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Short summary: This study compares adolescent women’s reports of condom use with the results of a biomarker
for semen exposure. Adolescent women who reported perfect condom use but tested positive on the semen
exposure biomarker were more likely than other participants to report pregnancy 6 months later.

Abstract
Background: Adolescents may use condoms inconsistently or incorrectly, or may over-report condom use. This
study used a semen exposure biomarker to evaluate the accuracy of female adolescents’ reports of condom use.
Methods: The sample comprised 715 sexually active African-American female adolescents, ages 15–21. At baseline, 6, and 12 months, participants completed a 40 minute interview and were tested for semen Y-chromosome
with polymerase chain reaction from a self-administered vaginal swab. Data analysis predicted pregnancy using
a Poisson working model, controlling for oral contraception, reported condom use, and coital frequency.
Results: At the 3 waves, 30%, 20% and 15% of adolescents who reported always using condoms tested positive
for semen exposure. Six months later, 20.4% and 16.2% of the adolescents who under-reported semen exposure
reported pregnancy, a higher pregnancy rate than among other adolescents, even those who never used condoms
(14.2% and 11.8%). Suspected over-reporters had respectively 3.23 (95% confidence interval (1.61, 6.45)) and
2.21 (0.94, 5.20) greater likelihood of reporting pregnancy than other participants.
Conclusions: Respondents who reported perfect condom use but tested positive for semen Y-chromosome were
more likely to become pregnant than other women, even women who reported never using condoms, adjusting for
reported frequency of sex. Women who reported perfect condom use but tested positive for semen Y-chromosome
may have over-reported their condom use and under-reported coital frequency.

Introduction
Adolescents may use condoms inconsistently or incorrectly, and may over-report their condom use. Biomarkers
for semen exposure can identify apparent over-reporters, allowing interventions to target populations at risk from
inconsistent condom use. This study uses a biomarker for semen exposure to evaluate the accuracy of adolescent
women’s reports of condom use.
Only 62% of US adolescents report having used condoms at last intercourse (1), and many adolescents never
use condoms at all. Survey research in adolescent populations is also subject to reporting validity issues because
adolescents may give inaccurate responses on surveys, especially for sensitive topics such as sexual behavior (2–
5). Inconsistent reporting has been used to identify inaccurate self-reports of sexual behavior (3–5) and abortions
(6), in addition to other sensitive behavior including cigarette smoking (7–10), alcohol, and illegal drug use
(8, 9, 11–15). Respondents who give two logically contradictory reports about their sexual behavior within the
same wave or across waves must have given at least one inaccurate response (16), but inconsistency is limited
because it’s not known which report is accurate.
Researchers have also identified biomarkers for semen exposure to decrease reliance on self-report, including
sexually transmitted infection (STI) diagnoses and detection of substances present in semen. Respondents who
report 100% condom use but were subsequently diagnosed with a sexually transmitted infection (STI) may have
over-reported their condom use, but this measure has low sensitivity even in high STI prevalence populations
(17–19). Condom use data can also be validated using biomarkers for semen exposure (20), including substances
in the seminal plasma, including prostate specific antigen (PSA) (21, 22), semenogelins, and acid phospotase;
and spermatazoa and other cells present in the semen, such as Y-chromosome (Yc) DNA (23–28). PSA has been
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studied the most extensively of the semen biomarkers (20) and PSA concentration predicts pregnancy in condom
efficacy trials (29), but PSA is only detectable for 24–48 hours post-coitus (22, 30). The short time-frame for the
PSA is useful for condom effectiveness tests because swabs can be done immediately after condom use, but the
time-frame is a limitation for studies with other purposes, such as to measure semen exposure over a longer time
period.
Tests for Y-chromosome seem to be more sensitive than tests for PSA; Yc is detectable for 14 days post-coitus
even during menses (26, 27, 31). One study that used this biomarker on archived samples from Baltimore STI
clinic patients found that among those who reported 100% condom use in the previous two weeks (n=141), 55%
tested positive for Yc, suggesting substantial over-reporting (28). Women with a history of STIs were more likely
to be suspected over-reporters of perfect condom use in the past 2 weeks, suggesting self-presentation bias (32).
We are also interested in whether smoking mediates results from the Y-chromosome test because of growing
evidence of the impact of smoking and nicotine on gynecological health from both randomized experiments and
observational studies. Nicotine reduced physiological sexual arousal in non-smoking women in a randomized
experiment (33), paralleling results in males (34). Smoking initiation is followed by changes in the cervical epithelium predictive of subsequent cervical cancer, reinforcing evidence that smoking could be causal rather than
confounding (35). Smokers are more likely than non-smokers to test positive for mycoplasma genitalium (36),
genital herpes (37), HPV (38), and bacterial vaginosis (39). Smokers are more likely to have HPV infection
persistence and cervical abnormalities, proportional to smoking intensity and younger of smoking initiation (40).
Smokers have lower vulvic vascularization and report lower orgasm frequency, proportional to smoking intensity
(41), although smokers have higher self-reported sexual functioning (42). Smokers also have lower serum oestradiol levels and more abnormal vaginal flora (43). Although smokers also have less ideal health behaviors, such as
lower likelihood of adhering recommended cervical cancer screening guidelines (44, 45), these experiments and
prospective studies suggest that smoking causes changes to the vaginal environment, and is not just a marker for
other risky health behavior.
Researchers have speculated that respondents who give inaccurate survey responses do not misreport their behavior intentionally, and in fact they may believe that their survey responses accurately portray their own behavior.
Respondents giving inaccurate survey responses may thus be more likely to take health risks because they do not
acknowledge their own risk behavior and may underestimate their STI risk (3). Few studies have tested whether
under-reporting of health risk behavior predicts health risks. This study uses a biomarker for semen exposure to
measure under-report of semen exposure among women adolescents in an urban Atlanta safe sex intervention.
We test the hypothesis that under-reporters of semen exposure are more likely to become pregnant than women
who accurately report their semen exposure, controlling for contraception and sexual frequency. The proposed
mechanism is that under-reporters of semen exposure may either be unwilling or unable to recall their true behavior, or may engage in more risky behavior than accurate reporters. Following research finding that people with
strong norms are more likely to misreport behavior that violates those norms (2, 3, 46–53), we also hypothesize
that women who were randomized to the intervention would be more likely to under-report semen exposure after
participating in the intervention.
Under-report of semen exposure was determined by comparing adolescent women’s reports of condom use
frequency with results of a biomarker test for semen exposure in the last two weeks that detects semen on a
vaginal swab. This study is, to our knowledge, the first longitudinal use of the Yc biomarker to predict subsequent
outcomes.
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Method
Data
Participants were 715 African-American females, 15 to 21 years old (mean age 17.6), who reported sexual activity
in the past 60 days and were not trying to get pregnant. Participants were recruited for a randomized trial of an
HIV prevention program that enrolled African-American females at a publicly funded STI clinic, a teen clinic
based in a large public hospital, and a family planning clinic, all in Atlanta in 2002–04: 847 participants were
eligible, of whom 84% agreed to participate (32). This study uses both the experimental and control groups
without evaluating the intervention’s effectiveness.
Participants completed a 40 minute interview administered via audio computer-assisted self-interviewing
(ACASI) and tested for Y-chromosome DNA. After the interview, trained monitors instructed participants how to
collect vaginal fluid using a life-like model of a vagina. Participants performed a 10–15 second vaginal sweep
using the Becton Dickinson ‘swube applicator,’ and the swabs were frozen and shipped to the Johns Hopkins Division of Infectious Disease Laboratory, where they were tested using the Yc-PCR test. All samples were processed
by a female technician to avoid technician Yc contamination. The Y-chromosome biomarker was evaluated with
a polymerase chain reaction (Yc-PCR). The Yc-PCR assay is sensitive to 5 copies of Yc for up to 14 days after
coitus. The estimated specificity is 92% (95% CI (80, 98)): i.e., 92% of women in the calibration trial who had
protected sex tested negative for Yc-PCR, and the 8% of women had each had digital or oral genital contact by
their male partner, so the false positives could be explained by epithelial cells (25–27).
Follow-up interviews were administered at 6 and 12 months using similar methods. Follow-up proportion, as
a proportion of wave 1 participants, was 84.8% at wave 2 and 84.5% at wave 3, and 78.3% participated in all 3
waves. The Institutional Review Board at Emory University approved the study protocol prior to implementation.
Participants were paid $50 upon completion of each wave.

Variables
Condom use is measured in the past 60 days, past 14 days, and at last sex. Condom use in the past 60 days is
a proportion measured by a 2 question sequence: how many times the respondent had vaginal sex in the past 60
days and “How many of the X [number specified in previous question] times you’ve had sex in the past 60 days
did you use a condom?” Most respondents reported either never or always using condoms. Condom use was
categorized in 6 categories: condoms used in 0% of vaginal sex acts in the past 60 days, 1–50% of vaginal sex
acts, 51–99% of vaginal sex acts, 100% of the vaginal sex acts, respondent reported no sex in the past 60 days,
and respondent did not answer the question of how many times they had vaginal sex in the past 60 days. Condom
use in the past 14 days was measured identically.
Condom use at last sex is measured by the question, “The very last time you had sex, what type(s) of protection did you use?” with instruction to choose as many of the 6 options as applicable: male condoms, female
condoms,spermicide, foam, withdrawal, and hormonal contraception via injection, patch, or implant. A separate
question assessed oral contraceptive use.
We used two indicators of suspected over-report: the Yc-PCR test and inconsistent report within the same
wave. Respondents who reported 100% condom use in the past 14 days but who tested positive for Yc are called
suspected over-reporters. Respondents who report 100% condom use in the past 14 days but report not using a
condom at last sex are called inconsistent reporters.
At each of the 3 waves, more respondents skipped the question about number of episodes of coitus in the past

5
60 days than in the past 14 days, which may indicate that they had trouble enumerating each episode of coitus
from the past 60 days. Pregnancy is self-reported. Abuse and forced sex by boyfriend and casual partners were
asked only to respondents over age 18 (n=385).

Analysis
Horizons intervention participants reported serially monogamous relationships: over 80% had steady boyfriends
and only 22–31% reported casual partners in each of the three waves, although only about 30% of respondents
reported the same boyfriend as in the previous wave. Due to the relatively small number of partners, this study
used self-reported pregnancy as the outcome of interest rather than STI diagnosis because pregnancy can occur
even in monogamous relationships with an STI-negative partner, whereas STI diagnosis requires an STI positive
partner.
Data analysis was performed in Stata SE 11.1.
Women who reported using condoms for all coitus in the past 14 days but who tested positive for Yc are
labeled suspected over-reporters.
Differences between groups were evaluated with the chi-squared test, Fisher’s exact test, and Cuzick’s nonparametric test for trend, a generalization of Wilcoxon’s sign rank test.
We estimated relative risks using a Poisson working model because estimators from logistic regression are
inconsistent when the outcome is not rare — as is true in this case because pregnancy was reported by 10% of the
sample at each wave. Poisson regression yields consistent and unbiased estimators (? ? ? ). Control variables
were oral contraceptive use, number of coital episodes in the past 60 days, condom use in the past 60 days, and a
binary variable for non-report of condom use in the past 60 days.
Regressions were limited to participants in all 3 waves to ensure comparable groups (n=560). Fisher’s exact
test evaluated whether suspected over-reporters differed in their likelihood of being lost to follow-up.

Results
Suspected over-report of condom use
At wave 1, 29% of the sample reported having used condoms for all coitus in the past 14 days. Among the women
who reported perfect condom use, 30% tested positive for Y-chromosome (Yc) , suggesting over-report of condom
use in the past 14 days (Figure 1). At wave 2, 45% of women reported having used condoms for all coitus in the
past 14 days, but 20% tested positive for Yc. At wave 3, 44% of women reported having used condoms for all
coitus in the past 14 days, but 15% tested positive for Yc.
Suspected over-reporters of condom use were more likely to report being pregnant at the following wave than
any other category of condom users, including never users: 20% of wave 1 suspected over-reporters reported at
wave 2 being pregnant, and 16% of wave 2 suspected over-reporters reported at wave 3 being pregnant (Table 1).
Suspected over-reporters were also more likely to report pregnancy than any other category of contraceptive users
at last sex, including those using no contraception (Table 2). Suspected over-reporters were 2–3 times more likely
to report pregnancy in the next wave than other respondents, adjusting for contraception and frequency of sex
(Table 3), with risk ratios of 3.23(1.61, 6.45) for wave 2 pregnancy and 2.21 (0.94, 5.20) for wave 3 pregnancy.
At all 3 waves, suspected over-reporters reported fewer episodes of coitus in the past 60 days than all other
categories of condom users (Table 1). Few respondents who reported having never used condoms in the past 60
days also reported using other contraception at last sex (Table 4).
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Suspected over-reporters did not differ at median from other respondents in lifetime and past 60 day alcohol
and marijuana use, number of alcoholic drinks when drinking, beliefs about the safety of sex while drinking
alcohol, or reported sex while high on drugs or alcohol. They also did not differ in age, number of days between
surveys, having been emotionally or physically abused in lifetime or in last 60 days by boyfriend or casual sex
partners, and having ever been forced to have vaginal or anal sex.
At wave 3, there were more suspected over-reporters in the intervention group than in the control group (6.57%
vs. 3.16%, Wilcoxon p=0.05), but there were no significant differences in proportion of suspected over-reporters
in intervention than control group at wave 2.
Suspected over-reporters were not more likely to drop out of the study at waves 2 or 3 (Fisher’s exact p=0.9 at
wave 2, p=0.2 at wave 3).

Smoking and the semen exposure biomarker
Suspected over-reporters of condom use were more likely to report being cigarette smokers than any other category
of condom users: about 35% of suspected over-reporters at waves 1 and 2 and 31% of suspected over-reporters
at wave 3. The proportion of smokers was inversely proportional to condom use category, with suspected overreporters having the highest smoking prevalence (test for trend p=0.01, 0.04, 0.01) (Table 1).
Smoking more cigarettes per day predicted a greater chance of testing positive on the Yc-PCR among all
respondents (Cuzick’s test for trend p=0.02, 0.000, 0.000 at waves 1, 2, and 3, respectively) but not if analysis
was restricted to current smokers. Neither smoking status (Fisher’s exact p=0.3, 0.2) nor number of cigarettes per
day (Test for trend p=0.9, 0.9) predicted pregnancy in the subsequent wave.

Inconsistent report of condom use
Respondents also reported condom use inconsistently within the same wave: reporting 100% condom use within
the last 14 days, but saying that they did not use a condom at last sex, which was done by 24%, 22%, and 19% of
those reporting 100% condom use in the past 14 days in the respective 3 waves (Figure 1). Inconsistent reporters
of condom use were not more likely to get pregnant, using Poisson regression with the same control variables as
above (RRs 0.55 (0.14, 2.01), 1.87 (0.80, 3.96)).

Discussion
A significant number of intervention participants seem to have over-estimated the correctness and/or consistency
of their condom use. This overestimation of condom use may be unintentional but is nonetheless associated
with greater pregnancy rates in the next 6 months. Suspected over-reporters of condom use — who report using
condoms in 100% of coital acts during the past 2 weeks but who test positive for Y-chromosome — were 2–3 times
more likely to become pregnant, controlling for contraception use and frequency of sex. All women participating
in the study stated that they did not want to become pregnant, but about 10% of the sample became pregnant at
each wave of the study, implying that these pregnancies were unplanned.
Apparent condom overreport may arise from intentionally concealing condom non-use, from unintentionally
imperfect use of condoms that caused condoms to leak or break, or from partner birth control sabotage, such as
deception about whether condoms were used or surreptitious removal of condom mid-coitus, but these factors
would not explain why suspected over-reporters may have a higher pregnancy rate than respondents reporting no
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condom use in the past 60 days. The higher pregnancy rate among suspected over-reporters than condom nonusers is not attributable to never-users of condoms using other common contraception methods such as withdrawal
because virtually no never-users of condoms reported using other contraceptive methods at last sex. Suspected
over-reporters also report having had sex fewer times in the last 60 days than do never-users.
The higher pregnancy rate among suspected over-reporters could be explained if over-reporters also underreported vaginal intercourse. This explanation is consistent with past evidence that suspected over-reporting
of condom use is attributable to self-presentation bias (32), as well as with the larger number of sexual partners
among suspected-over-reporters. Respondents often misreport related issues (55), so suspected over-reporters may
over-report condom use and under-report frequency of coitus. The data does not yield potential explanations for
why suspected over-reporters would under-report coitus, such as substance use. Compared with other respondents,
suspected over-reporters do not report more frequent or greater drug or alcohol use, use during sex, or greater
acceptance of sex under the influence.
Smokers were more likely to be suspected over-reporters of condom use and to test positive on the Yc-PCR
regardless of their reported condom use, and likelihood of testing positive increased in proportion to the number
of cigarettes smoked. This difference is consistent with the hypothesis that the Yc-PCR test is more sensitive for
smokers than non-smokers; the mechanism could be that nicotine causes lower physiological arousal (33), which
could increase the length of time that Y-chromosome is detectable in the vagina.
Suspected overreport decreased over the course of the study — from 30% at baseline to 20% at 6 months and
15% at 12 months — despite greater proportions of women reporting having used condoms consistently over the
course of the study. More intervention participants were suspected of condom use over-report, which may suggest
that the intervention induced self-presentation bias similar to that observed among respondents with previous STI
diagnoses (32). The intervention did not appear responsible for the lower prevalence of suspected over-reporting
of condom use. Taking the survey may have made respondents feel more conscious of their condom use frequency
and correctness, which may explain the decrease in suspected over-report, but the decrease is not attributable to
suspected over-reporters leaving the study at greater rates.
The Yc-PCR test identifies a group at distinctly higher risk of unplanned pregnancy than respondents who gave
inconsistent reports of their condom use in the same wave. Suspected over-reporters are more likely to become
pregnant, but respondents who give inconsistent reports of their condom use in the same wave — reporting 100%
condom use in the past 2 weeks, but reporting no condom used at last sex — are not more likely to become
pregnant.

Limitations
Respondents were safe sex intervention participants, so these results may not generalize to all adolescents.
The Horizons intervention was designed to prevent STIs rather than pregnancy, and pregnancy was not a main
outcome of the Horizons evaluation. Pregnancy was self-reported and may be under-reported, so this study may
under-estimate the relationship between positive Yc-PCR tests and pregnancy. If semen exposure under-reporting
is attributable to reporting bias rather than imperfect condom use, we would expect women suspected of overreporting condom use to under-report pregnancy as well. Pregnancy may be even higher among women suspected
of over-reporting condom use than found in this study’s results, so this study may under-state the effect.
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Conclusions
In this sample, 15–30% of women who reported perfect condom use tested positive for semen Y-chromosome,
suggesting that they over-reported condom use. The Yc-PCR identifies women at high risk of pregnancy who
portray themselves as perfect condom users. The Yc-PCR is not currently suitable for a clinical setting because
of the long processing time. If adapted to clinical setting, the Yc-PCR could be a valuable tool for preventing unplanned pregnancy among adolescent women by alerting women that they have not been using condoms correctly
or consistently.
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Figure 1: Condom use in the past 14 days, compared with results from (1) the Yc-PCR biomarker for semen
exposure and (2) reporting of not using a condom at last sex, all measured at baseline. Suspected over-reporters
report having had sex in the past 14 days, during which they used condoms 100% of the time, but test positive on
the Yc-PCR. Inconsistent reporters report having had sex in the past 14 days, during which they used condoms
100% of the time, but report no condom at last sex. Missing are those who participated in the wave but did
not answer the question how many times they had sex in the past 14 days. Suspected over-report and inconsistent
report are correlated with Pearson correlations of r=0.28 (p < 0.0001), r=0.21 (p < 0.0001), and r=0.03 (p = 0.4)
at waves 1, 2, and 3, respectively.
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Table 1: Prevalence of smoking and pregnancy and coital frequency, by suspected over-report condom use in
past 60 days. Missing are those who participated in the wave but did not answer the question how many times
they had sex in the past 60 days. P is from Cuzick’s non-parametric test for trend evaluated across the first six
columns from suspected over-report to missing, which evaluates whether suspected over-reporters have greater
prevalence/frequency of the behaviors than never-condom users, and whether the behaviors are less common
among those with greater condom use, and whether the behavior is least common among respondents who skipped
the question about frequency of sex in the past 60 days. Analysis was limited to those who participated in all 3
waves of the survey.
Report 100% use
Condom use in past 60 days
positive biomarker 0%
1–50% 51–99% 100% Missing Total P
Wave 1
Number
49
113 104
96
81
117
560
% Smoke, wave 1
34.7
24.8 26.0
16.7
17.3
17.1
21.8 0.01
% Pregnant, wave 2 20.4
14.2 6.7
11.5
2.5
2.6
8.8
0.002
Times sex 60 days
7.3
13.3 13.0
14.5
6.7
12.5 0.9
Wave 2
Number
37
110 81
86
117
129
560
% Smoke, wave 2
35.1
29.1 23.5
23.3
20.5
10.9
21.8 0.04
% Pregnant, wave 3 16.2
11.8 12.4
8.1
6.0
6.2
9.1
0.03
Times sex 60 days
11.0
17.3 16.4
14.6
7.6
13.6 0.01
Wave 3
Number
29
129 74
81
143
104
560
% Smoke, wave 3
31.0
26.4 29.7
18.5
16.1
18.3
21.8 0.01
Times sex 60 days
17.7
16.5 13.9
18.8
6.0
12.5 0.000

Table 2: Proportion reporting pregnancy by contraception used at last sex. Condoms include both male and
female condoms. Hormonal contraception includes oral contraception as well as hormonal implants, injections,
and patches. Suspected over-report is defined as those who reported 100% condom use in the past 14 days but
tested positive on the Yc-PCR test, suggesting semen exposure in the past 14 days. P is from Fisher’s exact test.
Number, wave 1 % pregnant, wave 2 Number, wave 2 % pregnant, wave 3
Contraception at last sex
None
316
9.8
259
10.8
Hormonal only
52
1.9
30
3.3
Male/female condoms only
190
5.3
210
6.2
Hormonal and condoms
71
7.0
52
1.9
Suspected over-reporters
64
17.2
41
14.6
Total
693
8.4
592
8.3
Fisher’s exact test
p=0.02
p=0.05
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Table 3: Prediction of pregnancy with a Poisson working model. Analysis was limited to those who participated
in all 3 waves of the survey (n=560). Item non-response on sex past 60 days are those who participated in the wave
but did not answer the question how many times they had sex in the past 60 days; for these item non-responders,
condom use in the past 60 days was imputed from condom use in the past 14 days for those who answered that
question. Predictors of pregnancy are measured in the wave prior to pregnancy.
Variable
Pregnancy at wave 2
Suspected over-report
Birth control pill
Times sex past 60 days
Proportion condom use past 60 days
Item non-response: sex in past 60 days
Pregnancy at wave 3
Suspected over-report
Birth control pill
Times sex past 60 days
Proportion condom use past 60 days
Item non-response: sex in past 60 days

Risk ratio (95% CI)

p

3.23 (1.61, 6.45)
0.45 (0.14, 1.43)
1.02 (1.01, 1.04)
0.54 (0.25, 1.16)
0.55 (0.15, 1.99)

***

2.21 (0.94, 5.20)
0.17 (0.02, 1.17)
1.03 (1.01, 1.04)
0.60 (0.28, 1.29)
1.38 (0.58, 3.26)

+
+
****

**

Table 4: Number of respondents reporting each type of contraception at last sex, comparing suspected overreporters with respondents reporting never using condoms in the past 60 days. Respondents can endorse more
than one option. Zeroes are not listed

Female condom
Foam
Withdrawal
Spermicide
Condoms
Depo/Norplant/patch
Oral contraception

Wave 1
Never
Suspected
condoms Over-report
(n=150)
(n=63)
2
2
3
1
1
44
1
4
18
6

Wave 2
Never
Suspected
condoms Over-report
(n=123)
(n=40)

Wave 3
Never
Suspected
condoms Over-report
(n=161)
(n=29)

2
2
1
13

29
5
3

1
1
17

24
3
3

Oral contraception is the response to the question of whether they take the birth control pill, asked separately from
question about contraception at last sex.

