-1 infection, 

pregnancy detection, or last test (for particular STI) during follow-up. The date of HIV1 

infection was estimated using the midpoint between the last negative and first confirmed 
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positive test. Censoring at the time of HIV-1 infection and pregnancy was undertaken 

because of the likelihood of differential STI screening and treatment following diagnosis. 

Hazard ratios were recalculated comparing DMPAIM with NET-EN use for all infections, 

adjusting for potential confounding variables, which were chosen a priori by consensus of 

the authors based on their potential to impact study endpoints [time-fixed age and marriage/

cohabitation, and time-varying oral contraceptive pill (OCP) use, frequency of sex, and 

condom use]. Power calculations were not undertaken prior to analyses.

These analyses did not include comparisons with noninjectable methods of contraception or 

those who reported using no contraceptive method. While VOICE study procedures included 

verification of injectable contraceptive use, this same level of verification was not available 

for OCPs. Additionally, it is likely that adherence to OCPs as a method of contraception in 

the VOICE study was poor, given the incidence of pregnancy in this group. Recent evidence 

from other studies that included assessment of hormone levels indicates that self-reported 

data on contraceptive use may be misreported, suggesting that studies that rely on self-report 

to identify contraceptive hormone exposure could suffer from significant misclassification 

(24). These analyses did not estimate the impact of each injectable or the pooled impact 

of injectable progestin contraceptive use compared with non-use on acquisition of the 

acquisition of STI for several reasons. First, the VOICE study did not include many 

women who did not use hormonal contraception. Second, guidance on design and analysis 

of observational studies such as this one recommends more precise characterization of 

contraceptive exposure, in part by disaggregating hormonal contraceptive type in analyses 

(25). As confidence intervals for incidence rates of STI overlapped substantially across sites, 

a site-stratified hazard ratio was not calculated for unadjusted or adjusted models. Additional 

analyses were calculated for the subgroups of women reporting no condom use at baseline 

and those <25 years old. No adjustments were made for VOICE study arm due to generally 

low VOICE study drug adherence across participants, or additional analyses among those 

with higher levels of detectable study drug, due to small numbers of endpoints. In addition, 

no impact was anticipated for oral study drugs on bacterial and protozoal infections. As 

noted above, only data for study gel arms were included for analyses of HSV-2 endpoints.

The comparison of DMPA-IM with NET-EN users to examine risk of STI was not pre-

specified in the VOICE trial but was designed prior to knowledge of final VOICE results, 

with the hypothesis of no difference in incident STI between DMPA-IM and NET-EN users. 

Statistical tests used a two-sided alpha of 0.05. Analyses were conducted using Stata version 

13.1 (StataCorp, Inc, College Station, TX). All participants provided written informed 

consent. The VOICE study underwent all required institutional review board (IRB) reviews 

and is registered with Clinicaltrials.gov (NCT00705679). The Johns Hopkins Bloomberg 

School of Public Health IRB provided additional approval for this secondary data analysis.

RESULTS

Among 4,077 women enrolled for the VOICE trial in South African sites, 3,316 (81.3%) 

used injectable progestin contraception during follow-up. Of these, 2,911 (87.8%) were 

included in these analyses; 1,800 (61.8%) used DMPA-IM and 1,111 used NET-EN (38.2%) 

(Figure 1). The exclusion of those who switched injectable contraceptive type during 
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follow-up or who initiated injectable progestin contraception following last STI testing (for 

each STI) means that this cohort differed slightly in composition from the VOICE cohort 

previously analyzed for the difference in HIV-1 acquisition. A non-significant increased risk 

for HIV-1 acquisition persisted in this smaller cohort for DMPA-IM compared with NET-EN 

users (aHR 1.30, 95% CI 0.96–1.77). The median follow-up duration was 15.6 months (IQR, 

12–18.5 months), which did not differ significantly by injectable type (p = 0.54). Table 

1 includes demographic and behavior characteristics of participants at baseline for each 

analysis.

Chlamydial Infection

Among 2,739 participants included in the analysis of CT infection, the overall prevalence 

of CT infection at baseline was 14.8% (Table 1). Users of DMPA-IM and NET-EN did not 

differ in the likelihood of diagnosis at baseline (p = 0.54). Over 2,742 py of follow-up, 

the number of CT infections occurred was 448 for an overall incidence of 16.3/100 py 

(Table 2), which did not differ significantly by injectable type [DMPA-IM 15.6/100 py, 

95% CI (13.9–17.6/100 py) vs. NET-EN 17.5/100 py, 95% CI (15.2–20.3/100 py) (HR 0.91, 

95% CI 0.75–1.10, p = 0.32)]. Adjustment for potential confounding variables (time-fixed 

age and marriage/cohabitation, and time-varying oral contraceptive use, frequency of sex, 

and condom use) did not qualitatively change this estimate (adjusted HR [aHR] 1.03, 95% 

CI 0.85– 1.25, p = 0.77). Among women who disclosed at baseline that they did not 

use condoms, no significant difference was detected between DMPA-IM compared with 

NET-EN users in acquisition of CT (HR 0.82, 95% CI 0.44–1.55, aHR 0.78, 95% CI 0.41–

1.50). Restricting analyses to women <25 years old did not qualitatively change findings 

(HR 1.07, 95% CI 0.86–1.32, aHR 1.08, 95% CI 0.87–1.35).

Gonorrheal Infection

The overall prevalence of NG infection among South African users of injectable progestin 

contraception at baseline was 3.5% (Table 1). Users of DMPA-IM and NET-EN did not 

differ in the likelihood of diagnosis at baseline (p = 0.70). Among injectable progestin 

contraceptive users overall, 103 NG infections occurred over 2,742 pys of follow-up for 

an overall incidence of 3.8/100 pys (Table 2). Incidence of NG infection did not differ 

significantly by injectable progestin type (DMPA-IM vs. NET-EN: 3.6/100 py, 95% CI 2.8–

4.6/100 py, vs. 4.0/100 py, 95% CI 2.9–5.4/100 py) (HR 0.88, 95% CI 0.60–1.31, p = 0.54). 

Adjustment for potential confounding variables did not qualitatively change this estimate 

(aHR 1.06, 95% CI 0.70–1.59, p = 0.79). Among women who disclosed at baseline that they 

did not use condoms, too few NG endpoints (n = 7) were available for analysis. Restricting 

analyses to women <25-years-old did not qualitatively change findings (HR 0.99, 95% CI 

0.64–1.55; aHR 1.03, 95% CI 0.65–1.62).

Trichomonas Infection

The overall prevalence of TV infection was 5.4% (Table 1). Users of DMPA-IM and NET-

EN did not differ in the likelihood of diagnosis at baseline (p = 0.40). Among injectable 

progestin contraceptive users overall, 150 TV infections occurred over 2,783 pys of follow-

up for an overall incidence of 5.4/100 pys (Table 2). Incidence of TV infection did not differ 

significantly by progestin type (DMPA-IM vs. NET-EN: 5.6/100 py, 95% CI 4.6–6.8/100 
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py, vs. 5.1/100 py, 95% CI 3.9–6.7/100 py) (HR 1.09, 95% CI 0.78–1.52, p = 0.62). 

Adjustment for potential confounding variables did not qualitatively change the estimate for 

the difference in hazard of TV (aHR 1.07, 95% CI 0.74–1.54, p = 0.72). Among women 

who disclosed at baseline that they did not use condoms, no significant difference was 

observed when comparing DMPA-IM vs. NET-EN users in TV acquisition (HR 0.87, 95% 

CI 0.29–2.53; aHR 0.81, 95% CI 0.28–2.43). Restricting analyses to women <25-years-old 

also did not qualitatively change findings (HR 1.10, 95% CI 0.71–1.70, aHR 1.17, 95% CI 

0.73–1.87).

Syphilis Infection

The overall prevalence of syphilis among South African users of injectable progestin 

contraception at baseline was 1.2% (Table 1). Users of DMPA-IM and NET-EN did not 

differ in their likelihood of diagnosis at baseline (p = 0.08). Among injectable progestin 

contraceptive users, 17 syphilis infections were detected over ∼2,945 pys of follow-up 

for an overall incidence of 0.6/100 pys (Table 2), which did not differ significantly by 

progestin type (DMPA-IM vs. NET-EN: 0.4/100 py, 95% CI 0.2–0.8/100 py, vs. 0.9/100 

py, 95% CI 0.5–1.6/100 py) (HR 0.44, 95% CI 0.17–1.16, p = 0.10). Adjustment for 

potential confounding variables did not qualitatively change the estimate for the difference 

in hazard of syphilis infection (aHR 0.41, 95% CI 0.15–1.10, p = 0.08). Among women who 

disclosed at baseline that they did not use condoms, estimates were not calculated, due to 

an inadequate number of endpoints (n = 1). Restricting analyses to women under 25 years 

old did not qualitatively change findings (HR 0.63, 95% CI 0.19–2.08, aHR 0.60, 95% CI 

0.18–2.01).

Herpes Simplex Virus Type 2 Infection

The overall prevalence of HSV-2 among all South African users of injectable progestin 

contraception at baseline was 46.5%. Among the subset of participants who had HSV-2 

outcome data during follow-up, HSV-2 prevalence at baseline was 46.3%. Users of DMPA-

IM had a higher likelihood of diagnosis at baseline compared to NET-EN users (51.3 vs. 

38.6%, p < 0.001). Among those injectable progestin contraceptive users who were negative 

for HSV-2 at baseline (n = 634), 48 HSV-2 infections occurred over 756 pys of follow-up 

for an overall incidence of 6.4/100 pys (Table 2), which did not differ significantly by 

progestin type (DMPA-IM vs. NET-EN: 6.3/100 py, 95% CI 4.3–9.2/100 py, vs. 6.4/100 py, 

95% CI 4.2–9.8/100 py) (HR 1.01, 95% CI 0.57–1.79, p = 0.98). Adjustment for potential 

confounding variables did not qualitatively change the estimate for the difference in hazard 

of HSV-2 infection between DMPA-IM and NET-EN users (aHR 0.83, 95% CI 0.45–1.54, p 
= 0.56). Estimates were not generated for the subgroup of women who disclosed at baseline 

that they did not use condoms, due to a small number of endpoints (n = 3). Restricting 

analyses to women < 25 years old did not qualitatively change findings (HR 0.73, 95% CI 

0.37–1.42, p = 0.35; aHR 0.58, 95% CI 0.28–1.20, p = 0.14).

DISCUSSION

In this analysis of 2,911 women who used injectable progestin-only contraception at South 

African VOICE sites, DMPA-IM and NET-EN users differed in their likelihood of HSV-2 
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diagnosis at baseline. However, no difference was observed between DMPAIM and NET-EN 

users for the acquisition of CT, NG, TV, syphilis, or HSV-2 infection during follow-up. 

Findings were not modified when adjusted for potentially confounding variables. Similar 

estimates were found among women who disclosed a recent history of unprotected sex and 

women under 25 years old.

This analysis included 448 incident CT infections, 103 incident NG infections, 150 

incident TV infections, 17 incident syphilis infections, and 48 incident HSV-2 infections 

detected over approximately 2,700 person-years of follow-up, constituting one of the largest 

datasets for observational analyses of hormonal contraceptive use and STI acquisition 

in a single study. Characterization of exposure for the model was strengthened by 

frequent measurement and on-site provision of contraception throughout study participation. 

Endpoints for CT and NG were measured with high sensitivity and specificity via DNA 

amplification assay performed on urine.

This analysis focused on the comparison between two different injectable methods, with 

the goal of decreasing (but not necessarily eliminating) confounding related to condom 

use, coital frequency, and/or partner selection. Such differences were anticipated to be 

lesser between DMPA and NET-EN users as compared with those between hormonal and 

non-hormonal methods of contraception. Comparisons between injectable methods also have 

a greater utility for women who want to avoid pregnancy and for contraceptive providers.

Several studies have investigated whether HC use increases the risk of contracting STIs in 

women. However, most findings are from observational analyses, such as this one, and few 

have compared injectable methods with each other. The VOICE study was not designed 

to investigate the association between contraceptive types and the acquisition of STIs. 

Thus, this study design, like all observational designs is subject to bias, and results must 

be interpreted cautiously. In this analysis, the observed difference in HSV-2 at baseline 

between DMPA-IM and NET-EN users is likely related to differences in age. Compared to 

NETEN users, DMPA-IM users reported higher numbers of sex acts per week and were 

more likely to be married or cohabitating, suggesting potentially more opportunities for 

incident infections. Having more than one partner was more frequently reported by NET-EN 

users compared with DMPA-IM users. Reported condom use at last sex appeared similar 

between the two groups, although it was likely over-reported, given the high incidence of 

STI observed during the study. While analyses adjusting for potential confounders did not 

show differences between DMPAIM and NET-EN users for the acquisition of STI during 

follow-up, residual confounding in these results cannot be ruled out.

More frequent assessment of STI outcomes may have been more informative. As sub-

clinical STI are common, contraceptive exposure contemporaneous with STI diagnosis may 

not correspond with contraceptive exposure at the time of true STI acquisition. It is unknown 

if partner treatment differed between DMPA-IM and NET-EN users. As single-dose directly 

observed therapy (for CT, NG, and TV) was encouraged but not required, it is possible that 

some STI treatment was not completed between tests. However, the investigators have no 

reason to suspect under-treatment, if it occurred, differed by exposure of interest. If women 

received STI treatment off-site without study staff knowledge, this may have impacted 
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results; a substantial impact is unlikely, though, as women received monthly care at sites, 

accessed free STI testing there, and were asked about medical care and medications taken 

between visits. If this did occur, it may have been more likely for symptomatic infections. 

Lastly, participants were South African women participating in HIV prevention research, 

potentially limiting generalizability.

Had this analysis estimated more incident STIs in DMPAIM compared with NET-EN 

users, it might have suggested that the previously observed difference in HIV-1 incidence 

between these groups was related either to differences in behavioral risk or a biological 

mediating effect of these STIs between injectable progestin contraception exposure and 

HIV1 acquisition. However, such a trend was not observed. Strong evidence supports 

the role of both ulcerative and non-ulcerative STI in promoting HIV-1 transmission by 

increasing HIV1 infectiousness and susceptibility through various biological mechanisms 

(26). Increased STI risk has also been proposed as a mechanism of mediation by which 

HC could increase the risk of HIV-1 infection in women (27). These results do not rule 

out the possibility that higher acquisition of HIV1 in DMPA-IM compared with NET-EN 

users, previously observed in this cohort, is related to unmeasured confounding. In part, 

comparisons between DMPA-IM and NET-EN users were undertaken with the hypothesis 

that restriction to a single contraceptive delivery system (injection) might reduce behavioral 

confounding potentially associated with comparison of injectable contraceptive use to no 

HC use. However, unmeasured differences in behavioral risk for STI may still be present 

between DMPA-IM and NET-EN users and could explain differential HIV-1 acquisition. 

Exposure to STIs analyzed in this study may or may not overlap with HIV-1 exposure in 

sexual networks of the study participants. Thus, DMPA-IM and NETEN users may have 

similar exposure risk for these STIs and differential exposure risk for HIV-1 infection. The 

exclusion of those who switched injectable contraceptive type during follow-up, or who 

initiated injectable progestin contraception following last STI testing (for each STI) means 

that this cohort differed slightly in composition from the cohort previously analyzed for 

difference in HIV-1 acquisition. However, a non-significant increased risk for acquisition of 

HIV-1 persisted in this smaller cohort for DMPA-IM compared with NET-EN users.

The incidence of STI was unfortunately high in this cohort, as has been noted in other 

estimates from South Africa (9, 16, 28). Results of this analysis suggest that DMPA-IM 

and NET-EN users have a similar risk of incidence of CT, NG, TV, syphilis, and HSV-2 

infection. While the ECHO trial was not able to address outstanding questions about 

potential differences in STI or HIV risk associated with DMPA-IM compared with NETEN 

use, results from secondary analyses of data from several HIV prevention trials suggest that 

this risk is not likely to be substantially different by injectable type. Such analyses, including 

this analysis on STI outcomes from the VOICE trial, largely support current WHO guidance 

recommending no restriction of use for injectable progestogen contraception, based on their 

risk of STI or HIV acquisition (11, 29).

Sufficient data support the widespread acceptability of the injectable route of delivery for 

contraception, which remains a significant proportion of family planning uptake in areas 

simultaneously impacted by the HIV epidemic and high rates of maternal mortality. Despite 

many years of controversy regarding potential risks associated with injectable contraception, 
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particularly DMPA-IM, the available evidence does not suggest a clear benefit for individual 

users of injectable contraception to switch from DMPA-IM to NET-EN use, based on 

their risk for STI or HIV acquisition. However, the evidence clearly supports benefits at 

individual and public health levels of contraceptive access and informed choice, which still 

lag in many areas impacted by high rates of STI and maternal mortality. Reproductive 

health services as currently designed and implemented have unfortunately been inadequate 

to address gaps in knowledge and practices leading to a reduction in STI. A recent report 

from UNFPA notes that ∼65% of reproductive age women in South Africa are able to make 

their own decisions regarding sexual and reproductive health and rights, including deciding 

on their own health care, the use of contraception, and saying no to sex, suggesting that 

efforts to curb STI rates must address a range of underlying drivers. Thus, while the high 

incidence of multiple STIs in this cohort points to the critical need for expanded access to 

comprehensive, integrated, sexual and reproductive health services, including prevention and 

treatment of STIs, results in this study also reflect a larger public health crisis that cannot be 

addressed by modifications to service delivery alone.
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FIGURE 1 |. 
Cohort profile.
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TABLE 2 |

Acquisition of sexually transmitted infection (STI) among users of injectable progestin contraception.

Cases/py Incidence/100 py (95% CI)

Unadjusted model Adjusted model*

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Chlamydial infection

NET-EN 180/1,025.9 17.5(15.2–20.3) REF REF

DMPA-IM 268/1,715.7 15.6(13.9–17.6) 0.91 (0.75–1.10) 0.32 1.03 (0.85–1.25) 0.77

Total 448/2,741.7 16.3(14.9–17.9)

Gonorrheal infection

NET-EN 41/1,025.9 4.0 (2.9–5.4) REF REF

DMPA-IM 62/1,715.7 3.6 (2.8–4.6) 0.88(0.60–1.31) 0.54 1.06 (0.70–1.59) 0.79

Total 103/2,741.7 3.8 (3.1–4.6)

Trichomonas infection

NET-EN 53/1,037.4 5.1 (3.9–6.7) REF

DMPA-IM 97/1,745.8 5.6 (4.6–6.8) 1.09 (0.78–1.52) 0.62 1.07 (0.74–1.54) 0.72

Total 150/2,783.2 5.4 (4.6–6.3)

Syphilis infection

NET-EN 10/1128.2 0.9 (0.5–1.6) REF REF

DMPA-IM 7/1816.3 0.4 (0.2–0.8) 0.44(0.17–1.16) 0.10 0.41 (0.15–1.10) 0.08

Total 17/2944.5 0.6 (0.4–0.9)

Herpes simplex virus (HSV-2) infection

NET-EN 21/328.4 6.4 (4.2–9.8) REF REF

DMPA-IM 27/427.2 6.3 (4.3–8.4) 1.01 (0.57–1.79) 0.98 0.83(0.45–1.54) 0.56

Total 48/755.6 6.4 (4.8–8.4)

py, person-years; CI, confidence interval; NET-EN, norethisterone enanthate; DMPA-IM, depot medroxyprogesterone acetate; REF, reference; 
HSV-2, herpes simplex virus type 2.

*
Adjusted for baseline age and marriage/cohabitation, and time-varying oral contraceptive use, frequency of intercourse, and condom use at last 

vaginal sex.
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