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Abstract

Background—This study prospectively assessed and compared the incidence of condom use
errors/problems among clinic patients testing positive for one or more of 3 STDs and those testing
negative. The study also identified event-level condom use errors associated with condom
breakage and slippage during sex.

Methods—Enrolled clinic patients (N=928) were tested for 3 STDs, then patients electronically
recorded sexual intercourse and condom use behaviors daily for up to 6 months. Data were
available on condom use errors and problems for the more than 10,000 sex events involving
condoms. Assessed errors/problems were: 1) not using a new condom, 2) allowing condoms to
contact sharp objects, 3) not using condoms from start to finish of sex, 4) condoms drying out, 5)
erection loss during condom use, 6) breakage, 7) slippage during sex, and 8) dlippage after sex.
Because the event-level measures were correlated within individual, Generalized Estimation
Equation (GEE) models were used for analyses.

Results—All eight forms of errors/problems with condom use occurred, with varying levels of
frequency, without significant differences by baseline STD status for either men or women.
Condom breakage was associated with contact with sharp objects (/ .0001) and drying out (/4 .
0001). Slippage during sex was associated with erection loss (/.0001) and drying out (/.0001).

Conclusion—Subsequent to STD evaluation, much of the sex occurring with the use of a
condom may not confer adequate protection. Problems found to be associated with condom
breakage and dlippage are potentially amenable to counseling interventions.
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Introduction

Methods

In the United States, approximately 19 million new acquisitions of sexually transmitted
diseases (STDs) occur each year.l However, these are cases, not people; subsequent
infections among individuals are quite common.23 Although condom use can be a highly
protective method of averting these repeat infections, an expanding body of evidence
suggests that user errors and problems may greatly compromise the value of condoms.*%
Given that clinicians and other health care professionals are specifically poised to help
patients rectify their condom use errors and problems, it isimportant that a body of
empirical literature be developed to guide their counseling efforts. In service of thisgoal, a
rigorous study addressing condom use issues is warranted. Specifically, a study is needed
that determines the incidence of not only unprotected vaginal sex (UV'S), but also condom
use errors and problems. Accordingly, the purpose of this study wasto: 1) prospectively
assess and compare the incidence of UV S and of condom use errors/problems among clinic
patients testing positive for one of 3 STDs (chlamydia, gonorrhea, and trichomonas) and
those testing negative (stratified by gender); and 2) identify event-level condom use errors
that may cause the problems of breakage and slippage during sex.

Data for this study were taken from alarge, NIH-funded, study of condom effectiveness
against non-viral STIs. Thiswas a prospective cohort study that tested men and women for
non-viral STls at three time points (baseline, 3 months, and 6 months) and used daily
electronic diaries to assess key sexual behaviorsincluding condom use.

Participants were recruited from five clinics caring for individuals at high-risk for STI in
three U.S. cities: a publicly-funded STD clinic in the Southern US; a publicly-funded ST
clinic in the Midwestern US; an STD clinic of alarge teaching hospital in Boston, MA; and
two adolescent medicine clinics of a children's hospital in Boston. The STD clinics enrolled
individuals aged 18 years and older; the adolescent clinics enrolled individual s as young as
15. Eligibility criteriaincluded reporting penile-vaginal intercourse in the preceding 3
months; willing to be tested for chlamydia, gonorrhea, and trichomoniasis by providing a
urine specimen; speaking English; willing to provide contact information; and providing
written informed consent. Institutional review boards at the participating universities
approved the study protocol with awaiver of parental consent for adolescents less than 18
years of age.

Recruitment procedures varied slightly across the five clinics. At the STD clinic nurses
referred all potentially eligible patients to a study research assistant for possible recruitment
and final eligibility screening. At the adolescent clinics, the study was listed on aresearch
recruitment flag attached to the appointment paperwork of age-eligible patients. The
research assistant used the flag to identify eligible patients and then solicit their potential
participation, followed by final eligibility screening. This chart-flagging system at
adolescent clinics precluded us from calculating a participation rate for those sites. Across
the three remaining clinics, 1,424 patients agreed to be screened for eligibility. Of these,
1,297 were eligible and invited to participate; 794 enrolled, yielding a participation rate of
61.2%. With the remaining patients from the Boston clinics (n=135), the participant sample
size was 929. Data were collected from December 2007 through April 2011.
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Participants were instructed to complete daily sex event diaries using the Configurable
Electronic Real-Time Assessment System (CERTAS, Personal |mprovement Computer
Systems, Inc. Reston, VA, USA) on a password-protected handheld computer (Tungsten E2
personal digital assistant). The handheld computer was programmed to beep once aday to
prompt the report.

The daily diary asked participants to report whether they had had sex in the past 24 hours.
Sex was defined as penile-vaginal intercourse. If sex occurred, participants were asked to
report whether they used a condom. If condom use was reported, they were asked yes-no
guestions about three errors: 1) “Was the condom in a sealed package and never used?’ 2)
“Did the condom you were using contact sharp jewelry, fingernails, or teeth?’ 3) “Was there
atimein this sex event when the penis was in the vagina and not covered by a condom?”’
Also, if condom use was reported participants were asked yes-no questions about five
problems: 1) “Did the condom dry out during sex?’ 2) “Was there aloss of erection when
you used the condom?’ 3) “Did the condom you were using break during sex”? 4) “Did the
condom you were using dlip off during sex?’ 5) “Did the condom you were using dlip off the
penis after sex was over?”’

To ascertain STD status at enrollment, first-catch urine specimens were collected for nucleic
acid amplification testing using the Becton Dickinson ProbeTec ET Chlamydia trachomatis
and Neisseria gonorrhoeae Amplified DNA Assay (Sparks MD).” Aliquots were assayed for
the presence of 7. vaginalisusing Tag-Man polymerase chain reaction (PCR). An Atlanta-
based laboratory developed and validated this in-house PCR-ELISA with established and
acceptable estimates of sensitivity and specificity.8 Participants who tested positive for any
STD returned to the clinic to receive appropriate single-dose treatment. Participants were
provided with a gift card to compensate them for their time and they were provided a broad
assortment of condoms aswell as an assortment of lubricants.

Data Analysis

Results

Using the daily reports, the occurrence of unprotected vaginal sex (UVS) was determined.
Chi-sguared tests were used to compare the proportion of persons reporting any subsequent
UV S between those who were STD positive at baseline compared to those testing negative
(stratified by gender). Event-level datafor condom use errors/problems were also available
from the daily reports. In cases where data for a given event was missing the event was
counted as not involving a condom error or problem. The utility of using event-level data
has been previously established.19 Because the event-level datawere correlated within
individual, Generalized Estimation Equation (GEE) models were used for analyses
pertaining to condom use errors and problems. Estimated odds ratios and corresponding
95% confidence intervals were calculated for the measures investigating potential causes of
breakage/slippage. Based on findings from past studies*6-10 the error of letting condoms dry
out during sex was assessed for association with both breakage and slippage during sex.
Also, the error of allowing condoms to contact sharp objects was tested for association with
breakage and the problem of erection loss during condom use was tested for association with
slippage during sex. Version 19.0 of SPSS and Version 9.3 of SAS were used to analyze the
data; statistical significance was defined by a P-value less than 0.05

Characteristics of the Sample

The participant sample included 928 clinic attendees. The mean age of the sample was 29.2
years (standard deviation=10.8). The majority identified as African American/Black (n=617,
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66.5%) and the majority were women (n=510, 55.1%). Most (61.7%) of those 18 and older
reported earning less than $1,000 per month in income or social assistance and 45.0% of
those under 18 reported they qualified for afree lunch at school. The mean number of
lifetime sex partners was 29.7 (SD=38.2) and the mean number of sex partnersin the past 3
months was 2.9 (SD=6.4). Just under one-half of the sample (49.1%) reported ever being
diagnosed with an STD. Just under one-fifth of the sample (18.4%) tested positive for one or
more of the 3 STDs assessed by the study upon enrollment.

Retention of volunteers from publicly-funded clinics is often problematic.311-13
Nonetheless, through the use of frequent reminder phone calls and text messages our
retention rate at the end of the 6-month observation period was 67.0%. Among the men who
were diagnosed with at |east one of the 3 STDs assessed at baseline, 28.6% reported having
any UVSon daily diary reports over the 6-month observation period. This was not
significantly different than reports of UV'S among men testing negative at baseline (31.0%,
P=.15). However, fewer women testing positive for STDs at baseline reported subsequent
UV'S, compared to women testing negative (34.0% v. 39.7%, P< .0001).

Comparative and Descriptive Findings

Table 1 displays the comparative and descriptive findings regarding errors and problems
separately for men and women. Over the 6-month period, participants with valid STD test
results reported 10,970 penile-vaginal sex eventsthat included use of acondom. As shown,
no significant differences were found when comparing the frequency of errors/problems
between those testing positive for STD versus those testing negative at baseline. The most
frequently occurring errors/problems were not using the condom from start to finish of sex
(incomplete use 10.6% — 17.1%, 1,699 total events); erection loss during condom use (8.0%
—18.4%, 1,141 total events); and the condom drying out during sex (13.0% — 15.1%, 1,468
total events). Breakage was |ess common (3.8% — 6.6%, 487 total events), as was slippage
during sex (2.3% — 5.8%, 473 total events), and dlippage after sex (3.5% — 7.2%, 539 total
events). Allowing the condom to contact sharp objects (2.0 — 7.5%, 318 total events) was
relatively less common. Finally, not using a new condom (3.0 — 6.8%, 625 total events) was
arelatively common occurrence.

In extracting the number of condom-protected events involving one or more of the four
errors and problems that directly cause condom failure (breakage, slippage during sex,
dlippage during withdrawal, and not using condom from start to finish of sex) and dividing
by the total number of condom-protected events it was observed that 15.6% of the events
were actually not protective in the 6-month observation period.

Table 2 displays the frequency of condom use errors and problems stratified by infrequent
versus frequent occurrence. Infrequent occurrence was defined by counting the errors/
problemsif they were reported at least once. Conversely, infrequent occurrence was defined
by only counting the errors/problems if they were reported at least 25% of all times sex
occurred. Because this calculation required an individual-level analysis, standard formulas
for odds ratios and 95% confidence intervals were employed. As shown among those
reporting ten or fewer acts of sex during the recall period, infrequent occurrence was
significantly lesslikely for each of the assessed errors and problemsin comparison to those
reporting ten or more events of sex (left-hand side of Table 2). However, as shown in Table
3 (right-hand side), this pattern changed when frequent errors/problems were analyzed.
When the error or problem was only counted as such if it occurred during at |east 25% of the
sex events then differences between persons reporting ten or fewer events and those
reporting more than ten events only remained for four variables: not using new condoms,
breakage, slippage during sex, and slippage during withdrawal. For each of these four
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variables the significant difference favored those reporting more than ten sex events
(meaning fewer were classified as having frequent errors/problems).

Potential Causes of Breakage/Slippage During Sex

Table 3 displays the event-level associations between selected errors/problems with
breakage/dlippage. In events when the condom dried out during sex, breakage was more than
fivetimes aslikely (15.1% vs. 2.8%). In events when the condom contacted a sharp object
breakage was more than four times as likely (17.3% vs. 4.0%).

With regards to slippage during sex, in events when the condom dried out, slippage during
sex was more than threetimes as likely (11.2% vs. 3.3%). Also, in events when the erection
was lost during sex, slippage during sex was more than four times as likely (14.9% vs.
3.1%).

Discussion

This study observed arelatively low rate of UVS, assessed daily, following STD evaluation
and diagnosis, among a sample of patients from five clinicsin 3 US cities. Although rates of
UV S subsequent to baseline did not differ significantly between men testing positive for
STDs compared to those testing negative, the same was not true of women. Women testing
positive were significantly less likely to report subsequent UV S than those testing negative.
For either gender, however, it appears that upwards of one-third of the sample engaged in
subsequent acts of unprotected penile-vaginal sex. Despite the encouraging observation that
the mgjority did not engage in subsequent UV'S, the study found that some condom use
errors and problems may be common. In essence, the results suggest that about one of every
six of all events of penile-vaginal sex that involved condom use were not truly “condom-
protected” given the existence of one or more of four errors and problems (not using new
condoms, incomplete use breakage, and slippage). From aclinica viewpoint, these issues
can be viewed as behavioral and, as such, they are clearly worth correcting via counseling,
especially given the high-risk nature of people attending clinics that diagnose and treat
STDs.

Thelack of significant differences in the frequency of subsequent condom use errors/
problems between the STD-positive men and women and the STD-negative men and women
is an important study finding. The importance lies in the observation that the experience of
testing positive for an STD is apparently not sufficient to improve the quality of condom use
(i.e., rectify user errors and problems) beyond that being reported by persons testing
negative for STDs. Of note, this observation does not necessarily indicate that people testing
positive are not committed to correct condom use. Instead, they may have characteristics as
acouple that lead to these problems (e.g., undue friction, pain, loss of arousal). For example,
for persons reporting that the condom dried out, clinicians and health care professionals may
need to address how issues with female arousal may necessitate adding lubrication to
condoms before and during sexual intercourse. It is noteworthy that arecent clinical trial
established the efficacy of brief counseling interventions (targeting correct use) for patients
testing positive for STDs.3

Study findings reported in Table 2 are noteworthy for two reasons. First, the data shown on
the left-hand side validate the intuitive suggestion that experiencing an error or problem at
least once in the recall period is more likely for persons reporting relatively greater numbers
of sex events. Second, the data shown on the right-hand side of Table 2 suggests that
persons reporting relatively more frequent sex are significantly less likely to have frequent
issues with not using new condoms, breakage, slippage during sex, and slippage during
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withdrawal. These findings validate the idea that “ practice makes perfect” but only for these
four measure of correct condom use.

The observed event-level associations with breakage and slippage reported in Table 3area
particularly important feature of this study. To date, no other study has used comparable
daily diary reportsto test these event-level relationships. The likelihood of causal
relationships is strengthened by the logical direction of occurrence. In each case the problem
(i.e., breakage or slippage) isalogical extension of the error (i.e., condom dried out during
sex, contacted sharp object, and erection loss during condom use). For example, when a
condom loses its lubricant the increased friction during sex is likely to be a cause of dlippage
and possibly breakage. This observed associations from this study can be valuable for
clinicians and other health care professionalsin their efforts to address condom use issues
when counseling patients being evaluated for STDs. Given the large estimated odds ratios,
the study findings clearly suggest that enhanced patient counseling is warranted in regards to
using lubricants to avoid condoms drying out, educating patients about avoiding contact of
condoms with sharp objects, and counseling patients about the potential for condom slippage
when erection loss occurs.

Finally, the descriptive data from this study also have some important implications. For
example, given the number of reports that people did not use new condoms (reported for 625
events), clinics should provide large supplies of these relatively inexpensive products to
patients regardless of diagnosis. Additionally, clinics may need to provide ongoing sources
of free condomsto their patients as a service that is separate from clinical care. Counseling
patients to help them find the optimal type (brand, size, shape, etc.) of condom for their
needsis also likely to be important. In addition, given 1,468 events when people reported
that condoms had dried out, clinics may benefit their patients by making pocket size vials of
condom |ubricants free and easy to access.

The geographic diversity of the sampleislimited to patients attending clinicsin only three
US states, thus generalizability of the findings to the entire country is problematic. Also,
study findings are limited by the validity of participants' self-reports of condom use errors/
problems; however, problems associated with recall are minimized by the use of daily
electronic reporting. Indeed, evidence suggests that this type of momentary reporting may be
far superior to other methods of data collection.1* However, while daily reporting may
reduce recall biasit is not known whether self-presentation biasis also reduced by this
method of data collection. It is possible that people experiencing errors/problems may not
have disclosed this information despite the confidential nature of the data collection strategy.
Further, having only two-thirds of the sample complete the full 6-month observation period
creates a potential bias that may yield either underestimation or overestimation of the true
incidence of condom use errors/problems. Finally, missing data regarding the occurrence of
any given error/problem may have led an underestimate of true occurrences.

Overall, the findings suggest that patients of clinics that diagnose and treat STDs experience
a substantial number of condom use errors/problems subsequent to their clinic visit. Because
these subsequent errors/problems occur with similar frequencies among those testing
positive and those testing negative for STDs, it may be prudent to counsel all patients about
the correct use of condoms. Such counseling efforts should potentially utilize amore
complete view of how couples experience condoms as well as the multiple errors and
problems that may occur. Correct and adequate condom useis likely to be a complicated
endeavor for many couples implying that clinician guidance regarding product selection and
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arousal may be quite beneficial. To avoid breakage and slippage, this event-level analysis
suggests that three focal points of these counseling efforts should be to avoid condoms
drying out during sex, to avoid contact between condoms and sharp objects, and to halt
penile-vaginal penetration when erection loss occurs during condom use (holding onto the
rim of the condom during withdrawal). Clinics may a so benefit their patients by providing
ongoing supplies of free condoms and lubricant vials; however, this provision should be
linked with counseling efforts that focus on hel ping patients find a condom brand and size
that works best for their needs.
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Crosby et .

TABLE 3

Associations Between Selected Errors/Problems and Condom Breakage/Slippage

Outcome

No. (%) Est OR 95% ClI P

Breakage
Condom dried out during sex
Yes (n=1475) 223(15.1) 557 4.09,7.58 [It]0.0001
No (n = 9553) 264 (2.8) Reference
Condom contacted sharp object
Yes(n=2318) 55(17.3) 542 3.46,8.48 [It] 0.0001
No (n=10,710) 432 (4.0) Reference

Slippage

Erection loss during sex
Yes(n=1144) 171(149) 4.63 3.39,6.31 [It]0.0001
No (n = 9884) 307 (3.1) Reference
Condom dried out during sex
Yes(n=1475) 166 (11.3) 3.05 2.33,4.00 [It]0.0001
No (n = 9553) 312 (3.3) Reference
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Raw numbers and percentages are presented for descriptive purposes to indicate the frequencies of breakage and slippage across sex events among
those with and without selected errors/problems. However, to account for nonindependence of outcomes across repeated sex events for the same
persons, odds ratios comparing those with and without the errors/problems are estimated (Est OR); 95% confidence intervals (Cl) are provided; and
Pvalues are obtained via generalized estimating equations.
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