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a b s t r a c t 

Background: Men who have sex with men (MSM) face a 28-fold higher risk of HIV acquisition than men 

who have sex with women (MSW). Condoms are the most accessible prevention method, with billions 

produced annually. Due to potentially high clinical failure, international regulatory agencies do not ap- 

prove condoms for anal sex. This trial sought to provide data regarding approval of condoms for anal 

sex. 

Methods: We conducted a blinded, crossover randomized trial among MSM and MSW in Atlanta, Geor- 

gia, USA. Crossover conditions were standard condoms, thin condoms, and condoms fitted to each user’s 

penile dimensions. The primary outcome was total clinical failure (slippage and/or breakage), assessed 

using an intention-to-treat analysis. A mixed methods model assessed differences in odds of failure. The 

study is registered with ClinicalTrials.gov, NCT02753842, and is completed. 

Findings: We enrolled 252 MSM and 252 MSW between May 19, 2016 and May 2, 2017. Participants 

reported a total of 4884 anal or vaginal sex acts using study-provided condoms. For all crossover condi- 

tions, clinical failure was lower for anal sex (0 • 7%, 16/2351) than for vaginal sex (1 • 9%, 48/2533), (odds 

ratio 0 • 40, 95% confidence interval 0 • 21, 0 • 75, p < • 0 01)0 0. There was no difference in odds of failure for 

anal sex acts between the different types of condoms. Due to study design, nearly all anal sex acts used 

condom-compatible lubricant (98 • 3%), yet only a minority of vaginal sex acts (41 • 6%) used lubricant. Sex 

acts for which lubricant was used had lower failure for both anal and vaginal sex, with no difference in 

odds of failure between them. 

Interpretation: In the largest trial of effectiveness of condoms for anal sex to date, we found remarkably 

low levels of failure. Condoms should be approved by regulatory agencies for anal sex. Clinicians may 

recommend condoms as a highly efficacious HIV and STD prevention tool for anal sex. Differences be- 

tween failure for anal and vaginal sex were likely due to differential use of lubricant. Condom promotion 

programs should consider providing additional lubricant for all condoms distributed. 

© 2019 Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ulatory agencies have not label indicated condoms for anal sex.

We searched for English-language publications using the PubMed

database, on May 22, 2019, for trials assessing condom failure for

anal sex with terms “condom,” “trial,” “anal,” and “failure” in any

field and any year. Among 8 articles identified, 1 was a trial with

anal sex failure as a primary outcome. 

This study found clinical failure to be 6.5% using a paper di-

ary method, a level higher than the 5% threshold regulatory agen-

cies have used to approve condoms for vaginal sex. In the past 40

years, over 300 condoms have been label indicated by the United

States Food and Drug administration (FDA) based on vaginal sex

data; none have been FDA indicated based on anal sex data or la-

beled for anal sex use. 

Added value of this study 

This randomized crossover trial, the largest to date, sought to

pursue a label indication for different types of condoms, including

standard, thin, and fitted, for anal sex by using mobile-optimized

daily diaries to record condom clinical failure outcomes. It showed

low clinical failure for anal sex, with each type of condom in the

study failing less than 1%. This level was significantly lower than

clinical failure levels for vaginal sex. Lubricant use in the study was

higher for anal sex than vaginal sex; a secondary analysis only con-

sidering sex events in which lubricant was used revealed no differ-

ence in condom failure levels for anal sex compared to vaginal sex.

Implications of all the available evidence 

We anticipate that our findings will allow for international reg-

ulatory agencies to provide a label indication for each of these

types of condoms for anal sex. For persons considering condom

use, confidence in condoms is essential. In one study, men who

have sex with men reported higher willingness to use condoms

if the condoms had a label indication for anal sex. We observed

very low failure levels when additional lubricant was used for sex

events. This raises the question of whether all public health provi-

sion of condoms should be accompanied with lubricant. The high

efficacy of condoms for anal and vaginal sex indicates their contin-

ued relevance for HIV and STD prevention. 

1. Introduction 

Worldwide, men who have sex with men (MSM) bear a high

burden of HIV, with estimated regional prevalence ranging from

3.0% to 25.4% [1] . The use of HIV pre-exposure prophylaxis (PrEP)

and condoms to address the co-occurring epidemics of HIV and

sexually transmitted diseases (STD) is increasingly recommended.

Modeling supports expanded provision of packages of HIV pre-

vention services, indicating that moderate increases in both PrEP

and condom use would be complementary rather than duplicative

[2] . Condoms are a key HIV prevention tool because many men

need protection from HIV and STD but are not indicated for PrEP

[3] . Moreover, PrEP is not universally available or accepted. Of the

193 UN member nations, only 38 have approved PrEP. In the US,

where emtricitabine/tenofovir for PrEP has been label-indicated

since 2012, an estimated 814,0 0 0 out of 3,295,0 0 0 sexually active

MSM in 2015 were indicated for PrEP [3] , yet only an estimated

10 0,0 0 0–20 0,0 0 0 individuals had PrEP prescriptions in 2017 [ 4 , 5 ].

Condoms are recommended for use by all sexually active MSM. For

MSM on PrEP, concurrent condom use is recommended to prevent

the spread of STD and for all others, condoms are the primary pro-

phylactic for HIV and STD. 

Estimates of the performance of condoms for anal sex vary

widely depending on study design. In two secondary analyses, the

estimated range for the reduction in HIV transmission that results
rom condom use for anal sex was 63–91% [ 6 , 7 ]. Both studies re-

ied on lengthy recall periods to determine condom use or nonuse.

tudies assessing per-act total clinical failure (breakage or slippage)

ound condom failure for anal sex ranging from 1.8% to 8.0%, with

edian 3 • 4% [ 8–14 ]. The median recall period for these studies

as 6 months. Two studies with diary-based assessments of per-

ct clinical failure, recorded with pen and paper at the event-level,

ound total clinical failure for anal sex of 6.5% and 6.9% [ 15 , 16 ]. 

Due in part to inconsistent estimates and lack of data with min-

mal recall bias, condoms are not currently label indicated for anal

ex by regulatory agencies, including the US Food and Drug Admin-

stration (FDA). ISO guidance, which is used by many countries to

nform their clearance of condoms, notes that testing of condoms

hould include only vaginal sex use, explicitly excluding anal sex

 17 ]. This may be because of a perception, as noted by FDA, that,

condoms may be more likely to break during anal intercourse

han during other types of sex.”[ 18 ] A search of the FDA approval

atabase reveals that in the past 40 years, over 300 condoms have

een label indicated by FDA based on vaginal sex data. No con-

om has been label indicated based on anal sex data, or labeled for

nal sex use, despite anal sex being the predominant mode of HIV

ransmission among MSM and being increasingly common among

eterosexual couples [ 19 ]. 

To clarify the performance of condoms for anal sex and to pro-

ide data to inform consideration of indication of condoms for

nal sex, we conducted a study that differed in three ways from

ts predecessors. First, measures were obtained on a daily basis

ather than requiring accurate memory of condom use over longer

ime periods; memory for specific experiences becomes increas-

ngly inaccurate with the passage of time [ 20 ]. Another difference

as that this was the first study to pursue a label indication for

nal sex for condoms. A third difference was that the study was

arger than previous clinical trials of condoms for anal and vagi-

al sex. The study had two a priori hypotheses regarding clinical

ailure (NCT02753842): (1) the rate of clinical failure for anal sex

mong MSM would be lower than a threshold to be determined

y FDA for fitted, thin, and standard condoms and (2) fitted con-

oms would improve anal sex clinical failure performance relative

o standard condoms. 

. Methods 

.1. Study design 

From May 19, 2016 to May 2, 2017, we enrolled 504 participants

n the crossover trial: 252 MSM and 252 men who have sex with

omen (MSW). A crossover design is recommended by FDA for

ondom clinical failure trials, likely due to the limited potential for

arryover effects across different types of condoms. The study was

onducted in Atlanta, GA, USA at several sites of the Rollins School

f Public Health at Emory University. The study was approved by

he Emory University Institutional Review Board, IRB0 0 083754 and

dheres to CONSORT reporting guidance. The trial protocol has

een published previously [ 21 ]. 

.2. Participants 

The full eligibility assessment with 27 criteria is reported else-

here [ 21 ], and includes male sex at birth, recent insertive sex, age

8–54, being HIV-negative at a baseline test, not using condoms

or contraception, and willing to complete all study procedures, in-

luding using condoms and lubricant. Recruitment was conducted

hrough a variety of sources including flyers, posters, website ban-

er ads, app-based ads, and social media. To maximize the separa-

ion of study arms, MSM that reported recent vaginal sex or MSW

hat reported recent anal sex were ineligible. Individuals testing
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IV positive were provided linkage to care services. The eligibil-

ty assessment also included home measurement of fitted condom

ize, accomplished with a paper template to indicate condom size.

ll study participants completed an informed consent procedure. 

.3. Randomization and masking 

We used permuted block randomization, conducted on a clini-

al data management system, to determine the order in which the

ondom sets were distributed. Six crossover orders were used to

alance allocation of conditions. More detail on randomization is

vailable in the study protocol [ 22 ]. In the double-blind experi-

ent, study condoms in plain foil were provided to participants,

ith the only identifying information being a two-digit code on

he foil. Study staff were blinded based on roles, with the study

tatistician and Principal Investigators blinded until after comple-

ion of primary analyses. 

.4. Procedures 

The study design was informed by a pre-submission meeting

ith FDA. The full study design, as well as power calculations, have

een described previously [ 21 ]. In brief, over a series of study vis-

ts, participants received five fitted condoms, five thin condoms,

nd five standard condoms. Participants had up to four weeks to

se all five condoms of a particular type before being crossed over

nto the next condition (condom type). Participants using all con-

oms in a set within two weeks were crossed over to receive the

ext set of study condoms, so participants were enrolled for a min-

mum of 6 weeks and a maximum of 12 weeks. Participants were

rovided up to $50 incentive for each study visit. 

Participants completed surveys at biweekly study visits. An

lectronic daily coital diary was used to track sexual activity be-

ween visits. Participants received a daily reminder and incentives

o encourage completion. Incentives were provided when partic-

pants completed the first question of the diary, specifying their

aily sexual activity (yes/no). To avoid bias, we provided incentives

or any response, including those indicating no sex. Similarly, par-

icipants were incentivized to attend study visits but not incen-

ivized for the use of study condoms. The daily sex diary tracked

hether participants had sex on a given day, the type of sex, lubri-

ant use, condom use, condom clinical failure, use of drugs or alco-

ol immediately preceding or during sex, and errors in condom ap-

lication. Participants were trained in required components of the

tudy: completion of coital diaries, determination of fitted condom

ize, and proper condom use. Training, based on WHO guidance

 21 , 22 ], included instructions for all MSM to use lubricant with all

nal sex acts, and for MSW to use lubricant as needed or desired. 

All condoms produced for the study were manufactured from

atex and had FDA 510(k) clearance. Standard condoms were

85 ± 10 mm length, 53 ± 2 mm width, and 70 ± 10 μm thick. These

imensions represent those for condoms commonly sourced by

he United Nations Population Fund (UNFPA) [ 21 ]. Thin condom

ere of identical width and length to “standard”, but 50 ± 5 μm

hick. Fitted condoms were produced in a range of 56 sizes, with

0 ± 10 μm thick. Participants’ fitted size was determined by their

se of a fitting system consisting of a paper template gradu-

ted with non-sequential numbering and lettering. Packets of 10 ml

ater-based, condom-compatible lubricant were distributed with

he condoms. 

.5. Outcomes 

Primary outcomes for the study relating to clinical failure were

ssessed through the daily sex diary. Clinical failure was assessed

sing standard ISO measures for clinical slippage, clinical breakage,
nd total clinical failure (slippage and/or breakage) [ 23 ], and fol-

ows FDA guidance regarding outcome reporting [ 24 ]. Event-level

orrelates of condom failure, such as errors in condom use, were

lso developed from ISO measures. We used an intention-to-treat

nalysis that included any anal sex acts among MSM and any vagi-

al sex acts among MSW in which a study condom was used. We

onducted a secondary, per-protocol analysis that used the above

riteria but excluded sex acts for which lubricant was used incor-

ectly: lubricant inside of the condom, use of condom incompatible

ubricant, or (for the MSM arm only) not using any lubricant. No

ubstantial differences were found between the intention-to-treat

nd per-protocol analyses; see Appendix A for per protocol analy-

es. 

Baseline study measures were developed from existing ques-

ionnaires, and included sexual history, past sexual dysfunction,

nd condom use experiences and perceptions. The full baseline

nstrument has been previously published [ 21 ]. Condom use self-

fficacy was assessed based on a previously validated instrument,

ith data dichotomized due to a skewed distribution. Potential co-

ariates for failure, such as circumcision or erectile function, were

easured with previously validated measures. To facilitate inter-

retation of results, we categorized age. Sensitivity analyses found

hat differences in categorization of age, as well as treating age

ontinuously, provided analogous results. Income, condom width,

nd condom length were collected categorically; to address data

parsity, some categories of these variables were combined. HIV

tatus was determined with the INSTI TM HIV-1/HIV-2 rapid anti-

ody test. 

.6. Statistical analysis 

Descriptive data analyses (counts and percentages) were used

o construct Table 1 and Figs. 1 and 2 . Table 2 displays two logis-

ic mixed effects models to compare condom failure performance,

aking into account the crossover study design that led to repeated

easures for each participant. The primary analysis adjusted for

tudy design variables: random effects for person nested within

andomization block and adjusted for arm (anal versus vaginal

ex), condom randomization order (first, second, third), and con-

om type (fitted, thin, standard). The secondary analysis adjusted

or all study design variables and a set of covariates. Covariates

ere divided into domains (demographics, biological, condom use)

nd domains with p < 0 • 1 association with clinical failure were

onsidered for inclusion in the final model. Backwards selection

ith p < 0 • 05 reduced covariates in the final model to study

esign variables and individual covariates significantly associated

ith clinical failure. Model fit was assessed through generalized

hi-square. Model-based estimates and confidence intervals of the

dds of failure were used to compare clinical failure performance,

ccording to study aims. A priori power calculations determined

 sample size of 504 participants to assess study hypotheses re-

arding clinical failure, assuming 80% power, 80% retention in the

tudy, and α = 0 • 05; further details have been published previ-

usly [ 21 ]. All analyses were performed in SAS v9 • 4. The study is

egistered with ClinicalTrials.gov, NCT02753842. 

.7. Role of the funding source 

The funder of the study had no role in study design, data collec-

ion, data analysis, data interpretation, or writing of the report. The

orresponding author had full access to all the data in the study

nd had final responsibility for the decision to submit for publica-

ion. 
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Table 1 

Condom failure by demographics, biological factors, condom use experience, and sexual event variables in a crossover 

trial of condoms for anal and vaginal sex, United States, 2016–2017. 

Clinical failure Clinical breakage Clinical slippage 

n (%) n (%) n (%) 

Demographics 

Age 

18–24 26 (1.3%) 19 (1.0%) 7 (0.4%) 

25–39 26 (1.2%) 13 (0.6%) 13 (0.6%) 

40–54 12 (1.7%) 3 (0.4%) 9 (1.3%) 

Race and ethnicity 

Hispanic 4 (0.6%) 2 (0.3%) 2 (0.3%) 

White non-Hispanic 30 (1.3%) 17 (0.8%) 13 (0.6%) 

African-American non-Hispanic 20 (1.5%) 12 (0.9%) 8 (0.6%) 

Other non-Hispanic 10 (1.5%) 4 (0.6%) 6 (0.9%) 

Education 

College, post graduate, or professional school 34 (1.3%) 15 (0.6%) 19 (0.7%) 

Some college, associate’s degree, technical school 17 (1.2%) 9 (0.6%) 8 (0.6%) 

High school or GED, or less 13 (1.6%) 11 (1.4%) 2 (0.3%) 

Income 

< $20,000 22 (1.6%) 12 (0.9%) 10 (0.7%) 

$20,000–$29,999 7 (1.2%) 0 (0.0%) 7 (1.2%) 

$30,000–$39,999 6 (1.4) 3 (0.7%) 3 (0.7%) 

$40,000–$49,999 8 (1.9%) 3 (0.7%) 5 (1.2%) 

> = $50,000 14 (0.8%) 10 (0.6%) 4 (0.2%) 

Marital Status, current 

Legally married or registered partnership/union 6 (1.3%) 0 (0.0%) 6 (1.3%) 

Divorced/Separated 2 (1.1%) 2 (1.1%) 0 (0.0%) 

Never married 56 (1.3%) 33 (0.8%) 23 (0.5%) 

Biological Factors 

Circumcised 

Circumcised (cut) 52 (1.3%) 28 (0.7%) 24 (0.6%) 

Uncircumcised (uncut) 12 (1.4%) 7 (0.8%) 5 (0.6%) 

Erectile function scale, with condom, past 6 months 

No erectile dysfunction 43 (1.2%) 28 (0.8%) 15 (0.4%) 

Mild, moderate or severe erectile dysfunction 16 (1.8%) 5 (0.6%) 11 (1.2%) 

Missing 5 (1.1%) 2 (0.4%) 3 (0.7%) 

Penile dimensions 

Fitted condom width 

< 11.7 cm 5 (0.6%) 3 (0.4%) 2 (0.3%) 

11.7–13.49 cm 27 (1.0%) 13 (0.5%) 14 (0.5%) 

> = 13.5 cm 32 (2.3%) 19 (1.3%) 13 (0.9%) 

Fitted condom length 

< 12.2 cm 1 (0.7%) 1 (0.7%) 0 (0.0%) 

12.2–14.19 cm 14 (1.3%) 6 (0.5%) 8 (0.7%) 

14.2–16.69 cm 29 (1.4%) 17 (0.8%) 12 (0.6%) 

> = 16.7 cm 20 (1.3%) 11 (0.7%) 9 (0.6%) 

Condom use experiences 

Used a condom for insertive sex, past 30 days 

Yes 47 (1.2%) 26 (0.7%) 21 (0.5%) 

No 17 (2.2%) 9 (1.2%) 8 (1.1%) 

Missing 

Removed condom before finishing sex, past 6 months 

Yes 25 (1.8%) 12 (0.9%) 13 (0.9%) 

No 34 (1.1%) 21 (0.7%) 13 (0.4%) 

Missing 5 (1.1%) 2 (0.4%) 3 (0.7%) 

Condom broke, slipped, or both during sex, past 6 months 

Yes 35 (2.1%) 21 (1.3%) 14 (0.9%) 

No 24 (0.9%) 12 (0.4%) 12 (0.4%) 

Missing 5 (1.1%) 2 (0.4%) 3 (0.7%) 

Condom self efficacy score 

Scored below 16 36 (1.6%) 18 (0.8%) 18 (0.8%) 

Scored 16 28 (1.1%) 17 (0.7%) 11 (0.4%) 

Sexual-event variables from daily coital logs 

Lubricant type 

Condom compatible lubricant 28 (0.8%) 13 (0.4%) 15 (0.4%) 

No lubricant ∗ 34 (2.3%) 20 (1.3%) 14 (0.9%) 

Non-condom compatible lubricants 2 (12.5%) 2 (12.5%) 0 (0.0%) 

Incorrect condom use ∗∗

Yes 9 (3.7%) 6 (2.5%) 3 (1.2%) 

No 55 (1.2%) 29 (0.6%) 26 (0.6%) 

Alcohol or drug use before or during sex act 

Yes 11 (2.3%) 6 (1.2%) 5 (1.0%) 

No 53 (1.2%) 29 (0.7%) 24 (0.5%) 

∗ Use of saliva only was classified as ’no lubricant’. 
∗∗ Using a single study condom for multiple sex acts (e.g. for oral and anal sex) or placing lubricant inside the study 

condom were considered to be incorrect use. 
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Fig. 1. Study Flow-Chart. 

Table 2 

Logistic mixed effects models of study design and potential confounders predicting condom failure in a crossover trial 

of condoms for anal and vaginal sex, United States, 2016–2017. 

Primary analysis model a Secondary analysis (covariate adjusted) model a 

OR 95% CI OR 95% CI 

Type of sex 

Anal (MSM) b 0.40 0.21, 0.75 0.37 0.19, 0.72 

Vaginal (MSW) c ref ref 

Condom Type 

Fitted 1.67 0.83, 3.38 1.57 0.75, 3.29 

Thin 2.17 1.11, 4.25 2.25 1.12, 4.51 

Standard ref ref 

Baseline characteristics 

Condom failure, past 6 months na na 2.27 1.07, 5.22 

No condom use, past 30 days na na 2.36 1.07, 5.22 

Fitted condom width 

Large ( > 13.5 cm) na na 3.97 1.28, 12.29 

Medium (11.7–13.5 cm) na na 1.74 0.565, 5.39 

Small ( < 11.7 cm) na na ref 

Sexual event characteristics 

Incorrect lubricant use during sex na na 7.00 1.21, 40.65 

Note: This table is based on an intent-to-treat analysis. 
a The primary (a priori) analysis controlled only for study design variables: type of sex, condom type, the randomized 

order in which condoms were received, and repeated measures on individuals. The secondary analysis also adjusted for 

significant covariates (condom failure, condom use, fitted condom width, incorrect lubricant use). 
b Anal sex for MSM only, per study design. MSW reported 7 anal-only sex acts with 1 clinical failure. These acts were 

excluded from this intent-to-treat analysis. Sensitivity analyses indicate this exclusion did not impact study conclusions. 
c Vaginal sex for MSW only, per study design. No MSM reported vaginal sex. MSW reported 14 instances of vaginal 

and anal sex in the same act with 1 clinical failure. These acts were included in the vaginal sex arm for these intent-to- 

treat analyses. Per protocol analyses excluding these acts can be found in Appendix A . 
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Fig. 2. Condom Failure by Type of Sex and Study Arm, intention-to-treat analysis. 
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3. Results 

A total of 1037 individuals completed a phone screen to deter-

mine eligibility, 504 were enrolled in the study and received a ran-

domized crossover condition order, and 409 (81.1%) of these were

retained until the end of the study period. A full flowchart detail-

ing participant recruitment and retention can be seen in Fig. 1 .

Among all enrolled participants in each arm, 200 MSM (79.4%)

and 209 MSW (82.9%) were retained throughout the study pe-

riod. Of the total enrolled per arm, 43 MSM (17.1%) and 35 MSW

(13.9%) were study stopped, and 9 MSM (3.6%) and 8 MSW (3.2%)

were lost to follow-up. Among MSM, the most common reasons

for study stopping were voluntary withdrawal ( n = 27), new HIV-

positive partner [ 6 ], STI symptoms or recent diagnosis [ 5 ], and

moving out of the study area [ 5 ]. Among MSW, the most com-

mon reasons for study stopping were voluntary withdrawal [ 21 ]

and moving out of the study area [ 10 ]. 

Demographic and baseline data, broken down by MSM and

MSW arms, are reported elsewhere [ 21 ]. In brief, the study sample

was predominantly single (87.3% never married), identified as ho-

mosexual for MSM (90.5%) or heterosexual for MSW (97.2%,), and

diverse (47.8% White non-Hispanic, 12.3% Hispanic, 26.0% African

American non-Hispanic, and 13.7% other, non-Hispanic). Annual

earnings varied considerably: ≥$50,0 0 0 (37.2%), $20,0 0 0 to $49,999

(31.6%), and < $20,0 0 0 (31.2%). Nearly three-quarters (74.0%) of par-

ticipants in both arms rated themselves as “very experienced” us-

ing condoms. Despite this experience, 36.3% of MSM and 38.1%

of MSW reported condom slippage, condom breakage or both in

the past 6 months. MSM and MSW were similar in terms of

race/ethnicity, income, marital status, homelessness, and variables

relating to condom use including recent condom use, condom self-

efficacy, recent condom errors, and recent condom failure. Likely

an artifact of higher levels of MSW recruitment on college cam-

puses relative to MSM, there were demographic differences be-

tween the study arms. More MSW were students (53% versus 11%),

aged 18–24 (60% versus 25%), and had only achieved high school

or less education (22% versus 8%). 

Table 1 displays the proportion of sex acts in which study con-

doms were used and clinical failure occurred, by demographics,

biological factors, past condom use experiences, and experiences

during the sexual event. Overall, study condom total clinical fail-

ure (slippage, breakage, or slippage and breakage) occurred in 1.3%

(64/4884) of sex acts. Total clinical failure proportions were low

across a broad range of baseline variables, ranging from 0.6% to

2.3%. More variability was observed in sexual-event level measures.
or sex in which non-condom compatible lubricant (e.g. oil-based

ubricant) was used, failure occurred 2/16 times (12.5%). For sexual

vents in which condoms were used incorrectly, condoms failed

/242 times (3.7%). There were no cases of clinical slippage and

linical breakage in the same sex act. MSM reported no vaginal sex

cts with a study condom. MSW reported 7 anal-only sex acts with

 clinical failure, which were excluded from intent-to-treat analy-

es presented in Table 1 based on our intent to maximize separa-

ion of study arms. Moreover, MSW reported 14 instances of anal

nd vaginal sex in the same act with 1 failure, which were in-

luded in the vaginal sex arm for intention-to-treat analyses. Per

rotocol analyses that excluded all anal sex acts reported by MSW

 Appendix A ) were not substantially different than intention-to-

reat analyses. 

Fig. 2 shows failure levels by study design variables of type

f sex and type of condom. For anal sex, there were 16/2351

0.7%) condom failures, with failure levels ranging across the three

ypes of condoms from 0.62% to 0.76%. For vaginal sex, there were

8/2533 (1.9%) condom failures, with failure levels ranging across

he three types of condoms from 0.95% to 2.72%. Based on these

ow failure levels, the study supports the a priori hypothesis that

ondoms fail less than an acceptable threshold for anal sex. The

xact level of acceptable failure remains to be determined by FDA,

ut for vaginal sex, condoms have been previously cleared based

n a clinical failure threshold of < 5.0%. 

Table 2 reports the results from the logistic mixed effects mod-

ls for total clinical condom failure. The primary analysis model

PA) adjusts for study design variables and a secondary analysis

SA) model adjusts for these and other variables expected to be

ssociated with condom failure. In both models, anal sex was asso-

iated with lower failure relative to vaginal sex (PA OR: 0.40, 95%CI:

 • 21, 0.75; SA OR: 0.37, 95%CI 0.19, 0.72). Fitted condoms did not

ave different levels of failure than standard condoms for vagi-

al and anal acts (PA 1.67, 95% CI 0.83–3.83) or for anal sex acts

nly (PA OR: 0.93, 95% CI: 0.27, 3.26), suggesting rejection of the

 priori hypothesis that fitted condoms would fail at lower rates

han standard condoms for anal sex. Thin condoms were associ-

ted with higher failure rates in both models relative to standard

ondoms (PA OR: 2.17, 95%CI: 1.11, 4.25; SA OR: 2.25, 95%CI 1.12,

.51). In the SA model, higher levels of clinical failure were asso-

iated with baseline characteristics of having experienced condom

ailure in the previous 6 months, not having used condoms in the

0 days prior to study initiation, and having larger self-measured

ondom width. Among variables assessed after each sex event, us-

ng condom lubricant incorrectly was associated with higher odds

f failure. 

Due to study design, nearly all anal sex acts included condom-

ompatible lubricant (2307/2347, 98.3%) and a minority of vaginal

ex acts included condom-compatible lubricant (1053/253, 41.6%).

 post-hoc analysis among vaginal sex acts for which study or

ther condom-compatible lubricant was used indicated clinical

ailure of 1.1% (12/1053) for these acts (data not displayed in ta-

les). Conversely, vaginal sex acts with either nonuse of lubricant

r use of condom-incompatible lubricant had failure rates of 2.5%

36/1467). When controlling for use of condom-compatible lubri-

ant, there was no difference in the odds of failure for anal versus

aginal sex (OR 0.83 95% CI −0 • 3, 2.2, p = 0.70). 

. Discussion 

In the largest clinical trial of condoms for anal sex to date, total

linical failure for anal sex was less than 1% for fitted, thin, and

tandard condoms. Previously, regulatory agencies have approved

on-inferiority applications for vaginal sex based on a less than

% failure rate [ 21 , 25 ]. We therefore anticipate that our findings

ill allow for international regulatory agencies to provide a label
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ndication for each of these types of condoms for anal sex. Our

revious survey found that 69% of MSM reported they would be

ore likely to use condoms more frequently if the condoms were

DA label-indicated for anal sex, so a label indication may pro-

ide public health utility [ 26 ]. A label indication could have utility

or women as well, and we see no reason to anticipate biologi-

al differences in failure levels for anal sex due to the sex (male

r female) of the receptive partner. A label indication will clarify

he high efficacy of condoms for anal sex when used properly, po-

entially promoting their use in combination prevention strategies

hat encourage choice of efficacious interventions. 

In our trial, clinical failure was significantly lower for anal sex

han for vaginal sex. This confirmed our hypothesis that condoms

ould fail at an acceptable level for anal sex, but was contrary to

ur expectation that condoms might fail more often for anal sex.

n multivariate analyses that controlled for potential confounders

uch as past failure experiences, the effect of lower failure for anal

ex remained significant. This finding is contrary to previous stud-

es that found higher failure for anal sex than for vaginal sex. 

One likely reason for the difference between the present and

revious results involves provision of lubricant. The FDA website

otes that condoms may fail more for anal sex than for vaginal

ex due to higher levels of friction [ 18 ]. We provided all study

articipants with water-based, condom-compatible study lubricant,

hich should reduce friction and stress on the condom. MSM were

nstructed to always use study lubricant, and MSW were instructed

o use study lubricant as needed or preferred, per WHO guidance

 21 , 22 ]. Differential lubricant use could account for differences

n clinical failure rates: post hoc analyses indicated no difference

n failure between anal and vaginal sex acts for which condom-

ompatible lubricant was used. Similarly, previous studies have

ound additional lubricant use to be associated with lower condom

ailure for vaginal sex [ 27 , 28 ]. Taken together, these findings raise

he question of whether the billions of condoms distributed as part

f HIV and STD prevention efforts should be accompanied by lubri-

ant to minimize potential failure. Additional research should be

onducted to determine whether such an approach is merited, po-

entially including studies to explore how additional lubricant in-

uences clinical failure for vaginal sex and how distribution of ad-

itional lubricant with condoms for vaginal sex would be perceived

y stakeholders and condom users. 

Another likely reason for differences between the present and

revious studies is improved measurement of clinical failure. The

ajority of previous studies used recall periods of 1–6 months [ 8–

4 ], with a minority using paper forms collected at two-week in-

ervals [ 15 , 16 ]. By providing participants with a convenient mobile

hone-based daily diary, outcomes were reported shortly following

ex acts. More immediate reporting of sexual event data improves

he quality of reporting by minimizing recall bias [ 20 ]. Our incen-

ive system for attending study visits and completing diary entries

lso supported better measurement by encouraging timely report-

ng and removing incentivizes to fabricate data. Equal incentives

ere provided regardless of whether study condom use was re-

orted; in fact, some participants remained in the study for mul-

iple periods without any reports of condom use (while still re-

eiving study incentives). In contrast, some previous studies pro-

ided additional incentives for each condom outcome reported, or

equired outcome reporting prior to distribution of the next study

ncentive [ 15 , 29 ]. Such systems could introduce bias if participants

abricated sex events to maximize their incentive, a particularly

roblematic issue given that MSM over-estimate the frequency of

ondom failure for anal sex [ 26 )] 

The present study has a number of strengths, including large

ample size, use of standard measures, regulation-compliant data

ystems, and use of incentives, item design, and crossover study

esign that sought to minimize bias. This study also has a num-
er of limitations. Study outcomes are limited to self-report. This

oncern is partially mitigated because the outcome measure of

ondom failure demonstrated validity. Concurrent validity is ob-

erved in the association of sex-event level variables such as use of

ondom-incompatible lubricant being associated with higher con-

om failure. Moreover, predictive validity is observed in associa-

ions of baseline variables such as recent use of condoms with

ower condom failure in the study period. 

By design and based on WHO guidance, MSM received instruc-

ions to use lubricant for every sex act and MSW received in-

tructions to use lubricant as needed or preferred. This resulted in

ighly differential lubricant use. Our secondary analysis indicates

hat if levels of lubricant use were equal between the two arms,

here may have been no finding of different levels of failure be-

ween anal and vaginal sex. FDA guidance for clinical trials of con-

oms led to participant training and strict inclusion criteria (e.g.

o genital piercings) that make this trial an assessment of condom

fficacy, rather than real-world condom effectiveness. 

Overall, condoms performed well across all types of sex, bring-

ng to mind the truism that the predominant reason for condom

ailure is nonuse [ 30 ]. For those considering condom use, confi-

ence in condoms is essential. MSM at-risk for HIV transmission

ave reported higher willingness to use condoms for anal sex if

hey carried an FDA label indication for that purpose [ 26 ]. The high

rotection against disease transmission indicated by the extremely

ow condom failure rates for anal sex in this optimal use study may

e similar to the extremely low PrEP failure rates seen in prior op-

imal use studies, with both having < 1% failure. The high efficacy

f condoms indicates their continued relevance for HIV and STD

revention. 

ata sharing 

Deidentified data and explanatory documentation will be

hared based on written request, and after review and approval

f the lead investigators (AJS, PSS, MPC, and EMR). Access will be

ranted after approval by the lead investigators of an analysis pro-

osal and execution of a signed data sharing agreement. The study

rotocol, and relevant documentation such as study measurement

nstruments and detailed procedures, have been previously pub-

ished [21] . 

unding 

NICHD, R44HD078154. 

eclaration of Competing Interests 

AJS, EMR, PSS, LA, CFK, CCM, RHM, and ESR have no conflicts

f interest to declare. MPC is the owner of TheyFit LLC. On January

6, 2016, TheyFit LLC sold all assets pertaining to the study aims

ncluding trademarks, intellectual property, inventory, website, and

egulatory approvals to Karex Berhad. MPC has no financial inter-

st in Karex Berhad. Karex Berhad manufactured condoms for the

tudy, but had no input regarding trial design, had no access to

rial data, and had no access to or input regarding this manuscript.

RediT authorship contribution statement 

Aaron J. Siegler: Conceptualization, Writing - original draft, 

riting - review & editing. Elizabeth M. Rosenthal: Project ad-

inistration, Data curation, Writing - review & editing. Patrick S.

ullivan: Conceptualization, Writing - review & editing. C.

hristina Mehta: Data curation, Formal analysis, Writing - review

 editing. Reneé H. Moore: Data curation, Formal analysis, Writ-

ng - review & editing. Lauren Ahlschlager: Writing - review &



8 A.J. Siegler, E.M. Rosenthal and P.S. Sullivan et al. / EClinicalMedicine 17 (2019) 100199 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[  

 

 

 

 

[  

 

[  

 

 

 

editing. Colleen F. Kelley: Writing - review & editing. Eli S. Rosen-

berg: Writing - review & editing. Michael P. Cecil: Conceptualiza-

tion, Writing - review & editing. 

Acknowledgements 

We appreciate and acknowledge the contributions of our study

participants. We want to acknowledge the excellent and dedi-

cated work of many research staff on the project, especially Elana

Wilder Spaulding and Jessica Swiniarski. Our sincere thanks to

Karex Berhad for manufacturing condoms for this study. Thanks

also to our clinical laboratory partner, the Emory Center for AIDS

Research Clinical Virology Laboratory, led by Dr Colleen Kraft. This

study was funded by a Small Business Innovative Research grant

from the Eunice Kennedy Shriver National Institute of Child Health

and Human Development ( R44HD078154 ). The funder had no in-

volvement with the study design, data collection, data analysis,

data interpretation or writing of the manuscript. The study was

jointly conceptualized by Emory and TheyFit, informed by a pre-

submission discussion with the FDA. Emory investigators held the

final decision-making authority in study design and conduct, and

were solely responsible for data analysis. All authors had full ac-

cess to study data, and AJS and MPC had final responsibility for

the decision to submit for publication. The study was facilitated by

the Center for AIDS Research at Emory University ( P30AI050409 ).

The content is solely the responsibility of the authors and does not

necessarily represent the official views of the National Institutes of

Health. 

Appendix A. Per protocol analysis of a logistic mixed effects 

models predicting condom failure in a crossover trial of 

condoms for anal and vaginal sex, United States, 2016–2017 

Primary analysis 

model a 

Secondary 

analysis (covariate 

adjusted) model a 

OR 95% CI OR 95% CI 

Type of sex 

Anal (MSM) b 0.34 0.17, 0.68 0.32 0.15, 0.67 

Vaginal (MSW) c ref ref 

Condom type 

Fitted 1.99 0.91, 4.35 1.76 0.78, 3.96 

Thin 2.61 1.23, 5.55 2.42 1.12, 5.22 

Standard ref ref 

Baseline characteristics 

Condom failure, past 6 months 2.45 1.26, 4.78 

No condom use, past 30 days 2.81 1.18, 6.66 

Fitted condom width 

Large ( > 13.5 cm) 3.56 1.10, 11.56 

Medium (11.7 mm to 13.5 cm) 1.49 0.46, 4.82 

Small ( < 11.7 cm) ref 

Sexual event characteristics 

Drug or alcohol use before/during sex 2.23 1.02, 4.89 

Incorrect lubricant use during sex na d na d 

a The primary (a priori) analysis controlled only for study design variables: type

of sex, condom type, the randomized order in which condoms were received, and

repeated measures on individuals. The secondary analysis also adjusted for signifi-

cant covariates (condom failure, condom use, fitted condom width, drug or alcohol

use before sex). 
b Anal sex for MSM only, per study design. MSW reported 7 anal-only sex acts

with 1 clinical failure. These acts were excluded from this per protocol analysis.

Sensitivity analyses indicate this exclusion did not impact study conclusions. 
c Vaginal sex for MSW only, per study design. No MSM reported vaginal sex.

MSW reported 14 instances of vaginal and anal sex in the same act with 1 clinical

failure. These acts were excluded from these per protocol analyses. 
d Not applicable because instances of incorrect lubricant use were not eligible

for the per-protocol analysis. 
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