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Background. Reported associations of condom use and human papillomavirus (HPV) infection have been

inconsistent. We investigated self-reported frequency of condom use and detection of genital HPV among men.

Methods. A cross-sectional analysis was conducted in men aged 18–70 years from Brazil, Mexico, and the

United States. Men completed questionnaires on sexual history, condom use, and sociodemographic characteristics.

Among 2621 men reporting recent vaginal sex, prevalence of any HPV, any oncogenic type, and nononcogenic types

only was estimated by frequency of condom use (‘‘always’’ or ‘‘not always’’). Multivariable models were used to

estimate prevalence ratios (PRs) for HPV according to frequency of condom use.

Results. The prevalence of any HPV was 70.5%; any oncogenic type, 34%, and nononcogenic types only, 22.2%.

The adjusted PR for always vs not always using condoms was 0.87 (95% confidence interval [CI], .77–.97) for all

countries combined. The association was stronger in the United States (PR, 0.70; CI, .55–.90) than in Brazil

(PR, 0.84; CI, .71–1.01) or Mexico (PR, 1.05; CI, .89–1.25) (P for interaction 5 .025).

Conclusions. HPV prevalence was high even among those who reported always using condoms, and its

associations with always using condoms varied among countries.

Human papillomavirus (HPV) is highly infective and is

the most commonly sexually transmitted pathogen [1].

In 2011 in the United States, 6.2 million new HPV

infections were expected [2], and half of all Americans

are expected to acquire a genital HPV infection in

their lifetime [3]. The majority of HPV infections are

asymptomatic and both sexes can be carriers. More

than 100 types of HPV have been identified that can

infect skin or mucosa, approximately 40 of which infect

the genital tract mucosa. HPV causes complex in-

fections associated with a range of diseases, from cer-

vical dysplasia to anal and penile cancers [4]. Because

there is no cure for HPV infection, the development

of effective preventive measures such as condom use

and vaccines is critical to reducing the HPV burden [5].

Factors previously reported to be associated with

HPV infection in men include circumcision status, ed-

ucation, lifetime number of sexual partners, age, country

of residence, and patterns of condom use [6]. Because

HPV is transmitted by skin-to-skin contact, condom

usage has been assumed to be less effective against this

disease than it is against sexually transmitted diseases

(STDs) transmitted by semen or vaginal secretions, such

as gonorrhea or human immunodeficiency virus [7]. In

2000, the US National Institutes of Health concluded

that there was insufficient epidemiologic evidence

that condom use reduced the risk of HPV infection

[7, 8]. However, several studies have demonstrated
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reduced risk of HPV infection with consistent and proper

condom use [6, 9–14]. Most of these studies are small and

involve only 1 geographic location. Thus, the association be-

tween condom use and HPV infection requires elucidation to

determine effective prevention methods on the population level.

In the current analysis, genital HPV infection was evaluated at

the baseline visit of the ongoing longitudinal HPV in Men

(HIM) cohort study. This is a prospective study of penile HPV

occurrence in male cohorts in Brazil, Mexico, and the United

States that is designed to reveal the natural history of penile HPV

infection. In addition to being tested for the presence of HPV

DNA, participants completed a self-administered health and

sexual behavior questionnaire. We used the results from both to

determine the association between condom use during vaginal

sex and presence of HPV types. The purpose of this study was to

report the HPV prevalence in the largest international male

cohort study to date and to quantify the association between

condom use during vaginal sex and presence of HPV.

SUBJECTS, MATERIALS, AND METHODS

Study design, population, clinical sampling, and HPV testing

procedures have been described in detail elsewhere [15].

A total of 4074 men (full cohort) completed an enrollment

visit. HIM study participants were recruited from the general

population, universities, and organized healthcare systems

(Mexico only) in São Paulo, Brazil; Cuernavaca, Mexico;

Tampa, Florida; and surrounding areas [15]. Participants were

included in the HIM cohort if they (1) were aged 18–70 years,

(2) were residents of 1 of the 3 sites, (3) had no previous

diagnosis of genital warts or penile or anal cancer, (4) reported

no current penile discharge or burning during urination,

(5) had no current diagnosis of an STD, (6) were not partici-

pating in an HPV vaccine study, (7) had no history of im-

prisonment, homelessness, or drug treatment during the past

6 months, (8) had no plan to relocate in the next 4 years, and

(9) were willing to comply with 10 scheduled visits every

6 months for 4 years. Participants were included in the present

analysis if they met the above criteria and reported vaginal sexual

intercourse with a woman during the previous 3–6 months. This

left 2621 men (analytic cohort) included in this cross-sectional

analysis (Figure 1). Written informed consent was obtained

from all participants, and human subjects committees in the 3

sites reviewed all procedures (Human Subjects Committees of

the University of South Florida; the Centro de Referencia e

Treinamento de Doencas Sexualmente Transmissiveis e AIDS,

São Paulo, Brazil; and the National Institute of Public Health

of Mexico) [15].

Risk Factor Questionnaire
All men completed an extensive risk factor questionnaire that

solicited a detailed sexual history and information about their

sexual practices, sociodemographic characteristics, condom

use patterns, alcohol and tobacco use, partners’ sexual his-

tories, and partners’ history of abnormal Pap smears. Partic-

ipants were given the option of refusing to answer each

question. All men were also asked to specify their frequency

of condom use during vaginal sex with any partner in the past

3–6 months by selecting 1 of the following responses: ‘‘always,’’

‘‘more than half the time,’’ ‘‘half the time,’’ ‘‘less than half the

time,’’ or ‘‘never’’ [6]. Men were excluded from the present

analysis if they did not answer this question or the question

about whether they had vaginal sex in the previous 3–6 months

or reported zero lifetime vaginal sex partners (including men

who only had sex with men).

HPV Penile and Scrotal Sampling
Sampling techniques have been explained in detail elsewhere

[15]. Briefly, all participants’ external genitalia were swabbed

with 3 prewetted Dacron applicators. The areas swabbed were

the coronal sulcus, glans penis, and entire surface of the shaft of

the penis and scrotum. Before DNA extraction, the 3 swab

samples were combined to produce 1 DNA sample per partici-

pant per clinic [15].

HPV DNA Detection and Genotyping
The detailed protocol for HPV analysis has been published

elsewhere [15, 16]. Briefly, HPV testing of swabbed cellular

material was conducted using polymerase chain reaction

(PCR) for amplification of a fragment of the HPV L1 gene

[17]. Specimens were tested for presence of HPV using the

linear array HPV genotyping test [16], and HPV genotyping

was conducted on all samples regardless of HPV PCR result.

Figure 1. Analytic cohort for HPV in Men Study. HPV, human
papillomavirus.
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Samples that were human b-globin negative with no HPV ge-

notype were excluded from all analyses. The oncogenic HPV

types detected in this assay included 16, 18, 31, 33, 35, 39, 45,

51, 52, 56, 58, 59, and 66 [18]. The nononcogenic types de-

tected with the line blot method were 6, 11, 26, 40, 42, 53–55,

61, 62, 64, 67–73, 81–84, IS39, and CP6108.

Key Variables
A participant was considered positive for ‘‘any HPV’’ if he tested

HPV-positive by PCR or genotyping. A positive b-globin test

without detection of HPV DNA by PCR or genotyping was

defined as ‘‘HPV negative.’’ The category of ‘‘any oncogenic

type’’ included those who were positive for $1 oncogenic type.

Single or multiple infections with only nononcogenic HPV

types were classified as ‘‘nononcogenic type only.’’ Specimens

testing HPV positive by PCR but negative for any HPV geno-

type were categorized as ‘‘unclassified.’’ A list of outcomes and

covariates used in the analysis is presented in Table 1. All in-

dependent variables listed in Table 1 were evaluated for in-

clusion in the multivariable model.

Statistical Analysis
Frequency and mean values were calculated for all variables used

in this analysis to allow for qualitative comparison of the full

cohort (N 5 4074) with the analytic cohort (N 5 2621).

Variables of the analytic cohort were compared across the

5 levels of condom use using Pearson v2 test for categorical

variables. Differences in the distribution of HPV prevalence

were explored by country and associations were tested with

Pearson v2 test.

Owing to the high prevalence of HPV, the association of HPV

detection and condom use was characterized using prevalence

ratios (PRs). A Poisson regression model with robust esti-

mates for standard error was used [19–22]. The associations

between dichotomous ‘‘always’’ vs ‘‘not always’’ condom use

and each HPV outcome (any HPV, any oncogenic, and only

nononcogenic) were evaluated. Confounding was controlled by

retaining any variable in the multivariable model that altered

the unadjusted PR by .10%. Effect modification of condom

use by recent number of sexual partners in the past 3–6 months

[6] and by country was hypothesized and tested. All tests

were considered statistically significant if P ,.05. Analyses

were conducted using Stata IC 11.1 software for Macintosh

(StataCorp).

RESULTS

Cohorts
The distribution of country, alcohol and tobacco use, sexual

history, and condom use patterns is shown for both full and

analytic cohorts in Table 2. Men included in this analytic cohort

were similar to those in the full cohort. Behavioral and other

attributes of the present analytic cohort are presented in Table 3

by frequency of condom use. Men who always used a condom

were more likely to be from Brazil or the United States and

more likely to have had $2 partners in the past 3–6 months.

Men who did not always use a condom were more likely to

be from Mexico and to report only 1 sexual partner in the

past 3–6 months.

Condom Use
The proportion of HPV detected by frequency of condom use

is displayed in Table 4. For any type of HPV, the proportion of

HPV-positive samples was lowest for men who always used

condoms (65.9%) vs 71.9% for men who reported not always

using condoms (P 5 .005). Similar differences were observed

for oncogenic HPV and multiple-type infections, although no

statistically significant differences in the proportion of HPV-

positive men were observed for nononcogenic or unclassified

HPV types.

Association With Condom Use by Country
The crude association between HPV type and always using

condoms differed by country (Table 5). Always using condoms

Table 1. Variables Used in Regression Analysis

Outcome

Variable

Primary

Independent

Variable Covariate

Any HPV Condom use Age

Any oncogenic
HPV

Ethnicity

Only nononcogenic
HPV

Race

Marital status

Has a steady partner

Amount of education

Current cigarette smoker

Log smoking pack-years

Monthly alcohol intake

Circumcised

Age at first sexual
intercourse

Lifetime number of
partners

Number of female partners
in the past 3–6 mo

History of any sexually
transmitted disease

Partner history of sexually
transmitted disease

Partner with abnormal Pap
smear in the past 6 mo

Country of residence

Positive for herpes simplex
virus, syphilis, gonorrhea,
and/or chlamydia

Frequency of sexual
intercourse

Abbreviation: HPV, human papillomavirus
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was significantly associated with reduced detection of any

HPV in the US crude model (crude PR, 0.79; 95% confidence

interval [CI], .70–.89). Also in the US crude model, condom

use was associated with lower prevalence of any oncogenic

HPV (crude PR, 0.66; 95% CI, .51–.84) and only non-

oncogenic HPV (crude PR, 0.62; 95% CI, .44–.89).

For adjusted models, our evaluation of potential confounders

led us to include log smoking pack-years, monthly alcohol in-

take, and recent number of sexual partners. No other variables

that may affect HPV prevalence, including age, race, and re-

lationship status, acted as confounders. Only the United States

demonstrated an association of condom use with reduced

detection of any HPV type (adjusted PR, 0.70; 95% CI, .55–.90).

There was no significant association of condom use and

HPV detection for any country in the adjusted models for

any oncogenic or only nononcogenic HPV (Table 5).

The adjusted association between any HPV type and always

using condoms differed by country (P for interaction 5 .025).

The interaction terms for condom use and country were not

significant for any oncogenic (P 5 .78) or only nononcogenic

types (P5 .91). When multivariable models were fit without the

interaction term and adjusted for country and other in-

dependent variables, the main association of condom use was

significant for any HPV but not any oncogenic or only non-

oncogenic HPV (Table 5). There was no interaction detected

for recent number of sexual partners for any of the 3 HPV

outcomes.

DISCUSSION

Our results demonstrate that always using condoms was sig-

nificantly associated with the lowest proportion of HPV de-

tection for any HPV type, any oncogenic type, and multiple

types (Table 4). There was no significant association found for

only nononcogenic types and unclassified HPV types. This

finding is consistent with the previous literature [6, 12].

Country was strongly associated with condom use and the

detection of HPV. Consistent with our previous findings, we

observed statistically significant differences in the distribution of

all study characteristics evaluated by country [15]. The United

States demonstrated the strongest association of always using

condoms and reduced detection of HPV. In adjusted models

for the United States, always using condoms was significantly

associated with lower prevalence of any HPV type. In the

Table 2. Comparison Between Full Cohort and Analytic Cohort

Participants, No. (%)

Variable

Full Cohort

(N 5 4074)

Analytic Cohort

(N 5 2621)

Smoking pack-years (quartiles)

0.1–0.70 408 (24.6) 277 (25.9)

0.71–2.50 415 (25.0) 273 (25.5)

2.51–8.10 407 (24.5) 253 (23.6)

$8.2 429 (25.9) 267 (25.0)

Monthly alcohol intake, drinks

0 1106 (25.7) 562 (21.9)

1–30 1848 (46.7) 1187 (46.3)

31–60 444 (11.2) 327 (12.8)

$61 649 (16.4) 486 (19.0)

Female partners in past 3–6 mo

0 847 (22.0)

1 1654 (45.0) 1159 (60.7)

2 519 (14.1) 509 (19.4)

3 262 (7.1) 255 (9.7)

$4 270 (7.3) 267 (10.2)

Country of residence at enrollment

United States 1343 (33.0) 923 (35.2)

Brazil 1401 (34.9) 936 (35.7)

Mexico 1330 (32.7) 762 (29.1)

Condom use

Always 723 (22.0) 599 (22.9)

More than half the time 504 (15.1) 431 (16.4)

Half the time 245 (7.3) 214 (8.2)

Less than half the time 490 (14.7) 423 (16.1)

Never 1321 (39.6) 954 (36.4)

Table 3. Characteristics of Men in the Human Papillomavirus
Study by Condom Use (N 5 2621)

Participants by Frequency of

Condom Use, No. (%)

Variable

Always

(n 5 599)

Not Always

(n 5 2022) P for v2

Smoking pack-years
(quartiles)

.662

0.1–0.70 51 (24.5) 226 (26.2)

0.71–2.50 52 (25.0) 221 (25.6)

2.51–8.10 56 (26.9) 197 (22.9)

$8.2 49 (23.6) 218 (25.3)

Monthly alcohol intake,
drinks

.656

0 126 (21.8) 436 (22.0)

1–30 271 (46.9) 916 (46.2)

31–60 80 (13.8) 247 (12.5)

$61 101 (17.5) 385 (19.4)

Female partners in past
3–6 mo

.084

1 337 (56.3) 1253 (62.0)

2 126 (21.0) 383 (18.9)

3 65 (10.9) 190 (9.4)

$4 71 (11.9) 196 (9.7)

Country of residence at
enrollment

,.001

United States 248 (41.1) 675 (33.4)

Brazil 231 (38.6) 705 (35.9)

Mexico 120 (20.0) 642 (31.8)
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adjusted Brazilian model, always using condoms was borderline

protective for any HPV type but not for any oncogenic or only

nononcogenic. Interestingly, in Mexico there was no pro-

tective association of always using condoms for any model of

any HPV type. These results suggest that actual condom use

behaviors differ by country. Although we did not find dif-

ferences in condom use by racial or ethnic group within each

country, others have reported that black and Hispanic adults

in the United States were more likely to use condoms than

white participants [23]. Future research focusing on specific

condom practices and failure rates by country and by cultural

groups within countries may be necessary to understand these

differences.

Many factors affect condoms’ efficacy at preventing STD

transmission: user experience, STD infectivity, cumulative risk,

user failure, method failure, and STD mode of transmission

[8]. Possible reasons for the high HPV prevalence, even among

consistent condom users, could be due to $1 of these factors.

Condom breakage, slippage, use of inappropriate lubricants,

and application errors are disturbingly common [24–29].

Experience seems to facilitate successful condom usage, be-

cause repeated use is a predictor of lowered failure rate for

both male and female condoms [25, 30]. Combining these

behavioral factors with the existence of HPV on skin areas not

covered by a condom, high HPV prevalence, even with con-

sistent condom use, is not surprising.

Inaccurate self-reporting of condom use may also explain

differences in the protective effect of condoms by country.

A randomized crossover trial comparing male condom failure

rates in the United States and Brazil found that there was a sig-

nificant difference in ‘‘any problem’’ reported, with Brazilian

men reporting significantly fewer condom use problems than

Americans [31]. Men from both countries reported similar

condom breakage and slippage upon withdrawal, but the

Brazilian participants reported significantly fewer incidents of

Table 5. Prevalence Ratios (PRs) for Associations Between
Human Papillomavirus (HPV) and Frequency of Condom Use

Overall Model

Crude PR

(95% CI)a
Adjusted PR

(95% CI)b

Any HPV

Always 0.92 (.86–.98) 0.87 (.77–.97)

Not always Reference Reference

Any oncogenic HPV

Always 0.84 (.73–.96) 0.81 (.65–1.01)

Not always Reference Reference

Only nononcogenic HPV

Always 0.90 (.76–1.08) 0.93 (.69–1.25)

Not always Reference Reference

Any HPV by frequency of condom use
Interaction of country 3 condom use, crude model (P 5 .025)

United States

Always 0.79 (.70–.89) 0.70 (.55–.90)

Not always Reference Reference

Brazil

Always 0.96 (.88–1.05) 0.84 (.71–1.01)

Not always Reference Reference

Mexico

Always 1.04 (.92–1.19) 1.05 (.89–1.25)

Not always Reference Reference

Any oncogenic HPV by frequency of condom use
Interaction of country 3 condom use, crude model (P 5 .78)

United States

Always 0.66 (.51–.84) 0.72 (.47–1.10)

Not always Reference Reference

Brazil

Always 0.91 (.74–1.10) 0.82 (.59–1.16)

Not always Reference Reference

Mexico

Always 1.01 (.76–1.34) 0.88 (.60–1.29)

Not always Reference Reference

Only nononcogenic HPV by frequency of condom use
Interaction of country 3 condom use, crude model (P 5 .91)

United States

Always 0.62 (.44–.89) 0.88 (.51–1.50)

Not always Reference Reference

Brazil

Always 1.13 (.88–1.44) 1.00 (.63–1.62)

Not always Reference Reference

Mexico

Always 0.97 (.67–1.41) 0.89 (.52–1.53)

Not always Reference Reference

a Unadjusted model.
b Multivariable models are adjusted for monthly alcohol intake, log pack-years

of smoking, interaction of country and condom use, and number of female

sexual partners in the past 3–6 mo.

Table 4. Human Papillomavirus (HPV) Detection, by Frequency of
Condom Use (N 5 2621)

Participants by Frequency of

Condom Use, No. (%)

Always Not Always

HPV Detected (n 5 599) (n 5 2022) P for v2

Any HPV type 395 (65.9) 1454 (71.9) .005

Any oncogenic type 177 (29.6) 715 (35.4) .008

Oncogenic types

16 37 (6.2) 184 (9.1) .024

18 7 (1.2) 53 (2.6) .037

Nononcogenic type(s) only 123 (20.5) 460 (22.8) .252

Nononcogenic types

6 35 (5.8) 142 (7.0) .312

11 9 (1.5) 26 (1.3) .685

Unclassified type(s) only 95 (15.9) 279 (13.8) .205

Multiple types 170 (28.4) 677 (33.0) .034
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partial slippage, total slippage, and semen leakage than men in

the United States [31]. However, the prostate-specific antigen

detected from postcoital samples of vaginal fluid indicated

the prostate-specific antigen detection rate was similar between

participants from the United States and Brazil. Thus, exposure

to semen and vaginal secretions despite condom use was similar

for participants in both countries, but self-reporting differed,

with Brazilian men systematically underreporting condom use

problems. Inaccurate reporting of condom use may have oc-

curred in all 3 study countries and could reduce the possibility

of detecting a true reduction of infection risk from using

condoms by 25%–30% [32].

Ordinal self-report of condom use has limitations. Research

on ordinal condom use measurements indicates that there is

considerable interpersonal variability assigned to categories of

condom use frequency across populations [33, 34]. For example,

a proportion of people may classify using condoms in 19 of

20 encounters as ‘‘always’’ using condoms, which introduces

bias into this condom use category, potentially diluting any

observed protective association of condoms. However, the

greatest variation in condom label assignment is seen in the

middle categories of condom use [34], which were combined

in our analysis. The validity of self-reported condom use is

greatest when the recall period is short and sexual activity is

low [33]. Our recall period for condom use was for encounters

in the past 3–6 months; the majority of men reported only

1 sexual partner during that time.

To our knowledge, our study sample is the largest male cohort

reporting the association between condom use and HPV de-

tection in Brazil, Mexico, and the United States. The limitations

of our study include its cross-sectional design, self-report of

sexual behavior and condom use, combined HPV samples that

include sites not covered by a condom, and lack of assessment of

correct condom usage. Given the high prevalence of HPV, es-

timating the associations with PRs gives less biased estimates of

risk than odd ratios (ORs), which have been reported in pre-

vious studies [15, 35]. Because PRs are more conservative than

ORs, this is likely to explain some of the difference in reported

strength of association from other studies. For example, our

adjusted PR of 0.70 in the United States corresponds to an

adjusted OR of 0.51 for the same model. Therefore, our findings

are likely similar to previous reports that used ORs [6, 36, 37].

Taking a cross-sectional snapshot of the largest international

male HPV cohort, our study demonstrates that always using

condoms is associated with lower HPV detection in men. This

protection differs by country, with American men experiencing

the most protective effect of always using condoms.
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