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Background: Long-acting female-initiated methods such as the
dapivirine ring may give women greater agency in HIV-1 pre-
vention. However, social harms, defined as nonmedical adverse

consequences of study participation or dapivirine ring use, may
reduce product adherence and consequently HIV-1 protection.

Methods: We assessed whether experiencing social harms from
male partners was associated with lower adherence to the dapivirine
ring in the MTN-020/ASPIRE trial. Reports of social harms were
solicited quarterly. Low adherence was defined by plasma dapivirine
levels #95 pg/mL or residual dapivirine levels in returned rings
.23.5 mg.

Results: Among 2629 women enrolled in ASPIRE, 85 (3.2%)
reported 87 social harms during a median follow-up of 1.6 years.
Women were significantly more likely to have low adherence,
measured by plasma dapivirine levels, at visits with a social harm in
the past month than at visits where no social harm was reported
(adjusted risk ratio 2.53, 95% confidence interval: 1.37 to 4.66, P =
0.003). There was no association for social harms reported $1
month prior, suggesting an acute, short-term effect. Women were
significantly more likely to not return a ring at visits with a social
harm reported (adjusted risk ratio 24.70, 95% confidence interval:
18.57 to 32.85, P , 0.001). In rings that were returned, social harms
were not associated with residual dapivirine levels.

Conclusions: Although social harms were uncommon (,5% of
women with .1 year of use), participants reporting social harms by
male partners had lower adherence to the dapivirine ring. Strategies
to mitigate nonadherence to product use related to social harms
should be evaluated in future studies of female-controlled HIV-1
prevention options.
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INTRODUCTION
The MTN-020/ASPIRE trial and the IPM 027/The Ring

Study showed that the dapivirine vaginal ring, a monthly
female-initiated HIV-1 prevention method, provides some
protection against HIV-1 acquisition.1,2 However, like for
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other biomedical prevention strategies, consistent adherence
is needed for the ring to effectively reduce risk of HIV-1
infection.3

To maximize the potential public health impact of the
dapivirine vaginal ring, an important priority is to identify and
address factors that impede women’s uptake and consistent
use. One set of well-recognized factors includes male partner
influence and social harms (SHs). Although designed to
enable greater female autonomy, many women’s ability and
willingness to use topical microbicides or pre-exposure
prophylaxis (PrEP) is influenced by their male sexual
partners.4–7 Although male partner support can improve
adherence, negative aspects such as relationship discord and
intimate partner violence (IPV) have been associated with low
adherence to both antiretroviral therapy for treatment and oral
PrEP for prevention.7–11 Although rates of SHs are generally
low in HIV prevention trials, they are recognized as important
barriers to trial participation and future uptake of products
under investigation.12–16 It is unclear whether experience of
SHs may also inhibit adherence to microbicide products,
thereby reducing women’s autonomy to protect themselves
against HIV-1 infection.

We assessed the frequency, recurrence, and severity of
reports of SHs in the ASPIRE trial and evaluated how women
reporting these experiences differed from other participants in
regards to key characteristics. We also examined the associ-
ation of SHs with low adherence and other indicators of
suboptimal ring use. These results provide insight into how
measurement and monitoring of SHs in future roll-out
activities of the ring may identify women requiring additional
psychosocial support to mitigate adherence challenges.

METHODS

Study Population
The ASPIRE trial design, population, procedures, and

primary findings have previously been described.1,17 ASPIRE
was a phase III, randomized, placebo-controlled trial that
evaluated the safety and effectiveness of a dapivirine vaginal
ring for the prevention of HIV-1 infection in African
women.17 ASPIRE was conducted between August 2012
and June 2015 and enrolled 2629 HIV-uninfected women at
15 sites in Malawi, South Africa, Uganda, and Zimbabwe.
Women were randomly assigned in a 1:1 ratio to receive
either a silicone elastomer vaginal matrix ring containing 25
mg of dapivirine or a placebo vaginal ring, and followed
monthly for a minimum of 1 year (median, 1.6 years;
interquartile range, 1.1–2.3 years). All women received
a package of free HIV prevention services, including risk-
reduction counseling, male and female condoms, partner HIV
testing and referrals, and treatment of sexually transmitted
infections for participants and partners. The trial protocol was
approved by all participating sites’ institutional review
boards.1 All participants provided written informed consent
in English or their local language.

Data Collection
SHs were defined as nonmedical adverse consequen-

ces of dapivirine vaginal ring use or of trial participation
more generally. All SH assessments were conducted one-on-
one with a trained interviewer in a private setting. At
quarterly trial visits, participants were asked a standardized
question in face-to-face interviews: “At any time during the
past 3 months, have you experienced a SH related to your
study participation?” Women could also spontaneously
report SHs at any visit. The assessment procedures were
consistent across visits and study sites. When a SH was
reported, the event was documented on a structured case
report form called the “Social Impact Log.” The log
included open-ended questions for a description of the event
and the onset date, followed by close-ended questions on
whether the event involved physical harm to her or her
children, and the impact on her quality of life (minimal
disturbance, moderate disturbance with no significant
impact, or major disturbance with significant impact). These
3 categories were discussed with the participants when
assessing impact on her life. Staff also characterized the SH
as being related to family, sex partner, other personal
relationships, travel/immigration, employment, education,
medical/dental, housing, or other. Characterization of SHs
was generally based on the participant’s own perception.
Uncertainties related to definition of SHs were managed
between the site leadership, the study management team,
and the protocol safety review team, which comprised the
study leadership and safety clinicians.

To objectively assess product adherence, plasma sam-
ples were collected at quarterly visits and tested for the
presence of dapivirine using a validated ultra-performance
liquid chromatography–tandem mass spectrometry assay
(Clinical Pharmacology Analytical Laboratory), with a lower
limit of quantification of 20 pg/mL. After the first year of the
trial, testing for residual dapivirine in used rings (returned to
the clinic each month) was initiated with the use of acetone
extraction and high-pressure liquid chromatography (Parex-
el).1 At each monthly visit, study staff also documented
whether the ring was returned to the study clinic, whether it
was in place within the vagina at the start of the visit, and
whether the participant accepted or declined a new ring at
that visit.

Data collected in face-to-face interviews at trial enroll-
ment included demographic characteristics (age, education,
employment, income, alcohol intake, and marital status),
sexual behavior (partnership status, coital frequency, condom
use, and outside partnerships), characteristics of the primary
sex partner (HIV status, participant belief that he has other
partners, and visits to the study clinic), disclosure of study
participation and ring use to the primary sex partner, and
worries about ring use, including worries that her primary sex
partner might feel the ring or not approve of the ring.
Sensitive questions about alcohol, condom use, other sexual
partners, and worries about the ring were also asked in audio
computer-assisted self-interview (ACASI) questionnaires
to minimize underreporting.
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During follow-up, testing for HIV-1 and pregnancy was
performed monthly, as previously described.1 Data on sexual
behavior, disclosure of study participation and ring use, and
primary sex partner characteristics were collected quarterly
through interviewer-administered questionnaires.

Data Analysis
Analyses were restricted to SHs that were partner-

related because these accounted for the vast majority of all
SHs reported. The Kaplan–Meier method was used to esti-
mate the cumulative incidence of the SH during the study. We
explored baseline predictors of experiencing any SH during
the study using bivariate Poisson regression models with
robust standard errors to estimate risk ratios (RRs). To
identify the strongest predictors, all the variables that were
significantly associated with SHs at P , 0.05 in bivariate
analyses were included in a multivariable model. This model
also controlled for country a priori as a potentially
important confounder.

In the adherence analysis, women were categorized at
each visit as having no or any SH reported to date in the
study. For women who reported SHs, visits were further
categorized by whether the most recent harm had occurred
,1 month ago, 1–3 months ago, or .3 months ago.

Our primary measure of low adherence was defined as
plasma dapivirine # 95 pg/mL at that quarterly visit, a level
consistently achieved within 8 hours of continuous use. This
threshold was chosen to aid in distinguishing cases in which
the ring was removed during the month and then reinserted
the morning of a clinic visit. In addition, we characterized
high adherence as ,23.5 mg dapivirine in the returned ring
(ie, with .1.5 mg released) in the subset of monthly visits
with returned vaginal rings. Because both measures were
based on dapivirine levels, they are only valid for participants
who received the active (dapivirine) ring and not for those in
the placebo arm.

We evaluated the associations between the SH and each
ring adherence measure using bivariate and multivariable
(adjusted) generalized estimating equation Poisson models
with an exchangeable correlation matrix and robust standard
errors, to account for repeated measures for each partici-
pant.18,19 All models excluded participants in the placebo arm
and visits with study-initiated product holds (ie, for serocon-
version, pregnancy or breastfeeding, or safety concerns).
Multivariable models adjusted a priori for age, study site, and
time in the study. We also evaluated the following covariates
as potential confounders and retained them in the model if
they resulted in meaningful changes (.10%) to the estimated
RRs: baseline covariates of employment status, alcohol use,
belief that her primary partner has additional sex partners,
partner-related worries about ring use and time varying
covariates of partnership status, disclosure of ring use to
primary partner, knowledge of primary partner’s HIV status,
and whether the participant had.1 sexual partners in the past
month. Because the amount of missing data for the exposure
and covariates was small (,5% of visits), we conducted
complete case analyses.

One potential consequence of the SH is relationship
interruption or dissolution, with potential reduction in sexual
activity. Lack of sexual activity has been associated with low
adherence to prophylaxis interventions in other studies.20,21

To understand whether sexual activity mediated the relation-
ship between the SH and ring adherence, we repeated our
analysis of the SH and plasma dapivirine levels restricted to
participants who had reported any sexual activity in the 7
days before the plasma sample was collected.

Additional analyses examined the association between
the SH and whether the ring was in place at the start of the
study visit, whether the used ring was returned to the clinic,
and whether the participant declined a new ring at the study
visit. These analyses were conducted using the same methods
as the biomarker adherence analyses described above, except
that data were available for all monthly follow-up visits and
from study participants in the placebo and active arms. As
above, we excluded visits with study-initiated product holds.

RESULTS

Baseline Participant Characteristics
Two thousand six hundred twenty-nine women were

enrolled in the ASPIRE trial. The median age was 26 years
(interquartile range 22–31) and the majority (59%) were
unmarried.17 At baseline, nearly 100% of participants re-
ported having a primary sex partner in the prior 3 months, but
43% did not know his HIV-1 status; 17% reported additional
concurrent partners. Nearly two-thirds (64%) reported having
disclosed to primary partners about planned vaginal ring use
in the trial.17

SHs Occurring During the Study
During ASPIRE, 94 SHs as a result of dapivirine

vaginal ring use or trial participation were reported over 4680
person years of follow-up, of which 87 (92.6%) were partner-
related (Table 1). Eighty-five women (3.2% of total) reported
a partner-related SH over an average follow-up of.1.5 years.
Two women reported 2 partner-related SHs and the remainder
(n = 83) reported 1 each. Of these 85 women, 52 (61%) had
disclosed study participation to their primary partner
at enrollment.

Twenty-six (28.9%) resulted in physical harm to the
participant, and there were no reports of harm to participant’s
children. Most partner-related SHs were reported to
have minimal impact on quality of life (n = 51, 58.6%), with
27 (31.0%) classified as moderate disturbance and 9 (10.4%)
causing a major disturbance with significant impact. Common
triggers of SHs included discovery of the ring during sex or
foreplay (n = 23, 26.4%), partner notification of a sexually
transmitted infection (n = 4, 4.6%), and partner suspicion that
the ring was associated with witchcraft, promiscuity, or ill
health (n = 16, 18.4%). The most common consequences
were removal or destruction of the ring by the partner,
physical and verbal violence, and/or relationship dissolution.
One SH was reported after seroconversion to HIV-1 (and was
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related to her HIV-1 status) and none were reported
during pregnancy.

Correlates of SH
Table 2 shows the proportion of women in the study

who experienced the SH by demographic and behavioral
characteristics using bivariate and multivariable analyses.
When controlling for other factors, the only demographic
characteristic predictive of the SH was age; the probability
of experiencing a SH during the study decreased with
increasing age (P # 0.001) with women aged 18–26 years
more than 3 times more likely to experience a SH. Although
many demographic (eg, being unmarried and not earning her
own income), partner-related (eg, primary partner was not
aware of their study participation or ring use at enrollment),
risk-related (eg, women with a new primary sex partner in
the past 3 months), and attitudinal (eg, being worried that
her partner would feel the ring or not like the ring) factors
were associated with SHs in bivariate analyses, only
younger age remained statistically significant in the
multivariable model.

Association Between SH and Ring Adherence
Among the 1313 women in the active arm of the study,

there were 9057 visits with a plasma dapivirine measure. Low
adherence, defined by plasma dapivirine #95 pg/mL, was
detected at 15.4% of visits among participants who had not
reported a partner-related SH to date in the study (Table 3). In
comparison, low adherence was detected at 27.8% of visits
with any SH before that visit, including 52.9% of visits with
a SH reported in the past month, 19.2% of visits with a SH

reported 1–3 months ago, and 26.2% of visits with a SH
reported .3 months ago (Table 3). Adjusting for age, study
site, and time on the study, women were 2.53 times more
likely to have low adherence at visits when a SH was reported
in the past month, compared with visits where no SH was
reported to date [95% confidence interval (CI): 1.37 to 4.66, P
= 0.003]. RRs for the SH 1–3 months ago or .3 months ago
were not significantly different from 1.0, suggesting that the
effect was limited to the first month following the reported SH.

Seventy-five percent of participants reported sexual
activity in the 7 days before the adherence measurement.
Among this subgroup, the association between a SH in the
past month and low adherence was similar to the overall
sample [adjusted RR (aRR) 2.63, 95% CI: 1.29 to 5.34, P =
0.008], suggesting that low adherence was not driven by
changes in sexual activity following the SH occurrence.

Ring concentration data were missing at 1.9% of
monthly visits (414/21,707) for active-arm participants after
ring testing was initiated. Residual ring concentration data
were missing for a significantly higher proportion of visits
among women who had a SH in the past month (15/33 or
45.5%, P , 0.001) or .1 month ago (14/381 or 3.7%, P ,
0.02) than for visits among women with no SH to date (385/
21,293 or 1.8%). The most common reason for missing ring
concentration data was that the ring was not returned to the
clinic. This explained 100% of missingness for women with
SHs in the past month, 57% of missingness for women with
SHs .1 month ago, and 40% of missingness overall.

Among the rings that were tested, residual dapivirine
levels in rings that were tested indicated low to no
adherence (.23.5 mg) at 15.4% of visits among women
with no SH to date and 25.7% of visits among women who
ever reported a SH (Table 4, Panel A). There were no
statistically significant associations between SHs and resid-
ual dapivirine levels in rings in any timeframe (Table 4,
Panel B). Under the assumption that residual ring data
would have indicated low adherence at all visits with
unreturned rings, had they been returned and tested, the
aRRs for low adherence among women were very similar to
the estimates from the model based on plasma dapivirine
levels: 2.47 (95% CI: 1.62 to 3.77, P , 0.001) for women
with a SH in the past 1 month, and not significantly different
from 1.0 for women reporting SHs 1–3 months ago or .3
months ago (Table 4, Panel B).

As can be inferred from the above data, there was
a strong association between a SH in the past month and
whether the ring was returned to the clinic or in place at the
start of a subsequent visit (Table 5). Among women
reporting no SH, the ring was not observed to be in place
at the start of the visit at 2.4% of visits, and no used rings
were returned to the clinic at 1.2% of visits. However,
women who had experienced a SH in the past month were
15 times more likely to not have the ring in place at the start
of the visit (46.1% of visits, aRR 14.91, 95% CI: 11.50 to
19.33, P , 0.001) and 25 times more likely to not return
their used rings to the study clinic (36.5% of visits, aRR
24.70, 95% CI: 18.57 to 32.85, P , 0.001). SHs that
occurred 1–3 months before the visit were also significantly
associated with these outcomes, although with substantially

TABLE 1. Summary of SHs Reported in ASPIRE

Freq. Percent

Panel A: Context of SH

Total 94 100.0

Partner relationships 87 92.6

Family relationships (not partner) 2 2.1

Personal relationships, other 1 1.1

Employment 2 2.1

Housing 1 1.1

Other (community rumor) 1 1.1

Panel B: Consequences of partner-related SHs only

Total 87 100.0

Resulted in physical harm to participant 26 28.9

Resulted in harm to participant’s child 0 0.0

Reported impact on quality of life

Minimal disturbance 51 58.6

Moderate disturbance with no significant impact 27 31.0

Major disturbance with significant impact 9 10.3

Unresolved at the end of the study 6 6.9

Unable to be resolved; no further action taken* 4 4.6

*The determination of whether a SH was resolved or unable to be resolved was
based on participants’ report.
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TABLE 2. Baseline Correlates of Experiencing a SH During the Study

Total SH in the Study Bivariate Models Multivariable Model

N N % RR 95% CI P aRR 95% CI P

Demographics and socioeconomic status

Total 2629 85 3.2

Study arm

Dapivirine ring 1313 40 3.1 0.89 0.59 to 1.35 0.6

Placebo ring 1316 45 3.4 Ref

Age

18–21 514 29 5.6 4.22 2.34 to 7.62 ,0.001 3.75 2.01 to 7.01 ,0.001

22–26 842 39 4.6 3.47 1.98 to 6.09 3.28 1.86 to 5.78

27+ 1273 17 1.3 Ref Ref

Country

Malawi 272 7 2.6 0.69 0.32 to 1.51 0.156 1.06 0.48 to 2.34 0.98

South Africa 1426 53 3.7 Ref Ref

Uganda 253 11 4.3 1.17 0.62 to 2.21 1.00 0.46 to 2.16

Zimbabwe 678 14 2.1 0.56 0.31 to 0.99 0.89 0.47 to 1.68

Education

None or incomplete primary 262 7 2.7 0.76 0.35 to 1.68 0.732

Completed primary, not secondary 1168 36 3.1 0.88 0.57 to 1.36

Secondary complete 1199 42 2.5 Ref

Owns mobile phone

Yes 2380 74 3.1 1.42 0.76 to 2.64 0.267

No 249 11 4.4 Ref

Earns income

Yes 1186 30 2.5 Ref 0.067

No 1443 55 3.8 1.51 0.97 to 2.34

Partner and relationship characteristics

Married

Yes 1074 31 2.9 Ref 0.401

No 1553 54 3.5 1.20 0.78 to 1.86

Same PP past 3 months*

Yes 2537 78 3.1 Ref 0.027 Ref

No 79 6 7.6 2.47 1.11 to 5.50 2.09 0.87 to 5.06 0.1

Partner aware of study participation*

Partner aware 1972 52 2.6 Ref 0.004 Ref

Partner not aware or unsure 644 32 5.0 1.88 1.22 to 2.90 1.56 0.72 to 3.37 0.3

Partner aware of ring use*

Partner aware 1680 44 2.6 Ref 0.023 Ref

Partner not aware or unsure 936 40 4.3 1.63 1.07 to 2.49 0.92 0.42 to 2.00 0.8

PP came to the clinic*

Yes 54 2 3.7 Ref 0.836

No 2561 82 3.2 0.86 0.22 to 3.43

PP HIV status*

HIV positive 35 1 2.9 0.92 0.13 to 6.47 0.943

HIV negative 1444 45 3.1 Ref

Does not know 1137 38 3.3 1.07 0.70 to 1.64

Risk behavior and risk perception

Has nonprimary partners

No 2190 68 3.1 Ref 0.407

Yes 439 17 3.9 1.25 0.74 to 2.10

Believes PP has other partners*

Yes 526 15 2.9 1.03 0.51 to 2.06 0.568

No 576 16 2.8 Ref

Participant does not know 1458 52 3.6 1.28 0.74 to 2.23
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smaller RRs (aRR 2.71 for ring not in place, 95% CI: 1.57
to 4.71, P , 0.001; aRR 2.39 for ring not returned, 95% CI:
1.00 to 5.67, P = 0.049).

It was rare for participants to decline dispensation of
a new ring in ASPIRE: Of 51,614 scheduled visits at which
a ring could have been dispensed, rings were declined at only
105 visits (0.2%) (Table 5). Nevertheless, women were more
likely to decline the ring if they had experienced a SH,
particularly in the first month after the SH (aRR 18.18, 95%
CI: 7.39 to 44.70, P , 0.001). There was also indication of
elevated risk of ring declines in the 1–3 months after a SH,
but the result was not statistically significant (aRR 3.46, 95%
CI: 0.84 to 14.33, P = 0.09).

DISCUSSION
Many HIV prevention trials are conducted in areas

where women are marginalized in terms of decision-making
around sexual and reproductive health. SHs are commonly
associated with both poor health and HIV outcomes.8–10 In
the context of biomedical HIV prevention interventions, SHs
may impose limitations on use and consequently impact
adherence. Although reported SHs were relatively uncommon
in this study (,5%), most were partner-related (93%).
Women reporting partner-related SHs in the past month were
significantly more likely to have low adherence to ring use,
measured by plasma dapivirine levels, compared to women
with no SHs.

TABLE 2. (Continued ) Baseline Correlates of Experiencing a SH During the Study

Total SH in the Study Bivariate Models Multivariable Model

N N % RR 95% CI P aRR 95% CI P

Unprotected sex, past week

No 1525 52 3.4 1.19 0.77 to 1.85 0.429

Yes 1085 31 2.9 Ref

Alcohol use, past 3 months

None 1893 56 3.0 Ref 0.172

Any 694 28 4.0 1.36 0.87 to 2.13

Worried about HIV in the next year

Very worried 865 25 2.9 0.86 0.53 to 1.41 0.723

Somewhat worried 521 19 3.6 1.09 0.64 to 1.86

Not at all worried 1226 41 3.3 Ref

Attitudes about vaginal ring

Worried about ring use

Very worried 39 3 7.7 2.38 0.78 to 7.25 0.276

Somewhat worried 737 22 3.0 0.92 0.57 to 1.49

Not at all worried 1853 60 3.2 Ref

Worried partner will feel ring

Yes 459 23 5.0 1.75 1.09 to 2.80 0.019 1.23 0.76 to 1.99 0.4

No 2170 62 2.9 Ref Ref

Worried partner will not like/approve of ring

Yes 253 14 5.5 1.85 1.06 to 3.24 0.031 1.42 0.81 to 2.47 0.2

No 2375 71 3.0 Ref Ref

Any partner-related ring worries

Yes 547 24 4.4 1.50 0.94 to 2.38 0.087

No 2082 61 2.9 Ref

*Excludes 13 women who did not report having a primary partner at enrollment.
PP, primary partner.

TABLE 3. Association Between SHs and Adherence by Plasma Dapivirine Levels

Model SH Reported

Plasma Dapivirine ,95 pg/mL

n/N % RR 95% CI P aRR* 95% CI P

No SH to date 1371/8888 15.4 Ref Ref

1 Any SH before visit 47/169 27.8 1.39 0.94 to 2.07 0.1 1.53 1.05 to 2.23 0.03

2 SH past 1 month 9/17 52.9 2.34 1.34 to 4.10 0.003 2.53 1.37 to 4.66 0.003

SH 1–3 months ago 5/26 19.2 0.85 0.39 to 1.83 0.7 0.83 0.40 to 1.72 0.6

SH .3 months ago 33/126 26.2 1.27 0.76 to 2.14 0.4 1.48 0.91 to 2.40 0.1

*RR adjusted for age, study site, and time in the study.
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This is the first study to examine the association
between partner-related SHs and vaginal ring use adherence.
By definition, reported SHs were related to study participa-
tion, and thus non–study-related experiences of gender-based
violence and IPV were not measured. Nevertheless, our
findings are consistent with a study among African HIV
serodiscordant couples showing that IPV increases the risk of
low adherence to oral PrEP,7 and with other studies that have
highlighted the role of violence and relationship discord as
a barrier to disclosure and product use.4,22,23 Although these
studies suggest that women should or would be more likely to
use HIV prevention products covertly to reduce the risks
associated with disclosure and partner disapproval, a comple-
mentary body of work highlights the importance of partner
support and disclosure of product use in promoting adherence
to PrEP and microbicides4,24–26 and emphasizes that many
women regard their partner’s knowledge and involvement in
the use of female-initiated HIV prevention as desirable,
culturally appropriate, or necessary to preserve relationship
harmony.4 Qualitative findings from an oral PrEP trial that
enrolled heterosexual serodiscordant couples indicated that
adherence is improved when partners, irrespective of gender,
provide support.24 Ultimately, whether male partners posi-
tively or negatively influence ring adherence will be depen-
dent on relationship dynamics and both partners’
characteristics. In the context of these unique circumstances,
counselors should aim to support women’s own decisions on
how to use HIV prevention methods safely and consistently.

We found that women aged 18–21 years had a signif-
icantly higher likelihood of reporting SHs during the study
than older women. In post hoc analyses of the ASPIRE trial,
the ring did not provide effective protection against HIV-1 for

women in this younger age group (227% efficacy; 95% CI:
2133 to 31; P = 0.45), but had 56% efficacy among women
.21 years (95% CI: 31 to 71; P , 0.001), a difference that
was correlated with adherence levels measured by dapivirine
in returned rings or plasma, as previously described.1 As
recent research and programmatic data have highlighted,
young women also experience disproportionately high rates
of HIV infection, in comparison with their male counter-
parts.27,28 This is due in part to biological factors, but also to
the relative lack of power that younger women have in
relationships, particularly if they are age disparate27–31 or
with perpetrators of IPV.32,33 Epidemiologic studies suggest
that women’s risk of HIV is higher in the context of IPV due
to both diminished control of sexual protection among abused
women and increased likelihood of HIV infection among men
who perpetrate IPV.33,34 Sociocontextual issues such as
exposure to a partner-related SH may have contributed to
lower adherence and a lack of HIV-1 protection in women
between 18 and 21 years in ASPIRE, while concurrently
contributing to increased risk of HIV-1 infection.

We did not detect an association between the SH and
ring adherence as measured by residual dapivirine levels in
rings. However, there is a high likelihood of bias in this
analysis because residual ring data were only available for
55% of visits occurring in the month after a SH was reported,
compared with 98% of visits overall. This may be due to the
fact that women with a recent SH were 15–25 times more
likely to return to the clinic without the ring at all, or without
it in place. Narrative accounts on SH case report forms as well
as qualitative data from ASPIRE described male partners
removing and destroying or discarding rings.35 Visits with
low adherence resulting from these actions had to be omitted

TABLE 4. Association Between SHs and Adherence by Residual Ring Concentration

Model SH Reported

Residual Ring Concentration ‡23.5 mg

n/N % RR 95% CI P aRR* 95% CI P

Panel A: Excluding visits
with missing data because
rings were not returned to
the clinic

No SH to date 3229/21,037 15.4 Ref Ref

1 Any SH before visit 96/389 24.7 0.89 0.48 to 1.63 0.7 0.85 0.47 to 1.54 0.6

2 SH past 1 month 5/19 26.3 1.15 0.42 to 3.15 0.8 1.16 0.41 to 3.28 0.8

SH 1–3 months ago 11/49 22.5 0.81 0.33 to 2.01 0.7 0.80 0.33 to 1.93 0.6

SH .3 months ago 80/321 24.9 0.87 0.43 to 1.76 0.7 0.82 0.42 to 1.62 0.6

Panel B: Hypothetical
scenario, assuming that all
rings not returned to the
clinic would have residual
ring concentration $23.5
mg

No SH to date 3378/21,186 15.9 Ref Ref

3 Any SH before visit 119/412 28.9 1.26 0.78 to 2.03 0.3 1.18 0.74 to 1.89 0.5

4 SH past 1 month 20/34 58.8 2.49 1.65 to 3.74 ,0.001 2.47 1.62 to 3.77 ,0.001

SH 1–3 months ago 13/51 25.5 0.91 0.42 to 2.00 0.8 0.88 0.42 to 1.87 0.7

SH .3 months ago 86/327 26.3 0.93 0.48 to 1.80 0.8 0.86 0.45 to 1.64 0.7

*RR adjusted for age, study site, and time in the study.
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from the residual ring analysis because the rings were not
available to be tested and may explain our null finding. This
conclusion is supported by the hypothetical scenario that if all
unreturned rings did have test results suggesting low
adherence, the findings from the residual ring analysis would
have supported those from the plasma dapivirine analysis.

In future ring research and programmatic activities—
whether used for an HIV-1 prevention indication or poten-
tially even in a multipurpose prevention context—the non-
return or decline of rings might be used by clinicians or
counselors as a potential signal to probe about experiences of
SHs and IPV. In the HIV Open label Prevention Extension
(HOPE) study, the open-label extension of ASPIRE, trial
participants are supported to not accept the ring, should they
so choose but are still permitted access to study-related
services. Further analyses of differences between individuals
accepting and declining the ring, including partnership
dynamics and experiences of SHs/IPV, will offer another
opportunity to examine this association.

We found that when more than 1 month had passed
after the SH, adherence seemed to return to presocial harm
levels. These improvements could have been due to counsel-
ing and other interventions by study staff, shifting behaviors
or attitudes as a response to the SH (eg, changes in risk
perception), or greater awareness of risk and increased efforts
related to adherence. The SH may have also occurred either as
a result of initial disclosure or triggered a disclosure (eg, if

covert ring use was discovered), which may have made
subsequent ring use easier.

Study strengths include a large sample size and a pro-
spective study design. An important limitation of the study is
that classification of a SH was based on self-report and may
have been underreported. Women may not have disclosed
a SH if they did not consider specific acts to be abusive, did
not feel comfortable discussing SHs with the study staff, or
feared being exited from the trial. Furthermore, in this study,
the SH captured participant experiences of gender-based
violence, including IPV, if (and only if) the participant or
study staff determined that the violence was associated with
study participation. Gender-based violence and IPV specifi-
cally are highly prevalent in the ASPIRE research set-
tings,1,29,33,36–39 and the report of SHs thus represents only
a subset of violence or relationship discord in these partic-
ipants’ lives. If the degree of underreporting of a SH was the
same among women with low versus high ring adherence,
this would likely underestimate the risk of low adherence
associated with the SH. A second limitation was that the
residual drug assessments were only initiated a year into the
study and are an incomplete data set. However, there was no
evidence that the prevalence of a SH was different before and
after ring testing was initiated. Finally, although biomarkers
of adherence are likely to be more accurate than self-report or
clinic-based product returns, they remain imperfect measures.
Both the plasma and residual ring dapivirine levels may

TABLE 5. Association Between SHs and Secondary Measures of Ring Adherence

Model SM Reported # Visits
n With

Outcome (%) RR 95% CI P aRR* 95% CI P

Ring not in place at
the start of the study
visit

No SH to date 53,001 1255 (2.4) Ref Ref

1 Any SH before visit 1067 79 (7.4) 2.96 2.26 to 3.88 ,0.001 4.07 3.11 to 5.32 ,0.001

2 SH past 1 month 115 53 (46.1) 16.66 13.62 to 20.37 ,0.001 14.91 11.50 to 19.33 ,0.001

SH 1–3 months ago 157 11 (7.0) 2.55 1.45 to 4.46 0.001 2.71 1.57 to 4.71 ,0.001

SH .3 months ago 795 15 (1.9) 0.65 0.33 to 1.29 0.22 1.01 0.56 to 1.71 0.96

No used rings returned
to the clinic

No SH to date 53,002 619 (1.2) Ref Ref

1 Any SH before visit 1066 59 (5.5) 4.61 3.41 to 6.22 ,0.001 5.19 3.79 to 7.10 ,0.001

2 SH past 1 month 115 42 (36.5) 28.34 22.38 to 35.89 ,0.001 24.70 18.57 to 32.85 ,0.001

SH 1–3 months ago 157 5 (3.2) 2.44 0.99 to 6.00 0.051 2.39 1.00 to 5.67 0.049

SH .3 months ago 794 12 (1.5) 1.09 0.56 to 2.13 0.804 1.27 0.69 to 2.36 0.45

Model SH Reported # Visits
n With

Outcome (%) RR 95% CI P aRR† 95% CI P

Declined dispensation
of new ring

No SH to date 50,229 90 (0.2) Ref

1 Any SH before visit 973 7 (0.7) 4.76 2.28 to 9.94 ,0.001 5.31 2.33 to 12.09 ,0.001

2 SH past 1 month 102 5 (4.9) 19.83 8.40 to 46.81 ,0.001 18.18 7.39 to 44.70 ,0.001

SH 1–3 months ago 149 1 (0.7) 3.60 0.86 to 14.98 0.08 3.46 0.84 to 14.33 0.09

SH .3 months ago 722 1 (0.1) 1.01 0.48 to 2.14 0.98 1.14 0.49 to 2.64 0.8

*RR adjusted for age, study site, and time in the study.
† RR adjusted for age and time in the study. Not possible to adjust for study site or country due to empty cells.
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overestimate adherence because participants may be charac-
terized as adherent to ring use, although they may have used
the ring for only a portion of the month. Interindividual
variability in the rate of dapivirine release from the ring might
confound objective assessments of adherence.

CONCLUSIONS
SHs from male partners can represent an important

barrier to HIV prevention product use. Insofar as HIV risk is
correlated with IPV, and both SHs and IPV are associated
with reduced adherence, HIV prevention interventions that
engage women, men, and couples with concomitant behav-
ioral (eg, counseling and support services) and biomedical
(eg, ring and oral PrEP) components may be efficient public
health investments.

ACKNOWLEDGMENTS
The authors are grateful to the study participants for

their participation and dedication. The authors thank the
study team members at the research sites, at the MTN-020/
ASPIRE Protocol Management team, and at the MTN
Leadership Operations Center for their contributions to
data collection.

REFERENCES
1. Baeten JM, Palanee-Phillips T, Brown ER, et al. Use of a vaginal ring

containing dapivirine for HIV-1 prevention in women. N Engl J Med.
2016;375:2121–2132.

2. Nel A, van Niekerk N, Kapiga S, et al. Safety and efficacy of a dapivirine
vaginal ring for HIV prevention in women. N Engl J Med. 2016;375:
2133–2143.

3. Brown E, Palanee-Philips T, Marzinke M, et al. Residual dapivirine ring
levels indicate higher adherence to vaginal ring is associated with HIV-1
protection. AIDS. 2016; IAS (2016) International AIDS Society - 21st
International AIDS Conference; Abstract TUAC0105LB.

4. Montgomery CM, Lees S, Stadler J, et al. The role of partnership
dynamics in determining the acceptability of condoms and microbicides.
AIDS Care. 2008;20:733–740.

5. Montgomery E, van der Straten A, Torjesen K. “Male involvement” in
women and children’s HIV prevention: challenges in definition and
interpretation. J Acquir Immune Defic Syndr. 2011;57:e114–6; author
reply e6–7.

6. Montgomery ET, van der Straten A, Chidanyika A, et al. The importance
of male partner involvement for women’s acceptability and adherence to
female-initiated HIV prevention methods in Zimbabwe. AIDS Behav.
2011;15:959–969.

7. Roberts STHJ, Celum C, Mugo N, et al. Intimate partner violence and
adherence to HIV pre-exposure prophylaxis (PrEP) in African women in
HIV serodiscordant relationships: a prospective cohort study. J Acquir
Immune Defic Syndr. 2016;73:313–322.

8. Jewkes R, Gibbs A, Jama-Shai N, et al. Stepping Stones and Creating
Futures intervention: shortened interrupted time series evaluation of
a behavioural and structural health promotion and violence prevention
intervention for young people in informal settlements in Durban, South
Africa. BMC Public Health. 2014;14:1325.

9. Li Y, Marshall CM, Rees HC, et al. Intimate partner violence and HIV
infection among women: a systematic review and meta-analysis. J Int
AIDS Soc. 2014;17:18845.

10. Mugavero M, Ostermann J, Whetten K, et al. Barriers to antiretroviral
adherence: the importance of depression, abuse, and other traumatic
events. AIDS Patient Care STDs. 2006;20:418–428.

11. Koenig LJ, Lyles C, Smith DK. Adherence to antiretroviral medications
for HIV pre-exposure prophylaxis: lessons learned from trials and
treatment studies. Am J Prev Med. 2013;44(1 suppl 2):S91–S98.

12. Milford C, Barsdorf N, Kafaar Z. What should South African HIV
vaccine trials do about social harms? AIDS Care. 2007;19:1110–1117.

13. Moodley K. Microbicide research in developing countries: have we given
the ethical concerns due consideration? BMC Med Ethics. 2007;8:10.

14. Pitisuttithum P, Choopanya K, Bussaratid V, et al. Social harms in
injecting drug users participating in the first phase III HIV vaccine trial in
Thailand. J Med Assoc Thai. 2007;90:2442–2448.

15. Schmidt C, Jaoko W, Omosa-Manyonyi G, et al. Long-term follow-up of
study participants from prophylactic HIV vaccine clinical trials in Africa.
Hum Vaccin Immunother. 2014;10:714–723.

16. Stadler J, Delany-Moretlwe S, Palanee T, et al. Hidden harms: women’s
narratives of intimate partner violence in a microbicide trial, South
Africa. Soc Sci Med. 2014;110:49–55.

17. Palanee-Phillips T, Schwartz K, Brown ER, et al. Characteristics of
women enrolled into a randomized clinical trial of dapivirine vaginal ring
for HIV-1 prevention. PLoS One. 2015;10:e0128857.

18. Zou G. A modified Poisson regression approach to prospective studies
with binary data. Am J Epidemiol. 2004;159:702–706.

19. Yelland LN, Salter AB, Ryan P. Performance of the modified Poisson
regression approach for estimating relative risks from clustered pro-
spective data Am J Epidemiol. 2011;174:984–992.

20. Donnell D, Baeten JM, Bumpus NN, et al. HIV protective efficacy
and correlates of tenofovir blood concentrations in a clinical trial of
PrEP for HIV prevention. J Acquir Immune Defic Syndr. 2014;66:
340–348.

21. Haberer JE, Baeten JM, Campbell J, et al. Adherence to antiretroviral
prophylaxis for HIV prevention: a substudy cohort within a clinical trial
of serodiscordant couples in East Africa. PLoS Med. 2013;10:e1001511.

22. Montgomery ET, van der Straten A, Stadler J, et al. Male partner
influence on women’s HIV prevention trial participation and use of pre-
exposure prophylaxis: the importance of “understanding”. AIDS Behav.
2015;19:784–793.

23. Lanham M, Wilcher R, Montgomery ET, et al. Engaging male partners in
women’s microbicide use: evidence from clinical trials and implications
for future research and microbicide introduction. J Int AIDS Soc. 2014;17
(3 suppl 2):19159.

24. Ware NC, Wyatt MA, Haberer JE, et al. What’s love got to do with it?
Explaining adherence to oral antiretroviral pre-exposure prophylaxis for
HIV-serodiscordant couples. J Acquir Immune Defic Syndr. 2012;59:
463–468.

25. van der Straten A, Stadler J, Montgomery E, et al. Women’s experiences
with oral and vaginal pre-exposure prophylaxis: the VOICE-C qualitative
study in Johannesburg, South Africa. PLoS One. 2014;9:e89118.

26. Kacanek D, Bostrom A, Montgomery ET, et al. Intimate partner violence
and condom and diaphragm nonadherence among women in an HIV
prevention trial in southern Africa. J Acquir Immune Defic Syndr. 2013;
64:400–408.

27. Rehle TM, Hallett TB, Shisana O, et al. A decline in new HIV infections
in South Africa: estimating HIV incidence from three national HIV
surveys in 2002, 2005 and 2008. PLoS One. 2010;5:e11094.

28. UNAIDS. Fast-track: Ending the AIDS Epidemic by 2030. Geneva,
Switzerland: UNAIDS; 2014.

29. Schaefer R, Gregson S, Eaton JW, et al. Age-disparate relationships and
HIV incidence in adolescent girls and young women: evidence from
Zimbabwe. AIDS. 2017;31:1461–1470.

30. Pettifor AE, van der Straten A, Dunbar MS, et al. Early age of first sex:
a risk factor for HIV infection among women in Zimbabwe. AIDS. 2004;
18:1435–1442.

31. Pettifor A, O’Brien K, Macphail C, et al. Early coital debut and
associated HIV risk factors among young women and men in South
Africa. Int Perspect Sex Reprod Health. 2009;35:82–90.

32. Dunkle KL, Jewkes RK, Nduna M, et al. Perpetration of partner violence
and HIV risk behaviour among young men in the rural Eastern Cape,
South Africa. AIDS. 2006;20:2107–2114.

33. Dunkle KL, Jewkes RK, Brown HC, et al. Gender-based violence, relationship
power, and risk of HIV infection in women attending antenatal clinics in South
Africa. Lancet. 2004;363:1415–1421.

34. Decker MR, Seage GR III, Hemenway D, et al. Intimate partner violence
functions as both a risk marker and risk factor for women’s HIV

Palanee-Phillips et al J Acquir Immune Defic Syndr � Volume 79, Number 5, December 15, 2018

588 | www.jaids.com Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.



infection: findings from Indian husband-wife dyads. J Acquir Immune
Defic Syndr. 2009;51:593–600.

35. Pleasants E, Tauya T, Reddy K, et al. Intimate Partner Relationships and
Adherence to the Vaginal Ring in the MTN 020/ASPIRE Trial. 2017, IAS
conference poster, MOPEC0666.

36. Zimbabwe National Statistics Agency (ZIMSTAT) and ICF Interna-
tional. Zimbabwe Demographic and Health Survey 2010–2011. Calver-
ton, MD: ZIMSTAT and ICF International Inc.; 2012:470.

37. Machisa M, Jewkes R, Lowe-Morna C, et al. The War at Home.
Johannesburg, South Africa: GenderLinks; 2011:1–19.

38. National Statistical Office (NSO) and ICF Macro. Malawi Demographic
and Health Survey 2010. Zomba, Malawi, and Calverton, MD: NSO and
ICF Macro; 2011.

39. Uganda Bureau of Statistics (UBOS) and ICF International Inc. Uganda
Demographic and Health Survey 2011. Calverton, MD: Kampala
UUaC: 2012:224.

J Acquir Immune Defic Syndr � Volume 79, Number 5, December 15, 2018 Social Harms and Dapivirine Ring Adherence

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc. www.jaids.com | 589


