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Abstract

Vaginal rings address a critical need for an independently initiated, long-acting HIV prevention method, but
their design must be acceptable to promote uptake and adherence. Human-centered design (HCD) may help
address design preference questions. In two Phase I studies of vaginal rings for HIV prevention conducted in the
United States, we used qualitative interviews to assess participants’ perceptions and opinions of the physical
characteristics of the ring they used and of a ring’s physical characteristics after comparing four ring designs
presented via a visual tool. Users were found to prefer ring designs that appear easy to use, are physically
comfortable, that function well, and are aesthetically pleasing. The parameters for these features varied widely.
Product developers and marketers should consider marketing messages in which the target users feel this
product is made to meet their needs and desires. Product developers are encouraged to design using HCD early
in ring development (Clinical Trial Registration number: NCT03234400 and NCT03670355).
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Introduction

An estimated 1.7 million people worldwide became
infected with HIV in 2019, 48% of whom were women

and girls.1 Effective, acceptable biomedical interventions to
prevent HIV acquisition are critically needed. Oral pre-
exposure prophylaxis offers effective HIV prevention when
taken daily. However, adhering to a daily regimen is a sig-
nificant barrier to effectiveness and acceptability.2

Vaginal rings are polymeric controlled-release drug de-
livery platforms that can be used for several indications, in-
cluding HIV prevention. As long-acting (1–3 months) drug

delivery devices, rings may address challenges with adher-
ence to daily HIV prevention methods.2,3 Furthermore, to
optimize real-world effectiveness, rings must be acceptable
to users. Previous research on rings indicated that overall,
women find them acceptable and easy to use; however, some
users experience discomfort, specifically unacceptable im-
pacts on sex.4 Rings’ visual and physical characteristics may
play a role in those drawbacks.5–9

Human-centered design (HCD), a methodology with
growing application in global and public health fields,10 can
help design solutions that meet users’ needs by incorporating
their feedback throughout the design process. HCD in health
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research can be beneficial to implement at the developmental
or prototyping stage for new products to ensure that products
and services are tailored to end-users’ needs and context and
can seamlessly fit into their lives. HCD may also be useful to
develop marketing strategies that connect with the target end
user to facilitate successful rollout.11 HCD uses participatory
activities to engage potential end users in reflective discus-
sions on the potential delivery, acceptability, and usability of
products or services.

Visual and interactive tools may be used to facilitate these
discussions, enabling communication in multiple ways.12,13

A growing body of research has been dedicated to incorpo-
rating user evaluations into the design of rings and other
vaginal drug delivery platforms, utilizing tools of this
type.7,8,14,15 These preclinical studies exploring users’ sen-
sory perceptions and experiences with vaginal delivery
prototypes have a strong relationship with their acceptabil-
ity.7,16–18 They call for further research across geographical
regions and cultures,7 among potential future prevention
product users,8 and across varied stages of product devel-
opment.19

In the context of two Phase I trials of extended-release
vaginal rings for HIV prevention conducted in the United
States,20,21 we sought to explore preferences for attributes of
vaginal rings among a random set of participants using a user-
centered approach and in-depth interviews (IDIs) at trial
completion of each study. Unlike previous studies that ex-
plore various socioecological influencing factors of accept-
ability,22 this analysis narrows in on products’ design,
exploring physical characteristics and potentially modifiable
elements of rings.

Two rings, the dapivirine (DPV) ring (International Part-
nership for Microbicides, Silver Spring, Maryland) in the
Microbicide Trials Network (MTN)-036/IPM 047 and the
tenofovir (TFV) ring (CONRAD, Eastern Virginia Medical
School, Arlington, Virginia) in MTN-038, were studied, yet
both trials used the same measures for product preference and
acceptability assessments and IDI guides, with a goal of
comparing attributes in combined analyses. Our joint quali-
tative analysis on the preferred characteristics of these vag-
inal rings is presented in this article, which focuses on
appearance and use.

Materials and Methods

Study design

MTN-036/IPM 047 was a 3-month Phase I randomized
pharmacokinetic and safety study of extended-duration DPV
vaginal rings, conducted between November 2017 and Feb-
ruary 2019 at two clinical research sites in Birmingham,
Alabama, and San Francisco, California, among 49 partici-
pants, 24 of whom were interviewed for this analysis.

Participants were randomly assigned to active platinum-
cured silicone rings with three DPV dosages, but all rings
were visually identical with an outer diameter of 56 mm and a
cross-sectional diameter of 7.7 mm. MTN-038 was a Phase I
randomized pharmacokinetic and safety study of a 90-day
intravaginal ring containing TFV conducted between January
and August 2019 at three clinical research sites in Birming-
ham, Alabama; San Francisco, California; and Pittsburgh,
Pennsylvania, among 49 participants, 25 of whom were in-
terviewed for this analysis (Fig. 1).

Participants were randomized to receive an active or pla-
cebo hydrophilic polyether urethane ring (2:1 ratio); both
rings were visually identical with an outer diameter of 55 mm
and a cross-sectional diameter of 5.5 mm.23 Eligibility cri-
teria were identical for the two studies, including being as-
signed female at birth* and being 18–45 years old, healthy,
and HIV uninfected. Participants from MTN-036 could enroll
into MTN-038, and 19 women eventually participated in both
trials (Fig. 1).

Study products

The study products in MTN-036 were three silicone matrix
polymer rings containing 25 mg of DPV worn monthly or 100
or 200 mg of DPV worn for *91 days. In MTN-038, par-
ticipants received a polyurethane tubing ring containing 1.4 g
of TFV or a matched placebo ring24; both rings were worn for
*91 days.

Procedures

Procedures and findings of the MTN-036 and MTN-038
studies have previously been described.25–27 For behavioral
evaluation, all participants in both studies completed identi-
cal computer-assisted self-interviews (CASIs), including
assessment of prior vaginal ring use. Clinic staff collected
demographic data by CASI and in person.

IDIs were conducted with a randomly selected subset of
participants across sites (Table 1) who had engaged in penile-
vaginal intercourse in the past year to gather qualitative data
on acceptability of ring use during sex and among a popu-
lation engaging in sexual practices known to be associated
with HIV acquisition risk.

IDIs were *1 h long each, conducted in English privately
via video call during participants’ last study visit (day 91) or
shortly thereafter at the research clinics by one of three fe-
male interviewers trained in qualitative methods at a post-
graduate level (including the lead author) and working as
analysts for RTI International who never interacted with
participants before the interview. Interviewers used the same
pretested semistructured guide in both studies, with topics
including acceptability of the assigned ring, disclosure of ring
use, types of sexual activity during study participation, ex-
perience using the ring during sex and/or menses, and pref-
erences for alternative ring designs and durations (e.g.,
monthly vs. extended 3-month duration).28,29

Next, interviewers asked participants to remove a visual
tool from a large envelope (Fig. 2). The tool used in each
interview showed photographs of four different rings side by
side: the MTN-036 and MTN-038 study rings, the NuvaRing
(Merck & Co), and the pod ring (Oak Crest).30 Presenting
photographs or blueprints of product designs offers a means
of structuring data collection around product preferences and
allows researchers to summarize, clarify, confirm, and probe
on preferred elements of the designs.31 With IDIs, this tool
allowed researchers to obtain nuanced descriptions of the
contextual desires and needs surrounding users’ product
preferences.

*Not all participants were cisgender women. For gender neu-
trality, results reference participants by singular they/them/their
pronouns.
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Interviewers explained that the purpose of the visual tool
was to compare attributes of the ring participants used (shown
first on the visual tool as Number 1 in each trial) with per-
ceived attributes of other rings on the market or in develop-
ment. Interviewers distinguished the purpose of having three
photographs of each ring: life-size images of the rings in the
first column, rings held in an unflexed position in the second
column, and pinched rings with roughly the same amount of
pressure applied to depict relative flexibility in the third
column (although this was not standardized). They pointed
out the variation in size, flexibility, and material of each ring
(Table 2).32 Participants were asked to think aloud as they
compared the rings on the tool.

Interviewers probed on preferences related to size, flexi-
bility, color, translucency, and visible construction elements
such as the pod reservoir or tube connections.

Interviewers completed debrief reports after each IDI to
summarize the main and novel findings. Audio recordings
from the interviews were transcribed verbatim and reviewed
for quality assurance before coding and analysis.

Analysis

Qualitative textual data were analyzed thematically.
A codebook was developed iteratively through an inductive
and deductive process using the debrief reports from MTN-
036 to initially identify codes. A team of four analysts
(including the lead author and one other interviewer) used
Dedoose software v7.0.23 to code MTN-036 transcripts. Two
analysts (including the lead author) applied the same code-
book to MTN-038 data. In both studies, the coding team
maintained *80% intercoder reliability across nine key
codes representing main topics of interest. Weekly analytical
meetings were held during the coding processes of both
studies to reach consensus on intercoder discrepancies when
80% intercoder reliability was not achieved.

Here, text excerpts coded with ‘‘PHYSICAL CHAR-
ACTERISTICS’’ and ‘‘VISUAL COMPARISON’’ were
extracted (Table 3). Data were stratified by study and par-
ticipants’ experience using a vaginal ring before enrollment
(ring-naive vs. prior ring experience). The MTN-038 data
also included a stratum of participants who previously

FIG. 1. Flowchart for MTN-036 and MTN-038 joint qualitative analysis.
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participated in MTN-036 to examine how their experience
influenced their perception of ring attributes. The lead author
wrote memoranda for each excerpt included in the stratified
coded data sets, summarizing findings related to physical
characteristics of the vaginal rings and the visual comparison
tool. Then a second analyst developed an inductive codebook
(Table 4) in Dedoose to code the excerpt memoranda, refin-
ing major themes and parsing out interesting or divergent
opinions in a final summary report.

Regular meetings were held with the lead author and an-
alyst during the memorandum and coding processes to dis-
cuss themes, as well as similarities and differences between
strata.

Ethical statement

The MTN-036 and MTN-038 study protocols were ap-
proved by the Institutional Review Boards at each study site
and were overseen by the regulatory infrastructure of the
Division of AIDS (DAIDS) and MTN. All participants pro-
vided written informed consent before study participation
and the IDI participants provided further verbal consent be-
fore being interviewed.

Results

This analysis included 49 interviews from a total of 41
participants; 24 interviews conducted in MTN-036 and 25
conducted in MTN-038. Ten participants interviewed in
MTN-038 took part in both studies, 8 of whom had been
interviewed previously in MTN-036. Participants in this
combined IDI sample averaged 30 years of age.

Approximately half were non-Hispanic white, 27% were
African American, and 12% were Asian, 5% were Hispanic
or Latino, and 5% were biracial (Table 1); 98% were cis-
gender women and 95% engaged in penile-vaginal sex within
4 weeks before their enrollment visit. Over half of the par-
ticipants had never used a vaginal ring before the study (i.e.,
‘‘ring naive’’; Supplementary Tables S1 and S2). The 10
interviews with participants who had experience using the
rings in MTN-036 and MTN-038 at the time of the interview
provide unique perspectives on ring characteristics from their
actual experience using different rings.

Discussions using the visual ring comparison tool in
MTN-036 and MTN-038 yielded several major themes that
reached saturation, which focused on functionality and use
attributes, categorized by the underlying preference and
broken down by specific attributes associated with each
preference. Attribute preferences related to the aesthetic
appearance of the ring emerged as a minor theme, cited as
less important characteristics than use attributes. Emic terms
and quotes are italicized throughout the results to express
participants’ voices, and Table 5 shows additional longer
exemplary quotes for each theme. Attributes that were dis-
cussed more by participants in one versus the other study by
virtue of the ring they had used in that study are noted where
applicable.

Attributes that make rings easier to use

The ease of using rings drove discussions about different
characteristics of the rings. Ease of use was determined by
perceived challenges related to inserting and removing the

Table 1. Demographic Data for Study and In-Depth Interview Subset Samples

Demographic variables
MTN-036 study

sample
MTN-038 study

sample
MTN-036
IDI subset

MTN-038
IDI subset

MTN-036 and MTN-038
IDI combined totala

N 49 49 24 25 41
Age [median (IQR)] 29 (26–34) 29 (24–35) 29 (27–34) 30 (26–35) 30 (26–34)
Race/ethnicity

Non-Hispanic white 18 (37%) 25 (51%) 8 (33%) 14 (56%) 21 (51%)
African American 20 (41%) 14 (29%) 7 (29%) 5 (20%) 11 (27%)
Hispanic or Latino 5 (10%) 3 (6%) 3 (13%) 1 (4%) 2 (5%)
Asian 4 (8%) 5 (10%) 4 (17%) 3 (12%) 5 (12%)
Biracialb 2 (4%) 2 (4%) 2 (8%) 2 (8%) 2 (5%)

Gender identity (self-report)
Cisgender femalec 46 (94%) 46 (94%) 23 (96%) 24 (96%) 40 (98%)

Study site
San Francisco, CA 24 (49%) 15 (31%) 13 (54%) 9 (36%) 17 (41%)
Birmingham, AL 25 (51%) 13 (27%) 11 (46%) 7 (28%) 15 (37%)
Pittsburgh, PA N/A 21 (43%) N/A 9 (36%) 9 (22%)

Any penile-vaginal sex in the
past 4 weeks

27 (55%) 45 (92%) 19 (79%) 25 (100%) 39 (95%)

Ring naive 38 (78%) 25 (51%) 19 (79%) 12 (48%) 23 (56%)
Participation in both trials N/A 19 (39%) N/A 10 (40%) 13 (32%)
Interviewed with experience

in both trials
N/A N/A N/A N/A 10 (24%)

Demographic data were collected in person by interviewers, responses to sexual activity and ring use questions were collected by CASI,
participants’ enrollment in one versus both trials was collected from study coordinators.

aParticipants with IDIs in both studies (n = 8) are represented once using responses from MTN-038.
bIncludes Asian and Caucasian, and American Indian and Caucasian.
cOther participants were ‘‘transgender male’’ or ‘‘gender nonconforming/gender variant’’ based on self-definition.
CASI, computer-assisted self-interview; IDI, in-depth interview; IQR, interquartile range; MTN, Microbicide Trials Network.
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ring and by the ring staying in place or involuntarily slipping
out of place. Ease of use was a central component of how a
ring would be designed or considerations for design modifi-
cation. In both studies, the rings’ size, thickness, and flexi-
bility were perceived to affect ease of use.

Generally, thinner rings were thought to be easier to pinch
into a figure 8 (as instructed by clinic staff), making them
easier to insert. In MTN-036, some participants explained
that the DPV ring was difficult to pinch together because it
was too thick to grasp easily (Table 5, 1A). Participants
imagined that the thinner NuvaRing or TFV ring would be
easier to pinch together. Participants who were ring naive or
had experience using a thin ring such as the NuvaRing ap-
peared more concerned about using a thicker ring (Table 5,
1B). Participants noted that insertion was a hard-to-overcome
challenge and that thinner rings appeared easier to insert,
making the procedure less ‘‘intimidating.’’

In MTN-038, participants agreed that thicker rings (com-
pared with the TFV ring) would be more challenging to use
because they would be harder to position correctly during
insertion. Participants in both trials reflected on the ease of
twisting the TFV ring to insert it due to its thinness compared
with the DPV ring. On the contrary, thicker rings were per-
ceived to be easier to use once inserted. Participants typically
assumed that thicker rings would be less likely to move or slip

out of place in the vagina. Those who used the DPV ring in
MTN-036 tended to think that thick rings stay in place better,
noting their experience using a thicker ring with few or no
issues of the ring slipping or expelling. A participant in both
studies reported that the TFV ring ‘‘sagged’’ more than the
DPV ring.

Similarly, some participants saw a larger external diameter
as a positive characteristic because it was associated with
‘‘pushing against the walls’’ of the vagina. Users thought this
would help the ring ‘‘stay out of the way’’ and may relieve
them of the potential burden of the ring slipping. A 28-year-
old participant in MTN-038 who was ring naive explained:

‘‘I don’t know why but it makes me feel more confident that
it’s [TFV ring] like a wider diameter, that makes me feel like
it’ll stay better. Because if it was small I’d really worry that it
would come out.’’

The ring’s pliability in relation to how easily it would bend
was another dominant theme. Overall, participants indicated
that more flexible rings would be easier to insert. Some MTN-
036 participants recalled difficulty inserting the DPV ring,
explaining that they had to ‘‘fight with it.’’ They imagined
that a more pliable ring would be more compliant and
therefore easier to use (Table 5, 2A). Yet, others thought that
the ring’s ‘‘rigidity’’ may have helped keep it in place

FIG. 2. Visual comparison tool used in the MTN-036 and MTN-038 IDIs, respectively. IDIs, in-depth interviews; MTN,
Microbicide Trials Network. Color images are available online.
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(Table 5, 2B). A related finding from MTN-038 involved the
lack of flexibility at the TFV ring’s welding of the reservoir
tube that forms the ring. Participants thought the welded
section felt stiffer than the rest of the ring, making it more
challenging to bend to insert (Table 5, 2C).

Participants also lacked consensus on whether more or less
flexible rings would be easier to remove. On one hand, stiff
rings were seen as challenging to pull out of the vaginal
opening. However, a few participants felt there was a threshold
at which more flexibility would be useful, after which the ring
would become harder to use. If the ring was too flexible, they
thought it may not stay in place well or that the ring shape
might ‘‘collapse’’ from the pressure of the vaginal walls.

Attributes that make the ring physically comfortable

The perceived comfort of wearing each ring was a key
theme relating to being unable to feel or notice the ring once
in place. Conversely, being aware of the ring during everyday
use was undesirable. Many participants recognized that be-
fore they had ever used a vaginal ring, they worried about it
being uncomfortable, emphasizing that the physical dis-
comfort may cause some mental distress or burden. In con-
trast, a handful of participants thought a completely
unnoticeable ring could cause worry that the ring had in-
voluntarily fallen out.

Size and thickness were, again, key characteristics af-
fecting the rings’ perceived comfort. Smaller thinner rings
were thought to be more comfortable, less noticeable, or less
‘‘invasive’’ during use because they would apply less pres-
sure to the user’s vaginal walls. Thicker rings appeared
‘‘intimidating’’ or ‘‘scary’’ to some participants uncertain of

how comfortable they would feel when inserted and re-
inforced their initial concerns of using a vaginal ring at the
beginning of the study. A 29-year-old participant in MTN-
036 who had previous experience using rings recalled:

‘‘I saw it [study ring] and I was like, ‘Holy cow, this thing is
huge.’ [laughter] And it doesn’t bend very well so it takes like
a lot of maneuvering to get it in the first time. [.] It just, it
looked like it was going to be uncomfortable the first time I
saw it because it was so thick, but then I didn’t even notice it
once it was in.’’

Interestingly, several participants in MTN-036 stated that
they thought the thinner rings on the visual tool would be more
comfortable to use even though they had no discomfort with
their DPV ring (Table 5, 3A). Some participants thought the
ring’s comfort would depend on its size relative to the size of
the user’s vagina. A few suggested considering different sizes
for the ring or even being fitted by a professional for the size of
ring, feeling that ‘‘it may not be a ‘one-size-fits-all’ thing.’’

The rings’ material was also discussed in terms of the rings’
comfort or noticeability. Participants thought a ‘‘softer’’ or
‘‘squishier’’ material was likely to be comfortable or unno-
ticeable. This factor was particularly important to participants
who were concerned about their sex partners feeling the ring
during penile-vaginal sex. Participants worried a firmer ‘‘rig-
id’’ ring might hurt their sex partners (Table 5, 4A). Drawing
on experience removing their rings, participants thought softer
rings would be more comfortable to remove (Table 5, 4B).
They viewed rings with a softer looking material, such as the
pod ring, as more desirable than a hard plastic material.

A participant in both MTN-038 and MTN-036 expressed
preference for a more flexible ring that can ‘‘move with the

Table 3. Codes and Child Codes Extracted for Analysis

Code Child code Description

Physical characteristics Apply to physical properties or characteristics of the ring(s) not covered in
the grandchild codes. Double code with ATTITUDES as necessary.
Double code with EFFICACY for form-function attribution comments
related to how well the ring might protect against HIV.

Flexibility Use for discussions or comments about the ring(s) actual or perceived
flexibility.

Looks Use for discussions or comments about the ring(s) ‘‘look’’ or external
design, including texture, pods, closures, and color.

Size Use for discussions or comments about the ring(s) size including diameter
and thickness.

Visual comparison Apply for discussions about or during the visual comparison tool exercise.
For specific references to each ring pictured in the tool, apply child code.
Double code with other codes regarding product attributes, as necessary.

IPM (DPV)a (Number 1) Use for discussions or comments about the DPV ring
developed by the International Partnership for Microbicides. Participants
may refer to the ring as Number 1 (MTN-036 study product).

NUVA (Number 2) Use for discussions or comments about the NuvaRing.
Participants may refer to the ring as Number 2.

POD (Number 3) Use for discussions or comments about the pod ring.
Participants may refer to the ring as Number 3.

CONRAD (TFV)a (Number 4) Use for discussions or comments about the TFV ring developed
by CONRAD. Participants may refer to the ring as Number 4 (MTN-038
study product).

aThese definitions were the only code definitions modified in the MTN-038 codebook: the visual ring comparison tool showed the MTN-
036 study ring as Number 1 in MTN-036 and Number 4 in MTN-038, and the MTN-038 study ring was shown as Number 4 in MTN-036
and Number 1 in MTN-038.
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changing [position] of the vagina’’ throughout the day ‘‘ra-
ther than having something like big and clumpy back there.’’
Despite these expectations about how firm rings may feel
during everyday use, in both studies, the rings were rarely felt
after insertion. Much like their experiences with the study
rings’ size, participants stated a preference for something
more comfortable even if their ring was rarely noticeable
in situ. Unlike the concern about rings being too flexible to
use easily, no one thought a ring could be too flexible to be
comfortable.

Attributes related to perceptions of effectiveness

Participants described several physical characteristics of
the rings that they perceived to be related to how well a ring
would function as an HIV prevention device. These physical

characteristics were cited as those that affected the perception
that the ring ‘‘works’’ properly, that it is efficacious, or that it
is safe. The most ‘‘functional’’ attributes instilled more
confidence in the participants, increased fit into their every-
day life, created less disruption, contributed to a feeling of
mental comfort while using the ring, and in turn may also
affect participants’ willingness to use the ring in the future.

Although thinner rings were viewed as more ‘‘approach-
able’’ overall based on their perceived ease of use and
comfort, several participants noted that the thicker rings
looked ‘‘sturdier’’ and more reliable than thin rings, which
appeared ‘‘flimsy’’ and thus less efficacious (Table 5, 5A).
Participants stated that the ‘‘heftier’’ rings appeared more
‘‘potent’’ or more likely to protect them from HIV compared
with smaller ‘‘daintier’’ rings. Nevertheless, a thicker ring
was seen as disadvantageous even if it were easy to use,

Table 4. Inductive Codebook for Refining Major Themes in Analysis

Code Child code Description

Attributes Parent code was used as a title for child codes and not applied to any excerpts.
Hardness/flexibility Excerpts describing the flexibility, hardness, or stiffness of the rings, including

comments on the participant’s experience bending the ring for insertion and
removal.

Construction Excerpts related to the way that the ring is contrasted or fabricated, including
whether it was made in a mold or as a tube with conjoined ends/connector.

Drug visibility Excerpts related to the visibility of the drug within the ring, including comments
about the appearance of the drug itself, or ability to monitor drug absorption.

Duration Excerpts related to the duration of the ring, including how long participants
anticipate the ring to last based on its physical features.

Color Excerpts related to the color or transparency of the ring, including preferences
and recommendations for the color and transparency of rings.

Shape Excerpts related to the shape of the rings, including recommendations for
different shapes such as ovular rings.

Size/thickness Excerpts related to the size, diameter, or thickness of the rings, including
comments on the participants’ first impressions of the ring size/thickness and
experiences using the ring related to its size/thickness

Texture Excerpts related to the texture of the ring, either experienced or anticipated from
the visual tool, including comments about the material’s smoothness.

Influence Parent code was used as a title for child codes and not applied to any excerpts.
Ease of use Excerpts describing participants’ ability to use the ring easily or with challenges,

including their experiences inserting, wearing, and removing the ring, as well
as facilitators or barriers to easily using the ring.

Awareness Excerpts describing participants’ mental awareness of the ring, such as cognitive
burdens during daily use, forgetting that they have a ring, emotions related to having
the ring on their mind, and other related content of their consciousness of the ring.

Comfort Excerpts related to how comfortable or uncomfortable the ring was to use,
including comments from participants about pain or lack of pain.

Discretion Excerpts related to how discreet the ring may be, including their ability to use the
product with or without others knowing, and their liking or disliking of that quality.

Ancillary effects Excerpts related to participants’ perception of added benefits or drawbacks of
using the ring, beyond its primary purpose of HIV prevention, including
perceived side effects of ring use.

Familiarity Excerpts about how familiar the ring may be to the participant, including prior
experiences using rings or other vaginal products such as menstrual cups.

Functionality Excerpts related to the way that the ring works or functions as a HIV prevention
device, including how or how well the drug is dispensed. Also includes
perceived effectiveness of the product to prevent HIV.

Visual impression Excerpts related to participants’ impression of how the rings appear aesthetically
unrelated to attributes’ effect on ring use.

Change in opinion Excerpts describing the participants changing their opinion of the ring or ring
characteristics over time, including first impressions compared with impression
after use.

320 HAWLEY ET AL.



Table 5. Exemplary Quotes

Theme, subtheme ID Quote—study, participant ID, analysis stratum, age

Attributes related to ease of use
Size/thickness 1A ‘‘To be real, I’ve only tried like once or twice and like I pinched it and I tried to push it

up but like I just really couldn’t. Like I don’t even know how to describe it, I don’t
even think I got anywhere in, but like I’m a person that uses tampons, like I’m, I’m
quite comfortable like with myself so, I don’t know, just the fact that it was hard for
me kind of said something about it.’’—MTN-036, 764-10478-2, no prior use, age 19

1B ‘‘I like the thickness of the NuvaRing and I, you know, I probably wouldn’t be that
concerned about the thickness had I not tried the NuvaRing first. But it’s really easy
to get out just because it’s so, it’s thin so you can slip your finger just around it super
quick, whereas like these, this one [IPM ring] you kind of really had to like fish in
there to get it out.’’—MTN-038, 764-50051-6, 036 PPT, age 30

Pliability 2A ‘‘It would just make it a little easier to like grip and insert properly. I remember with, with
number four [IPM ring] I had to kind of fight with it a little bit. Because you’re kind of,
when you’re putting it in you’re kind of at a weird angle anyway, so the more flexible it is
the easier it is to get in there.’’—MTN-038, 764-50051-6, 036 PPT, age 30

2B ‘‘Well, I’m curious about how things, like problems that people have with things falling
out, because I think having something that’s a little more rigid and a little larger will
actually, might, I mean, this is total hypothesis but would actually maybe stay in
better than something that’s really small and like super flexible.’’—MTN-038, 764-
90486-6, no prior use, age 22

2C ‘‘I like that number four [IPM ring] is, and number three [pod ring], they’re, they’re
both kind of similar in this way, there’s no seam so you don’t have that one spot
where it’s a little harder to bend.’’—MTN-038, 764-50051-6, 036 PPT, age 30

Attributes related to physical comfort
Size/thickness 3A ‘‘I know from experience that the width doesn’t make a difference in how it felt, but I

feel like maybe for some people, if they knew have the option for a smaller, thinner
one, would probably want a smaller, thinner one’’—MTN-038, 764-42065-2, 036
PPT, age 29

Softness 4A ‘‘I mean, again with the caveat that I did not partake in sexual intercourse while
wearing the ring. My answer might change if it turned out that I could feel it
significantly, or my partner could feel it significantly, then maybe I would want
something like a little more flexible, or. But based on just like my day-to-day
experience of having the ring inside of me and not having an issue with that, like I’m
going to assume that one is a design that works for me.’’—MTN-036, 764-38270-2,
no prior use, age 34

4B ‘‘What I didn’t expect was the way that it was removed because like there’s no really
way to pinch it and then pull it out, like it expands and they just pull it out, and like
it’s like an unsettling feeling. Like it’s not that it’s very painful but like the fact that
like, I can’t describe it, I don’t, [laughter] I don’t know what words I can use to
describe like a jade bangle being pulled out of my vagina. [laughter]’’—MTN-036,
764-10478-2, no prior use, age 19

Attributes related to perception of effectiveness
Size/thickness 5A ‘‘Okay. It’s, I hope this doesn’t sound funny but the first one I like, I almost liked that it

was hefty and that it was thick because I felt protected by it. I was like, ‘Oh, this
definitely looks like something that will be protecting me from evil HIV coming my
way.’ [laughter] And looking at the second one, perhaps this is just because I had the
first one, but it’s almost like, ‘This flimsy thing is supposed to do that? How is, how
is that supposed to happen?’’’—MTN-036, 764-27737-3, no prior use, age 27

Drug visibility 6A ‘‘I would personally like to see the way the drug looks, what is, what is, is my body
absorbing. I think that will make the patient a whole lot more comfortable in using it
instead of just being able to put just like a really opaque colored ring and inserting it
in and you’re, and you’re taking a chance. I think it’ll make someone a bit more
comfortable for them to see what exactly, you know, the consistency and the color of
the medication that is being absorbed in their body.’’—MTN-038, 821-19430-0, no
prior use, age 38

6B ‘‘I like, and just because I’m a curious person by nature, I like to see, ‘Ooh, let me see,’
I’m always asking my sisters, whenever something happens to them, ‘Let me see, let
me see, let me see.’ I’m a let-me-see type of person. So I would like a ring to where
maybe there was some kind of indicator on it that indicates that the ring is full, now
it’s empty, some kind of indicator that would indicate that the medication is no
longer in the ring.’’—MTN-036, 821-97322-9, prior ring use, age 41

(continued)
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comfortable, and longer lasting, because its appearance
would be a barrier to initiating use. Participants cautioned
that the ‘‘daunting’’ size may turn potential users away from
trying the ring. A 30-year-old participant in MTN-038 who
also participated in MTN-036 explained:

‘‘I don’t know, I really don’t know why, I don’t know.
I mean, I guess like the size, like looking at the big size, you
know, just to like alleviate any like visual displeasure from
looking at it in the beginning, like just having like a smaller
size maybe.’’

Preferences varied widely between opaque and translucent
rings. Those who preferred a translucent ring, such as the
TFV ring used in MTN-038, noted that they liked being able
to see and ‘‘monitor’’ how much drug remained in the ring
(Table 5, 6A). ‘‘Monitoring’’ by occasionally removing their
ring to view how much drug had been absorbed or was left
was appealing to participants because it provided a tangible
sense of the ring’s efficacy.

Participants viewed the amount of drug in the ring as in-
dicative of how well the ring was working, which would
provide ongoing ‘‘reassurance,’’ an important characteristic
for any new vaginal ring user. Viewing the amount of drug in
the ring would also give participants some agency in their
daily ring use, which appealed to some participants who felt a
temptation to ‘‘check on’’ their ring rather than ‘‘forget’’
about it (Table 5, 6B). Indeed, some participants stated a
preference to periodically remove their ring for cleaning or
simply to check that it is still there.

In comparison, disliking the drug’s visibility in a translu-
cent ring was less commonly cited. Some participants stated
that seeing the drug was unsettling because it caused them to
fear that if the ring were to break, it would release all the drug
inside the user. Opaque rings seemed less likely to raise this
concern about the ring’s safety. One participant explained
that being able to see the drug made the temptation to remove
the ring too strong, causing poorer adherence and leading to
less protection from HIV. This theme was discussed most
among participants in MTN-038, who experienced seeing the
drug in their study ring.

Another salient theme in both studies was the preference
for rings fabricated in a mold, such as the DPV and pod rings,
rather than as a tube with ends visibly welded, such as the
NuvaRing or TFV ring. Participants likened the TFV ring’s
appearance to a ‘‘glo-stick bracelet’’ and imagined it con-
structed similarly, fearing that the place where it connects
could ‘‘pop open’’ or break during use (Table 5, 7A and 7B).
This led to some emphatic concerns about the drug ‘‘spill
out’’ into one’s body or the ring disconnecting when pinched
during insertion. The NuvaRing, which has a smaller, less
visible connector, did not garner similar concerns.

The pod ring, which has visible drug ‘‘pods’’ embedded,
raised some concerns about safety and hygiene. Some par-
ticipants erroneously assumed the pods were hollow and
uncovered. This raised concern that vaginal fluids might
collect in the pods and need to be cleaned meticulously or
lead to vaginal infections over time (Table 5, 7C). When
interviewers explained to participants that the pods are
backfilled with silicone and asked if that changed how par-
ticipants felt, many were still skeptical. Others thought the
pod ring’s construction was ‘‘cool’’ and liked that the pods
could distribute different drugs without coformulating them.

Attributes that are aesthetically pleasing

Aside from the elements of a ring that affected partici-
pants’ experience using it, a less salient theme centered on
preferences for rings’ ‘‘aesthetic’’ appearance. Having an
attractive ring mattered to participants; however, appearance
mattered less than attributes related to rings’ functionality.
These characteristics differed among participants despite
being regarded as items that ‘‘look good,’’ highlighting the
subjective nature of aesthetic preference. Aesthetic attributes
included the ring design’s ‘‘simplicity,’’ the ring’s color, and
whether the ring had visible pod reservoirs.

Discussion

In this study, participants of two multisite HIV prevention
trials in the United States viewed photographs of four vaginal

Table 5. (Continued)

Theme, subtheme ID Quote—study, participant ID, analysis stratum, age

Construction 7A ‘‘Oh, I wondered about that because you can see where they’re connected in, in one
[CONRAD ring], well, yeah, I guess you can in two [NuvaRing], too. But today
when I saw it when they took it out I, you could see the, where it connects. And I did
worry about that, I was like, ‘Is this going to be a point of like, like will it come loose
there?’ So that worried me. That’s interesting, that almost makes me feel more
confident in three [pod ring] and four [IPM ring] as, because of them being molds.
But also like integrity and like, you know, the integrity of the ring, like I don’t want
something that’s going to pop open or break or, you know, exposed to the
environment of whatever drug that I’m using, yeah.’’—MTN-038, 702-29388-5, no
prior use, age 28

7B ‘‘I guess the tube thing, I’m sure it feels [inaudible] it’s been tested many times, but I
would be worried about like the connected, like the connected tube, like two and
four, like coming undone inside of me. [.] I don’t know, whereas like a mold just
feels more secure.’’—MTN-036, 764-38270-2, no prior use, age 34

7C ‘‘I would be concerned about bacteria if all those holes weren’t sealed. [.]As long as
those little holes were filled I would be fine with it, but if those, if there were any
holes that were left open, that would concern me as far as infection goes.’’—MTN-
036, 821-70544-0, no prior use, age 34
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rings at different stages of the product pipeline. All partici-
pants had experience using at least one of the four rings
for *3 months. Our findings provide new insights into these
participants’ preferences and considerations for the contin-
ued development and marketing of rings. First, although
participants shared preferences for rings that are easy to use,
are physically comfortable, that function well, and are aes-
thetically pleasing, they cited diverse characteristic specifi-
cations or parameters within those categories.

We found that different users had varied preferences in
ring designs to fulfill those characteristics. Furthermore, even
if their experience using a study ring was satisfactory, par-
ticipants still preferred design features different from those of
the ring they used. Some of the design features of these rings
are fixed, whereas others may be changeable. Messaging
about the rings can be tailored to attend to these attribute
preferences. Participants also cited some preferences that
enable further engagement from the user, such as monitoring
their drug release or periodically cleaning their ring, which
may conflict with some assumptions about the ‘‘set it and
forget it’’ heuristic for long-acting prevention products. Thus,
using a user-centered approach to vaginal rings, our study
invites a renewed discussion on ring designs and marketing
considerations.

We found many shared opinions about the size and flexi-
bility of rings to simplify use and increase comfort, but there
was no consensus about the specific parameters to change.
Diversity in preferred parameters emphasizes that multiple
vaginal ring designs may be welcomed to suit a range of
tastes in future users. These differences in opinion suggest a
demand for multiple options even for a single product such as
the HIV prevention ring and to allow for ‘‘trialability,’’ an
important stage in the successful adoption of a technology
innovation.33

This analysis also sheds light on preferences reported in
other HIV prevention ring studies. For instance, in studies
conducted in sub-Saharan Africa, women mentioned size and
softness as attributes that affect comfort.5,6 In this domestic
sample, ring softness was linked to the comfort of the users and
their sexual partners, but was also associated with less stability.
Many participants also preferred a smaller thinner ring for ease
of use, although a thicker or larger ring was perceived to stay in
place better and made the user feel protected.

In this study and for future research, a user-centered or
HCD approach can help product developers strike a balance
between users’ preferences and structural requirements of the
product34; for instance, to compromise between a soft ring
that is more comfortable and firm enough to stay in place.
Concerns about product attributes highlighted in this research
can also help messaging to educate users on product mis-
conceptions or instructions for use; for instance, to explain
how the ring can be pinched or twisted for easy insertion and
removal, or to educate users of a ring with visible drug that if
the welding ‘‘popped open’’ the tube itself would still be
sealed and nothing would spill out.

Importantly, familiarity with rings factored into users’
preferences for ring designs. Evidently, those with prior ex-
perience using vaginal rings had less apprehension about the
rings’ complexity, similar to previous findings.35 This is also
similar to user evaluations of the pod ring by Guthrie et al., in
which participants were more mentally comfortable and less
psychologically aware of the ring with each subsequent ring

they used.19 Furthermore, this highlights the importance of
experience using the product under evaluation to assess the
acceptability of its attributes. Whereas some preclinical
studies have enrolled participants with experience using a
similar type of product before presenting alternative designs
visually,8,14 this study allowed participants to consider their
experience of using at least one of the visually presented rings
to form their opinions.

As Rosen et al. point out, meaning-making is based on
experience, presumptions, and desired effects for prevention
products.8 However, participants’ preferences were not al-
ways aligned with the attributes they were familiar with. For
instance, although some participants expressed a desire for a
thinner ring that is easy to use such as the NuvaRing they
once used, others with NuvaRing experience noted that a
thicker ring is just as comfortable. Furthermore, participants
often cited preferences for attributes regardless of their ex-
perience; for instance, preferring a thinner ring for comfort
despite finding a thick ring comfortable throughout the study.

Although rings are advantageous from a user burden per-
spective because they do not require any maintenance once in
place,36,37 some participants in this study also wanted to
exercise agency in their HIV prevention product choice and
use. They liked a translucent ring that would allow them to
monitor drug release, opportunities to remove the ring oc-
casionally for cleaning, and the idea of trying several rings
before determining which one to use.

While there were some attributes participants correctly
assumed to influence the way in which a ring works, such as a
greater width affecting its biomechanical compressibility,38

participants also erroneously interpreted some attributes to
have implications for the rings’ efficacy. For instance, thicker
rings were associated with a more protective and reliable
quality. Other research has found similar interpretations
made about the sensory experiences of vaginal microbicides,
such as porosity of a ring affecting perceived efficacy,7,8,39

suggesting that product developers should seek to incorporate
properties that are not only efficacious but also perceived to
be protective.15,39

The inclusion of HCD research is normally beneficial at an
early stage of technology development to inform design at-
tributes before features are locked in.40,41 Our results, how-
ever, point toward the benefit of a user-centered approach in
advertising the compatibility of various vaginal rings with a
diverse population of users. Those who liked the more
‘‘complex’’ rings were compelled by the idea that these rings
were doing more for them. Those who liked the ‘‘simple’’
rings were attracted to the inert safe appearance of the molded
ring. If HIV prevention rings are approved after clinical trials,
their rollout and implementation must consider strategic
marketing messages in which the target users feel this
product is made to meet their needs and desires.

Furthermore, this study expands on previous studies of
vaginal ring attribute preferences that used prototypes to in-
form preclinical product specifications,7,8,19 by offering vi-
sual representations of rings at various stages of the product
pipeline. The use of a visual tool simulated a potential real-
life consumer process of choosing an HIV prevention ring
from multiple rings on the market in the future. Users’ first
choice for a ring may be informed by what looks best for
them, without the opportunity to touch or try out more than
one ring. Consistent with prior studies, participants conveyed
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the importance of rings that are comfortable, easy to insert
and remove, appear efficacious, may be periodically re-
moved, and allow the user to monitor drug usage.7–9,19

This analysis has several limitations. First, participants in
MTN-036 and MTN-038 were healthy, HIV uninfected, and
at low risk of HIV due to study-required condom use or ab-
stinence from penile-vaginal sex. Consequently, our findings
may not represent the same preferences of those at higher risk
of acquiring HIV. Second, the tool used to facilitate discus-
sions of ring design preferences was limited by representing
each ring two dimensionally. There were some misconcep-
tions about the rings’ design, such as the perception that the
pods of the pod ring were hollow or made of a metallic ma-
terial, which led to unfounded concerns about hygiene and
safety.19,30 Each ring’s flexibility was also challenging to
depict accurately with a photographic hand model.

Actual handling of placebo prototypes during IDIs, as done
in other end-user studies,5,7,42,43 would have addressed this
limitation; unfortunately, material transfer agreements were
not obtained before study implementation. Because partici-
pants were asked to describe their first impressions of their
study rings before appraising the other types of rings using
the visual tool, there may have been saliency bias.

Other studies of rings have reported the saliency of first
impressions of the rings, particularly by those new to rings.6

Last, self-reported past vaginal ring use in MTN-038 was not
aligned with the list of participants who took part in MTN-
036, indicating that some participants who took part in both
studies did not report any past vaginal ring use, perhaps in-
terpreting the question as vaginal ring use outside a clinical
trial setting. Ascertaining more thoroughly all past vaginal
ring use, including prior investigational ring use, may have
prevented possible misclassification in understanding how
experience with rings affected design preferences.

Conclusions

Stated preferences of design features from participants
with varying levels of experience with vaginal rings provide
important insights for messaging and design considerations
of future vaginal rings. Product developers are encouraged
to consider human-centered approaches early, while design
considerations are still modifiable. Ring designs and the
messaging accompanying their promotion may benefit from
drawing on simple intentional attributes that signal safety,
efficacy, comfort, and ease of use.

Marketing strategies for rings already commercially avail-
able may also benefit from positioning users’ needs and com-
fort at the center of their campaign, instilling confidence in
potential ring adopters. Finally, the market of rings for HIV
prevention may benefit from the development and licensure of
multiple rings that appeal to different types of users, to im-
prove adoption and coverage.
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