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Abstract

Background: HPV-related oropharyngeal cancer (HPV-OPC) screening is being explored in 

research studies, but strategies to identify an appropriate population are not established. We 

evaluated whether a screening population could be enriched for participants with oncogenic HPV 

biomarkers using risk factors for oral HPV.

Methods: Participants were enrolled at Johns Hopkins Hospitals and Mount Sinai Icahn School 

of Medicine. Eligible participants were men aged ≥30 with ≥2 lifetime oral sex partners, with 

a personal history of anogenital dysplasia/cancer, or partners of HPV-related cancer patients. 

Oral rinse and serum samples were tested for oncogenic HPV DNA,RNA and E6,E7 antibodies 

respectively. Participants with any biomarker were considered “at-risk”.

Results: Of 1108 individuals, 7.3% had any oncogenic oral HPV DNA and 22.9% had serum 

antibodies for oncogenic HPV E6 or E7. 17 participants (1.5%) had both oral and blood 

biomarkers. HPV16 biomarkers were rarer, detected in 3.7% of participants, including 20 with 

oral HPV16 DNA, and 22 with HPV16 E6 serum antibodies (n=1 with both). In adjusted 
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analysis, living with HIV (aOR=2.65, 95%CI=1.60–4.40) and older age (66–86 vs 24–45 years; 

aOR=1.70, 95%CI=1.07–2.70) were significant predictors of being at-risk. Compared to the 

general population, prevalence of oral HPV16 (1.8% vs 0.9%), any oncogenic oral HPV DNA 

(7.3% vs. 3.5%) and HPV16 E6 antibodies (2.2% vs 0.3%) were significantly elevated.

Conclusion: Enrichment by the eligibility criteria successfully identified a population with 

higher biomarker prevalence, including HPV16 biomarkers, which may be considered for 

screening trials. Most in this group are still expected to have low risk of OPC.
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Introduction

Oropharyngeal cancer (OPC) is a relatively rare cancer with nearly 20,000 incident cases in 

the United States (US) in 20211,2, most (>80%) of those in men3,4. About 90% of all OPCs 

in the US are now caused by human papillomavirus (HPV).5 OPC incidence has increased 

among men consistently 2.7% per year in the US over 20 years.1 However, screening is 

currently not recommended for OPC. The majority of HPV-related OPC (HPV-OPC) cases 

are detected at the time of nodal involvement, not early when isolated to a small primary 

tumor in the tonsil or base of the tongue.6,7

Typical cancer screening strategies employ risk-stratification methods to enrich for people 

most likely to have a malignancy, and who could most benefit from screening.8,9 Therefore, 

critical to evaluating any future OPC screening scenario is determining whether risk-

stratification methods effectively identify people at risk, especially in the context of a 

rarer cancer like HPV-OPC. However, the optimal risk-stratification approach for HPV-OPC 

screening is unclear.

Risk factors for oral HPV DNA, the precursor for HPV-OPC, include male sex, current 

smoking, and number of lifetime oral sex partners.10 Individuals living with HIV11,12, with 

a personal history of anogenital cancer or partner with HPV-related cancer13 also have an 

increased prevalence of oncogenic oral HPV DNA. These risk factors overlap with those 

for E6 antibodies and HPV-OPC.14–16 Therefore, we hypothesized we could use these risk 

factors to identify an enriched population with HPV biomarkers associated with HPV-OPC, 

which may have relevance for future screening populations.

Methods

Study Design and Population

This analysis uses baseline data from a multi-center prospective cohort study. Healthy 

participants considered at increased risk for HPV-OPC were eligible for enrollment in “Men 

and women Offering Understanding of Throat HPV” (MOUTH17) study based upon meeting 

≥1 of the following eligibility criteria: men aged ≥30 years with ≥2 or more self-reported 

lifetime oral sex partners10, history of anogenital dysplasia or cancer, or having a partner/

spouse with HPV-OPC or anogenital cancer. Enrollment occurred April 2017-January 2022, 
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at Johns Hopkins Medicine (JHM; Baltimore and other MD sites) and Icahn School of 

Medicine at Mount Sinai (New York, New York). Participants recruited at other locations 

were excluded from analysis due to low enrollment (OHSU, n=12), or different eligibility 

criteria (MWCCS cohort)12.

The study was approved by the institutional IRBs of both sites and informed consent was 

obtained from all participants.

Eligibility for At-Risk Cohort

Oral rinse and serum samples were collected and tested for oncogenic HPV biomarkers. 

Participants positive for any of these markers were considered eligible for the follow-up 

cohort (called the “at-risk” cohort), with planned annual study visits for four more years. 

Participants were considered “at-risk” if they had: 1) any oncogenic HPV DNA or RNA 

(types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 66, or 68) detected in oral rinse; and/or 2) 

serum E6 or E7 antibodies to any oncogenic HPV type.

Baseline Data Collection

Participants provided demographic, medical history and behavioral data via computer-

assisted self-interview (CASI) survey in Redcap, completed at study visit or with an 

emailed personalized link. Oral rinse specimens were collected either in person or remotely 

(Supplemental Table). This study was conducted in part during the COVID-19 pandemic, 

which impacted data collection.

Sample Collection

Oral rinse collection, processing and testing are described elsewhere18. Briefly, oral and 

oropharyngeal exfoliated cells were collected using 10 mL saline by 30-second oral rinse 

and gargle and stored at 4°C until processed. Once processed, oral rinse samples were 

aliquoted (750μl) and stored at −80° until shipped to DDL Diagnostic Laboratory for testing.

Blood was collected in SST tubes and stored at 4°C until processed. Blood samples were 

centrifuged at 1,942×g for 15 minutes at 37°C to separate serum layer, which was stored at 

−80°C until tested. All samples were processed and stored at Johns Hopkins Biospecimen 

Repository.

Oral rinse testing

Samples were diluted by a factor of 2.5x (750 μl sample + 1125 μl dilution) and DNA 

was extracted using the NucliSENS easyMAG. HPV DNA testing was done by PCR 

amplification using SPF10 primer system (version 1). Samples positive by SPF10 were 

genotyped using the DNA Enzyme Immuno-assay (DEIA) detection system which evaluates 

the presence of oncogenic HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 

66, as well as 12 non-oncogenic HPV types. HPV16 qPCR testing was also performed on 

samples with HPV16 detected by DEIA.

Besides DEIA HPV DNA testing, two additional genomic tests currently approved for 

cervical HPV testing19 were also performed. This included HPV DNA testing performed 
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using Cobas (Roche) on all oral rinse samples and HPV E6/E7 mRNA detection using 

Aptima (Hologic) on all oral rinse samples positive by SPF10. Oral rinse samples positive by 

DEIA, Cobas or Aptima testing were considered eligible for the at-risk cohort.

Serum testing

Antibody testing was performed centrally by the German Cancer Research Center (DKFZ) 

using the multiplex serology method that uses glutathione S-transferase (GST) capture 

ELISA with fluorescent bead-based technology20. Serum was tested for E1, E2 antibodies 

of HPV types 16 and 18, and E6 and E7 oncogene antibodies for oncogenic HPV types 

16,18,31,33,35,45,52,58. Standardized positivity thresholds based on HPV-negative controls 

were applied.21,22 One batch of results (with 269 samples) had statistically significantly 

higher seroprevalence of non-16 oncogenic HPV E7 results. Since batch effects of testing 

could not be excluded, these results were not used to determine eligibility.

Comparison of HPV biomarkers to general population

Oral oncogenic HPV DNA prevalence was compared in our study population to similar data 

collected in subjects aged 24–69 in NHANES, collected 2015–16 in NHANES, analyzed 

using NHANES weighted prevalence to represent the prevalence in the general U.S. 

population.23 Prevalence of E6 serum antibodies to HPV16 and to any oncogenic HPV strain 

were compared in our study population and controls in the HPV Cancer Cohort Consortium 

(HPVC3). HPVC3 is a collaboration of nine cohort studies with blood collected during 

1972–2009, and antibody testing using the same methods;24 overall control prevalence in 

HPVC3 was previously published24 and sex-specific prevalence were provided by authors 

for use in this report.

Statistical analysis

Inclusion in the analytic population required at least partial completion of the baseline 

survey and completion of HPV biomarker testing for ≥1 specimens at the time of analysis; 

65 individuals who were enrolled but did not yet have data collection and/or testing 

were excluded. The primary outcome for this analysis was eligibility for at-risk cohort. 

A secondary outcome was having HPV16-specific biomarkers.

To explore further enrichment by demographic or behavioral characteristics, we compared 

oral health, medical history, sexual history, and substance use behaviors between participants 

at-risk and not-at-risk. Chi squared test was used for categorical variables and K-sample 

equality-of-medians test for continuous variables.

Cumulative behavioral measures (amount used per day * years used) calculated included 

tobacco packyears, alcohol drinkyears, marijuana jointyears and sexual partners/10 years 

(sex-years)14. Biomarker prevalence estimates were reported overall and compared across 

enrollment criteria categories, using chi squared and Fisher’s exact tests. Univariate and 

multivariable logistic regression was used to explore characteristics associated with at-risk 

cohort eligibility. We compared biomarker prevalence in our study to available data in the 

general population using an equality of proportions test. Statistical analyses were conducted 

with Stata version 16.1.
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Results

Among 1108 individuals in the MOUTH study, most (88.9%) participants were eligible 

based upon self-identification as a man 30 years or older, with a lifetime history of 

performing oral sex on at least two people (Table 1), and the remainder were eligible 

based on personal history of anogenital dysplasia/cancer (6.5%, n=72) or having a partner/

spouse with an HPV-related cancer (9.5%, n=105). Participants were enrolled primarily in 

outpatient clinics of Otolaryngology-Head and Neck Surgery (n=680) and internet-based 

outreach (n=208) with some also enrolled in outpatient Urology (n=94), HIV care (n=48) 

and Executive Health (n=16) clinics, as well as referrals and community events (n=62).

Participants were predominantly male (89.6%), non-Hispanic White (71.4%), with college 

education (42.5%) or advanced degree (42.1%), and annual family income of ≥100,000 

(60.7%). Women enrolled included 65 with history of genital or anal dysplasia/cancer 

and 59 spouses/long-term sexual partners of patients with an HPV-related cancer. Only 40 

(3.6%) of these adult participants reported ever receiving an HPV vaccine; this included 24 

men and 16 women, age range 24–66 years. Most participants were not in ages targeted for 

HPV vaccination, but there were 83 participants who were within catch-up HPV vaccine 

targeted ages when approved, of whom 16 (19.3%) reported history of HPV vaccination.

At least one oncogenic HPV biomarker was found in 248 (22.4%) participants; this was in 

oral (n=86), blood (n=179), and both oral and blood (n=17) samples. Less than half of these 

were HPV16-specific (95 of 248; Figure 1), the oncogenic type known to cause the majority 

of HPV-OPCs.5 Excluding HPV16 E7 seropositivity, which is thought to have a lower 

specificity and sensitivity than E6 seropositivity18,25,26, only 41 participants (3.7% of those 

screened) had HPV16-specific biomarkers, including 20 with oral HPV16 DNA and 22 with 

HPV16 E6 antibodies(Table 2). Only one participant had both HPV16 biomarkers(Figure 

1). Pairwise comparison of concordance between rinse and serum biomarkers for HPV16 

was poor for all comparisons (all kappa<0.14). Further, concordance between HPV16 E6 

and E7 seropositivity was low, with only 2 of 77 participants with HPV16 antibodies being 

seropositive for both E6 and E7 (Figure 1).

The prevalence of each HPV biomarker of interest is shown in Table 2. Biomarker 

prevalence did not vary by enrollment groups (P=0.27). While any oncogenic oral HPV 

DNA was detected among 7.3% of participants (n=81), oral HPV16 DNA was only found 

among 1.8% of participants (n=20). Oncogenic oral HPV RNA was detected among 20 

participants, of which five had undetectable oncogenic HPV DNA.

Serum antibodies for oncogenic HPV E6 or E7 were detected in 22.9% (N=179) of 

participants (Table 2). The most common antibodies detected were to oncogenic HPV types 

other than HPV16, in 15.7% (N=119) of participants. HPV16 E6 and E7 antibodies were 

detected among 2.2% (N=22) and 5.7% (N=57) of participants, respectively. Antibodies 

to three or more HPV16 early proteins (E1, E2, E6, E7) were detected in only 0.2% of 

participants (N=2).

Next, we explored characteristics of at-risk participants compared to those not at-risk, 

to see whether they could be used to further enrich those at risk (Supplemental Table 
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2). Oral and physical health were similar in participants at-risk and not at-risk. This 

included similar low prevalence of infrequent dental visits (7.3% vs 5.9%) and less than 

daily tooth brushing (4.9% vs 5.0%), and similar prevalence of symptoms associated with 

pharyngeal inflammation or malignancy. Both groups also had similar medical histories, 

with no increase in history of genital warts, asthma, cardiovascular disease, or tonsillectomy 

in those at-risk. People living with HIV (PLWH) and those with a history of sexually 

transmitted infections (STI) were more likely to be at-risk (Supplemental Table 2). However, 

self-reported history of other autoimmune disorder was not associated with being at-risk.

Similarly, at-risk and not at-risk participants had comparable sexual histories and substance 

use (Table 3). Most at-risk participants (61.4%) had ≤10 lifetime oral sexual partners (vs 

66.7% of those not at-risk). Further, 39.4% of at-risk participants had ≤5 lifetime oral sex 

partners (vs 43.3% of not at-risk). However, the higher range of oral sexual partners was 

more common among at-risk participants, with 12.6% reporting more than 50 lifetime oral 

sex partners (vs 7% of not at risk). The distribution of median number of lifetime oral 

sexual partners (P=0.14), sex-years (P=0.45) and first age of oral sex (P=0.48) were similar 

between the two groups (Table 3). However, higher number of oral sexual partners (≥20 

vs 2–5 partners) was associated with increased oral oncogenic HPV prevalence (11.3% 

vs 5.8%, P=0.01) and HPV16 E6 seropositivity (4.9% vs 1.5%,P=0.02), Table 5). Median 

number of lifetime sexual partners (any act) was slightly higher in at-risk participants (15 

vs 12, P=0.051). Tobacco, alcohol, coffee, and opioid use were not associated with being 

at-risk. Neither was ever or current marijuana use, although median joint-years was higher 

among at-risk than not at-risk marijuana users (3.7 vs 0.4, P=0.01).

In univariate analysis, sex, race, education, number of lifetime oral sexual partners, joint-

years, and living with HIV were associated with increased odds of oncogenic HPV 

biomarker positivity (Table 4). Although the women included in the study had either a 

history of anogenital disease or a long-term partner with an HPV-related cancer, men were 

still more likely than women to have oncogenic HPV biomarkers detected (OR=1.75, 

P=0.04). In adjusted analysis (Table 4), only living with HIV (aOR=2.65, P<0.0001) 

and older age (66–86 years vs 24–45; aOR=1.70, P=0.02) were independent significant 

predictors of being considered at-risk. Sex, race, education, sexual behavior, and joint-years 

were no longer significant predictors after adjusting for other factors. Risk factors were 

similar in men and women (results not shown).

Lastly, we compared the prevalence of oncogenic HPV biomarkers in our study population 

to that in the general population to evaluate how well eligibility criteria for the study 

enriched for those at-risk. Prevalence of oncogenic oral HPV infection among study 

participants was twice that of the general U.S. population, as measured in NHANES (Table 

5; 7.3% vs. 3.5%, P<0.001). Despite a greater proportion of men in the study population, 

oral HPV prevalence remained higher than the general population when stratified by sex 

(Table 5). The prevalence of HPV16 E6 antibodies (2.2% vs 0.3%, P<0.001, Table 5) 

was also elevated in the study population compared to control participants in HPVC3. 

Although prevalence was not significantly different for any oncogenic HPV E6 (8.8% vs 

7.4%, P=0.12) or any oncogenic HPV E6 or E7 (22.9% vs 21.5%, P=0.32). Comparing men 
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and women within our study population, HPV16 E6 prevalence was similar (2.1% vs 3.0%, 

P=0.20; similarly, in HPVC3 prevalence was no different by sex (0.3% vs 0.4%, P=0.36).

Discussion

This analysis was designed to evaluate how well we identified a subset of the population 

enriched with oncogenic HPV biomarkers, that is at-risk for development of OPC. We 

successfully identified many individuals with oncogenic oral HPV DNA or serum antibodies 

to oncogenic HPV, but prevalence of HPV16-specific biomarkers (which are thought to be 

most associated with HPV-OPC), was low. Prevalence of oral27,28 and serum29 oncogenic 

HPV biomarkers was elevated among all enrollment groups, compared to the general 

population (Table 5). Of note, the differences in prevalence between the MOUTH and 

NHANES study populations indicate successful enrichment for individuals at risk which 

reflects the eligibility criteria of the study. However, among those screened, there were no 

clear predictors of biomarker positivity, suggesting that stratification beyond the eligibility 

criteria of the study, by sexual behaviors or demographics, would not further enrich for a 

population at higher risk for HPV-OPC. Therefore, eligibility factors in this study may be 

used for future screening trials.

Among those screened, at-risk and not at-risk participants were similar in demographic and 

behavioral profiles. Indeed, some participants with low number of oral sex partners had the 

HPV biomarkers of interest, and 39.4% of at-risk participants reported 5 or fewer lifetime 

oral sexual partners. This underscores that while prevalence of oral HPV DNA, and thus 

HPV-OPC risk, increases with increasing number of lifetime oral sex partners, the majority 

(~80%) of HPV-OPC cases are people who have <10 lifetime oral sexual partners14. Thus, 

while higher range of sexual partners as a criteria may enrich for HPV-OPC biomarkers, it 

would likely exclude the majority of people who eventually develop HPV-OPC.

Additionally, oral health, medical histories, and symptoms of pharyngeal inflammation 

or malignancy were similar between those at-risk and those not at-risk. This is expected 

as symptoms of pharyngeal inflammation typically indicate the presence of lesions, and 

neither prevalent oncogenic HPV DNA nor HPV-related cancers at presentation are usually 

accompanied by symptoms. The diagnosis of HIV was the only medical factor associated 

with increased biomarker positivity. This is consistent with previous research suggesting 

living with HIV, and specifically HIV-related immunosuppression, is associated with 

increased oral HPV incidence and persistence12,30, as well as increased risk for anogenital 

HPV persistence and cancer31–33.

While oral HPV DNA is a recognized precursor to HPV-OPC,34 screening for it alone 

would have a poor balance of benefits and harms. The majority of oral HPV DNA clears, 

which would result in a high false positive rate and a low positive predictive value (PPV).18 

Positivity of multiple markers could suggest increased risk, but concordance of biomarkers 

was low, consistent with prior studies.18 Only 17 people had both oral and serum HPV 

markers, and only one was positive for oral HPV16 DNA and HPV16 E6 antibodies. HPV16 

E6 may exceed oral HPV in performance characteristics, due to its stability over the years 

between seroconversion and clinical presentation of disease35. The Hamburg study, the 
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largest published screening study to date (n=4424), used seropositivity against HPV16 E6 

and at least one other early protein to identify an at-risk population. Of 35 E6 seropositive 

subjects (median follow-up of 4.7 years), two advanced stage and one early stage case were 

identified, highlighting the limited PPV of serology.36

The number needed to screen (NNTS) to prevent one death is a metric used to evaluate 

screening implementation feasibility. For common cancers such as colon, prostate and breast 

cancer the NNTS is 1300–2500.37–39 However, If HPV16 E6 seroprevalence were used 

for screening, its low prevalence would imply a high NNTS. This may reduce feasibility, 

despite easier administration of a HPV16 E6 blood-based test compared to more invasive 

screening practices, as one would have to screen a large population to identify those at risk. 

A higher NNTS might be appropriate with assays having high specificity and predictive 

value. Multiple assays in concert or in sequence may identify a more enriched population 

at high-risk of malignancy. For example, methylation markers of oncogenesis and detection 

of ctDNA with E6 seropositivity may afford improved performance characteristics.40,41 

Nevertheless, this study shows that behavioral characteristics used as entry criteria can be 

applied to screening studies to enrich for a population with biomarkers associated with 

increased risk of HPV-OPC. Defining risk eligibility informs who might benefit from 

screening or alternatively who is at increased risk for the malignancy of interest. Future 

studies are needed to explore whether alternate or additional biomarkers can be incorporated 

to improve enrichment of an at-risk population.

In conclusion, the entry criteria for this study (gender, sexual behavior, and personal history 

and exposure to HPV-related dysplasia/cancer) may be used to enrich for a population with 

higher HPV biomarker prevalence. Whether or not this level of enrichment is sufficient for 

screening in the future remains to be understood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure One. 
Depiction of number of people with oral and serum HPV biomarker positivity, by HPV type. 

This includes 95 people with HPV16 biomarkers on the left, and 175 people with ≥1 non-16 

other oncogenic HPV biomarker on the right. This includes 27 people with both HPV16 and 

≥1 non-16 oncogenic HPV markers (these 27 people are shown in both circles, ie circles 

are not mutually exclusive). Number of people who had positivity for multiple biomarkers is 

shown in intersection of the smaller circles with a large N. Number of people with multiple 

markers of the same HPV type are shown in the intersections with a small n).
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Table 1.

Description of baseline study population*

Study Population Overall N (biomarker prevalence)

N (%) At-Risk
Select HPV16 Biomarkers 

detected~

N=1108 N=248 N=41

Eligibility groups (some participants were eligible for 
multiple groups)

 Men with 2+ lifetime oral sex partners 985 (88.9) 229 (23.3) 37 (3.8)

 Hx of genital or anal dysplasia/cancer 72 (6.5) 18 (25.0) 3 (4.2)

 Partner/spouse of person with: 105 (9.5) 17 (16.2) 5 (4.8)

  ICC or cervical dysplasia 15 (1.4) 3 (20.0) 0 (0)

  HPV-OPC 72 (6.5) 9 (12.5) 4 (5.6)

   Genital or anal cancer 18 (1.6) 5 (27.8) 1 (5.6)

Biologic Sex

 Men 993 (89.6) 231 (23.3) 38 (3.8)

 Women 115 (10.4) 17 (14.8) 3 (2.6)

Race and Ethnicity

 White, non-Hispanic 791 (71.4) 159 (20.1) 30 (3.8)

 Black, non- Hispanic 179 (16.2) 58 (32.4) 7 (3.9)

 Hispanic any race 85 (7.7) 16 (18.8) 0 (0)

 Other 53 (4.8) 15 (28.3) 4 (7.6)

Study Site

 Johns Hopkins Hospital 1026 (92.6) 228 (22.2) 37 (3.6)

 Mount Sinai Hospital 82 (7.4) 20 (24.4) 4 (4.9)

Age in years

  24–45 255 (23.0) 48 (18.8) 8 (3.1)

  46–55 279 (25.2) 55 (19.7) 12 (4.3)

  56–65 358 (32.3) 90 (25.1) 16 (4.5)

  66–86 216 (19.5) 55 (25.5) 5 (2.3)

Education Level ^

 < High-school 41 (3.7) 5 (12.2) 1 (2.4)

 High school/GED 129 (11.7) 36 (27.9) 1 (0.8)

 Any college 469 (42.5) 116 (24.7) 23 (4.9)

 Advanced/professional degree 465 (42.1) 90 (19.4) 16 (3.4)

Annual Family Income (in thousands USD)^

 0 – <15 83 (8.1) 18 (21.7) 2 (2.4)

 15–<50 110 (10.7) 30 (27.3) 4 (3.6)

 50–<100 210 (20.5) 49 (23.3) 9 (4.3)

 100–<200 355 (34.6) 71 (20.0) 12 (3.4)

 ≥200 268 (26.1) 55 (20.5) 11 (4.1)
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Study Population Overall N (biomarker prevalence)

N (%) At-Risk
Select HPV16 Biomarkers 

detected~

N=1108 N=248 N=41

Ever received HPV vaccine (≥1 dose) 40 (3.6) 7 (17.5) 1 (2.5)

Living with HIV 97 (8.8) 44 (45.4) 8 (8.3)

*
This population includes 99 subjects classified as Not at-risk based on oral rinse data only, since blood was not collected (N=82) or was collected 

but test results not yet available (N=17) at the time of this analysis. Population also includes 3 subjects were determined to be Not at-risk based on 
blood data only, since rinse was not collected (N=1) or was collected but not tested (N=2).

~
To be classified as positive in this group, needed to have either HPV16 oral DNA and/or HPV16 E6 seropositivity. 114 people who only had oral 

rinse (n=111) or only had blood (n=3) results for HPV16 were classified for this group by that single test.

^
Excludes people who reported “prefer not to answer” for this variable
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Table 4:

Predictors of positivity for any of the eligibility markers at baseline among 1108 participants in the MOUTH 

study

Unadjusted Adjusted

Variable N OR (95%CI) P-value aOR (95%CI) P-value

DEMOGRAPHIC

Sex

 Women 115 Ref

 Men 993 1.75 (1.02, 2.98) 0.04 1.61 (0.93, 2.81) 0.09

Race and Ethnicity

 White 791 Ref Ref

 Black 179 1.9 (1.33, 2.72) <0.001 1.41 (0.92, 2.15) 0.11

 Hispanic 85 0.92 (0.52,1.63) 0.78 0.95 (0.53, 1.73) 0.88

 Other 53 1.56 (0.84, 2.92) 0.16 1.79 (0.94, 3.44) 0.08

Age (in years)

 24–45 255 Ref Ref

 46–55 279 1.06 (0.68, 1.63) 0.79 1.00 (0.64, 1.57) 0.99

 56–65 358 1.44 (0.98, 2.14) 0.07 1.34 (0.88, 2.03) 0.17

 66–86 216 1.47 (0.95, 2.28) 0.08 1.70 (1.07, 2.70) 0.02

Education

 Advanced/Professional Degree 465 Ref

 Any College 469 1.37 (1.00, 1.86) 0.05

 ≤High school/GED 170 1.32 (0.87, 2.01) 0.19

SELF REPORTED MEDICAL HISTORY

Living with HIV 1100 3.27 (2.13, 5.02) <0.001 2.65 (1.60, 4.40) <0.0001

Ever received HPV vaccine 1108 0.73 (0.31, 1.66) 0.45

SEXUAL HISTORY

Lifetime oral sex partners

 ≤5 468 Ref Ref

 6–10 255 1.03 (0.71, 1.49) 0.88 0.99 (0.68, 1.46) 0.98

 11–50 289 1.09 (0.76, 1.55) 0.64 1.02 (0.71, 1.47) 0.91

 ≥51 91 1.97 (1.21, 3.21) 0.006 1.49 (0.88, 2.50) 0.14

SUBSTANCE USE

Cigarette use

 Never 661 Ref

 Former 323 0.92 (0.66, 1.26) 0.59

 Current 123 1.16 (0.74, 1.80) 0.52

Pack years (per pack-year) 1046 1.002 (0.99, 1.01) 0.67

Current alcohol use 1106 0.81 (0.61, 1.08) 0.15

Ever Opioid Use 972 1.20 (0.86 1.69) 0.27

Joint years
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Unadjusted Adjusted

Variable N OR (95%CI) P-value aOR (95%CI) P-value

 0 688 Ref

 >0–5 90 0.95 (0.55, 1.63) 0.86

 >5–20 28 1.42 (0.61, 3.30) 0.41

 >20 41 2.27 (1.18, 4.37) 0.01
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