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Abstract

The incidence of human papillomavirus (HPV)–positive oro-
pharyngeal cancers is higher and increasing more rapidly among
men than women in the United States for unknown reasons. We
compared the epidemiology of oral oncogenic HPV infection
betweenmen and women ages 14 to 69 years (N¼ 9,480) within
the U.S. National Health and Nutritional Examination Surveys
(NHANES) 2009–2012. HPV presence was detected in oral DNA
by PCR. Analyses were stratified by gender and used NHANES
sample weights. Oral oncogenic HPV prevalence was higher
amongmen thanwomen (6.6% vs. 1.5%, P < 0.001), correspond-
ing to 7.07 million men versus 1.54 million women with prev-
alent infection at any point in time during 2009–2012. Prevalence
increased significantly with age, current smoking, and lifetime
number of sexual partners for both genders (adjusted Ptrend <
0.02).However,menhadmore partners thanwomen (mean¼ 18

vs. 7, P < 0.001). Although oncogenic HPV prevalence was similar
for men and women with 0 to 1 lifetime partners, the male–
female difference in prevalence significantly increased with num-
ber of lifetime partners (adjusted prevalence differences for none,
1, 2–5, 6–10, 11–20, and 20þ partners ¼ 1.0%, 0.5%, 3.0%,
5.7%, 4.6%, and 9.3%, respectively). Importantly, the per-sexual
partner increase in prevalence was significantly stronger among
men than among women (adjusted synergy index ¼ 3.3; 95%
confidence interval, 1.1–9.7), and this increase plateaued at
25 lifetime partners among men versus10 partners among wom-
en.Our data suggest that the higher burden of oral oncogenicHPV
infections and HPV-positive oropharyngeal cancers among men
than women arises in part from higher number of lifetime sexual
partners and stronger associations with sexual behaviors among
men. Cancer Res; 75(12); 2468–77. �2015 AACR.

Introduction
Oropharyngeal cancers caused by human papillomavirus

(HPV) infection are 3 to 5 times more common among men
than women (1, 2). Furthermore, in several developed countries
worldwide (Australia, Canada, Denmark, Japan, Norway,
Sweden, the Netherlands, United Kingdom, and the United
States), incidence rates for HPV-positive oropharyngeal cancer
have substantially increased among men during the past 3 to 4
decades, whereas rates have only modestly increased among
women (2–6). For example, from 1988 to 2004 in the United
States, the incidence of HPV-positive oropharyngeal cancer
increased by 3.2 cases per 100,000 among men (from 1.2 to
4.4 per 100,000) in contrast to an increase of 0.5 cases per 100,000
among women (from 0.4 to 0.9 per 100,000; ref. 2).

In a prior study within the nationally representative, cross-
sectional U.S. National Health and Nutrition Examination Sur-
veys (NHANES) 2009–2010 cycle, we found that the prevalence
of oral oncogenic HPV infection was 3 times higher among men
than women, consistent with the higher risk for HPV-positive
oropharyngeal cancer among men in the United States (7).
However, the reasons for the male predominance of oral HPV
infection are currently unknown (7–10).

Here, we investigated the reasons for higher oral oncogenic
HPV infection among men by comparing the distribution as well
as the associations of risk factors for oral HPV infection between
men and women ages 14 to 69 years within 2 consecutive
NHANES cycles: 2009–2010 and 2011–2012.

Materials and Methods
Study population

TheNHANES 2009–2010 and2011–2012 included a complex,
multistage probability sample of the civilian noninstitutionalized
U.S. population residing in the 50 states andDistrict of Columbia,
with differential sampling rates by race/ethnicity and age (7, 11).

The surveys included interviewer-assisted household inter-
views, physical examinations, and computer-assisted self-inter-
views (CASI) at themobile examination center (MEC; ref. 11). All
MECparticipants ages 14 to 69 years were eligible to participate in
the Oral HPV Protocol of NHANES (7, 11). Sociodemographic
information was collected through household interviews.

1Division of Cancer Epidemiology andGenetics, National Cancer Insti-
tute, NIH, Rockville, Maryland. 2The Ohio State University, Columbus,
Ohio. 3Information Management Services, Calverton, Maryland.

Note: Supplementary data for this article are available at Cancer Research
Online (http://cancerres.aacrjournals.org/).

Corresponding Author: Maura L. Gillison, The Ohio State University, 420 West
12th Avenue, Room 620, Columbus, OH 43210. Phone: 614-247-4589; Fax: 614-
688-4245; E-mail: Maura.gillison@osumc.edu

doi: 10.1158/0008-5472.CAN-14-2843

�2015 American Association for Cancer Research.

Cancer
Research

Cancer Res; 75(12) June 15, 20152468

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/75/12/2468/2718139/2468.pdf by guest on 19 M

ay 2023



Self-reported data on tobacco and alcohol use (ages 20þ years)
were collected through computer-assisted personal interviews
(CAPI) at the MEC. Self-reported data on tobacco and alcohol
use (ages 14–19 years), drug use, and sexual behaviors were
collected at theMEC through Audio CASI (ACASI). In both cycles,
individuals ages 14 to 69 years provided data on age at sexual
debut, sexual orientation, and number of opposite-sex lifetime
sex partners, inclusive of oral (performing or receiving), vaginal,
and anal sex partners (performing or receiving). In addition,
individuals ages 14 to 59 years provided information on number
of lifetime and recent (past 12 months) same-sex and opposite-
sex partners for oral (performing), vaginal, and anal sex (7, 11).

HPV DNA testing
Participants were provided a 30-second oral rinse and gargle

of 10 mL Scope mouthwash or saline (7). Samples were stored at
4�C and shipped weekly to the Gillison laboratory at the Ohio
State University (Columbus, OH). DNA was extracted from
exfoliated oral cells using the Qiagen Virus/Bacteria Midi Kit and
subjected to multiplexed PCR using PGMY primer pools for HPV
and primers for the human b-globin gene. b-Globin–positive
specimens were considered evaluable. The presence of 37 HPV
types (18 oncogenic types—16, 18, 26, 31, 33, 35, 39, 45, 51, 52,
53, 56, 58, 59, 66, 68, 73, and 82—and 19 non-oncogenic types—
6, 11, 34, 40, 42, 44, 54, 61, 62, 67, 69, 70, 71, 72, 81, 82 subtype
IS39, 83, 84, and 89 [cp6108]) was detected through the Roche
Linear Array HPV Genotyping Test (7). We used the oncogenic/
nononcogenic classification proposed by Munoz and colleagues
(12) for consistency with prior reports of oral HPV infections in
NHANES. We also conducted sensitivity analyses using an
updated classification of oncogenic types (12HPV types classified
as group 1 carcinogens by the International Agency for research on
Cancer: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59; ref. 13).

Statistical analyses
Of 11,390 MEC participants ages 14 to 69 years in NHANES

2009–2012 (n ¼ 5,987 in NHANES 2009–2010 and n ¼ 5,403
in 2011–2012), 891 either did not provide oral rinse specimens
(n ¼ 889) or provided unevaluable specimens (n ¼ 2) and an
additional 1,019 participants did not respond to the MEC ACASI
questionnaire. Demographic characteristics differed significantly
between participants/responders (n ¼ 9,480) and nonpartici-
pants/nonresponders (n ¼ 1,910; Supplementary Table S1).
Therefore, to adjust for bias and to account for the complex survey
design, we post-stratified theNCHS sampleweights of the respon-
ders to match age by race by gender distributions in the U.S.
population for each cycle and used these post-stratified weights in
all analyses.

All analyses were conducted separately among men and wom-
en, unless otherwise specified. The primary outcome of interest
was oral oncogenic HPV infection. Individuals infected with
nononcogenic HPV types were included in the reference group
to provide unbiased estimates of oncogenic HPV prevalence. To
compare and contrast risk factor associations with oral oncogenic
HPV between men and women, we used prevalence differences
(PD) and 95%confidence intervals (CI), derived fromunadjusted
and adjusted binary logistic regression models. We used PDs
because given the significant differences in oral oncogenic HPV
prevalence between men and women (7), ratio measures (e.g.,
prevalence ratios or ORs) could mask important male–female
differences in risk factor associations. For example, an increase in

prevalence from 1% to 2%or 5% to 10%provides the sameOR of
2.0 but noticeably different PDs (1% and 5%, respectively).
Adjusted PDs consisted of differences between predicted margins
(14). Unadjusted and adjusted synergy indices (SI) and 95% CIs
were used to statistically compare risk factor associationswith oral
oncogenic HPV prevalence between men versus women on an
additive scale (15). These synergy indices were calculated in
models that included both men and women and incorporated
product terms between gender and other risk factors, one inter-
action per model. We also calculated adjusted male–female
prevalence differences from models that included both men and
women, with interaction terms for gender with key risk factors.

Statistical significance was assessed through the survey design–
adjusted Wald F test. Variables for adjustment in multivariate
modelswere selected a priori aswell as based onbivariate analyses.
Because of high colinearity between sexual behaviors, each behav-
ior variable was evaluated in separate models. Nonlinear associa-
tions of oral oncogenic HPV prevalence with continuous covari-
ates were evaluated using restricted cubic splines with either 5
knots (for age) or 3 knots (for number of lifetime any-, oral-, and
vaginal-sex partners; ref. 16).

We estimated the number of U.S. men and women with
prevalent oral oncogenic HPV infection (2009–2012) using
multivariable models and cross-tabulations. Briefly, using bina-
ry logistic regression models, we calculated the predicted prob-
ability of prevalent oral oncogenic HPV infection separately
among men and women. These predicted probabilities were
then summed across subgroups defined by age (categorized as
14–39, 40–59, and 60–69 years to reflect age groups with
disparate incidence rates/trends for oropharyngeal cancers;
ref. 17), smoking, and number of lifetime sexual partners to
calculate the number of infected individuals in the U.S. pop-
ulation. All analyses were conducted using SAS-callable
SUDAAN version 11.0.0 (RTI). Two-sided P < 0.05 was con-
sidered statistically significant.

Results
Oral HPV prevalence among men and women

The 9,480 NHANES 2009–2012 MEC participants represented
219,608,892 individuals ages 14 to 69 years in the U.S.
population.

The prevalence of oral HPV infection during 2009–2012 was
6.8% (95% CI, 6.0–7.7). Oral HPV prevalence was significantly
higher among men than women (10.5% vs. 3.1%, P < 0.001),
including higher prevalence of oncogenic HPV (6.6% vs. 1.5%,
P < 0.001), nononcogenic HPV (5.2% vs. 1.7%, P < 0.001), and
HPV16 infection (1.6% vs. 0.3%, P < 0.001) among men (Fig. 1).
In both genders, HPV16 was the most prevalent genotype. Prev-
alence of any, oncogenic, and nononcogenic oral HPV infection
was similar between NHANES 2009–2010 and 2011–2012 (Sup-
plementary Table S2).

Behavioral differences between men and women
Men and women differed significantly in several risk behaviors

(Table 1). A significantly higher proportion of men than women
were heavy cigarette smokers, current marijuana smokers, and
heavy alcohol drinkers. Men also reported significantly higher
average numbers of lifetime sex partners thanwomen: 18 versus 7
for any sex, 9 versus 4 for oral sex, and 16 versus 7 for vaginal sex
(Table 1).
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Differences in risk factor associations betweenmen andwomen
In unadjusted analyses, demographic factors significantly asso-

ciated with oral oncogenic HPV prevalence among men included
older age (with a bimodal pattern), race/ethnicity, high-school or
equivalent education, marital status, current smoking (including
serum cotinine levels), and marijuana use (Supplementary Table
S3). Among women, age, race/ethnicity and serum cotinine levels
were associated with oral oncogenic HPV prevalence.

In both genders, lifetime and recent any-, oral-, and vaginal-
sexual behaviors were strongly associated with oral oncogenic

HPV prevalence. Infection was rare among men (0.3%) and
women (0.2%) who did not report any sexual activity (homo-
sexual or heterosexual; Supplementary Table S3), and a vast
majority of oral oncogenic HPV infections [(7.3%–0.3%)/7.3%
¼ 95.9% among men and (1.6%–0.2%)/1.6% ¼ 87.5% among
women] were attributable to sexual behavior.

Notably, significant additive interactions were observed with
gender for several factors (Supplementary Table S3). Associa-
tions were significantly stronger among men than women for
older age (SI, 4.8), current cigarette smoking (SI, 2.0), and
marijuana use (SI, 2.9). Likewise, for all lifetime and recent
sexual behaviors, the associations were 1.7 to 4.8 times stronger
among men than women. For example, oncogenic HPV prev-
alence was 13.8% higher among men with more than 20
lifetime any sex partners as compared with none, but only
3.4% higher among women (SI, 3.9; 95% CI, 2.1–7.3; Supple-
mentary Table S3).

Differences in the distribution of demographic and behavioral
risk factors explained only �18% of the male–female differences
in oral oncogenic HPV prevalence (unadjusted male–female PD
of 5.1% vs. adjusted PD of 4.2%, after adjustment for age, race,
education, marital status, smoking, and lifetime number of any
sexual partners).

In multivariable analyses stratified by gender, age, current
cigarette smoking, and number of lifetime sexual partners were
independently associated with oral oncogenic HPV prevalence
among both men and women (Table 2). However, the associa-
tions for these factors were significantly stronger amongmen than
women (Table 2 and Supplementary Fig. S1). Prevalence of oral
oncogenicHPV increasedwith increasing age in a bimodal pattern
among both men and women, with peaks at ages 25–30 and
55–60 years amongmen and ages 20–24 and 55–60 years among

Figure 1.
Prevalence of any HPV infection, oncogenic HPV infection, nononcogenic
HPV infection, and HPV type 16 infection amongmen (black bars) andwomen
(gray bars). The P values comparing HPV prevalence between men and
women are also shown.

Table 1. Behavioral differences between men and women in the U.S. population, NHANES 2009–2012

Characteristic Men
estimate, 95% CI

Women
estimate, 95% CI

Unadjusted
Pa

Cigarette smokingb <0.001
Never/former 76.2 (74.2–78.1) 81.3 (79.6–83.0)
Current, <10 cigarettes/d 13.4 (11.9–15.0) 11.5 (10.3–12.8)
Current, 11–20 cigarettes/d 7.7 (6.5–9.1) 5.9 (4.7–7.4)
Current, >20 cigarettes/d 2.7 (1.9–3.7) 1.2 (0.9–1.5)

Alcohol use in the past 12 months, average number of drinks per weekc <0.001
0 21.2 (19.2–23.2) 34.4 (31.7–37.3)
<1 17.6 (15.8–19.5) 27.2 (25.0–29.4)
1–7 36.7 (34.4–39.1) 29.4 (26.6–32.3)
8–14 13.3 (11.7–15.0) 5.9 (4.6–7.7)
>14 11.0 (10.0–12.2) 2.6 (2.1–3.3)

Marijuana used <0.001
Never 39.8 (37.3–42.4) 48.9 (45.9–52.0)
Former 43.1 (40.6–45.6) 40.7 (37.9–43.5)
Current 16.4 (14.7–18.3) 10.0 (8.6–11.7)

Lifetime number of any sex partners,e mean (95% CI) 18.2 (15.2–21.2) 7.4 (6.5–8.2) <0.001
Lifetime number of oral sex partners,f mean (95% CI) 9.3 (6.4–12.2) 4.1 (3.3–5.0) 0.001
Lifetime number of vaginal sex partners,f mean (95% CI) 16.4 (13.1–20.0) 7.1 (6.2–8.0) <0.001
NOTE: Percentages shown are column percentages. Numbers do not add to 100% due to missing values.
aAdjusted Wald F P value.
bAnalyses based on participants ages 14 to 69 years. Ever use of cigarettes was defined for individuals age 14–19 as ever having tried cigarettes and for age 20–69 as
lifetime use of�100 cigarettes. A current smoker was defined as someone who had smoked a cigarette in the prior 30 days. A former smoker was defined as an ever
user who had not smoked a cigarette in the prior 30 days.
cAlcohol data were available for individuals ages 20 to 69 years in NHANES 2009–2010 and for individuals ages 18 to 69 years in NHANES 2011–2012.
dAnalyses were restricted to individuals ages 14 to 59 years. Current marijuana use was defined as use of marijuana at least once within the past 30 days.
eAnalyses based on participants ages 14 to 69 years. Lifetime number of any sex partners (vaginal/anal/oral sex combined) included the number of opposite gender
partners.
fAnalyses based on participants ages 14 to 59 years. Lifetime number of oral or vaginal sex partners included the sum of same and opposite gender partners.
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Table 2. Adjusted associations of demographic and behavioral factors with oral oncogenic HPV prevalence amongmen andwomen in the U.S. population, NHANES
2009–2012

Men Women
Men vs.
women

Characteristic

No. of
subjects
(no.

infected)

Unadjusted
prevalence
(95% CI)

Adjusted
prevalence
difference
(95% CI)

No. of
subjects
(no.

infected)

Unadjusted
prevalence
(95% CI)

Adjusted
prevalence
difference
(95% CI)

Adjusted SI
(95% CI)a

Race/ethnicityb 0.7 (0.5– 0.9)
Mexican American 849 (33) 3.9 (2.9–5.2) �1.6 (�3.8 to 0.6) 738 (11) 1.4 (0.8–2.4) 0.7 (�0.8 to 2.2)
Other Hispanic 492 (29) 5.9 (3.4–10.2) �0.9 (�4.4 to 2.6) 535 (14) 3.0 (1.8–5.1) 2.4 (0.5–4.3)
White, Non-Hispanic 1,826 (131) 7.1 (5.7–8.7) Ref 1,756 (33) 1.4 (0.8–2.3) Ref
Black, Non-Hispanic 1,148 (91) 8.1 (6.7–9.8) �0.8 (�2.2 to 0.6) 1,112 (16) 1.6 (0.9–2.7) 0.2 (�0.9 to 1.3)
Other race 538 (18) 4.4 (2.4–8.0) �1.2 (�4.5 to 2.0) 486 (5) 0.7 (0.3–1.7) �0.3 (�1.5 to 0.9)

P 0.51 0.03

Educationb NE
Less than high-school 1,681 (74) 3.9 (2.7–5.5) Ref 1,449 (24) 1.7 (0.9–3.2) Ref
High-school or equivalent 1,022 (75) 8.1 (5.8–11.1) 2.0 (�0.7 to 4.7) 847 (21) 2.0 (1.0–3.7) �0.1 (�1.6 to 1.4)
Some college or greater 2,146 (153) 7.2 (5.7–9.2) 2.3 (�0.2 to 4.8) 2,327 (34) 1.2 (0.8–2.0) �0.9 (�2.3 to 0.5)

P 0.25 0.29

Marital statusb 0.7 (0.3–1.5)
Never married 1,853 (77) 5.6 (3.7–8.6) Ref 1,651 (29) 1.6 (0.9–2.9) Ref
Married/living with partner 2,430 (164) 6.7 (5.2–8.6) �2.6 (�7.0 to 1.8) 2,128 (32) 1.1 (0.7–1.6) �0.7 (�1.7 to 0.4)
Widowed/divorced/separated 567 (61) 9.2 (6.7–12.5) �2.6 (�6.3 to 1.2) 845 (18) 2.4 (1.3–4.3) �0.2 (�1.3 to 1.0)

P 0.35 0.40

Cigarette useb 1.6 (1.0–2.6)
Never/former 3,604 (169) 5.2 (4.1–6.5) Ref 3,774 (51) 1.2 (0.8–1.8) Ref
Current, <10 cigarettes/d 773 (78) 12.3 (8.8–16.8) 6.2 (2.4–10.0) 555 (13) 1.9 (1.0–3.3) 0.1 (�0.7 to 1.0)
Current, 11–20 cigarettes/d 353 (39) 8.6 (5.0–14.4) 1.0 (�2.9 to 5.0) 241 (10) 3.1 (1.4–6.8) 1.1 (�0.4 to 2.6)
Current, >20 cigarettes/d 110 (15) 13.9 (7.5–24.4) 5.2 (�0.4 to 10.7) 49 (5) 9.0 (2.9–24.8) 5.7 (�1.2 to 12.6)

P (Ptrend) <0.001 (<0.001) 0.03 (0.02)

Number of lifetime sex partners (any sex)b 3.3 (1.1–9.5)
0 685 (6) 0.9 (0.3–2.5) Ref 596 (3) 0.2 (0.1–0.7) Ref
1 489 (8) 1.1 (0.5–2.7) �0.3 (�2.2 to 1.6) 805 (7) 0.6 (0.3–1.2) 0.4 (�0.2 to 1.0)
2–5 1,100 (49) 4.1 (2.8–5.9) 2.6 (0.4–4.8) 1,706 (29) 1.1 (0.6–2.2) 0.8 (�0.01 to 1.6)
6–10 913 (70) 7.7 (5.1–11.4) 5.9 (2.6–9.1) 855 (19) 1.7 (1.0–3.0) 1.6 (0.6–2.5)
11–20 731 (51) 8.0 (5.7–11.2) 5.8 (2.8–8.8) 364 (12) 2.7 (1.3–5.8) 2.3 (0.2–4.4)
�21 853 (110) 14.7 (11.6–18.5) 11.0 (7.8–14.1) 234 (8) 3.6 (1.5–8.6) 3.1 (0.4–5.7)

P (Ptrend) <0.001 (<0.001) 0.01 (0.003)

Number of lifetime oral sex partnersc 2.8 (1.2–6.3)
0 1,154 (16) 1.6 (0.8–3.3) Ref 1,168 (11) 0.6 (0.3–1.3) Ref
1 653 (20) 2.1 (1.1–3.9) �0.01 (�2.3 to 2.2) 788 (9) 1.2 (0.5–2.8) 0.7 (�0.6 to 1.9)
2–5 1,311 (79) 5.6 (4.2–7.4) 2.9 (1.2–4.6) 1,420 (26) 1.1 (0.6–1.9) 0.5 (�0.2 to 1.2)
6–10 430 (37) 8.4 (5.8–12.0) 5.2 (2.4–8.0) 295 (12) 3.1 (1.6–6.0) 2.4 (0.1–4.6)
11–20 290 (36) 15.1 (9.1–24.0) 10.9 (4.4–17.5) 104 (4) 3.9 (0.9–15.8) 2.6 (�0.8 to 6.1)
�21 215 (39) 17.2 (12.6–23.0) 12.3 (6.4–18.2) 86 (5) 5.0 (1.5–15.9) 3.6 (�2.3 to 9.5)

P (Ptrend) <0.001 (<0.001) 0.02 (0.009)

Number of lifetime vaginal sex partnersd 3.6 (1.8–7.2)
0 712 (7) 0.6 (0.3–1.3) Ref 605 (3) 0.2 (0.1–0.7) Ref
1 492 (15) 2.2 (1.0–4.7) 1.3 (�0.9 to 3.4) 732 (9) 0.8 (0.4–1.5) 0.7 (0.04–1.4)
2–5 980 (40) 4.0 (2.5–6.3) 2.8 (1.0–4.7) 1,324 (24) 1.3 (0.7–2.6) 1.0 (0.02–2.0)
6–10 704 (49) 7.6 (5.1–11.2) 6.0 (3.2–8.7) 713 (17) 1.7 (0.9–3.1) 1.4 (0.4–2.5)
11–20 562 (41) 8.8 (6.1–12.5) 6.5 (3.8–9.3) 299 (8) 2.2 (0.9–5.3) 1.6 (�0.1 to 3.3)
�21 600 (75) 13.9 (10.4–18.3) 10.2 (7.0–13.4) 184 (6) 3.7 (1.3–10.1) 2.8 (�0.1 to 5.6)

P (Ptrend) <0.001 (<0.001) 0.04 (0.03)

Alcohol use in the past 12 months,
average number of drinks per weeke

0.9 (0.4–2.0)

0 1,041 (74) 7.3 (4.9–10.6) Ref 1,700 (28) 1.8 (1.0–3.3) Ref
<1 765 (48) 6.5 (4.0–10.4) �1.2 (�6.1 to 3.8) 1,029 (24) 2.0 (1.1–3.4) 0.2 (�1.0 to 1.4)
1–7 1,348 (99) 6.9 (4.7–9.8) �1.4 (�5.3 to 2.6) 950 (17) 1.0 (0.7–1.6) �0.7 (�2.0 to 0.5)
8–14 486 (38) 8.4 (6.0–11.7) �1.4 (�5.6 to 2.8) 173 (3) 0.9 (0.3–2.9) �1.1 (�2.1 to �0.02)
>14 424 (36) 8.7 (5.9–12.7) �2.5 (�5.6 to 0.7) 94 (2) 1.0 (0.8–1.3) �1.3 (�2.5 to �0.1)

P (Ptrend) 0.70 (0.16) 0.23 (0.03)

(Continued on the following page)
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women (Supplementary Fig. S1). However, the increase in oral
HPV prevalence with age appeared stronger among men than
women (Supplementary Fig. S1). Likewise, current smoking,
particularly at 1 to 10 cigarettes per day, had a stronger association

with increased oncogenic HPV prevalence among men than
women (SI, 1.6; 95% CI, 1.0–2.6; Table 2).

Importantly, we observed significant effect modification
between gender and sexual behaviors. For all lifetime sexual

Table 2. Adjusted associations of demographic and behavioral factors with oral oncogenic HPV prevalence amongmen and women in the U.S. population, NHANES
2009–2012 (Cont'd )

Men Women
Men vs.
women

Characteristic

No. of
subjects
(no.

infected)

Unadjusted
prevalence
(95% CI)

Adjusted
prevalence
difference
(95% CI)

No. of
subjects
(no.

infected)

Unadjusted
prevalence
(95% CI)

Adjusted
prevalence
difference
(95% CI)

Adjusted SI
(95% CI)a

Marijuana usef 2.2 (1.0–4.7)
Never 1,877 (60) 2.9 (2.1–3.8) Ref 2,214 (27) 1.0 (0.7–1.6) Ref
Former 1,496 (116) 8.5 (6.9–10.5) 2.1 (0.2–4.0) 1,278 (27) 1.7 (1.0–3.0) �0.1 (�1.0 to 0.9)
Current 681 (51) 8.0 (5.5–11.6) 0.4 (�2.1 to 2.9) 385 (14) 2.9 (1.6–5.3) 0.6 (�0.7 to 1.9)

P (Ptrend) 0.07 (0.76) 0.30 (0.43)

Abbreviation: NE, not estimable.
aThe SI compares the association of factors with oral oncogenic HPV prevalence betweenmen and women on an additive scale. For each factor, the SI compares the
association of all levels combined versus the reference groupbetweenmenversuswomen. Confidence limits that donot overlap 1.0 denote a statistically significant SI
at P < 0.05. SI above 1.0 indicates that the association of the factor is stronger amongmen than women, whereas SI less than 1.0 indicates that the association of the
factor is stronger among women than men.
bAnalyses included individuals ages 14 to 69 years. Models were adjusted for age (modeled as a 5-knot restricted cubic splines), race, education, marital status,
cigarette smoking, and number of lifetime any sex partners. See Supplementary Fig. S1 for associations of age with oncogenic HPV prevalence among men and
women.
cData on the number of lifetime oral sex partners were available for individuals ages 14 to 59 years. Models were adjusted for age (modeled with restricted cubic
splines), race, education, marital status, cigarette smoking, and number of lifetime oral sex partners.
dData on number of lifetime vaginal sex partners were available for individuals ages 14 to 59 years. Models were adjusted for age (modeled with restricted cubic
splines), race, education, marital status, cigarette smoking, and number of lifetime vaginal sex partners.
eAlcohol data were available for individuals ages 20 to 69 years in NHANES 2009–2010 and for individuals ages 18 to 69 years in NHANES 2011–2012. Models were
adjusted for age (modeled with restricted cubic splines), race, education, marital status, cigarette smoking, alcohol use, and number of lifetime any sex partners.
fMarijuanadatawere available for individuals ages 14 to 59 years.Modelswere adjusted for age (modeledwith restricted cubic splines), race, education,marital status,
cigarette smoking, marijuana use, and number of lifetime any sex partners.

Figure 2.
Male–female prevalence differences
for oral oncogenic HPV infection
(circles) and 95% CIs (horizontal lines)
stratified by lifetime number of any,
oral, and vaginal sex partners. Male–
female prevalence differences were
calculated in separatemodels for each
sexual behavior and included age
(modeled as splines with 5 knots),
gender, race, marital status,
education, cigarette smoking, lifetime
number of partners, and interaction
between gender and lifetime number
of partners. Data on lifetime number
of any sex partners were available for
individuals ages 14 to 69 years,
whereas data on number of lifetime
oral or vaginal sex partners were
available for individuals ages 14 to
59 years.
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behaviors (number of any-, oral-, and vaginal-sexual partners),
oral oncogenic HPV prevalence was similar between men and
women with none or one lifetime partners, but the male–female
prevalence difference significantly increasedwith increasing num-
ber of partners (Fig. 2). For example, the male–female prevalence
differencewas close to zero (PD, 0.5%; 95%CI,�0.5%–1.6%) for
individuals with one lifetime any sex partner versus 9.3% (95%
CI, 5.4%–13.2%) for individuals with 20þ lifetime any sex
partners.

The increase in oral oncogenic HPV prevalence with lifetime
sexual behaviors was consistently 3 to 4 times greater amongmen
than women (Table 2 and Fig. 2; SI for lifetime any sex partners¼
3.3, oral sex partners¼ 2.8, vaginal sex partners¼ 3.6). To further
investigate differences in sexual behavior associations between
men and women, we conducted multivariable analyses using
lifetime sexual behaviors in a flexible form with restricted cubic
splines (Fig. 3). These analyses showed 2 important differences in
sexual behavioral associations between men and women. First,
the per-partner (lifetime any-, oral-, or vaginal-sex) increase in
oral oncogenic HPV prevalence was higher among men than
women. Second, the increase in oral oncogenic HPV prevalence
appeared to plateau at a higher number of lifetime sex partners
amongmen than amongwomen (25 vs. 10 any sex partners, 15 vs.
5 oral sex partners, and 20 vs. 5 vaginal sex partners).

Differences in burden of oral oncogenic HPV infection between
men and women

To further contrast the epidemiology of oral oncogenic HPV
infections in men and women in the U.S. population, we esti-
mated infection prevalence separately among men and women
across subgroups defined by the key risk factors—age, cigarette
smoking, and lifetime number of sexual partners (Figs. 4A–C
and 5A–C). Oral oncogenic HPV prevalence was higher among
men than women across all population subgroups. Prevalence
was highest amongmen ages 60 to 69 yearswho currently smoked
1–10 cigarettes per day and reportedmore than 20 lifetime sexual
partners (27.3%, Fig. 4C). Amongwomen, prevalencewas highest
among those ages 60 to 69 years who currently smokedmore than
20 cigarettes per day and reported more than 20 lifetime sexual
partners (19.7%, Fig. 5C).

We then contrasted prevalence with the absolute number of
individuals with an oral oncogenic HPV infection (Figs. 4D–F
and 5D–F). Because the number of U.S. men and women in the
high prevalence subgroups noted above was relatively small
(202,397 men and 10,660 women), the majority of indivi-
duals with an oral oncogenic HPV infection were in subgroups
with relatively low prevalence—men and women ages 40 to 59
years who were never/former smokers (Figs. 4E and 5E).
Overall, the number of individuals in the U.S. population
with a prevalent oral oncogenic HPV infection was substan-
tially higher among men vs. women (7.07 million men vs. 1.54
million women).

Results were very similar in sensitivity analyses using an
updated classification of 12 HPV types as oncogenic types (Sup-
plementary Figs. S2 and S5 and Supplementary Table S4).

Discussion
The burden of oral oncogenic HPV infection was substantially

greater among men than women (prevalence of 6.6% vs. 1.5%;
7.07 million vs. 1.54 million with prevalent infection; and 1.76

million vs. 0.37million with oral HPV16 infection) in the United
States during 2009–2012. Our data indicate that this greater
burden of oral oncogenic HPV infection among men arises from
a higher number of lifetime sexual partners, and more impor-
tantly, stronger associations between sexual behavior and infec-
tion amongmen as comparedwithwomen.We also show that the
distribution of oral oncogenic HPV infections in the U.S. popu-
lation parallels the population-level incidence of HPV-positive
oropharyngeal cancer, with both infection and cancer being most
common amongmen ages 40 to 59 years who are never or former
smokers (2, 3, 17).

Figure 3.
Modeled oral oncogenic HPV prevalence and 95% CIs (shaded area) among
men (solid line) andwomen (broken line) by individual number of lifetime any
sex partners (A), number of lifetime oral sex partners (B), and number of
lifetime vaginal sex partners (C). All sexual behaviors were modeled with
restricted cubic splines with 3 knots. Models were stratified by gender and
incorporated adjustment for age (as splineswith 5 knots), race,marital status,
education, and cigarette smoking. The presentation of plots was truncated at
50 lifetime sex partners for visual comparison betweenmen and women. The
P values for the association of each sexual behavior (one linear term þ one
spline term) with oncogenic HPV prevalence are also shown in each panel.
The population percentiles for the number of sex partners for men and
women are shown below the x-axis in each panel. Given the standardization
for covariates included in the multivariate model, the oncogenic HPV
prevalence curve obtained from the adjustedmodel is presented at the mean
levels of the covariates (age, race, education, marital status, and smoking, as
appropriate).
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The majority of oral oncogenic HPV infections among both
men andwomen are attributable to sexual behavior. Yet,men had
substantially higher prevalence than women. This higher preva-
lence among men is partly explained by the significantly higher
number of lifetime sexual partners reported bymen than women.
However, only 18% of the male–female difference in prevalence
was explained by differences in risk behaviors (i.e., confounding
by smoking and number of sexual partners) between men and
women, consistent with prior reports from NHANES 2009–2010
(7, 9). A novel observation in our study is themore important role
of effect modification between sexual behaviors and gender, with
substantially stronger associations between sexual behaviors and
oral HPV infection among men than women. Indeed, oncogenic
HPV prevalence was similar between men and women with none
or one lifetime partners, but this male–female difference signif-
icantly increased with increasing number of partners. For all
lifetime sexual behavioral metrics (any, oral, or vaginal sex
partners), the per-partner increase in oral oncogenic HPV preva-
lence was 3 to 4 times stronger among men when compared with
women.

The stronger per-partner increase in oral HPV prevalence
among men than women is consistent with a hypothesis of
higher risk of transmission via oral sex performed on a woman

than on a man. Risk of oral HPV infection is reportedly higher
among heterosexual than homosexual men (19). Furthermore,
studies of heterosexual couples have shown higher rates of
genital HPV transmission from women to men than vice versa
(20, 21).

Differences in immune responses between genders may also
contribute to the increased susceptibility of men to oral HPV
infection. Men are generally more susceptible than women to
parasitic, bacterial, and viral infections due to weaker immune
responses to both natural infection and vaccination (22). Several
observations from studies of anogenital HPV infections support
weaker immune responses to HPV infection among men when
compared with women (10). These observations include lower
rates of seroconversion following genital HPV infection among
men (23, 24), despite similar genital HPV prevalence (at younger
ages) in both genders (25, 26), lower antibody titers upon
seroconversion among men than women (23), the absence of
acquired immunity against reinfection among men (27–29), the
absence of age-related declines in genital HPV prevalence among
men (25), andhigher genital andoralHPV viral loads amongmen
than women (30, 31). The weaker immune response to HPV
among men could potentially explain our observations of the
later plateau in prevalence with increasing number of sexual

Figure 4.
Burden of oral oncogenic HPV infection amongmen in the U.S. population, as measured by oncogenic HPV prevalence (A–C) and the number of infected individuals
(D–F). Estimates for prevalence and number of infected individuals for men are stratified by age (14–40, 40–59, and 60–69 years), cigarette smoking status
(never/former smokers, current smokers who smoked 1–10 cigarettes per day, current smokers who smoked 11–20 cigarettes per day, and current smokers who
smoked 20þ cigarettes per day), and lifetime number of any sex partners (0, 1, 2–5, 6–10, 11–20, and 20þ partners). The predicted probability of infection
with oral oncogenic HPV infection was estimated from multivariable models that were adjusted for age (modeled as splines with 5 knots), race, marital status,
education, smoking, and number of lifetime any sex partners. These predicted probabilities were then summed across subgroups defined by age, smoking,
and number of lifetime sex partners to calculate the number of infected individuals in the U.S. population. Prevalence was calculated as the ratio of number
of infected individuals over the total number of individuals within a subgroup.
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partners and the stronger increase in oral HPV prevalence with
increasing age among men versus women.

Our data show strong parallels between the distribution of oral
oncogenic HPV infections and HPV-positive oropharyngeal can-
cers in the U.S. population (2, 3). For example, the 5-times higher
incidence of HPV-positive oropharyngeal cancers among men is
consistent with the approximately 5-times higher prevalence of
oral oncogenic infection as well as of HPV16 infection among
men thanwomen (2, 7). Likewise, the number of individuals with
oral oncogenic HPV infections was highest amongmen ages 40 to
59 years (3.4 million). The reported predominance of HPV-
positive oropharyngeal cancers among never/former smokers is
also consistent with the high number of infected individuals in
this subgroup (1, 18).Our observation that never/former smokers
constitute the overwhelming majority of individuals with prev-
alent oral oncogenic HPV infection could potentially explain the
paradoxical association of smoking with oral HPV prevalence but
not with risk of HPV-positive oropharyngeal cancers (32).

Although our study was conducted in a representative sample
of the U.S. population, our results have global relevance. Similar
to observations in the United States, the incidence of oropharyn-
geal cancer has rapidly increased over the past 3 to 4 decades in
several developed countries around the world, including Austra-

lia, Canada, Denmark, Japan, Norway, Sweden, the Netherlands,
and United Kingdom (2–6). This increase, which has been attrib-
uted to HPV infection (2), has occurred predominantly among
men younger than 60 years (3, 6). Our data provide a potential
explanation for this steeper increase in incidence among young
men. Compared with women, men had a stronger per-sexual
partner increase in oral HPV prevalence, later plateau in preva-
lence with increasing number of sexual partners, and a stronger
increase in prevalence with increasing age. These observations
underscore a disproportionately greater impact of sexual behav-
ioral changes over the last several decades on increased oral HPV
exposure among recent birth cohorts ofmen thanwomen (6, 17).
Thus, both behavioral and biologic differences between men and
women likely contributed to differential birth cohort effects of the
"sexual revolution," resulting in a dominant bimodal age pattern
and consequent increase in oropharyngeal cancer incidence,
predominantly among young men.

Wenote the limitations of our study. Although the use of ACASI
enhances the validity of self-reported sexual behavioral data (33),
we acknowledge that men overreport and women underreport
lifetime sexual partnerships (34). Such a bias may differentially
attenuate associations between sexual behaviors and oral HPV
among men and women. The presence of statistical interactions

Figure 5.
Burden of oral oncogenic HPV infection among women in the U.S. population, as measured by oncogenic HPV prevalence (A–C) and the number of infected
individuals (D–F). Estimates for prevalence and number of infected individuals for women are stratified by age (14–40, 40–59, and 60–69 years), cigarette
smoking status (never/former smokers, current smokers who smoked 1–10 cigarettes per day, current smokers who smoked 11–20 cigarettes per day, and
current smokerswho smoked 20þ cigarettes per day), and lifetime number of any sex partners (0, 1, 2–5, 6–10, 11–20, and 20þ partners). The predicted probability of
infection with oral oncogenic HPV infection was estimated from multivariable models that were adjusted for age (modeled as splines with 5 knots), race,
marital status, education, smoking, and number of lifetime any sex partners. These predicted probabilities were then summed across subgroups defined by age,
smoking, and number of lifetime sex partners to calculate the number of infected individuals in the U.S. population. Prevalence was calculated as the ratio of
number of infected individuals over the total number of individuals within a subgroup.
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between gender and sexual behaviors precluded a quantitative
evaluation of the degree to which differences in sexual behaviors
accounted for themale–female difference in oral HPV prevalence.
Instead, we present male–female prevalence differences stratified
by number of sexual partners to show that men and women had
similar oral HPV prevalence at low numbers of sexual partners.
Given the cross-sectional nature of NHANES, we cannot address
the relative contribution of incidence versus persistence to the
observed prevalence differences by gender.

Our observations have potential public health implications.
Prophylactic HPV vaccines may protect against oral HPV infec-
tions (35). Our observation of a substantially higher burden of
oral HPV infection among men, coupled with the reported rapid
increase in HPV-positive oropharyngeal cancers among men in
several developed countries worldwide (2, 6), underscores the
importance of recent efforts to enhance the uptake of prophylactic
HPV vaccines among men (36–39).
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