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Abstract 

Human papillomavirus (HPV) infection, which is an established cause of venereal 

warts and anogenital carcinoma, is one of the most prevalent sexually transmitted 

infections worldwide. Most HPV infections are asymptomatic, suggesting that other co-

factors might play a role in the progression from infections to HPV-related diseases. 

Nutritional status is known to influence the immune system and alter host defense 

mechanisms, so it may be a determinant factor of the body’s cellular and biological 

response toward HPV infection. This dissertation presents an analysis which aims to 

understand the role of dietary intake – as a proxy of nutritional status – and the natural 

history of HPV infection in men. The first research question focuses on the association 

between dietary folate and vitamin B12 intake and persistent genotype specific HPV 

infections. The acquisition and clearance of genotype specific HPV infections and dietary 

folate and vitamin B12 intake are investigated in the second and third research 

question. All the analyses accounted for potential confounders such as energy intake, age, 

and risky sexual behaviors. This dissertation utilized data from the Hawaiʻi HPV male 

longitudinal study, which followed 445 adult men between 2004-2006. Compared to those 

with the highest intake level, our analyses did not yield strong evidence to support our 

hypothesis that men who consumed less dietary folate and vitamin B12 were at a higher 

risk of genotype specific HPV infections. However, we did find that men whose dietary 

folate and vitamin B12 intake were in the lowest and middle tertiles had higher odds of 

persistent genotype specific HPVs. Men whose dietary vitamin B12 intake was in the 

middle tertile had a higher risk of acquiring genotype specific HPVs. During the persistent 

stage of infection (> 130 days), men whose dietary folate intake was in the lowest tertile 
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had a lower rate of any risk and oncogenic HPV clearance. Men whose dietary vitamin 

B12 intake was in the middle tertile had a lower rate of oncogenic HPV clearance.  
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Chapter 1 

Introduction 

Human papillomavirus (HPV) is a non-enveloped, icosahedral capsid, double strand 

deoxyribonucleic acid (DNA) virus of the Papillomaviridae family [1]. At present, scientists have 

identified more than 100 HPV genotypes, about 40 of which cause anogenital diseases and subsets 

of head and neck squamous cell carcinoma [2, 3]. Based on molecular biological data, HPV is 

further classified into high-risk (HR-HPV), or oncogenic HPV; and low-risk (LR-HPV), or non-

oncogenic HPV. Oncogenic HPV infection is an established cause of premalignant lesions, 

carcinoma of anogenital tracts, and subsets of oropharyngeal and oral cancers, while a non-

oncogenic HPV infection is associated with anogenital warts.  The following HPV genotypes, 16, 

18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68, are considered high-risk HPVs based on 

oncogenic potential [1, 3]. All other genotypes are considered non-oncogenic or undetermined risk 

genotypes.  The double stranded circular DNA genome of HPVs encodes about eight open-reading 

frames (ORFs), which can be divided into three functional parts [1]. First, the early (E) region 

encodes E1 to E7 proteins, which are required for viral replication. The E6 and E7 proteins of 

oncogenic HPV genotypes are the most significant HPV proteins in the pathogenesis of HPV-

related malignancy. The binding of these  proteins with host intracellular proteins, p53 and 

retinoblastoma proteins, respectively, immortalize epithelial cells and lead to malignant 

transformation of anogenital cells [4] Second, the late (L) region encodes L1 and L2 proteins, 

which are structural proteins necessary for virion assembly. Third, the long control region (LCR) 

contains cis elements that are essential for the viral DNA replication and transcription.  

According to the World Health Organization (WHO), HPV infection is one of the most 

common sexually transmitted infections (STIs) globally [1]. In the United States (U.S.), HPV 
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infection is the most common STI among sexually active adults [5]. The prevalence of the HPV 

infection in males is higher than females [6, 7]. As demonstrated by the National Health and 

Nutrition Examination Survey (NHANES) during 2013-2014, the prevalence of genital HPV 

infection among adult males and females aged 18-59 were 45.2% and 39.9%, respectively [7]. 

Among this population, the prevalence of oncogenic HPV were 25.1% and 20.4% for adult males 

and females, respectively [7]. Despite the higher prevalence of oncogenic HPV infection in males, 

the impact of oncogenic HPV as a causal factor in cervical cancer in females has received greater 

attention historically. Globally, HPV infection causes 528,000 cases of cervical cancer, which is 

the fourth most common cancer in women, and there are 266,000 cervical cancer deaths each year 

[8]. Worldwide, the incidence of penile cancer varies according to geographic regions. Compared 

to Africa, Southeast Asia, and Latin America, penile cancer incidence is lower in the U.S., Europe, 

and other Western countries. Cancer of the penis accounts for less than 1% of male cancer in the 

U.S. while it accounts for 10% of male cancer in certain geographic areas [9, 10]. Compared to 

cervical carcinoma, incidence rates of anal and penile cancers are very low [11]. HPV is also a 

causal agent in subsets of oropharyngeal and oral cancers, primarily involving the tonsils and base 

of tongue [12]. In the U.S. and Europe, HPV accounts for 70%-80% of oropharyngeal cancers, 

and the incidence is rising in the U.S.  [13, 14]. While this dissertation focuses mainly on HPV-

related anogenital diseases, our results might have an implication on future studies on HPV-related 

oropharyngeal and oral cancers.  

Most HPV infections are asymptomatic and become undetectable over time. Within the 

first year, 70% of incident infections are resolved, and 90% of incident infections are resolved in 

the second year [15]. Although the majority of HPV infections resolve spontaneously, persistent 

infections are associated with detrimental diseases. Persistent infection with oncogenic HPV is the 
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established cause of anogenital carcinoma. Infections with oncogenic HPVs account for 85% and 

50% of anal and penile carcinoma in males [11]. HPVs are detected in 87% of cases of penile high-

grade squamous intraepithelial lesions [11]. Worldwide, approximately 45% of penile carcinoma 

is associated with HPVs [16]. The prevalence of HPVs among invasive penile cancer cases is as 

high as 63% in the U.S. [17]. Different sensitivity of HPV detecting tests is one possible 

explanation why the prevalence in U.S. is higher than other countries. HPV types 16 and 18 

account for 35% to 40% of overall penile carcinoma and account for 70% to 80% of all HPV 

positive penile carcinoma [18]. The latter group occurs at a younger age and is associated with 

sexual risk habits [19]. In some case series, HPV positive penile carcinoma is associated with a 

better survival rate [20, 21]. Non-oncogenic HPV infection, primarily HPV 6 and 11, can cause 

highly contagious anogenital warts, wherein about 65% of patients’ sexual partners become 

anogenital wart cases within three weeks to eight months [22, 23]. Anogenital warts are also 

associated with a very high recurrence rate. Despite receiving appropriate treatment, most warts 

will recur within the first three months of infection [24]. Venereal warts increase psychosocial 

concerns for both patients and their sexual partners; however, these anogenital lesions rarely have 

malignant transformation.  

Most genital HPV infections are asymptomatic and do not require treatment. Removal of 

anogenital warts and amelioration of symptoms are recommended [25]. A number of treatment 

modalities are available for premalignant penile lesions and penile cancers depending on type, site, 

and stage of disease [10, 26].  To prevent HPV infection, sexual abstinence is considered the single 

most effective strategy. Condoms can lower the risk of contracting a genital HPV infection. 

However, HPV is transmitted by skin to skin contact, so the uncovered genital area may still be 

prone to infection [5]. The Centers for Disease Control and Prevention (CDC) recommends routine 
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HPV vaccine for all girls and women ages 9-11 years through age 26 years; meanwhile, it is 

recommended for boys and men ages 9-11 years through age 21 years, and men who have sex with 

men through age 26 years [27]. To maximize the benefits of HPV immunization, the HPV vaccine 

should be administered prior to becoming sexually active. Three different vaccines, which target 

varying HPV genotypes, are currently available in different geographic locations. Bivalent vaccine 

targets HPV types 16 and 18; quadrivalent HPV vaccine targets HPV types 6, 11, 16, and 18; 9-

valent vaccine targets HPV types 6, 11, 16, 18, 31, 33, 45, 52 and 58. Since 2017, only the 9-valent 

vaccine is available in the U.S. [28]. Though excellent seroconversion rates have been reported 

following immunization with HPV vaccine, HPV vaccination can protect against only vaccine 

covered HPV types [29].  

To further lower the burden of HPV-related diseases, it is necessary to provide additional 

effective prevention strategies focusing on modifying cofactors in the natural history of HPV 

infection. Most infections with HPV are asymptomatic, which suggest that particular cofactors 

might play an important role in the progression from infections to HPV-related diseases. Two 

significant co-factors associated with the pathogenesis of HPV-related diseases have been 

identified. Viral determinants including HPV genotypes, viral load, and its genetic variants are the 

first proposed determinant in the pathogenesis of HPV-related conditions [30]. Individual factors 

that affect the human immune system are the second proposed determinant as immunosuppressive 

individuals are at greater risk of having anogenital warts and HPV-related malignancies [31]. 

Nutritional status, a known fundamental determinant of human immune systems, might be a 

critical variable that is often overlooked by researchers regarding its role in modifying the risk of 

HPV infection. Due to the established link between HPV infections and cervical carcinoma, most 

efforts regarding the understanding of the natural history of HPV infections have focused on 
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females, though males play a major role in HPV infections of females, as HPV is a sexually 

transmitted infection. HPV transmission was evaluated in a study of 25 monogamous heterosexual 

couples, which included males from the current cohort. During 7.5 months of follow-up, the 

overall rate of HPV transmissions from the penis to the cervix was 4.9/100 person-months, which 

was lower than the rate of cervix-to-penile transmission [32].  

Scant epidemiologic studies on the natural history of HPV infection have been conducted 

to investigate the role of specific dietary intake in HPV infection [33-35]. Some of these published 

studies demonstrated the protective role of consuming certain kinds of dietary micronutrients, such 

as folate and vitamin B12 [34, 35]. The following putative mechanisms, with regards to the role 

of folate and vitamin B12 in modifying body immune response toward HPV infection, have been 

proposed. Folate and vitamin B12 can alter the risks of HPV infection through several metabolic 

pathways involving either DNA synthesis or methylation of DNA [36, 37]. The enzyme 5-,10- 

methylenetetrahydrofolate reductase (MTHFR) plays a major role in these biochemical pathways. 

This key enzyme converts folate in the form of 5-,10- methylenetetrahydrofolate to 5- 

methytetrahydrofolate. The 5-,10- methylenetetrahydrofolate is essential in the biosynthesis of the 

thymidylate, a nucleotide needed for DNA synthesis [36]. A low level of folate, resulting in a 

reduced level of the 5-,10- methylenetetrahydrofolate, leads to the misincorporation of uracil into 

DNA and the breaking of chromosomes [36]. These common chromosome fragility sites 

correspond with the site that HPV types 16 and 18 integrate into host DNA [38, 39]. Folate and 

vitamin B12 are also involved in the methionine synthesis pathway which is another significant 

pathway associated with DNA methylation [40]. Vitamin B12 is required in the synthesis of 

methionine, a precursor of a universal methyl donor, namely S-adenosylmethionine (SAM) [40]. 

Homocysteine, a by-product of the methionine synthesis pathway, is subsequently eliminated by 
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remethylation and transulfuration [41]. The remethylation process requires both folate and vitamin 

B12 as a substrate and a cofactor, respectively [41]. The remethylation pathway also requires 5- 

methyltetrahydrofolate to serve the methyl group to change homocysteine into methionine [41]. 

Therefore, a low level of folate and vitamin B12 may affect HPV infection by either involving 

DNA methylation or increasing homocysteine levels which have been shown to be associated with 

persistent HPV infections in clinical studies [42, 43].  

Research questions 

The aims of this dissertation are: (1)  To estimate the association (odds ratio) of dietary 

folate and vitamin B12 intake with persistent genotype specific HPV infections; (2) To estimate 

the association (hazard ratio) of  dietary folate and vitamin B12 intake with incident genotype 

specific HPV infections; and (3) To estimate the association (hazard ratio) of  dietary folate and 

vitamin B12 intake with clearance of incident genotype specific HPV infections. 

Hypotheses 

Paper 1: Men with lower levels of dietary folate and vitamin B12 intake will have higher odds of 

persistent genotype specific HPV infections.  

Paper 2: Men with lower levels of dietary folate and vitamin B12 intake will be at a higher risk 

of incident genotype specific HPV infections.  

Paper 3: Men with lower levels of dietary folate and vitamin B12 intake will have a lower rate of 

clearance of incident genotype specific HPV infections. 

Database 

All of the analyses in this dissertation used data derived from the Hawaiʻi HPV male 

longitudinal study, which was approved by the Committee on Human Studies of the University of 
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Hawaiʻi (Appendix, IRB Approval) [32, 44-46]. Research subjects were primarily recruited from 

a university-based population in Hawaiʻi through campus flyers and newspaper 

advertisements. The invitations were also sent to the emails of enrolled undergraduate and 

graduate male students. Eligible subjects were English speaking men whose age was at least 18 

years and who had no history of bleeding disorders. This criterion was required because blood was 

collected for serologic evaluation, which is not a part of the current analyses. All study subjects 

provided written informed consent (Appendix, Informed Consent). Between July 2004 and 

December 2006, 445 adult men were recruited, and the follow-up visits were conducted at intervals 

of approximately 2 months for up to 20 visits. Study visits were conducted at the University Health 

Services of the University of Hawaiʻi and the Cancer Research Center of Hawaiʻi. At enrollment, 

a trained interviewer conducted a structured survey of study participants covering 

sociodemographic, medical, sexual, and reproductive histories. During each subsequent visit, 

information was updated regarding smoking, alcohol use, medical, sexual and reproductive 

histories during the intervening period between study visits. 

HPV specimen collection 

Prior to initiation of the study, university-based clinicians were specifically trained to 

collect genital HPV specimens. A training video was used throughout the study period to ensure 

the standardization and uniformity of specimen collections. At each study visit, exfoliated cell 

samples for HPV DNA detection were obtained by clinicians using textured paper and a saline 

moistened swab. Separate specimens were collected from the glans penis/corona sulcus, penile 

shaft, and scrotum. Among uncircumcised men, an additional specimen was collected from the 

inner foreskin. Between each sampling site, clinicians’ disposable gloves were changed to avoid 
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the risk of contamination between sites. Visible warts and lesions were physically avoided in 

sampling the genitals. 

HPV DNA testing and genotyping 

DNA was extracted from specimens by using commercial reagents (QIAGEN, Valencia, 

CA, USA). The polymerase chain reaction (PCR) used PGMY09/PGMY11 primers to amplify a 

450-bp region of the L1 HPV genome [47]. HPV positive specimens were subsequently genotyped 

using a reverse line blot detection method for 37 different HPV types [47]. HPV 16, 18, 31, 33, 

35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 were considered oncogenic genotypes [1]. All other 

genotypes were considered non-oncogenic/undetermined risk genotypes. HPV positive specimens 

that were subsequently found to be negative in the genotyping assay were considered to be 

unclassified HPV positive specimens. This PCR-based assay has demonstrated a high degree of 

sensitivity and reproducibility [48-50]. As an internal control, all specimens were tested for sample 

sufficiency by using GH20 and PC04 primers to amplify a 268-bp region of the human-globin 

gene, from which insufficient specimens were excluded from analyses.  

Dietary intake assessment using a food frequency questionnaire 

Dietary intake was determined by a structured interview using a quantitative food 

frequency questionnaire (QFFQ), which was designed to assess typical food intake of populations 

in Hawai‘i. The questionnaire included eight frequency categories which ranged from “never or 

hardly ever eat” to “two or more times a day.” Three choices of portion size (with a few food items 

listed to have four choices of portion size) were provided in the questionnaire. Pictures of selected 

foods representing portion sizes were added at the top of several pages of the questionnaire to aid 

the participants in choosing their portion size. For alcohol and other beverages, the questionnaire 
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included nine frequency categories which ranged from “never to hardly ever drink” to “drinking 

four or more times a day.” For vitamin and mineral supplements, the questionnaire included six 

frequency categories which ranged from “never use” to “three or more times a day.” Three choices 

of duration were provided which ranged from “one year or less” to “five years or more,” and dose 

per tablet of each supplement was inquired. 

The development of the quantitative food frequency questionnaire used in this study 

The QFFQ was primarily developed as a dietary assessment tool for use in the Multiethnic 

cohort study in Hawaiʻi and Los Angeles [51]. Briefly, sixty men and women aged between 40-75 

years from five principle ethnic groups, including African-American, Japanese-American, Latino, 

Native Hawaiian, and White, provided 3-day measured food records. These records were used to 

identify food items included in the questionnaire. The contribution of each food item to the total 

intake of the major nutrients of interest — such as fat, dietary fiber, vitamin A, carotenoids, and 

vitamin C — was computed for each ethnic group. For the other nutrients, food items were ordered 

from highest to lowest dietary contributions. The minimum set of food items that made up at least 

85% of the intake was chosen. Specific food items of traditional diets, such as tofu and salted fish 

consumed by Japanese-Americans, were also identified from food records and included in the 

questionnaire regardless of contribution to the intake. Similar foods with comparable nutrient 

composition were grouped into food items. The food items listed in the final questionnaire 

accounted for more than 85% of the intake of major nutrients. The QFFQ’s performance was 

assessed in a calibration study that compared diet reported from the QFFQ with three 24-hour 

dietary recalls. Estimates of the correlation between the QFFQ and 24-hour recalls after energy 

adjustment ranged from 0.57–0.74 for nutrient densities and from 0.55–0.74 for energy-adjusted 

nutrients [52]. 
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Chapter 2 

Examining the Relationship between Dietary Folate and Vitamin B12 Intake and 

Persistent Genotype Specific HPV Infections 

Introduction 

Persistence of HPV infection is an established cause of both anogenital warts and 

malignancies. In the United States, 2.2% of men reported a history of genital warts [53]. Each year, 

in the U.S., the estimated number of HPV-related penile cancer cases is 800, and the estimated 

number of HPV-related anal cancer cases in men is 1,900 [54]. Worldwide, the annual incidence 

of anogenital warts is 137 per 100,000 men, while the annual incidence of recurrent anogenital 

warts is as high as 163 per 100,000 men [55]. Among men, the overall prevalence of anogenital 

warts ranges from 0.16% to 0.20%. Considering prospectively collected physician reports, the 

prevalence of anogenital wart is as high as 4.1% to 5.1% [55]. Globally, the annual incident cancer 

cases attributable to HPV among men are 66,000 of which 13,000 are penile cancer and 17,000 

are anal cancer  [56]. Theoretically, as high as 70% to 90% of all HPV attributable anogenital 

diseases may be prevented by universal HPV vaccination. However, achieving high coverage of 

HPV vaccination is not easily afforded in resource-limited settings. To deal with the burden of 

HPV-related diseases, the role of nutrition as a risk reduction strategy to prevent persistent HPV 

infection could be another interesting approach. 

Nutritional status, a known elemental determinant of the immune system, might be a 

significant co-factor in the pathogenesis of HPV-related diseases. Theoretically, folate and vitamin 

B12 function in a key role of one-carbon metabolism which is crucial in DNA methylation and 

gene expression [57]. DNA hypomethylation is an important epigenetic event in cervical 
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carcinogenesis with which an increasing degree of DNA hypomethylation is associated with higher 

grade of cervical intraepithelial neoplasm  [58]. The degree of DNA hypomethylation in biopsied 

cervical tissue is significantly related to folate concentrations in both serum and cervical tissue 

[59]. To date, there is limited evidence regarding the role of dietary folate and vitamin B12 intake 

on persistence of HPV infections. To the best of our knowledge, only three articles focusing on 

the role of dietary intake and persistent genital HPV infection have been published since 2002. 

Regarding the association between dietary folate and vitamin B12 intake and persistent genital 

HPV infections, these articles demonstrated inconsistent results. The details of each article were 

summarized in the appendices (Appendix, Literature Review Chapter 2, Table 1).  

Methods 

Assessment of HPV status 

HPV positive was defined by a positive HPV test for at least one of the following genital 

specimens: glans penis, coronal sulcus, foreskin, shaft, or scrotum. Men with persistent genotype 

specific HPV infections were defined as men who were HPV positive for at least two consecutive 

visits with the same classified HPV genotype. Men with transient HPV infection were defined as 

men who were HPV positive in only one of the evaluations or non-consecutively positive for the 

same classified HPV genotype.  

Eligible participants (n=218) were classified into one of the following groups: (1) case 

group or persistent genotype specific HPV infection group (n=142) or (2) control group or transient 

HPV infection group (n=76). Men who had a persistent genotype specific HPV infection, despite 

concurrently having had a transient HPV infection of another HPV genotype were still classified 
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into the persistent group. Figure 2.2 summarizes the flow diagram classifying men into either case 

or control status. 

Assessment of dietary intakes 

 Using the validated QFFQ, Dietary folate [µg dietary folate equivalents (DFE) per day], 

vitamin B12 (µg per day), and energy [kilocalorie (kcal) per day] intakes derived from the baseline 

interview were used in this analysis. All dietary intakes were presented as nutrient densities, which 

are the measures of dietary composition computed by dividing nutrient values by total energy 

intake and expressed as intake per 1,000 kcal [60]. Dietary folate (µg DFE per 1,000 kcal per day) 

and vitamin B12 (µg per 1,000 kcal per day) intakes were categorized according to the tertile cut 

points of men in the control group – transient HPV infection group [34]. 

 For all the analyses in this dissertation, the intake of folate was estimated as DFE. Most 

nutrition labels do not use DFE, which takes into account the different bioavailabilities of folate 

sources. One DFE is equivalent to 1 µg of food folate, or 0.6 µg of folic acid from fortified food 

or as a supplement. The DFE reported in this analysis did not account for the supplement being 

taken with food or on an empty stomach as this level of detail was not collected. 

Measure of potential confounders 

Selected covariates derived from the baseline interview regarding sociodemographic, 

reproductive, medical, and sexual history were evaluated and used as potential confounders in the 

multivariable analysis. These potential confounders, which were determined by the earlier 

published studies of this cohort and the literature regarding HPV infection, include age, 

race/ethnicity, birthplace, marital status, education attainment, income level, smoking habits, 

alcohol drinking habits, age at first sexual intercourse with a female, total number of lifetime 
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female sexual partners, sexual preferences, condom use, a history of genital warts, a history of 

STIs and circumcision status [11, 32, 44, 46, 61-64]. Number of follow-up visits was included as 

a potential confounder in multivariable analysis, as this covariate might contribute to the 

assessment of persistent genotype specific HPV infection status. Smoking habits were self-

reported and were categorized as either “ever smoke” or “never smoke.” “Ever smoker” was 

defined as “ever smoked cigarettes daily for at least 6 months or more.” The 

remaining participants were defined as “never smoker.” Alcohol use was self-reported and 

separated by current alcohol drinking status as “yes” or “no.” Current alcohol drinking was defined 

as having drank alcohol at least once a week during the past 4 months. 

Statistical analysis 

Statistical analysis was conducted using SAS software version 9.4 (SAS Institute, Cary, 

NC). For this study, individual participant was used as a unit of analysis in a nested case-control 

study. Men with persistent genotype specific HPV infections were defined as the case group, while 

men with transient HPV infection were defined as the control group. Baseline sociodemographic, 

reproductive, medical, and sexual history were explored according to HPV status. Proportion, Chi-

square, and Fisher Exact statistics were used to compare the differences between groups. The 

distribution of median level of dietary folate and vitamin B12 intake according to HPV status were 

evaluated. To test the hypothesis of whether men with lower levels of dietary folate and vitamin 

B12 intake have higher odds of persistent genotype specific HPV infections, we conducted two 

separate multivariable logistic regression models, as dietary folate and vitamin B12 intake are 

highly correlated. Selected potential confounders, which were determined by the earlier published 

studies of this cohort and the literature review regarding HPV infection, were evaluated. The 

purposeful selection algorithm was used for variable selection [65]. The p-value cut-off point of 
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0.25 was defined as the significance level to include the variable as a candidate for multivariable 

analysis. In the process of variable selection of multivariable analysis, the covariates were removed 

from the model if they were non-significant or were ascertained not to be a confounder. The p-

value cut-off point of 0.1 was defined as the significance level, and confounders were defined as 

variables that made a change in any remaining parameter estimate greater than 15% as compared 

to the full model. At this point, the model contained significant covariates and confounders. Any 

variable not selected for the original multivariable model was then added back into the 

multivariable model one at a time. Any variables that were significant (p-value < 0.1) were put in 

the model, and the model was iteratively reduced, as before. This iterative process involved only 

the variables that were additionally added. 

Results 

This first study focused on persistent genotype specific HPV infections. Among 445 adult 

men in the Hawaiʻi HPV male cohort, we included only men who had at least one HPV infection 

during the study period. Fifty-four men whose HPV tests were negative for all study visits were 

excluded. To assess the persistence of HPV infection status, we included only men who had at 

least two follow-up visits. Seventy-six men were excluded because they had only one visit. Seven 

men who did not complete the QFFQ were excluded. Twelve men who both had only one visit and 

did not complete the QFFQ were excluded. Two men who reported consuming more than 10,000 

kcal of energy intake per day were excluded. Due to the strong association of human 

immunodeficiency virus infection (HIV) with HPV infection and HPV-related neoplasia, thirty 

men with self-reported HIV infection status were excluded [66]. We further excluded forty-six 

men who did not have classified HPV genotype but who had only two consecutive positive visits 

for unclassified HPV (referred to as “XX”), as this group of men could not be defined as either 
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case or control for this analysis. A total of 218 men were eligible for this first research question. 

Figure 2.1 summarizes the flow diagram of included and excluded participants. 

Of the 218 men who were included in this study, a total of 142 men were classified into 

persistent genotype specific HPVs group (cases), while 76 men were classified into transient or 

non-persistent genotype specific HPVs group (controls). The basic demographics and lifestyle 

variables of the study population by HPV status are shown in Table 2.1. Men in the case group 

were older than those in the control group with a mean age (standard deviation, [SD]) of 29.1 

(11.9) years and 26.5 (10.0) years, respectively. The number of visits among the cases was greater 

than the controls with a median (range) of 7 (2-19) and 5 (2-19), respectively. Men in the case 

group had a greater number of sexual partners compared to men in the control group of with a 

median (range) of 10 (1-1,000) and 6 (1-300), respectively.  Fig 2.3 and 2.4 show the distribution 

of dietary folate and vitamin B12 intakes by HPV status. The median intake of dietary folate 

equivalents (µg DFE per 1,000 kcal per day) among the cases was marginally lower than the 

controls, of which the median intakes (min-max) were 270.58 (101.63-944.82) and 272.24 

(133.10-594.72), respectively. The median intake of dietary vitamin B12 (µg per 1,000 kcal per 

day) among the cases was marginally lower than the controls with the median intakes (min-max) 

of 2.26 (0.39-6.12) and 2.34 (0.74-6.27), respectively. Table 2.2 shows the distribution of study 

participants according to their tertile values of dietary folate and vitamin B12 intakes by HPV 

status. Among cases, the lowest proportion of men (28.9%) had dietary folate intake in the lowest 

tertile compared to the middle (35.9%) and highest (35.2%) tertiles. The lowest proportion of men 

(30.3%) had dietary vitamin B12 intake in the highest tertile compared to the middle (35.9%) and 

lowest (33.8%) tertiles. However, the Chi-square tests show that neither dietary folate (p-value < 
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0.72) nor vitamin B12 (p-value < 0.77) intakes are associated with persistent genotype specific 

HPV infections. 

Table 2.3 displays the results of logistic regression analysis for nutrients variables 

associated with persistent genotype specific HPV infections which include men who had the 

highest tertile of nutrients intakes as a reference group. Univariate analysis shows that men whose 

dietary folate intake were in the lowest tertile had lower odds of persistent genotype specific HPV 

infections: the odds ratio (OR) = 0.79 (95% confidence interval [CI] 0.45-1.57). Men whose 

dietary folate intake were in the middle tertile had higher odds of persistent genotype specific HPV 

infections: the OR = 1.02 (95% CI 0.52-2.01). Regarding dietary vitamin B12 intake, univariate 

analysis shows that men in the lowest and middle tertiles had higher odds of persistent genotype 

specific HPV infections: the OR = 1.12 (95% CI 0.57-2.21) for the lowest tertile and the OR = 

1.29 (95% CI 0.65-2.56) for the middle tertile, respectively. Multivariable analysis, adjusted for 

age, number of visits, education, and number of lifetime female sexual partners, shows that men 

whose dietary folate and vitamin B12 intakes were in the lowest and middle tertiles had higher 

odds of persistent genotype specific HPV infections: the OR = 1.21 (95% CI 0.54-2.68) for men 

whose dietary folate intake were in the lowest tertile, the OR = 1.55 (95% CI 0.70-3.42) for men 

whose dietary folate intake were in the middle tertile, the OR = 1.01  (95% CI 0.46-2.18) for men 

whose dietary vitamin B12 intake were in the lowest tertile, and the OR = 1.40 (95% CI 0.64-3.06) 

for men whose dietary vitamin B12 intake were in the middle tertile. 

Table 2.4 shows the results of logistic regression analysis for potential confounders initially 

identified as associated with persistent genotype specific HPV infections. Table 2.5 and 2.6 show 

final logistic regression models of the association between dietary folate and vitamin B12 intake 

and persistent genotype specific HPV infection. The number of visits, education, and number of 
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lifetime female sexual partners reached statistically significant differences in univariate analysis 

and remained significant in the multivariable analysis. Table 2.6 shows that compared to men who 

had less than five follow-up visits, men who had at least five follow-up visits had higher odds of 

persistent genotype specific HPV infections: the OR = 2.95 (95% CI 1.51-5.79). Compared to men 

who had graduate or professional degree, those who had no or some college degree had higher 

odds of persistent genotype specific HPV infections: the OR = 6.84 (95% CI 2.38-19.64). Men 

who had college degree had higher odds of persistent genotype specific HPV infections: the OR = 

16.29 (95% CI 4.38-60.61). Compared to men who had zero to one partner, men who had two to 

ten partners had higher odds of persistent genotype specific HPV infection: the OR = 3.91 (95% 

CI 1.34-11.46). Men who had more than ten partners had higher odds of persistent genotype 

specific HPV infection: the OR = 5.48 (95% CI 1.75-17.19).  

Discussion 

 The median intakes of dietary folate and vitamin B12 among men with persistent genotype 

specific HPV infections (cases) were marginally lower than men with transient HPV infection 

(controls). The univariate analysis of the association between dietary folate intake and persistent 

genotype specific HPV infections does not support our hypothesis that men with lower levels of 

dietary folate intake are at higher odds of persistent genotype specific HPV infections. After 

adjustment for potential confounders, men whose dietary folate intake was in the middle and 

lowest tertiles had higher odds of persistent genotype specific HPV infections. The number of 

visits, education, and number of lifetime female sexual partners were independently associated in 

multivariable analysis. Among these three variables, number of lifetime female sexual partners 

was the most significant confounder. Compared to the crude ORs, the adjusted OR of men in the 
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lowest tertile changed 21%, and the adjusted OR of men in the middle tertile changed 34.6% after 

adjustment for number of female lifetime sexual partners.  

 Our results are somewhat consistent with the recent publication by Lopez et al. in 2017 

[34]. This study found an inverse association between dietary vitamin B12 intake and persistent 

genotype specific HPV infections. Compared to the lowest quartile, the adjusted ORs of the other 

quartiles were lower than one, which suggested that men whose dietary vitamin B12 intake was 

higher had lower odds of persistent genotype specific HPV infections: regarding oncogenic HPVs, 

for the second quartile: the OR = 0.94 (95% CI 0.65-1.37), for the third quartile: the OR = 0.72 

(95% CI 0.47-1.09), and for the highest quartile: the OR = 0.98 (95% CI 0.61-1.58); regarding 

non-oncogenic HPV infections, for the second quartile: the OR = 0.77 (95% CI 0.54-1.10), for the 

third quartile the OR = 0.70 (95% CI 0.49-1.02), and for the highest quartile: the OR = 0.55 (95% 

CI 0.38-0.81). The association between dietary folate intake and persistent genotype specific HPV 

infections in this study was inconsistent among each quartile: regarding oncogenic HPV infections, 

for the second quartile: the OR = 0.96  (95% CI0.64-1.43), for the third quartile: the OR = 1.24 

(95% CI 0.80-1.92), and for the highest quartile: the OR = 0.95 (95% CI 0.54-1.69). The 

multivariable analysis of this study adjusted for the following confounders: age, number of lifetime 

female sexual partners, smoking habits, and marital status. We did additional analysis by using the 

same set of potential confounders as this study did and found consistent results. The study 

published by Sedjo et al. in 2002 found that women whose dietary folate was in the middle and 

highest tertiles had lower odds of persistent oncogenic HPV infections: the OR = 0.63 (95% 

CI0.29-1.38) for the middle tertile and the OR = 0.52 (95% CI 0.23-1.18) for the highest tertile 

[35]. These results are consistent with our findings. Regarding dietary vitamin B12, the results of 

Sedjo et al.’s study were inconsistent among each tertile of dietary vitamin B12 intake: the OR = 
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1.47 (95% CI0.68-3.19) for the middle tertile and the OR = 0.68 95% CI (0.30-1.54) for the highest 

tertile. These results are inconsistent with our findings. None of the results in Sedjo et al.’s study 

reached a statistically significant difference. The methodology of this study is quite different from 

ours, as this study does not focus on genotype specific HPVs, which might introduce 

misclassification bias in detecting persistent HPV infections. 

Regarding other potential confounders, number of visits, education, and number of lifetime 

female sexual partners were associated with persistent genotype specific HPVs. The greater 

number of visits the participant had, the more likely that he would test positively for HPVs. This 

may be explained by the greater sensitivity of HPV tests when tested frequently. Another possible 

explanation is that men who had a first positive HPV test might have been more likely to return 

for another HPV test. Our results show that graduate or professional degree is associated with the 

lowest risk of persistent genotype specific HPVs. This association existed even after adjusted for 

risky sexual behaviors – number of lifetime female sexual partners, sexual preference, age at first 

sexual intercourse with female, and condom use within the past four months. We did not see the 

effect of risky behaviors on the association between education and persistent genotype specific 

HPV infections. This might be explained by the changing of risky sexual behaviors over time in 

which our analyses did not account for. A greater number of lifetime female sexual partners was 

associated with persistent genotype specific HPV infections in our study. This finding was 

consistent with a publication by Kjaer et al. in 2011 that the number of lifetime female sexual 

partners is a significant predictor of HPV infections among men [67]. 

The strength of this study is that we focus on persistent genotype specific HPV infections. 

This approach mitigates misclassification bias of defining persistent HPV infection by 

implementing genotype specific information. We did the nested case-control design which 
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provided us with less information bias of defining both exposures (dietary intakes) and outcome 

(persistent genotype specific HPV infections). The following limitations of this study should be 

considered when interpreting the results. First, we have a limited sample size, and this precludes 

additional analysis focused on individual HPV genotypes. Additionally, all the analyses do not 

provide enough evidence to support our hypothesis, as all 95% CIs covered one. Second, we 

decided to define two positive consecutive visits for the same HPV genotypes as persistent 

genotype specific HPV infections. In other words, the duration of persistent HPV infection was 

defined as approximately two months. This might not represent the true duration of a persistent 

infection for particular HPV genotypes such as HPV 16, for which the median duration of infection 

is as long as twelve months [61]. Third, our results do not demonstrate a dose response relationship 

[68]. The ORs of men whose dietary intakes were in the middle tertile were higher than the ORs 

of men whose dietary intakes were in the lowest tertile.  

Conclusion 

 The analysis of our first research question did not provide enough evidence to support our 

hypothesis that men with lower dietary folate and vitamin B12 are at lower odds of persistent 

genotype specific HPV infections. 
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Figure 2. 1 Study flow chart of included and excluded participants 
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Had all visits negative for 

HPV tests (n=54)
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Figure 2. 2 Flow diagram classifying men into either case or control status  
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Figure 2. 3 The distribution of dietary folate intake by HPV status 
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Figure 2.4 The distribution of dietary vitamin B12 intake by HPV status 
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Table 2. 1 Demographic and lifestyle variables by HPV status (n=218) 

Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

Age     

< 24 years 43 (41.0) 62 (59.1) 105 0.07 

>= 24 years 33 (29.2) 80 (70.8) 113  

Number of visits     

< 5 visits 36 (45.0) 44 (55.0) 80 0.02 

>= 5 visits 40 (28.9) 98 (71.1) 138  

Race     

Non-White 31 (37.8) 51 (62.2) 82 0.48 

White 45 (33.1) 91 (66.9) 136  

Birthplace     

Non-USA 15 (37.5) 25 (62.5) 40 0.70 

USA 61 (34.3) 117 (65.7) 178  

Marital status     
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Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

Single/Divorced/Separated 64 (34.8) 120 (65.2) 184 0.95 

Married/Cohabiting 12 (35.3) 22 (64.7) 34  

Income     

< $1000 22 (30.6) 50 (69.4) 72 0.31 

>= $1000 to < $1500 26 (32.5) 54 (67.5) 80  

> $1500 28 (42.4) 38 (57.6) 66  

Education     

High school graduate 1 (33.3) 2 (66.7) 3 0.0002 

Vocational/ technical/trade school or 
business college 

0 5 (100) 5  

Some college or university 52 (36.4) 91 (63.6) 143  

Bachelor's degree 5 (13.2) 33 (86.8) 38  

Graduate or professional degree 18 (62.1) 11 (37.9) 29  

Number of lifetime female sexual partners     

0 to 1 14 (66.7) 7 (33.3) 21 0.002 
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Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

2 to 10 38 (35.5) 69 (64.5) 107  

> 10 22 (26.2) 62 (73.8) 84  

Sexual preference     

No sex 1 (50) 1 (50) 2 0.87 

Sex with women only 61 (34.1) 118 (65.9) 179  

Sex with men only 1 (33.3) 2 (66.7) 3  

Sex with women and men 13 (40.6) 19 (59.4) 32  

Age at 1st SI with female, years     

< 16 13 (28.3) 33 (71.7) 46 0.47 

16 to 18 44 (38.3) 71 (61.7) 115  

> 18 17 (33.3) 34 (66.7) 51  

Smoking habits     

Current 14 (38.9) 22 (61.1) 36 0.13 

Everb 9 (21.4) 33 (78.6) 42  
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Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

Never 53 (37.9) 87 (62.1) 140  

Alcohol drinking habits     

Everc 42 (32.3) 88 (67.7) 130 0.36 

Never 33 (38.4) 53 (61.6) 86  

Condom use within past 4 months     

No 22 (36.7) 38 (63.3) 60 0.32 

Half and less than half the time 12 (26.1) 34 (73.9) 46  

More than half the time 28 (39.4) 43 (60.6) 71  

Circumcised     

Yes 65 (36.7) 112 (63.3) 177 0.23 

No 11 (26.8) 30 (73.2) 41  

History of genital warts     

Current 5 (31.3) 11 (68.7) 16 0.23 

Ever 2 (14.3) 12 (85.7) 14  



29 
 

 

Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

Never 69 (36.7) 119 (63.3) 188  

History of chlamydia infection     

Ever 4 (25) 12 (75) 16 0.39 

Never 72 (35.6) 130 (64.4) 202  

History of gonorrhea infection     

Ever 5 (55.6) 4 (44.4) 9 0.18 

Never 71 (34.0) 138 (66.0) 209  

History of hepatitis B infection     

Current 1 (50.0) 1 (50.0) 2 0.69 

Ever 0 1 (50.0) 1  

Never 75 (34.9) 140 (65.1) 215  

History of hepatitis C infection     

Current 0 1 (100.0) 1 0.36 

Ever 0 2 (100.0) 2  
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Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

Never 76 (35.5) 138 (64.5) 214  

History of genital herpes infection     

Current 1 (12.5) 7 (87.5) 8 0.36 

Ever 1 (25.0) 3 (75.0) 4  

Never 74 (35.9) 132 (64.1) 206  

History of non-gonococcal urethritis     

Ever 1 (25) 3 (75) 4 0.68 

Never 75 (35.01) 139 (65.0) 214  

History of syphilis infection     

Ever 0 0 0 N/A 

Never 76 (34.9) 142 (65.1) 218  

History of yeast infection     

Ever 2 (40) 3 (60) 5 0.81 

Never 74 (34.7) 139 (65.3) 213  
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Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 

n (%) 

Persistent genotype 
specific HPV 

infection group  
(142 men) 

n (%) 

All men  
(218 men) 

n  

P-value
a
 

a: Chi-square/ Fisher's exact test 
b: ever smoked cigarettes daily for at least 6 months or more 
c: ever drink alcohol at least once a week for 6 months or more 
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Table 2.2 The distribution of study participants according to their tertiles of dietary folate and vitamin B12 intakes by HPV status (n=218) 

Variable Non-persistent 
genotype specific 

HPV infection group 
(76 men) 
- controls 

n (%) 

Persistent genotype 
specific HPV 

infection group (142 
men) 

- cases 
 n (%) 

All men 
(218 men) 

n 

P-value
a
 

Folate, ug DFE per 1,000 kcal/ day     

=< 237.62 26 (34.2) 41 (28.9) 67 0.72 

237.62 to =< 296.31 25 (32.9) 51 (35.9) 76  

> 296.31 25 (32.9) 50 (35.2) 75  

B12, ug per 1,000 kcal/ day     

=< 2.06 26 (34.2) 48 (33.8) 74 0.77 

2.06 to =< 2.65 24 (31.6) 51 (35.9) 75  

> 2.65 26 (34.2) 43 (30.3) 69  

a: Chi-square/ Fisher's exact test 
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Table 2.3 Odds ratios and 95% confidence intervals for persistent genotype specific HPV infection by levels of dietary folate and vitamin B12 intake 
(n=218) 

Outcome Variable Number 
of 

participants 

Univariate analysis Multivariable analysis 

Odds Ratio 
(95% CI) 

P-value Odds Ratioa 
(95% CI) 

P-value 

Any risk 

HPVs 

 

Folate, ug DFE per 1,000 kcal/ day      

=< 237.62 67 0.79 (0.40-1.57) 0.50 1.21 (0.54-2.68) 0.65 

237.62 to =< 296.31 76 1.02 (0.52-2.01) 0.95 1.55 (0.70-3.42) 0.28 

> 296.31 75 reference (0.72)b reference (0.56)b 

B12, ug per 1,000 kcal/ day      

=< 2.06 74 1.12 (0.57-2.21) 0.75 1.01 (0.46-2.18) 0.99 

2.06 to =< 2.65 75 1.29 (0.65-2.56) 0.47 1.40 (0.64-3.06) 0.40 

> 2.65 69 reference (0.77)b reference (0.63)b 

a: adjusted for age, number of visits, education, and number of lifetime female sexual partners 
b: type 3 tests with sandwich variance estimate 
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Table 2.4 Odds ratios and 95% confidence intervals for persistent genotype specific HPV infection by potential confounders (n=218) 

Variable Numbers of 
participants in  

Uni/Bivariate analysis 

Uni/Bivariate analysis P-value 

Age    

< 24 years 105 0.6 (0.34-1.04) 0.07 

>= 24 years 113 reference  

Number of visits    

< 5 visits 80 reference  

>= 5 visits 138 2.01 (1.13-3.56) 0.02 

Race    

Non-White 82 0.81 (0.46-1.44) 0.48 

White 136 reference  

Birthplace    

Non-USA 40 0.87 (0.43-1.77) 0.70 

USA 178 reference  

Marital status    

Single/Divorced/Separated 184 1.02 (0.48-2.20) 0.95 

Married/Cohabiting 34 reference  

Education    
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Variable Numbers of 
participants in  

Uni/Bivariate analysis 

Uni/Bivariate analysis P-value 

No college/ Some college 151 3.03 (1.33-6.88) 0.008 

College 38 10.8 (3.24-35.95) 0.0001 

Graduate/Professional degree 29 reference (0.0005)a 

Income    

< $1000 72 1.68 (0.83-3.37) 0.15 

>= $1000 to < $1500 80 1.53 (0.78-3.01) 0.22 

> $1500 66 reference (0.30)a 

Number of lifetime female sexual partners    

 0 to 1 21 reference (0.004)a 

 2 to 10 107 3.63 (1.35-9.77) 0.01 

 > 10 84 5.64 (2.01-15.78) 0.001 

Sexual preference    

 No sex 2 reference (0.82)a 

 Sex with women only 179 1.93 (0.12-31.46) 0.64 

 Sex with men only/Sex with women and men 35 1.64 (0.10-28.41) 0.73 

Age at 1st sexual intercourse with female, years    

 < 16 46 1.27 (0.53-3.02) 0.59 

16 to 18 115 0.81 (0.40-1.61) 0.54 
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Variable Numbers of 
participants in  

Uni/Bivariate analysis 

Uni/Bivariate analysis P-value 

 > 18 51 reference (0.47)a 

Smoking habits    

Current/Everb 78 1.46 (0.80-2.64) 0.21 

Never 140 reference  

Alcohol drinking habits    

Everc 130 1.31 (0.74-2.31) 0.36 

Never 86 reference  

Condom use within past 4 months    

No 60 1.13 (0.55-2.29) 0.75 

Half and less than half the time 46 1.85 (0.82-4.16) 0.14 

More than half the time 71 reference (0.32)a 

Circumcised    

Yes 177 reference  

No 41 1.58 (0.74-3.37) 0.23 

History of genital warts    

Current/Ever 30 1.91 (0.78-4.67) 0.16 

Never 188 reference  

History of chlamydia infection    
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Variable Numbers of 
participants in  

Uni/Bivariate analysis 

Uni/Bivariate analysis P-value 

Ever 16 1.66 (0.52-5.34) 0.39 

Never 202 reference  

History of gonorrhea infection    

Ever 9 0.41 (0.11-1.58) 0.20 

Never 209 reference  

History of hepatitis B infection    

Current/Ever 3 1.07 (0.10-12.00) 0.96 

Never 215 reference  

History of hepatitis C infection    

Current/Ever 3 N/A N/A 

Never 214 reference  

History of genital herpes infection    

Current/Ever 12 1.91 (0.78-4.67) 0.16 

Never 206 reference  

History of non-gonococcal urethritis    

Ever 4 1.62 (0.17-15.83) 0.68 

Never 214 reference  

History of yeast infection    
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Variable Numbers of 
participants in  

Uni/Bivariate analysis 

Uni/Bivariate analysis P-value 

Ever 5 0.80 (0.13-4.89) 0.81 

Never 213 Reference  

a: type 3 tests with sandwich variance estimate 
b: ever smoked cigarettes daily for at least 6 months or more 
c: ever drink alcohol at least once a week for 6 months or more 
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Table 2.5 Final logistic regression model of the association between dietary folate intake and persistent genotype specific HPV infections  

Outcome Variable 
Univariate analysis Multivariable analysis 

Odds Ratio 
(95% CI) 

P-value Odds Ratio
a
 

(95% CI) 

P-value 

Any risk 
HPVs 

 

Folate, ug DFE per 1,000 kcal/ day     

=< 237.62 0.79 (0.40-1.57) 0.50 1.21 (0.54-2.68) 0.65 

237.62 to =< 296.31 1.02 (0.52-2.01) 0.95 1.55 (0.70-3.42) 0.28 

> 296.31 Reference (0.72)b reference (0.56)b 

Age     

< 24 years 0.6 (0.34-1.04) 0.07 0.46 (0.21-1.03)
 
 0.06 

>= 24 years Reference  reference  

Number of visits     

< 5 visits Reference  reference  

>= 5 visits 2.01 (1.13-3.56) 0.02 2.93 (1.49-5.74)
 
 0.002 

Education     

No college/ Some college 3.03 (1.33-6.88) 0.008 6.65 (2.31-19.16)
 
 0.0005 

College 10.8 (3.24-35.95) 0.0001 16.60 (4.44-62.06)
 
 < 0.0001 

Graduate/Professional degree Reference (0.0005)b reference (< 0.0001)b 

Number of lifetime female sexual 
partners 

    

 0 to 1 Reference (0.004)b reference (0.01)b 
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 2 to 10 3.63 (1.35-9.77) 0.01 4.08 (1.37-12.09)
 
 0.01 

 > 10 5.64 (2.01-15.78) 0.001 5.62 (1.78-17.78)
 
 0.003 

a: adjusted for age, number of visits, education, and number of sexual partners 
b: type 3 tests with sandwich variance estimate 
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Table 2.6 Final logistic regression model of the association between dietary vitamin B12 intake and persistent genotype specific HPV infections  

Outcome Variable 
Univariate analysis Multivariable analysis 

Odds Ratio 
(95% CI) 

P-value Odds Ratio
 a
 

(95% CI) 

P-value 

Any risk 

HPVs 

 

B12, ug per 1,000 kcal/ day     

=< 2.06 1.12 (0.57-2.21) 0.75 1.01 (0.46-2.18) 0.99 

2.06 to =< 2.65 1.29 (0.65-2.56) 0.47 1.40 (0.64-3.06) 0.40 

> 2.65 Reference (0.77)b reference (0.63)b 

Age     

< 24 years 0.6 (0.34-1.04) 0.07 0.49 (0.22-1.08) 0.08 

>= 24 years Reference  reference  

Number of visits     

< 5 visits Reference  reference  

>= 5 visits 2.01 (1.13-3.56) 0.02 2.95 (1.51-5.79)
 
 0.002 

Education     

No college/ Some college 3.03 (1.33-6.88) 0.008 6.84 (2.38-19.64)
 
 0.0004 

College 10.8 (3.24-35.95) 0.0001 16.29 (4.38-60.61)
 
 < 0.0001 

Graduate/Professional degree Reference (0.0005)b reference (< 0.0001)b 

No. lifetime sexual partners     

 0 to 1 Reference (0.004)b reference (0.01)b 
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 2 to 10 3.63 (1.35-9.77) 0.01 3.91 (1.34-11.46)
 
 0.01 

 > 10 5.64 (2.01-15.78) 0.001 5.48 (1.75-17.19)
 
 0.004 

a: adjusted for age, number of visits, education, and number of lifetime female sexual partners 
b: type 3 tests with sandwich variance estimate 
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Chapter 3 

Examining the Relationship between Dietary Folate and Vitamin B12 Intake and 

the Acquisition of Genotype Specific Genital HPV Infections 

Introduction 

Worldwide, the most common STI is HPV infection. As most infections are asymptomatic 

and the anogenital tract can be infected with more than 40 HPV genotypes, many experts believe 

that almost all sexually active adults have been infected with at least one HPV genotype at least 

once in their lifetime [1]. In the U.S., the estimated lifetime probability of acquiring HPV in 

sexually active adults is 90% in men and 85% in women [69]. Among men, the incidence of genital 

HPV is 38.4 per 1,000 person-months and the annual cumulative incidence is 39.3% [61]. At the 

24-month follow-up, the cumulative incidence of HPV infection is increased to 62% [70]. Among 

women, the annual cumulative incidence of first HPV infection is 28.5%. By 36 months, the 

cumulative incidence of genital HPV infection is increased to almost 50% [71]. Though the rate 

of HPV acquisition in men is higher, the burden of HPV-related diseases is more dominant in 

women, as the number of cervical cancer cases is far higher than the number of penile cancer cases 

[54].  

The most consistent predictors of acquiring genital HPV infection are sexual behaviors, as 

the incidence of genital HPV among virgin women is far lower than sexually active women [72, 

73]. Increasing number of lifetime sexual partners is a significant predictor of acquiring genital 

HPV infection [61]. Furthermore, the number of a partner’s additional sexual partners is also 

significantly associated with the acquisition of  HPV in women [71]. Evidence regarding the 

concordance of HPV genotype in a sexual couple supports the importance of HPV transmission 
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through sexual activities [32]. The transmission of HPV infection from men to women plays an 

important role in the risk of cervical cancer, so in addition to receiving an HPV vaccination, 

practicing safe sex behaviors is the primary strategy to deal with HPV-related diseases. 

Additionally, to effectively prevent HPV-related diseases globally, vaccine coverage must be high, 

but only developed countries may be able to afford a national vaccination program.  

A nutrient-mediated program, which can modify a human’s immune system and is a 

significant co-factor in the pathogenesis of HPV-related disease, is another interesting strategy to 

deal with the burden of HPV-related diseases. Nutrient deficiencies can cause DNA damage 

leading to genetic alteration and compromising the body’s immune system [36, 37]. Subsequently, 

this puts the body at risk for HPV-related diseases. The deficiency of vitamin B12 and folate might 

affect the risk of HPV acquisition, as folate and vitamin B12 play a vital role in DNA synthesis 

and repair of breaking chromosome. This breaking point is the site that HPV incorporates into 

human chromosome [38, 39]. To the best of our knowledge, only two studies, which focused on 

the role of nutrition and incident HPV infection, have been published [43, 64]. The summaries of 

both articles are included in the appendix (Appendix, Literature review, chapter 3). Until present, 

no published studies focus on dietary folate and vitamin B12 intake and the acquisition of genotype 

specific HPV infection. 

Methods 

Assessment of HPV status 

HPV positive was defined by a positive HPV test for at least one of the following genital 

specimens: glans penis, coronal sulcus, foreskin, shaft, or scrotum. To prevent bias due to left 

censoring, we did not include the HPV genotypes that were found at the baseline examination 
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because we did not know when participants acquired those particular HPV genotypes. In other 

words, we defined the acquisition of genotype specific HPV infections as the acquisition of HPV 

genotypes that were found after at least one preceding negative visit for those particular genotypes. 

Participants could be infected with more than one HPV genotypes at the same time, and each HPV 

infection was used as a separate unit of analysis. For participants who had re-infection with the 

same HPV genotypes, we considered only the first HPV infection, as this approach mitigated the 

misclassification bias from detecting re-activation of that particular genotype. 

Assessment of dietary intakes 

Using the validated QFFQ, Dietary folate (µg DFE per day), vitamin B12 (µg per day), and 

energy (kcal per day) intakes derived from the baseline interview were used in this analysis. All 

dietary intakes were presented as nutrient densities. Dietary folate (µg DFE per 1,000 kcal per day) 

and vitamin B12 (µg per 1,000 kcal per day) intakes were categorized according to the tertile cut 

points of all participants (n=318) [64]. 

Measure of potential confounders 

 As we did in the analysis of our first research question, selected covariates derived from 

the baseline interview regarding sociodemographic, reproductive, medical, and sexual history were 

evaluated and used as potential confounders in the multivariable analysis. 

Statistical analysis 

Statistical analysis was conducted using SAS software version 9.4 (SAS Institute, Cary, 

NC). Sociodemographic characteristics and lifestyle variables of included men were summarized 

by using frequency statistics, and the results are shown in Table 3.1. For this study, each genotype 
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specific HPV infection was used as a separate unit of analysis. We excluded infections with 

unclassified HPV genotypes and clinic visits with missing or inadequate specimens. To test the 

hypothesis of whether dietary folate and vitamin B12 intake were associated with the acquisition 

of genotype specific HPV infections, recurrent events survival analysis was conducted. The Wei, 

Lin, and Weissfeld (WLW) approach, which accounts for the concurrent acquisition of more than 

one genotype specific HPV infections, was used [74]. Days since participant entered into the study 

until he acquired genotype specific HPV infections were used as the time metric. To account for 

the correlation within subjects, we used the robust sandwich variance estimate to test the 

hypotheses and confidence intervals of model parameters [75]. We conducted the Schoenfeld 

residual analysis to test the proportional hazard assumption regarding each category of dietary 

folate and vitamin B12 intake and the hazard of acquiring genotype specific HPV infections. 

Univariate analysis was conducted by using each baseline sociodemographic and lifestyle variable 

as an independent variable and the acquisition of genotype specific HPV infection as a dependent 

variable. Two separate multivariable analyses were conducted using either dietary folate or vitamin 

B12 intakes as the independent variable. The purposeful selection algorithm was used for variable 

selection to select potential confounders to include in the multivariable models [65]. Further 

conducted analyses were with classified genotype specific incident HPV infection according to the 

oncogenic or non-oncogenic genotypes. 

Results 

This study focused on the acquisition of HPVs. Among 445 adult men in the Hawaiʻi HPV 

male cohort, we included only men who had at least two follow-up visits so that we could assess 

the acquisition of genotype specific HPV infections. Seventy-six men were excluded because they 

had only one visit. Seven men who did not complete the QFFQ were excluded. Twelve men who 
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both had only one visit and did not complete the QFFQ were excluded. Two men who reported 

consuming more than 10,000 kcal of energy intake per day were excluded. Due to a high 

correlation between HIV and HPV infection, thirty men with self-reported HIV infection status 

were excluded [76]. A total of 318 men were eligible for this second research question. Figure 3.1 

summarizes the flow diagram of included and excluded participants. 

The basic demographics and lifestyle variables of the study population are shown in Table 

3.1. The mean (SD) age of participants was 27.7 (11.0) years. The median (range) number of visits 

was 6 (2-19) visits. The majority of participants (80.8%, 257/318) were U.S. born and (59.1%, 

188/318) were White. The highest proportion (65.7%, 209/318) of participants had some college 

education. The majority of participants (60.1%, 191/318) had monthly income lower than $1,000. 

The majority of participant (81.7%, 258/316) were heterosexual. The majority of participants 

(53.6%, 162/302) had their first-time sexual intercourse with a female when they were 16-18 years 

old. The median (range) number of lifetime female sexual partners was 7 (1-100). During the past 

four months, 69% (167/242) of participants used condoms when they had sexual intercourse with 

a female. Among these, 62% (105/167) used condoms more than half of the time. Few participants 

(11.1%, 35/318) had a history of genital warts, of which about 50% currently had genital warts. 

Very few participants (0.9%, 3/317) had a history of hepatitis C virus (HCV) infection. 

Approximately 70% (226/318) of participants were defined as “a never smoker.” 

There are 174 (54.7%, 174/318) men who acquired at least one incident genotype specific 

HPV infection during the study period. Among these men, 125 (39.3%, 125/318) men had at least 

one oncogenic HPV genotype, while 143 (45.0%, 143/318) men had at least one non-oncogenic 

HPV genotype. Among all men, 566 incident genotype specific HPVs were acquired during the 

study period. Among these, 45.8% (259/566) were oncogenic HPVs, while 54.2% (318/566) were 
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non-oncogenic HPVs. The distribution of incident genotype specific HPV infection by dietary 

folate and vitamin B12 intake status is summarized in Tables 3.2 and 3.3. 

Figures 3.2 and 3.3 show Schoenfeld residual plots between the tertiles of dietary intake 

and follow-up time. Neither dietary folate nor vitamin B12 intake violated the proportional hazards 

assumption. Tables 3.2 and 3.3 show the results of survival analysis for nutrients variables 

associated with incident genotype specific HPV infection, which included men who had the 

highest tertile of nutrients intakes as a reference group. Univariate analysis shows that men whose 

dietary folate intake were in the lowest tertile were at lower risk of incident genotype specific HPV 

infections. These associations were consistent among any risk, oncogenic, and non-oncogenic 

HPV infections: the hazard ratio [HR] = 0.76 (95% CI 0.52-1.10), the HR = 0.75 (95% CI 0.46-

1.21), and the HR = 0.76 (95% CI 0.51-1.13), respectively. Among men whose dietary folate intake 

were in the middle tertile: the HR = 1.00 (95% CI 0.71-1.41) for any risk HPV infections, the HR 

= 1.00 (95% CI 0.67-1.51) for oncogenic HPV infections, and the HR = 0.99 (95% CI 0.69-1.45) 

for non-oncogenic HPV infections. After adjustment for potential confounders, men whose dietary 

folate intake were in the lowest tertile: the HR = 0.74 (95% CI 0.52-1.05) for any risk HPV 

infections, the HR = 0.93 (95% CI 0.58-1.47) for oncogenic HPV infections, and 0.77 (0.52-1.33) 

for non-oncogenic HPV infections. Men whose dietary folate intake were in the middle tertile: the 

HR = 0.97 (95% CI 0.71-1.32) for any risk HPV infections, the HR = 1.16 (95% CI 0.80-1.69) for 

oncogenic HPV infections, and the HR = 0.94 (95% CI 0.66-1.33) for non-oncogenic HPV 

infections. Regarding dietary vitamin B12 intake, univariate analysis shows that men whose 

dietary vitamin B12 intake was in the lowest tertile were at lower risk of incident genotype specific 

HPV infections. These associations were consistent among any risk, oncogenic, and non-

oncogenic HPV infections: the HR = 0.75 (95% CI 0.52-1.10), the HR = 0.67 (95% CI 0.43-1.05), 
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and the HR = 0.83 (95% CI 0.56-1.22), respectively. Among men whose dietary vitamin B12 

intake was in the middle tertile: the HR = 1.02 (95% CI 0.73-1.44) for any risk HPV infections, 

the HR = 0.94 (95% CI 0.62-1.44) for oncogenic HPV infections, and the HR = 1.10 (95% CI 

0.76-1.60) for non-oncogenic HPV infections. After adjustment for potential confounders, men 

whose dietary vitamin B12 intake were in the lowest tertile: the HR = 1.01 (95% CI 0.71-1.45) for 

any risk HPV infections, the HR = 0.81 (95% CI 0.53-1.26) for oncogenic HPV infections, and 

the HR = 1.10 (95% CI 0.75-1.60) for non-oncogenic HPV infections. Men whose dietary vitamin 

B12 intake were in the middle tertile: the HR = 1.42 (95% CI 1.04-1.95) for any risk HPV 

infections, the HR = 1.03 (95% CI 0.70-1.52) for oncogenic HPV infections, and the HR = 1.47 

(95% CI 1.01-2.12) for non-oncogenic HPV infections. 

Table 3.4 shows the results of survival analysis for potential confounders initially identified 

as associated with incident genotype specific HPV infections. Race, number of lifetime female 

sexual partners, alcohol drinking habits, a history of genital warts, and a history of HCV infection 

reached statistically significant differences in univariate analysis of any risk, oncogenic, and non-

oncogenic HPV infections. Income, age at first sexual intercourse with a female, smoking habits 

reached statistically significant differences in univariate analysis of any risk and non-oncogenic 

HPV infections. A history of genital herpes infection reached statistically significant differences 

in univariate analysis of oncogenic HPV infections. A history of non-gonococcal urethritis reached 

statistically significant differences in univariate analysis of oncogenic and non-oncogenic HPV 

infections. However, the direction of HRs is different.  

Tables 3.5-3.10 show final Cox proportional hazard model of the association between 

dietary folate and vitamin B12 intake and the acquisition of HPVs – any risk, oncogenic, and non-

oncogenic HPVs. Tables 3.5 and 3.6 show multivariable analysis of any risk HPV infections, of 
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which number of lifetime female sexual partners and a history of HCV infection were 

independently associated with incident genotype specific HPV infections. Tables 3.7 and 3.8 show 

multivariable analysis of oncogenic HPV infections, of which number of lifetime female sexual 

partners, a history of genital wart, and a history of HCV infection were independently significantly 

associated with incident genotype specific HPV infections. Regarding non-oncogenic HPV 

infections, multivariable analysis shows that age, number of lifetime female sexual partners, and 

a history of HCV infection were independently associated with incident genotype specific HPV 

infections. These results are shown in Tables 3.9 and 3.10. 

Discussion 

 Among all acquired genotype specific HPV infections, the proportion of oncogenic HPVs 

(45.8%) was slightly lower than non-oncogenic HPVs (54.2%). This is consistent with the previous 

publication by Giuliano et al. in 2011 that the incidence of oncogenic HPVs was slightly lower 

than non-oncogenic HPVs. Giuliano et al. reported that the incidence per 1000 month of oncogenic 

HPVs was 22.2 (19.8-24.9), while the incidence per 1000 month of non-oncogenic HPVs was 27.8 

(24.8-31.0) [61]. 

The univariate analysis of the association between dietary folate intake and the acquisition 

of genotype specific HPV infections does not support our hypothesis that men with lower levels 

of dietary folate intake will be at higher risk of acquiring HPVs. After adjustment for potential 

confounders, men whose dietary folate intake was in the middle tertile had higher risk of acquiring 

oncogenic HPVs. None of these associations reached a statistically significant difference. 

Regarding dietary vitamin B12 intake, men whose dietary vitamin B12 intake was in the middle 

tertile had higher risk of acquiring any risk and non-oncogenic HPVs. After adjustment for 



51 
 

 

potential confounders, most of the associations between dietary vitamin B12 intake and the 

acquisition of genotype specific HPV infections support our hypothesis. Men whose dietary 

vitamin B12 intake was in the middle tertile was independently significantly associated with 

acquiring any risk and non-oncogenic HPVs. The biological plausibility of this association is that 

vitamin B12 plays an important role in modifying our body immune system through several 

metabolic pathways involving either DNA synthesis or methylation of DNA, so that men with 

lower levels of dietary vitamin B12 intake might have weaker immune to protect against HPVs  

[36, 37]. 

Our results are inconsistent with the publication by Piyathilake et al. in 2004 [43]. This 

study found that women with higher plasma and red blood cell (RBC) folate had lower odds of 

acquiring oncogenic HPVs: the OR = 0.27 (95% CI 0.08-0.91). One possible explanation why we 

did not see this association is that the methodology of this study is quite different from ours. While 

our exposure was dietary folate intake, the combination of plasma and RBC folate was used in 

Piyathilake et al.’s study. Additionally, our analyses accounted for all possible incident genotype 

specific HPVs, Piyathilake et al.’s study did not use the genotype specific information as an 

outcome.  

Regarding other potential confounders, number of lifetime female sexual partners and a 

history of HCV infection were independently associated in all multivariable analyses – any risk, 

oncogenic, and non-oncogenic HPV infections. Our results are consistent with previous 

publications that the number of lifetime sexual partners is a strong risk of acquiring HPVs [61, 

63]. We have very few participants (0.9%, 3/317) with a history of HCV infection. Injection drug 

use is the primary risk of acquiring HCV infection among young adults in the U.S. [77]. However, 

all these three participants in our study were in their late 40s. In other words, they were born in the 
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baby boomer (1945-1965) period, when the majority of HCV transmission occurred through 

medical procedures or illicit drug use [78]. The acquiring of HPV might not be related to this 

etiology. One possible explanation is that these participants might have unreported risky sexual 

behaviors. Participants with a history of non-gonococcal urethritis had a higher risk of acquiring 

non-oncogenic HPV infections, as this STD shares similar etiology with genital HPVs. However, 

this association was inverse in the analysis of oncogenic HPVs. We do not have an explanation to 

support the plausibility of this association. 

The strength of this study is that, to the best of our knowledge, is the first that investigates 

the association between dietary intake and incident genotype specific HPV infections among men. 

Second, we did the recurrent survival analysis to capture all possible genotype specific HPV 

infections. The robust sandwich variance estimate was used to account for the correlation within 

subjects. Third, our study conducted HPV testing frequently, giving the method a high sensitivity 

to detect the acquisition of HPVs. The limitation of this study is that the HRs (and 95% CIs) are 

more apparent among men in the middle tertile, so causal relationships must be interpreted with 

caution. In other words, a biological gradient or a dose-response relationship does not exist among 

these associations [68]. Additionally, even though folate and vitamin B12 work closely in the DNA 

synthesis pathways, the association between dietary vitamin B12 intake and acquiring HPVs is 

more noticeable.  

Conclusion 

 Men with lower levels of dietary vitamin B12 intake might have a higher risk of 

acquiring any risk and non-oncogenic HPV infections. These associations are more noticeable 

among men whose dietary vitamin B12 intake was in the middle, not the lowest tertile. Men with 
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lower levels of dietary folate intake were not associated with a higher risk of acquiring genotype 

specific HPV infections.
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Figure 3.1 Study flow chart of included and excluded participants 

 

 

 

 

445 Men

318 Men

Had only 1 visit (n=76)

No QFFQ available (n=7)

Had only 1 visit and 

no QFFQ available  (n =12) 

Reported energy intake 

> 10,000 Kcal (n=2)

Self reported HIV positive 
(n=30)
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Figure 3.2 Scaled Schoenfeld residual for dietary folate intake 
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Figure 3.3 Scaled Schoenfeld residual for dietary vitamin B12 intake 

 



57 
 

 

Table 3.1 Demographic and lifestyle variables by HPV status (n=318)  

Variable 
All men 

(318 men) 
n (%) 

Age  

< 24 years 159 (50.0) 

>= 24 years 159 (50.0) 

Race  

Non-White 130 (40.9) 

White 188 (59.1) 

Birthplace  

Non-USA 61 (19.2) 

USA 257 (80.8) 

Marital status  

Single/Divorced/Separated 273 (85.9) 

Married/Cohabiting 45 (14.2) 

Income  

< $1000 191 (60.1) 
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Variable 
All men 

(318 men) 
n (%) 

>= $1000 to < $1500 62 (19.5) 

> $1500 65 (20.4) 

Education  

High school graduate 3 (0.9) 

Vocational/ technical/trade school or 
business college 

6 (1.9) 

Some college or university 209 (65.7) 

Bachelor's degree 55 (17.3) 

Graduate or professional degree 45 (14.2) 

Number of lifetime female sexual partners  

0 to 1 37 (12.3) 

2 to 10 167 (55.3) 

> 10 98 (32.5) 

Sexual preference  

No sex 9 (2.9) 

Sex with women only 258 (81.7) 
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Variable 
All men 

(318 men) 
n (%) 

Sex with men only 6 (1.9) 

Sex with women and men 43 (13.6) 

Age at 1st SI with female, years  

< 16 60 (19.9) 

16 to 18 162 (53.6) 

> 18 98 (32.5) 

Smoking habits  

Current 40 (12.6) 

Evera 52 (16.3) 

Never 226 (71.1) 

Alcohol drinking habits  

Everb 174 (56.3) 

Never 135 (43.7) 

Condom use within past 4 months  

No 75 (31.0) 
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Variable 
All men 

(318 men) 
n (%) 

Half and less than half the time 62 (25.6) 

More than half the time 105 (43.4) 

Circumcised  

Yes 261 (82.1) 

No 57 (17.9) 

History of genital warts  

Current 17 (5.4) 

Ever 18 (5.7) 

Never 283 (89.0) 

History of chlamydia infection  

Ever 18 (5.7) 

Never 300 (94.3) 

History of gonorrhea infection  

Ever 11 (3.5) 

Never 307 (96.5) 
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Variable 
All men 

(318 men) 
n (%) 

History of hepatitis B infection  

Current 3 (0.9) 

Ever 2 (0.6) 

Never 313 (98.4) 

History of hepatitis C infection  

Current 1 (0.3) 

Ever 2 (0.6) 

Never 314 (99.1) 

History of genital herpes infection  

Current 10 (3.1) 

Ever 5 (1.6) 

Never 303 (95.3) 

History of non-gonococcal urethritis  

Ever 5 (1.6) 

Never 313 (98.4) 
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Variable 
All men 

(318 men) 
n (%) 

History of syphilis infection  

Ever 0 

Never 318 (100) 

History of yeast infection  

Ever 7 (2.2) 

Never 311 (97.8) 

a: ever smoked cigarettes daily for at least 6 months or more 
b: ever drink alcohol at least once a week for 6 months or more 
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Table 3.2 Hazard ratios and 95% confidence intervals for acquisition of HPV infections by levels of dietary folate intake (n=318) 

Outcome Variable Number of 
participants/ 
Number of 
infections 

Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio 
(95% CI) 

P-value 

Any risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 104/135 0.76 (0.52-1.10) 0.14 0.74 (0.52-1.05)
a
 0.09 

> 243.40 to =< 301.42 105/207 1.00 (0.71-1.41) 0.99 0.97 (0.71-1.32)
a
 0.85 

> 301.42 109/224 reference (0.24)b reference (0.20)b 

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 104/61 0.75 (0.46-1.21) 0.24 0.93 (0.58-1.47)
c
 0.75 

> 243.40 to =< 301.42 105/95 1.00 (0.67-1.51) 0.98 1.16 (0.80-1.69)
c
 0.43 

> 301.42 109/103 reference (0.42)b reference (0.58)b 

Non-

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 104/74 0.76 (0.51-1.13) 0.17 0.77 (0.52-1.13)
d
 0.18 

> 243.40 to =< 301.42 105/112 0.99 (0.69-1.45) 0.99 0.94 (0.66-1.33)
d
 0.71 

> 301.42 109/121 reference (0.29)b reference (0.40)b 

a: adjusted for age, education, number of lifetime female sexual partners, sexual preference, condoms use in the past 4 months, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
c: adjusted for age, number of lifetime female sexual partners, sexual preference, history of genital warts, and history of HCV infection 
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d: adjusted for age, number of lifetime female sexual partners, condoms use in the past 4 months, and history of HCV infection 
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Table 3.3 Hazard ratios and 95% confidence intervals for acquisition of HPV infections by levels of dietary B12 intake (n=317) 

Outcome Variable 

Number of 
participants/ 
Number of 
infections 

Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value 
Hazard Ratio 

(95% CI) 
P-value 

Any risk 

HPVs 

B12, ug per 1,000 kcal/ day      

=< 1.94 105/162 0.75 (0.52-1.10) 0.14 1.01 (0.70-1.45)
a
 0.97 

> 1.94 to =< 2.57 105/197 1.02 (0.73-1.44) 0.89 1.42 (1.04-1.95)
a
 0.03 

> 2.57 107/206 reference (0.20)b reference (0.03)b 

Oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day      

=< 1.94 105/70 0.67 (0.43-1.05) 0.08 0.81 (0.53-1.26)
c
 0.35 

> 1.94 to =< 2.57 105/88 0.94 (0.62-1.44) 0.78 1.03 (0.70-1.52)
c
 0.86 

> 2.57 107/100 reference (0.16)b reference (0.46)b 

Non-

Oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day      

=< 1.94 105/92 0.83 (0.56-1.22) 0.34 1.10 (0.75-1.60)
d
 0.63 

> 1.94 to =< 2.57 105/109 1.10 (0.76-1.60) 0.61 1.47 (1.01-2.12)
d
 0.04 

> 2.57 107/106 reference (0.38)b Reference (0.10)b 

a: adjusted for age, education, number of lifetime female sexual partners, sexual preference, condoms use in the past 4 months, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
c: adjusted for age, number of lifetime female sexual partners, sexual preference, history of genital warts, and history of HCV infection 
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d: adjusted for age, number of lifetime female sexual partners, condoms use in the past 4 months, and history of HCV infection 
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Table 3.4 Hazard ratios and 95% confidence intervals for acquisition of HPV infection by potential confounders (n=318)   
 

Variable 

Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Age, years        

 < 24 years 159 0.89 (0.66-1.19) 0.43 0.81 (0.57-1.16) 0.25 0.96 (0.69-1.32) 0.79 

 >= 24 years 159 reference  reference  reference  

Race        

Non-White 130 0.64 (0.46-0.87) 0.01 0.68 (0.46-0.995) 0.05 0.60 (0.43-0.86) 0.005 

White 188 reference  reference  reference  

Birthplace        

Non-USA 61 0.84 (0.57-1.24) 0.37 0.87 (0.55-1.38) 0.56 0.81 (0.53-1.23) 0.32 

USA 257 reference  reference  reference  

Marital status        

Single/Divorced/Separated 273 1.11 (0.76-1.63) 0.59 1.06 (0.66-1.73) 0.80 1.16 (0.74-1.81) 0.52 

Married/Cohabiting 45 reference  reference  reference  

Education        
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Variable 

Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

No college/some college 218 reference (0.25)a reference (0.56)a reference (0.14)a 

Bachelor’s degree 55 0.98 (0.69-1.38) 0.89 0.89 (0.57-1.38) 0.59 1.05 (0.73-1.52) 0.79 

Graduate/professional degree 45 0.67 (0.42-1.07) 0.10 0.76 (0.45-1.29) 0.31 0.60 (0.35-1.02) 0.06 

Income        

< $1000 191 reference (0.01)a reference (0.05)a reference (0.03)a 

>= $1000 to < $1500 62 1.03 (0.74-1.44) 0.86 1.09 (0.72-1.65) 0.69 0.99 (0.69-1.40) 0.93 

  > $1500 65 0.61 (0.42-0.89) 0.01 0.64 (0.40-1.01) 0.06 0.59 (0.39-0.89) 0.01 

Number of lifetime female sexual 
partners 

       

 0 to 1 37 reference (< 0.0001)a reference (<0.0001)a reference (<.0001)a 

 2 to 10 167 2.85 (1.29-6.31) 0.01 1.87 (0.80-4.42) 0.15 4.81 (2.18-10.62) 0.0001 

 > 10 98 6.30 (2.89-13.76) < 0.0001 4.45 (1.90-10.43) 0.001 
10.02 (4.60-

21.82) 
<.0001 

Sexual preference        

 Sex with women only 258 reference  reference  reference  

 Sex with men only/Sex with women 
and men 

49 0.78 (0.53-1.15) 0.21 0.69 (0.45-1.07) 0.10 0.86 (0.54-1.36) 0.52 
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Variable 

Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Age at 1
st 

SI with female, years        

 < 16 60 1.80 (1.22-2.67) 0.003 1.72 (1.09-2.73) 0.02 1.88 (1.20-2.94) 0.01 

16 to 18 162 1.23 (0.85-1.77) 0.27 1.24 (0.80-1.92) 0.34 1.22 (0.81-1.83) 0.34 

 > 18 98 reference (0.01)a reference (0.06)a reference (0.01)a 

Smoking habits        

 Current/Everb 92 1.46 (1.10-1.95) 0.01 1.38 (0.95-1.98) 0.09 1.54 (1.13-2.10) 0.01 

 Never 226 reference  reference  reference  

Alcohol drinking habits        

 Everc 174 1.50 (1.12-2.02) 0.01 1.58 (1.10-2.26) 0.01 1.44 (1.03-2.02) 0.03 

 Never 135 reference  reference  reference  

Condom use within past 4 months        

No 75 1.15 (0.80-1.65) 0.46 1.28 (0.81-2.03) 0.29 1.04 (0.70-1.56) 0.84 

Half and less than half the time 62 1.37 (0.94-2.01) 0.10 1.49 (0.92-2.40) 0.11 1.29 (0.85-1.95) 0.23 

More than half the time 105 reference (0.26)a reference (0.25)a reference (0.45)a 
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Variable 

Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Circumcised        

 Yes 261 1.12 (0.77-1.62) 0.57 1.15 (0.73-1.82) 0.55 1.08 (0.74-1.59) 0.68 

 No 57 reference  reference  reference  

History of genital warts        

Current/Ever 35 1.98 (1.39-2.81) 0.0001 2.10 (1.37-3.23) 0.001 1.87 (1.27-2.77) 0.002 

Never 283 reference  reference  reference  

History of chlamydia infection        

Ever 18 1.32 (0.75-2.30) 0.34 1.26 (0.63-2.51) 0.51 1.36 (0.80-2.31) 0.25 

Never 300 reference  reference  reference  

History of gonorrhea infection        

Ever 11 0.45 (0.14-1.49) 0.19 0.66 (0.19-2.36) 0.52 0.27 (0.06-1.17) 0.08 

Never 307 reference  reference  reference  

History of hepatitis B infection        

Current/Ever 5 0.53 (0.11-2.44) 0.41 0.45 (0.10-2.05) 0.30 0.60 (0.13-2.80) 0.51 
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Variable 

Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Never 313 reference  reference  reference  

History of hepatitis C infection        

Current/Ever 3 3.01 (1.85-4.91) < 0.001 2.84 (1.21-6.66) 0.02 3.15 (2.00-4.96) <0.0001 

Never 314 reference  reference  reference  

History of genital herpes infection        

Current/Ever 15 1.39 (0.84-2.31) 0.20 1.99 (1.09-3.61) 0.02 0.94 (0.49-1.80) 0.94 

Never 303 reference  reference  reference  

History of non-gonococcal urethritis        

Ever 5 1.11 (0.77-1.59) 0.59 0.19 (0.04-0.82) 0.03 1.96 (1.27-3.01) 0.002 

Never 313 reference  reference  reference  

History of yeast infection        

Ever 7 0.54 (0.23-1.28) 0.16 0.68 (0.23-2.03) 0.49 0.42 (0.19-0.96) 0.04 

Never 311 reference  reference  reference  

a: type 3 tests with sandwich variance estimate 
b: ever smoked cigarettes daily for at least 6 months or more 
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Variable 

Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

c: ever drink alcohol at least once a week for 6 months or more 
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Table 3.5 Final Cox proportional hazard model of the association between dietary folate intake and the acquisition of any risk HPV infections  

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Any risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 0.76 (0.52-1.10) 0.14 0.74 (0.52-1.05) 0.09 

> 243.40 to =< 301.42 1.00 (0.71-1.41) 0.99 0.97 (0.71-1.32) 0.85 

> 301.42 reference (0.24)b reference (0.20)b 

Age, years     

 < 24 years 0.89 (0.66-1.19) 0.43 1.10 (0.75-1.60) 0.68 

 >= 24 years reference  reference  

Education     

No college/some college 1.48 (0.93-2.36) 0.10 1.68 (1.01-2.81) 0.05 

Bachelor’s degree 1.45 (0.86-2.45) 0.17 1.17 (0.67-2.03) 0.59 

Graduate/professional degree reference (0.25)b reference (0.07)b 

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (< 0.0001)b reference (< 0.0001)b 
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 2 to 10 2.85 (1.29-6.31) 0.01 5.10 (1.89-13.74) 0.001 

 > 10 6.30 (2.89-13.76) < 0.0001 10.78 (4.06-28.64) < 0.0001 

Sexual preference     

 Sex with women only reference  reference  

 Sex with men only/Sex with women 
and men 

0.78 (0.53-1.15) 0.21 0.75 (0.46-1.22) 0.25 

Condom use within past 4 months     

No 1.15 (0.80-1.65) 0.46 1.05 (0.76-1.46) 0.76 

Half and less than half the time 1.37 (0.94-2.01) 0.10 1.24 (0.89-1.73) 0.20 

More than half the time reference (0.26)b reference (0.43)b 

History of hepatitis C infection     

Current/Ever 3.01 (1.85-4.91) < 0.001 2.93 (1.97-4.36) < 0.0001 

Never reference  reference  

a: adjusted for age, education, number of lifetime female sexual partners, sexual preference, condoms use in the past 4 months, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
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Table 3.6 Final Cox proportional hazard model of the association between dietary vitamin B12 intake and the acquisition of any risk HPV infections  

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Any risk 

HPVs 

B12, ug per 1,000 kcal/ day     

=< 1.94 0.75 (0.52-1.10) 0.14 1.01 (0.70-1.45) 0.97 

> 1.94 to =< 2.57 1.02 (0.73-1.44) 0.89 1.42 (1.04-1.95) 0.03 

> 2.57 reference (0.20)b reference (0.03)b 

Age, years     

 < 24 years 0.89 (0.66-1.19) 0.43 1.10 (0.75-1.60) 0.63 

 >= 24 years reference  reference  

Education     

No college/some college 1.48 (0.93-2.36) 0.10 1.79 (1.03-3.09) 0.04 

Bachelor’s degree 1.45 (0.86-2.45) 0.17 1.31 (0.75-2.30) 0.35 

Graduate/professional degree reference (0.25)b reference (0.08)b 

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (< 0.0001)b reference (< 0.0001)b 
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 2 to 10 2.85 (1.29-6.31) 0.01 5.22 (1.95-13.97) 0.001 

 > 10 6.30 (2.89-13.76) < 0.0001 11.13 (4.22-29.36) (< 0.0001) 

Sexual preference     

 Sex with women only reference  reference  

 Sex with men only/Sex with women 
and men 

0.78 (0.53-1.15) 0.21 0.75 (0.46-1.21) 0.24 

Condom use within past 4 months     

No 1.15 (0.80-1.65) 0.46 1.15 (0.83-1.59) 0.40 

Half and less than half the time 1.37 (0.94-2.01) 0.10 1.32 (0.94-1.84) 0.10 

More than half the time reference (0.26)b reference (0.27)b 

History of hepatitis C infection     

Current/Ever 3.01 (1.85-4.91) < 0.001 2.93 (1.82-4.72) < 0.001 

Never reference  reference  

a: adjusted for age, education, number of lifetime female sexual partners, sexual preference, condoms use in the past 4 months, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
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Table 3.7 Final Cox proportional hazard model of the association between dietary folate intake and the acquisition of oncogenic HPV infections 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

oncogenic 

risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 0.75 (0.46-1.21) 0.24 0.93 (0.58-1.47) 0.75 

> 243.40 to =< 301.42 1.00 (0.67-1.51) 0.98 1.16 (0.80-1.69) 0.43 

> 301.42 reference (0.42)b reference (0.58)b 

Age, years     

 < 24 years 0.81 (0.57-1.16) 0.25 1.10 (0.75-1.60) 0.63 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (<0.0001)b reference (<0.0001)b 

 2 to 10 1.87 (0.80-4.42) 0.15 1.78 (0.74-4.31) 0.20 

 > 10 4.45 (1.90-10.43) 0.001 3.91 (1.59-9.60) 0.003 

Sexual preference     

 Sex with women only reference  reference  
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 Sex with men only/Sex with women 
and men 

0.69 (0.45-1.07) 0.10 0.65 (0.40-1.07) 0.09 

History of genital warts     

Current/Ever 2.10 (1.37-3.23) 0.001 1.84 (1.21-2.80) 0.004 

Never reference    

History of hepatitis C infection     

Current/Ever 2.84 (1.21-6.66) 0.02 2.97 (1.33-6.59) 0.008 

Never reference  reference  

a: adjusted for age, number of lifetime female sexual partners, sexual preference, history of genital warts, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
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Table 3.8 Final Cox proportional hazard model of the association between dietary vitamin B12 intake and the acquisition of oncogenic HPV infections 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

oncogenic 

risk 

HPVs 

B12, ug per 1,000 kcal/ day     

=< 1.94 0.67 (0.43-1.05) 0.08 0.81 (0.53-1.26) 0.35 

> 1.94 to =< 2.57 0.94 (0.62-1.44) 0.78 1.03 (0.70-1.52) 0.86 

> 2.57 reference (0.16)b reference (0.46)b 

Age, years     

 < 24 years 0.81 (0.57-1.16) 0.25 1.12 (0.77-1.63) 0.56 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (<0.0001)b reference (<0.0001)b 

 2 to 10 1.87 (0.80-4.42) 0.15 1.80 (0.75-4.32) 0.19 

 > 10 4.45 (1.90-10.43) 0.001 3.90 (1.60-9.51) 0.003 

Sexual preference     

 Sex with women only reference  reference  



88 
 

88 
 

 Sex with men only/Sex with women 
and men 

0.69 (0.45-1.07) 0.10 0.68 (0.42-1.10) 0.11 

History of genital warts     

Current/Ever 2.10 (1.37-3.23) 0.001 1.88 (1.24-2.85) 0.0003 

Never reference  reference  

History of hepatitis C infection     

Current/Ever 2.84 (1.21-6.66) 0.02 2.91 (1.32-6.41) 0.008 

Never reference  reference  

a: adjusted for age, number of lifetime female sexual partners, sexual preference, history of genital warts, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
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Table 3.9 Final Cox proportional hazard model of the association between dietary folate intake and the acquisition of non-oncogenic HPV infections 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Non-

oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 0.77 (0.53-1.11) 0.17 0.77 (0.52-1.13) 0.18 

> 243.40 to =< 301.42 0.91 (0.66-1.27) 0.99 0.94 (0.66-1.33) 0.71 

> 301.42 reference (0.29)b reference (0.40)b 

Age, years     

 < 24 years 0.96 (0.69-1.32) 0.79 1.51 (1.08-2.11) 0.02 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (<.0001)b reference (<.0001)b 

 2 to 10 4.81 (2.18-10.62) 0.0001 6.42 (2.25-18.32) 0.001 

 > 10 10.02 (4.60-21.82) <.0001 13.01 (4.60-36.79) <.0001 

Condom use within past 4 months     

No 1.04 (0.70-1.56) 0.84 0.95 (0.66-1.37) 0.79 
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Half and less than half the time 1.29 (0.85-1.95) 0.23 1.20 (0.83-1.75) 0.34 

More than half the time reference (0.45)b reference (0.50)b 

History of hepatitis C infection     

Current/Ever 3.15 (2.00-4.96) <0.0001 2.75 (1.84-4.10) <0.0001 

Never reference  reference  

a: adjusted for age, number of lifetime female sexual partners, condoms use in the past 4 months, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
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Table 3.10  Final Cox proportional hazard model of the association between dietary vitamin B12 intake and the acquisition of non-oncogenic HPV 

infections 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Non-

oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day     

=< 1.94 0.83 (0.56-1.22) 0.34 1.10 (0.75-1.60) 0.63 

> 1.94 to =< 2.57 1.10 (0.76-1.60) 0.61 1.47 (1.01-2.12) 0.04 

> 2.57 reference (0.38)b Reference (0.10)b 

Age, years     

 < 24 years 0.96 (0.69-1.32) 0.79 1.53 (1.08-2.16) 0.02 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (<.0001)b reference (<.0001)b 

 2 to 10 4.81 (2.18-10.62) 0.0001 6.50 (2.25-18.78) 0.001 

 > 10 10.02 (4.60-21.82) <.0001 13.57 (4.73-38.94) <.0001 

Condom use within past 4 months     
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No 1.04 (0.70-1.56) 0.84 1.04 (0.72-1.49) 0.85 

Half and less than half the time 1.29 (0.85-1.95) 0.23 1.30 (0.90-1.88) 0.16 

More than half the time reference (0.45)b reference (0.35)b 

History of hepatitis C infection     

Current/Ever 3.15 (2.00-4.96) <0.0001 2.64 (1.81-3.85) <0.0001 

Never reference  reference  

a: adjusted for age, number of lifetime female sexual partners, condoms use in the past 4 months, and history of HCV infection 
b: type 3 tests with sandwich variance estimate 
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Chapter 4 

Examining the Relationship between Dietary Folate and Vitamin B12 Intake and 

Clearance of Genital Genotype Specific Incident HPV Infections 

Introduction 

            Globally, genital HPV infection is one of the most common STIs. The estimated lifetime 

probability of acquiring HPV in sexually active adults is up to 90% [1]. Due to the body’s cell-

mediated immunity (CMI) response toward the clearing of HPV, most infections are transient and 

asymptomatic, while persistent infection increases the likelihood of anogenital warts and cancers 

[2-3]. Worldwide, almost 5% of all cancers are attributable to HPV, of which 630,000 new cancer 

cases occur each year [79]. Among these, the majority are cervical cancer cases, while the 

incidence of penile cancer is very low. Even though the majority of HPV attributable cancer affects 

women, men play an important role in the infection of women [32]. At present, a detailed 

understanding about the natural history of HPV in men is still lacking. These HPV related cancer 

cases present unique opportunities for prevention. To reduce the burden of HPV-related diseases, 

the modification of significant cofactors that affect the progression from asymptomatic HPV 

infection to persistent infection and HPV-related diseases are crucial.  

Significant determinants in the natural history of HPV infection, including viral and 

individual attributes, play an important role in the clearance of genital HPV in men. The median 

duration of HPV infection differs according to HPV specific genotypes. HPV 16 has the longest 

median duration of infection (12.19 months) compared with any other HPV genotypes (7.52 

months, on average) [61]. Increasing age and fewer risky sexual preference contribute to greater 

probability of clearing genital HPV infection [63]. Circumcision status affects the clearance of 



94 
 

94 
 

genital HPV, as the median duration of HPV infection at the glans/coronal sulcus is longer in 

uncircumcised men [46]. Additional interesting co-factors that are often overlooked by 

researchers are individuals’ nutritional status, as it plays a significant role in modifying host 

immunity which might affect the clearance of HPV. Nutritional status might affect the clearance 

of HPV by promoting the apoptosis of HPV infected cells [80]. At present, few epidemiologic 

studies demonstrated that particular plasma/ serum micronutrients such as folate, carotene, and 

tocopherol might affect the clearance of genital HPV. Individuals with higher concentrations of 

these micronutrients had the shorter duration of anogenital HPV infection [64]. Due to the limited 

numbers of publications, the role of nutrition on the clearance of genital HPV is still inconclusive. 

To our knowledge, at present, only four published articles focus on the role of nutrition and the 

clearance of HPV infection [43, 62, 64, 81]. The summaries of these studies are included in the 

appendix. No published studies focus on the dietary folate and vitamin B12 intakes and the 

clearance of genotype specific HPV infections. 

Methods 

Assessment of HPV status 

HPV positive was defined by a positive HPV test for at least one of the following genital 

specimens: glans penis, coronal sulcus, foreskin, shaft, or scrotum. To prevent bias in clearance, 

we focused mainly on incident HPV infections – HPV infections first detected at the second or 

subsequent visit. The time to clearance was defined as the time from HPV detection until the time 

that participant had his first negative result for that particular genotype.  

Assessment of dietary intakes 
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Using the validated QFFQ, Dietary folate (µg DFE per day), vitamin B12 (µg per day), and 

energy (kcal per day) intake derived from the baseline interview were used in this analysis. All 

dietary intakes were presented as nutrient densities. Dietary folate (µg DFE per 1,000 kcal per day) 

and vitamin B12 (µg per 1,000 kcal per day) intake were categorized according to the tertile cut 

points, which were the same cut points used in our second research question [64]. 

Measure of potential confounders 

 As we did in the analysis of our first research question, selected covariates derived from 

the baseline interview regarding sociodemographic, reproductive, medical, and sexual history were 

evaluated and used as potential confounders in the multivariable analysis. 

Statistical analysis 

Statistical analysis was conducted using SAS software version 9.4 (SAS Institute, Cary, 

NC). Sociodemographic characteristics and lifestyle variables of included men were summarized 

by using frequency statistics, and the results are given in Table 4.1. For this study, each genotype 

specific HPV infections was used as a separate unit of analysis. We excluded infections with 

unclassified HPV genotypes (XX) and clinic visits with missing or inadequate specimens. To 

test the hypothesis of whether dietary folate and vitamin B12 intake were associated with clearance 

of genotype specific incident HPV infections, recurrent events survival analysis was conducted. 

We used the WLW approach, which accounts for the concurrent clearance of more than one 

genotype specific HPV infections [74]. For the time metric, we utilized days since participant 

acquired genotype specific incident HPV infection until he cleared that particular HPV genotype. 

To account for the correlation within subjects, we used the robust sandwich variance estimate to 

test the hypotheses and confidence intervals of model parameters [75]. We conducted the 
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Schoenfeld residual analysis to test the proportional hazard assumption regarding each category of 

dietary folate and vitamin B12 intake and the hazard of clearance of HPV infection. Univariate 

analysis was conducted by using each baseline sociodemographic and lifestyle variable as an 

independent variable and used clearance of incident genotype specific HPV as a dependent 

variable. Two separate multivariable analyses were conducted with dietary folate or vitamin B12 

intake as independent variables. The purposeful selection algorithm was used for variable selection 

to select potential confounders to include in the multivariable models [65]. Further conducted 

analyses were classified genotype specific clearance of the HPV infection according to the 

oncogenic or non-oncogenic genotypes. 

Results 

This third study focused on clearance of genotype specific HPV infections. Among 445 

adult men in the Hawaiʻi HPV male cohort, we included only men who had at least one genotype 

specific incident HPV infection and at least one follow-up visit after acquiring that particular HPV 

genotype, so that we could assess the clearance status. Men who completed the QFFQ, reported 

consuming less than 10,000 kcal of energy intake per day, and self-reported negative HIV infection 

status were included in this analysis. A total of 149 men were eligible for this third research 

question. Figure 4.1 summarizes the flow diagram of included and excluded participants. 

The basic demographics and lifestyle variables of the study population are shown in Table 

4.1. The mean (SD) age of participants was 29.3 (12.2) years. The majority of participant (82.4%, 

122/148) were heterosexual. Half of participants (50%, 72/144) had their first sexual intercourse 

with a female when they were 16-18 years old. The median (range) number of lifetime female 

sexual partners was 10 (1-1,000). During the past four months, 65.3% (77/118) of participants used 
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condoms when they had sexual intercourse with a female. Among these, 58.4% (45/77) used 

condoms more than half of the time. Approximately 35% (52/149) of participants reported ever 

having smoked cigarettes daily for at least six months. Among these, 44% (23/52) were current 

smokers. Approximately 60% (92/149) of participants reported ever having drunk alcohol at least 

once a week for at least six months.  

There were 149 men who acquired at least one incident genotype specific HPV infection 

and had at least one visit after acquiring infection. A total of 407 incident genotype specific HPV 

infections were cleared during the study period. Among these, 46.8% (191/408) genotypes were 

oncogenic HPVs, while 53.2 (217/408) genotypes were non-oncogenic HPVs. The distribution of 

incident genotype specific HPV infections that were cleared by dietary folate and vitamin B12 

intakes status is summarized are Tables 4.2 and 4.3. The distributions of total follow-up time 

(person-month) by dietary folate and vitamin B12 intakes status are summarized in the same table. 

Figures 4.2 and 4.3 show Schoenfeld residual plots between the tertiles of dietary intakes 

and the follow-up time to HPV clearance. The plot of three tertiles of dietary vitamin B12 intakes 

did not violate the proportional hazards assumption. However, the plot of dietary folate intake 

violated the proportional hazard assumption, of which an inflection located between 100 -160 days. 

We selected 130 days as the change point for the clearance analysis, as this was the median time 

interval between the second and the third clinic visits. The Cox model was fit separately for the 

transient stage of HPV infection (first 130 days after acquisition) and persistent stage (from 131 

days until clearance or censoring) for the clearance analysis of dietary folate intake. 

Tables 4.2-4.4 shown the results of survival analysis for nutrients variables associated with 

clearance of incident genotype specific HPV infections, which include men who had the highest 
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tertile of nutrients intakes as a reference group. Regarding transient stage (< 130 days) of acquiring 

HPV infections, univariate analysis shows that men whose dietary folate intake was in the lowest 

tertile had a higher rate of clearance of incident genotype specific HPV infections for any risk and 

non-oncogenic HPV infections. The HR = 1.16 (95% CI 0.79-1.71) for any risk HPV infection and 

the HR = 1.40 (95% CI 0.86-2.28) for non-oncogenic HPV infection. Regarding oncogenic HPV 

infection, men whose dietary folate intake was in the lowest tertile had a lower rate of clearance 

of incident genotype specific HPV infections: the HR = 0.92 (95% CI 0.56-1.52). Men whose 

dietary folate intake was in the middle tertile had a higher rate of clearance of incident genotype 

specific HPV infections for any risk, oncogenic, and non-oncogenic HPV infections. The HR = 

1.18 (95% CI 0.81-1.71) for any risk HPV infections, the HR = 1.09 (95% CI 0.69-1.75) for 

oncogenic HPV infections, and the HR = 1.28 (95% CI 0.81-2.01) for non-oncogenic HPV 

infections. After adjustment for potential confounders, the effect estimates slightly changed. Men 

whose dietary folate intake was in the lowest tertile: the HR = 1.28 (95% CI 0.87-1.88 ) for any 

risk HPV infections, the HR = 1.18 (95% CI 0.74-1.88) for oncogenic HPV infections, and the HR 

= 1.42 (95% CI 0.85-2.36) for non-oncogenic HPV infections. Men whose dietary folate intake 

was in the middle tertile: the HR = 1.19 (95% CI 0.83-1.70) for any risk HPV infections, the HR 

= 1.15 (95% CI 0.72-1.83) for oncogenic HPV infections, and the HR = 1.25 (95% CI 0.82-1.90) 

for non-oncogenic HPV infections.  

Regarding persistent stage (> 130 days) of acquiring HPV infections, univariate analysis 

shows that men whose dietary folate intake was in the lowest and middle tertiles had a higher rate 

of clearance of incident genotype specific HPV infections for any risk and non-oncogenic HPV 

infections. Regarding any risk HPV infections, men whose dietary intake was in the lowest and 

middle tertiles: the HR = 1.00 (95% CI 0.54-1.18) and the HR = 1.51 (95% CI 0.68-1.95), 
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respectively. Regarding non-oncogenic HPV infections, men whose dietary intake was in the 

lowest and middle tertiles: the HR = 1.34 (95% CI 0.59-3.05) and the HR = 1.53 (95% CI 0.78-

2.99), respectively.  Regarding oncogenic HPV infection, men whose dietary folate intake was in 

the lowest and middle tertiles had a lower rate of clearance of incident genotype specific HPV 

infections: the HR = 0.70 (95% CI 0.34-1.46) and the HR = 0.82 (95% CI 0.42-1.62), respectively. 

After adjustment for potential confounders, almost all the HRs (and 95% CIs) attenuated toward 

the null. Regarding any risk HPV infections, men whose dietary intake was in the lowest and 

middle tertiles: the HR = 0.81 (95% CI 0.46-1.43) and the HR = 1.31 (95% CI 0.78-2.20), 

respectively. Regarding oncogenic HPV infections, men whose dietary intake was in the lowest 

and middle tertiles: the HR = 0.47 (95% CI 0.22-0.99) and the HR = 0.65 (95% CI 0.32-1.36), 

respectively.  Regarding non-oncogenic HPV infection, men whose dietary intake was in the 

lowest and middle tertiles: the HR = 1.16 (95% CI 0.52-2.60) and the HR = 2.33 (95% CI 0.93-

5.82), respectively. 

Regarding dietary vitamin B12 intake, univariate analysis shows that men whose dietary 

vitamin B12 intake was in the lowest tertile had a lower rate of clearance of incident genotype 

specific HPV infections for any risk and oncogenic HPV infections. The HR = 0.91 (95% CI 0.67-

1.25) for any risk HPV infections, and the HR = 0.77 (95% CI 0.52-1.15) for oncogenic HPV 

infections. Regarding non-oncogenic HPV infection, men whose dietary vitamin B12 intake was 

in the lowest tertile had a higher rate of clearance of incident genotype specific HPV infections: 

the HR 1.08 (95% CI 0.73-1.58). Among men whose dietary vitamin B12 intake was in the middle 

tertile: the HR = 0.86 (95% CI 0.64-1.16) for any risk HPV infections, the HR = 0.73 (95% CI 

0.50-1.04) for oncogenic HPV infections, and the HR= 1.003 (95% CI 0.69-1.46) for non-

oncogenic HPV infections. After adjustment for potential confounders, men whose dietary vitamin 
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B12 intake was in the lowest tertile: the HR = 0.94 (95% CI 0.73-1.23) for any risk HPV infections, 

the HR = 0.77 (95% CI 0.53-1.13) for oncogenic HPV infections, and the HR = 1.02 (95% CI 

0.72-1.44) for non-oncogenic HPV infections. Men whose dietary vitamin B12 intake was in the 

middle tertile: the HR = 0.85 (95% CI 0.65-1.13) for any risk HPV infections, the HR = 0.69 (95% 

CI 0.48-0.99) for oncogenic HPV infections, and the HR = 0.97 (95% CI 0.67-1.39) for non-

oncogenic HPV infections.  

Table 4.5 shows the results of survival analysis for potential confounders initially identified 

as associated with clearance of incident genotype specific HPV infections. Age, education, and a 

history of gonorrhea infection reached statistically significant differences in univariate analysis of 

any risk, oncogenic, and non-oncogenic HPV infections. Sexual preference, number of lifetime 

female sexual partners, and a history of hepatitis B virus (HBV) infection reached statistically 

significant differences in univariate analysis of any risk and non-oncogenic HPV infections. A 

history of HCV infection reached a statistically significant difference in univariate analysis of any 

risk HPV infections. A history of non-gonococcal urethritis reached a statistically significant 

difference in univariate analysis of oncogenic HPV infections. Income reached a statistically 

significant difference in univariate analysis of non-oncogenic HPV infections. Tables 4.6-4.14 

show final Cox proportional hazard models of the association between dietary folate and vitamin 

B12 intake and clearance of incident HPV infections – any risk, oncogenic, and non-oncogenic 

HPVs. Number of lifetime female sexual partners were independently associated with clearance 

of genotype specific HPV infections in most of the analyses. 
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Discussion 

 Among all participants (n=149), there were 408 HPV genotypes that cleared during the 

study period. The proportion of oncogenic HPVs (46.8%, 191/408) were slightly lower than non-

oncogenic HPVs (53.2%, 217/408). Since, the proportion of non-oncogenic incident genotype 

specific HPVs is higher than the oncogenic HPVs among our study population, this might affect 

the different proportion of HPVs cleared during the study period.  

The univariate analysis of the association between dietary folate intake and the clearance 

of incident genotype specific HPV infections during the transient stage does not support our 

hypothesis that men with lower levels of dietary folate intake will have a lower rate of HPV 

clearance. Even after adjustment for potential confounders, all the results still do not support our 

hypothesis Regarding the clearance during the persistent stage, only the clearance of oncogenic 

HPVs supports our hypothesis in both univariate and multivariable analysis. In multivariable 

analysis, men whose dietary folate intake was in the lowest tertile had 53% lower rate of oncogenic 

HPV clearance and this association reached a statistically significant difference. Men whose 

dietary folate intake was in the middle tertile had 35% lower rate of oncogenic HPV clearance. 

These results are somewhat consistent with previous publications [43, 81]. The study, by 

Piyathilake et al. in 2004, found that women with higher plasma and red blood cell (RBC) folate 

had higher odds of oncogenic HPV clearance, of which the OR (and 95% CI) were 2.50 (1.18-

5.30) [43]. Another study, by Sedjo et al. in 2003, found that women with higher plasma folate 

had higher odds of oncogenic HPV clearance, of which the ORs (and 95% CIS) were 1.24 (0.56-

2.76) for the middle tertile, and 1.73 (0.80-3.75) for the highest tertile [81]. However, as we stated 

in the discussion of our second study, the methodology of these studies is quite different from ours.  
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Regarding dietary vitamin B12 intake, the associations among any risk and oncogenic 

HPVs support our hypothesis. After adjustment for potential confounders, almost all the 

associations support our hypothesis throughout all analyses – any risk, oncogenic, and non-

oncogenic HPV infections. Men whose dietary vitamin B12 intake was in the lowest tertile had 

23% lower rate of HPV clearance in the oncogenic HPV analysis. Men whose dietary folate intake 

was in the middle tertile had 31% lower rate of oncogenic HPV clearance and this association 

reached a statistically significant difference. In 2003, Sedjo et al. investigated the association 

between plasma vitamin B12 and oncogenic HPV clearance. This study found inconsistent results, 

of which the ORs (and 95% CIs) were 1.24 (0.56-2.75) for women whose serum vitamin B12 was 

in the middle tertile, and 0.93 (0.40-2.14) for women whose serum vitamin B12 was in the lowest 

tertile [81]. 

Our study found that men with lower levels of dietary folate and vitamin B12 intakes might 

have a lower rate of oncogenic HPV clearance. One possible explanation is that both folate and 

vitamin B12 act in several metabolic pathways of DNA synthesis [36, 37]. They play a crucial role 

in modifying our body’s immune system against the infection.  

Regarding other confounders, younger men had a significantly lower rate of HPV clearance 

compared to the older group. This association reached a statistically significant difference in 

multivariable analysis. One possible explanation is that older men had a higher prevalence of HPV 

antibodies [6]. The greater number of lifetime sexual partners were independently associated with 

a slower rate of HPV clearance in almost most multivariable analysis. This finding is consistent in 

the clearance of genital HPVs among both genders [61, 63]. 
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The strength of this third study is that, to our knowledge, is the first that investigates the 

association between dietary intakes and the clearance of incident genotype specific HPV infections 

among men. Second, our analytic method – recurrent survival analysis – allows us to capture all 

possible HPV clearance. Also, we did the robust sandwich variance estimate to account for the 

correlation within subjects. Third, our study conducted HPV testing frequently, giving the method 

a high sensitivity to detect the clearance of genotype specific HPVs. The limitation of this study is 

that we included only the clearance of incident genotype specific HPV infections, so the precision 

of estimation is limited. However, this approach prevents us from defining a re-activation of HPV 

as a recurrent infection, which can introduce misclassification bias in a study of the clearance of 

genotype specific HPV infections [82]. Another limitation is that the duration of the follow-up 

time was limited: the median duration of the longest follow-up time among each participant was 

130 days. Some HPV genotypes, such as HPV-16, have long durations of infection. The median 

duration of infection for HPV-16 has been documented at over 12 months [61]. 

Conclusion 

 Men with lower levels of dietary folate and vitamin B12 intakes might have a lower rate 

of oncogenic HPV clearance. However, this association of dietary folate intake existed only during 

the persistent stage of acquiring incident genotype specific HPV infections. 
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Figure 4.1 Study flow chart of included and excluded participants 

 

 

 

 

445 Men

318 Men

149 Men

No incident HPV infection 

or did have follow-up visit (n=169)

Had only 1 visit (n=76)

No QFFQ available (n=7)

Had only 1 visit and 

no QFFQ available  (n =12) 

Reported energy intake 

> 10,000 Kcal (n=2)

Self reported HIV positive (n=30)
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Figure 4.2 Scaled Schoenfeld residual for dietary folate intake 
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Figure 4.3 Scaled Schoenfeld residual for dietary vitamin B12 intake 
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Table 4.1 Demographic and lifestyle variables (n=149) 

Variable 
All men 

(149 men) 
n (%) 

Age  

< 24 years 68 (45.6) 

>= 24 years 81 (54.4) 

Race  

Non-White 55 (36.9) 

White 94 (63.1) 

Birthplace  

Non-USA 26 (17.5) 

USA 123 (82.6) 

Marital status  

Single/Divorced/Separated 128 (85.9) 

Married/Cohabiting 21 (14.1) 

Income  

< $1000 52 (34.9) 
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Variable 
All men 

(149 men) 
n (%) 

>= $1000 to < $1500 53 (35.6) 

> $1500 44 (29.5) 

Education  

High school graduate 2 (1.3) 

Vocational/ technical/trade school or 
business college 

4 (2.7) 

Some college or university 90 (60.4) 

Bachelor's degree 33 (22.2) 

Graduate or professional degree 20 (13.4) 

Number of female lifetime sexual partners  

0 to 1 8 (335.6) 

2 to 10 70 (48.6) 

> 10 66 (45.8) 

Sexual preference  

No sex 1 (0.7) 

Sex with women only 122 (82.4) 
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Variable 
All men 

(149 men) 
n (%) 

Sex with men only 4 (2.7) 

Sex with women and men 21 (14.2) 

Age at 1st SI with female, years  

< 16 33 (22.9) 

16 to 18 72 (50.0) 

> 18 39 (27.1) 

Smoking habits  

Current 23 (15.0) 

Evera 29 (19.0) 

Never 97 (65.0) 

Alcohol drinking habits  

  Everb 92 (61.7) 

 Never 57 (38.3) 

Condom use within past 4 months  

No 41 (34.8) 
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Variable 
All men 

(149 men) 
n (%) 

Half and less than half the time 32 (27.1) 

More than half the time 45 (38.1) 

Circumcised  

Yes 123 (82.6) 

No 26 (17.4) 

History of genital warts  

Current 11 (7.4) 

Ever 14 (9.4) 

Never 124 (83.2) 

History of chlamydia infection  

Ever 12 (8.1) 

Never 137 (91.9) 

History of gonorrhea infection  

Ever 2 (1.3) 

Never 147 (98.7) 
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Variable 
All men 

(149 men) 
n (%) 

History of hepatitis B infection  

Ever 2 (1.3) 

Never 147 (98.7) 

History of hepatitis C infection  

Ever 2 (1.4) 

Never 146 (98.7) 

History of genital herpes infection  

Current 6 (4.0) 

Ever 4 (2.7) 

Never 139 (93.3) 

History of non-gonococcal urethritis  

Ever 3 (2.0) 

Never 146 (98.0) 

History of syphilis infection  

Ever 0 
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Variable 
All men 

(149 men) 
n (%) 

Never 149 (100) 

History of yeast infection  

Ever 4 (2.7) 

Never 145 (97.3) 

a: ever smoked cigarettes daily for at least 6 months or more 
b: ever drink alcohol at least once a week for 6 months or more  
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Table 4.2 Hazard ratios and 95% confidence intervals for clearance of incident HPV infections by levels of dietary folate intake (Transient infection, < 

130 days) 

 

Outcome Variable No. cleared/ 
Follow-up 

(person-months) 

Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio 
(95% CI) 

P-value 

Any risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 72/320.4 1.16 (0.79-1.71) 0.45 1.28 (0.87-1.88)
a
 0.20 

> 243.40 to =< 301.42 117/524.4 1.18 (0.81-1.71) 0.39 1.19 (0.83-1.70)
a
 0.34 

> 301.42 110/572.1 reference (0.66)b reference (0.44)b 

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 30/153.9 0.92 (0.56-1.52) 0.75 1.18 (0.74-1.88)
c
 0.48 

> 243.40 to =< 301.42 54/243.7 1.09 (0.69-1.75) 0.71 1.15 (0.72-1.83)
c
 0.56 

> 301.42 55/268.9 reference (0.80)b Reference (0.72)b 

Non-

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 42/166.5 1.40 (0.86-2.28) 0.18 1.42 (0.85-2.36)
a
 0.19 

> 243.40 to =< 301.42 63/280.7 1.28 (0.81-2.01) 0.29 1.25 (0.82-1.90)
a
 0.30 

> 301.42 55/303.2 reference (0.40)b reference (0.39)b 

a: adjusted for age, number of lifetime female sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
c: adjusted for age, education, number of lifetime female sexual partners, and circumcision 
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Table 4.3 Hazard ratios and 95% confidence intervals for clearance of incident HPV infections by levels of dietary folate intake (Persistent infection, > 
130 days) 
 

Outcome Variable No. cleared/ 
Follow-up 

(person-months) 

Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio 
(95% CI) 

P-value 

Any risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 20/255.7 1.00 (0.54-1.18) 0.99 0.81 (0.46-1.43)
a
 0.47 

> 243.40 to =< 301.42 41/488.2 1.51 (0.68-1.95) 0.60 1.31 (0.78-2.20)
a
 0.30 

> 301.42 48/612.0 reference (0.85)b reference (0.36)b 

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 11/152.4 0.70 (0.34-1.46) 0.35 0.47 (0.22-0.99)
c
 0.04 

> 243.40 to =< 301.42 18/229.6 0.82 (0.42-1.62) 0.57 0.65 (0.32-1.36)
c
 0.26 

> 301.42 23/235.5 reference (0.61)b Reference (0.12)b 

Non-

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day      

=< 243.40 9/103.3 1.34 (0.59-3.05) 0.49 1.16 (0.52-2.60)
a
 0.71 

> 243.40 to =< 301.42 23/258.6 1.53 (0.78-2.99) 0.22 2.33 (0.93-5.82)
a
 0.07 

> 301.42 25/376.4 reference (0.46)b reference (0.19)b 

a: adjusted for age, number of lifetime female sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
c: adjusted for age, education, number of lifetime female sexual partners, and circumcision 
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Table 4.4 Hazard ratios and 95% confidence intervals for clearance of incident HPV infection by levels of dietary vitamin B12 intake (n=148) 
 

Outcome Variable No. cleared/ 
Follow-up 

(person-months) 

Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio 
(95% CI) 

P-value 

Any risk 

HPVs 

B12, ug per 1,000 kcal/ day      

 =< 1.94 123/657.8 0.91 (0.67-1.25) 0.56 0.94 (0.73-1.23)
a
 0.66 

 > 1.94 to =< 2.57 135/752.10 0.86 (0.64-1.16) 0.33 0.85 (0.65-1.13)
a
 0.27 

 > 2.57 149/693.4 reference (0.60)b reference (0.54)b 

Oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day      

 =< 1.94 51/282.8 0.77 (0.52-1.15) 0.21 0.77 (0.53-1.13)
c
 0.18 

 > 1.94 to =< 2.57 62/356.7 0.73 (0.50-1.04) 0.08 0.69 (0.48-0.99)
c
 0.04 

 > 2.57 77/334.9 reference (0.18)b reference (0.11)b 

Non-

Oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day      

 =< 1.94 72/375 1.08 (0.73-1.58) 0.70 1.02 (0.72-1.44)
a
 0.91 

 > 1.94 to =< 2.57 73/395.4 1.003 (0.69-1.46) 0.99 0.97 (0.67-1.39)
a
 0.85 

 > 2.57 72/358.5 reference (0.92)b reference (0.96)b 

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
c: adjusted for age, education, number of lifetime sexual partners, and circumcision 
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Table 4.5 Hazard ratios and 95% confidence intervals for clearance of incident HPV infections by potential confounders (n=149) 

Variable Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Age, years        

 < 24 years 68 0.67 (0.51-0.86) 0.002 0.64 (0.47-0.87) 0.005 0.70 (0.50-0.97) 0.03 

 >= 24 years 81 reference  reference  reference  

Race        

Non-White 55 0.94 (0.70-1.24) 0.64 1.14 (0.78-1.67) 0.51 0.79 (0.56-1.10) 0.16 

White 94 reference  reference  reference  

Birthplace        

Non-USA 26 1.04 (0.71-1.53) 0.84 1.25 (0.80-1.94) 0.33 0.93 (0.60-1.42) 0.72 

USA 123 reference  reference  reference  

Marital status        

Single/Divorced/Separated 128 1.00 (0.71-1.42) 1.00 0.91 (0.61-1.36) 0.65 1.08 (0.68-1.72) 0.74 

Married/Cohabiting 21 reference  reference  reference  

Education        
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Variable Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

No college/some college 96  0.42 (0.31-0.56) < 0.001 0.47 (0.31-0.72) 0.0005 0.35 (0.25-0.49) < 0.0001 

Bachelor’s degree 33 0.64 (0.47-0.88) 0.01 0.87 (0.55-1.39) 0.57 0.47 (0.32-0.70) 0.0002 

Graduate/professional degree 20 reference (< 0.001)a reference (0.0002)a reference (< 0.0001)a 

Income        

< $1000 52  reference (0.25)a reference (0.32)a reference (0.02)a 

>= $1000 to < $1500 53 1.27 (0.95-1.71) 0.11 1.12 (0.77-1.64) 0.55 0.70 (0.50-1.00) 0.05 

  > $1500 44 1.23 (0.87-1.72) 0.24 0.81 (0.53-1.22) 0.31 1.24 (0.83-1.86) 0.29 

Number of lifetime female sexual 
partners 

       

 0 to 1 8 reference (0.004)a reference (0.10)a reference (0.007)a 

 2 to 10 70 0.53 (0.34-0.83) 0.01 0.59 (0.35-1.01) 0.06 0.32 (0.12-0.84) 0.02 

 > 10 66 0.78 (0.52-1.18) 0.24 0.83 (0.52-1.32) 0.44 0.50 (0.20-1.25) 0.14 

Sexual preference        

 Sex with women only 122 reference  reference  reference  

 Sex with men only/Sex with women 
and men 

25 1.58 (1.20-2.09) 0.001 1.32 (0.87-2.00) 0.19 1.79 (1.27-2.51) 0.001 
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Variable Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Age at 1
st 

SI with female, years        

 < 16 33 0.75 (0.53-1.07) 0.12 0.66 (0.42-1.05) 0.08 0.83 (0.54-1.27) 0.40 

16 to 18 72 0.87 (0.62-1.22) 0.41 0.77 (0.49-1.20) 0.25 0.93 (0.63-1.37) 0.70 

 > 18 39 reference (0.28)a reference (0.21)a reference (0.69)a 

Smoking habits        

 Current/Everb 52 0.98 (0.74-1.30) 0.88 0.84 (0.60-1.16) 0.29 1.09 (0.77-1.53) 0.64 

 Never 97 reference  reference  reference  

Alcohol drinking habits        

 Everc 92 1.18 (0.88-1.59) 0.26 1.08 (0.76-1.52) 0.68 1.28 (0.90-1.81) 0.17 

 Never 57 reference  reference  reference  

Condom use within past 4 months        

No 41 1.08 (0.77-1.53) 0.65 1.06 (0.68-1.65) 0.81 1.14 (0.73-1.77) 0.57 

Half and less than half the time 32 0.87 (0.61-1.25) 0.46 0.99 (0.64-1.53) 0.95 0.79 (0.52-1.19) 0.26 

More than half the time 45 reference (0.50)a reference (0.94)a reference (0.24)a 



119 
 

119 
 

Variable Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Circumcised        

 Yes 123 reference  reference  reference  

 No 26 0.99 (0.68-1.45) 0.96 1.12 (0.73-1.72) 0.61 0.91 (0.60-1.40) 0.67 

History of genital warts        

Current/Ever 25 1.09 (0.83-1.42) 0.54 1.22 (0.87-1.72) 0.25 
0.998 (0.69-

1.44) 
0.99 

Never 124 reference  reference  reference  

History of chlamydia infection        

Ever 12 0.88 (0.64-1.22) 0.44 0.67 (0.34-1.32) 0.25 1.05 (0.72-1.53) 0.80 

Never 137 reference  reference  reference  

History of gonorrhea infection        

Ever 2 0.47 (0.39-0.58) < 0.0001 0.42 (0.31-0.56) < 0.0001 0.53 (0.42-0.65) < 0.0001 

Never 147 reference  reference  reference  

History of hepatitis B infection        

Current/Ever 1 1.34 (1.16-1.54) < 0.0001 0.93 (0.76-1.15) 0.50 1.84 (1.51-2.25) < 0.0001 
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Variable Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

Never 148 reference  reference  reference  

History of hepatitis C infection        

Current/Ever 2 1.63 (1.08-2.44) 0.02 1.90 (0.82-4.39) 0.13 1.43 (0.95-2.18) 0.09 

Never 146 reference  reference  reference  

History of genital herpes infection        

Current/Ever 10 1.19 (0.90-1.58) 0.21 1.29 (0.86-1.94) 0.22 1.11 (0.56-2.22) 0.76 

Never 139 reference  reference  reference  

History of non-gonococcal urethritis        

Ever 3 1.12 (0.55-2.26) 0.76 2.65 (2.01-3.48) < 0.0001 1.04 (0.55-1.97) 0.90 

Never 146 reference  reference  reference  

History of yeast infection        

Ever 4 1.43 (0.94-2.19) 0.10 1.30 (0.56-3.04) 0.54 1.72 (1.07-2.74) 0.02 

Never 145 reference  reference  reference  

a: type 3 test with sandwich variance estimates 
b: ever smoked cigarettes daily for at least 6 months or more 
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Variable Numbers of 
participants 

Any risk HPV Oncogenic HPV Non-oncogenic HPV 

Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value Uni/Bivariate 
analysis 

P-value 

b: ever drink alcohol at least once a week for 6 months or more 
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Table 4.6 Final Cox proportional hazard model of the association between dietary folate intake and clearance of incident HPV infections (Any risk, 

Transient infection, < 130 days) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Any risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 1.16 (0.79-1.71) 0.45 1.28 (0.87-1.88) 0.20 

> 243.40 to =< 301.42 1.18 (0.81-1.71) 0.39 1.19 (0.83-1.70) 0.34 

> 301.42 reference (0.66)b reference (0.44)b 

Age, years     

 < 24 years 0.67 (0.49-0.92) 0.01 0.70 (0.50-0.98) 0.04 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (0.07)b reference (0.33)b 

 2 to 10 0.69 (0.36-1.32) 0.26 0.84 (0.44-1.59) 0.59 

 > 10 1.02 (0.56-1.86) 0.95 1.10 (0.61-1.99) 0.75 

Circumcised     
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  Yes 1.09 (0.75-1.59) 0.65 1.01 (0.69-1.48) 0.95 

 No reference  reference  

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.7 Final Cox proportional hazard model of the association between dietary folate intake and clearance of incident HPV infections (oncogenic 

HPVs, Transient infection, < 130 days) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 0.92 (0.56-1.52) 0.75 1.18 (0.74-1.88) 0.48 

> 243.40 to =< 301.42 1.09 (0.69-1.75) 0.71 1.15 (0.72-1.83) 0.56 

> 301.42 reference (0.80)b Reference (0.74)b 

Age, years     

 < 24 years 0.57 (0.38-0.86) 0.007 0.70 (0.43-1.13) 0.14 

 >= 24 years reference  reference  

Education     

No college/some college 0.48 (0.30-0.78) 0.003 1.46 (0.85-2.49) 0.17 

Bachelor’s degree 0.78 (0.44-1.39) 0.40 1.78 (0.94-3.37) 0.08 

Graduate/professional degree reference (0.007)b reference (0.16)b 

No. lifetime sexual partners     
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 0 to 1 reference (0.46)b reference (0.58)b 

 2 to 10 0.97 (0.37-2.57) 0.95 1.46 (0.85-2.49) 0.17 

 > 10 1.28 (0.51-3.21) 0.61 1.78 (0.94-3.37) 0.08 

Circumcised     

  Yes reference 0.57 0.94 (0.54-1.62) 0.81 

 No 1.15 (0.72-1.84)  reference  

a: adjusted for age, education, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.8 Final Cox proportional hazard model of the association between dietary folate intake and clearance of incident HPV infections (Non-oncogenic 

HPVs, Transient infection, < 130 days) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Non-

oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 1.40 (0.86-2.28) 0.18 1.42 (0.85-2.36) 0.19 

> 243.40 to =< 301.42 1.28 (0.81-2.01) 0.29 1.25 (0.82-1.90) 0.30 

> 301.42 reference (0.40)b reference (0.39)b 

Age, years     

 < 24 years 0.76 (0.51-1.12) 0.17 0.83 (0.54-1.27) 0.40 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (0.02)b reference (0.04)b 

 2 to 10 0.31 (0.12-0.83) 0.02 0.35 (0.13-0.92) 0.03 

 > 10 0.50 (0.20-1.27) 0.15 0.52 (0.20-1.38) 0.19 

Circumcised     
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  Yes reference  reference  

 No 1.04 (0.66-1.65) 0.85 1.04 (0.67-1.62) 0.85 

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 

 

 

 

 

 

 

 

 

 

 

 

 



128 
 

128 
 

Table 4.9 Final Cox proportional hazard model of the association between dietary folate intake and clearance of incident HPV infections (Any risk, 

Persistent infection, > 130 days) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Any risk 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 1.00 (0.54-1.86) 0.99 0.81 (0.46-1.43) 0.47 

> 243.40 to =< 301.42 1.51 (0.68-1.95) 0.60 1.31 (0.78-2.20) 0.30 

> 301.42 reference (0.85)b reference (0.36)b 

Age, years     

 < 24 years 0.66 (0.42-1.04) 0.08 0.63 (0.38-1.05) 0.07 

 >= 24 years reference  reference  

Number of lifetime female sexual 
partners 

    

 0 to 1 reference (0.007)b reference (0.001)b 

 2 to 10 0.18 (0.06-0.53) 0.002 0.12 (0.04-0.39) 0.001 

 > 10 0.27 (0.09-0.76) 0.01 0.17 (0.05-0.52) 0.002 

Circumcised     
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  Yes reference  reference  

 No 0.71 (0.31-1.60) 0.40 0.48 (0.18-1.31) 0.15 

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.10 Final Cox proportional hazard model of the association between dietary folate intake and clearance of incident HPV infections (oncogenic 

HPVs, Persistent infection, > 130 days) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 0.70 (0.34-1.46) 0.35 0.47 (0.22-0.99) 0.04 

> 243.40 to =< 301.42 0.82 (0.42-1.62) 0.57 0.66 (0.32-1.36) 0.26 

> 301.42 reference (0.61)b Reference (0.12)b 

Age, years     

 < 24 years 0.85 (0.48-1.50) 0.58 1.37 (0.59-3.18) 0.47 

 >= 24 years reference  reference  

Education     

No college/some college 0.31 (0.14-0.67) 0.003 0.25 (0.08-0.81) 0.02 

Bachelor’s degree 0.67 (0.16-2.72) 0.57 0.95 (0.27-3.35) 0.94 

Graduate/professional degree reference (0.009)b reference (0.004)b 

Number of lifetime female sexual 
partners 
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 0 to 1 reference (0.004)b reference (0.001)b 

 2 to 10 0.12 (0.03-0.41) 0.001 0.07 (0.02-0.28) 0.0001 

 > 10 0.19 (0.06-0.62) 0.006 0.10 (0.03-0.38) 0.0006 

Circumcised     

  Yes reference  reference  

 No 0.98 (0.28-3.37) 0.97 0.44 (0.12-1.55) 0.20 

a: adjusted for age, education, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.11 Final Cox proportional hazard model of the association between dietary folate intake and clearance of incident HPV infections (Non-oncogenic 

HPVs, Persistent infection, > 130 days) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Non-

oncogenic 

HPVs 

Folate, ug DFE per 1,000 kcal/ day     

=< 243.40 1.34 (0.59-3.05) 0.49 1.16 (0.52-2.60) 0.71 

> 243.40 to =< 301.42 1.53 (0.78-2.99) 0.22 2.33 (0.93-5.82) 0.07 

> 301.42 reference (0.46)b reference (0.39)b 

Age, years     

 < 24 years 0.56 (0.31-1.03) 0.06 0.37 (0.15-0.92) 0.03 

 >= 24 years reference  reference  

No. lifetime sexual partners     

 0 to 1     

 2 to 10 reference  reference  

 > 10 1.36 (0.74-2.51) 0.33 0.87 (0.50-1.52) 0.63 

Circumcised     
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  Yes reference  reference  

 No 0.62 (0.24-1.62) 0.33 0.37 (0.08-1.65) 0.19 

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.12 Final Cox proportional hazard model of the association between dietary vitamin B12 intake and clearance of incident HPV infections (Any 

risk HPVs) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Any risk 

HPVs 

B12, ug per 1,000 kcal/ day     

 =< 1.94 0.91 (0.67-1.25) 0.56 0.94 (0.73-1.23) 0.66 

 > 1.94 to =< 2.57 0.86 (0.64-1.16) 0.33 0.85 (0.65-1.13) 0.27 

 > 2.57 reference (0.60)b reference (0.54)b 

Age, years     

 < 24 years 0.67 (0.51-0.86) 0.002 0.73 (0.57-0.95) 0.02 

 >= 24 years reference  reference  

No. lifetime sexual partners     

 0 to 1 reference (0.004)b reference (0.02)b 

 2 to 10 0.53 (0.34-0.83) 0.01 0.52 (0.32-0.85) 0.01 

 > 10 0.78 (0.52-1.18) 0.24 0.69 (0.44-1.08) 0.11 

Circumcised     
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  Yes 0.99 (0.68-1.45) 0.96 0.88 (0.60-1.29) 0.52 

 No reference  reference  

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.13 Final Cox proportional hazard model of the association between dietary vitamin B12 intake and clearance of incident HPV infections 

(Oncogenic HPVs) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day     

 =< 1.94 0.77 (0.52-1.15) 0.21 0.80 (0.54-1.18) 0.27 

 > 1.94 to =< 2.57 0.73 (0.50-1.04) 0.08 0.69 (0.48-0.98) 0.04 

 > 2.57 reference (0.18)b reference (0.11)b 

Age, years     

 < 24 years 0.64 (0.47-0.87) 0.005 0.91 (0.64-1.31) 0.62 

 >= 24 years reference  reference  

Education     

No college/some college 0.47 (0.31-0.72) 0.00001 0.48 (0.29-0.79) 0.004 

Bachelor’s degree 0.87 (0.55-1.39) 0.57 0.84 (0.50-1.43) 0.53 

Graduate/professional degree reference (0.0002)b reference (0.001)b 

No. lifetime sexual partners     
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 0 to 1 reference (0.10)b reference (0.35)b 

 2 to 10 0.59 (0.35-1.01) 0.06 0.65 (0.36-1.17) 0.15 

 > 10 0.83 (0.52-1.32) 0.44 0.76 (0.46-1.27) 0.29 

Circumcised     

  Yes reference  reference  

 No 1.12 (0.73-1.72) 0.61 0.75 (0.46-1.21) 0.24 

a: adjusted for age, education, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Table 4.14 Final Cox proportional hazard model of the association between dietary vitamin B12 intake and clearance of incident HPV infections (Non-

oncogenic HPVs) 

Outcome Variable Univariate analysis Multivariable analysis 

Hazard Ratio 
(95% CI) 

P-value Hazard Ratio
a
  

(95% CI) 

P-value 

Non-

oncogenic 

HPVs 

B12, ug per 1,000 kcal/ day     

 =< 1.94 1.08 (0.73-1.58) 0.70 1.02 (0.72-1.44) 0.91 

 > 1.94 to =< 2.57 1.003 (0.69-1.46) 0.99 0.97 (0.67-1.39) 0.85 

 > 2.57 reference (0.92)b reference (0.96)b 

Age, years     

 < 24 years 0.70 (0.50-0.97) 0.03 0.77 (0.55-1.08) 0.14 

 >= 24 years reference  reference  

No. lifetime sexual partners     

 0 to 1 reference (0.007)b reference (0.02)b 

 2 to 10 0.32 (0.12-0.84) 0.02 0.31 (0.12-0.78) 0.01 

 > 10 0.50 (0.20-1.25) 0.14 0.43 (0.17-1.07) 0.07 

Circumcised     
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 Yes reference  reference  

 No 0.91 (0.60-1.40) 0.67 0.87 (0.55-1.36) 0.54 

a: adjusted for age, number of lifetime sexual partners, and circumcision 
b: type 3 test with sandwich variance estimates 
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Chapter 5 

Discussions 

The final chapter of this dissertation will discuss the innovation, strengths and limitations, 

and implication of the results as well as possible next steps. In order to aid our readers, we have 

provided a brief summary of the objectives of each research question and findings.  

Summary of research questions 

Research question 1: Do dietary folate and vitamin B12 intakes have an association with 

persistent genotype specific HPV infections? 

Hypothesis: Men with lower levels of dietary folate and vitamin B12 intakes will have higher 

odds of persistent genotype specific HPV infections. 

Conclusion: Our analyses do not provide enough evidence to support our hypothesis that men 

with lower dietary folate and vitamin B12 will be at lower odds of persistent genotype specific 

HPV infections.  

Research question 2: Do dietary folate and vitamin B12 intakes have an association with 

acquisition of incident genotype specific HPV infections? 

Hypothesis: Men with lower levels of dietary folate and vitamin B12 intakes will be at higher 

risk of acquiring incident genotype specific HPV infections. 

Conclusion: Our analyses demonstrate that men with lower levels of dietary vitamin B12 intake 

might have a higher risk of acquiring any risk and non-oncogenic HPV infections. However, 

these associations do not exist among men with lower levels of dietary folate intake. 
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Research question 3: Do dietary folate and vitamin B12 intakes have an association with 

clearance of incident genotype specific HPV infections. 

Hypothesis: Men with lower levels of dietary folate and vitamin B12 intakes will have a lower 

rate of clearance of incident genotype specific HPV infections. 

Conclusion: Our analyses demonstrate that men with lower dietary folate intake might have a 

lower rate of oncogenic HPV clearance during the persistent stage (>131 days) of acquiring 

HPVs. Meanwhile, men with lower dietary vitamin B12 intake might have a lower rate of 

oncogenic HPV clearance. 

Although we use three different approaches – persistent, acquisition, and clearance of HPVs – to 

study the role of dietary intake and the natural history of HPV infections among men, these three 

research questions shared the following innovation, strengths and limitations. 

Innovation 

To our knowledge, very few studies have investigated the association between dietary 

intakes and persistent genital HPV infection [33-35]. Only one study was conducted among men, 

and the authors focused on persistent genotype specific HPV infections, as we did in our first 

research question  [34]. Compared to the only published study, our method of assessing 

participants’ HPV status was similar, but participants were tested frequently to yield more 

sensitivity in capturing genotype specific persistent HPV infections. Our method of assessing 

participants’ dietary intakes was structured with different detail variation to account for cultural 

dietary differences. Regarding the second and third research questions – acquisition and clearance 

of incident genotype specific HPV infections – until present, none of the published studies 

have been focused on the role of dietary intakes nor on the acquisition and clearance of incident 
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genotype specific HPV infections. The second and third studies in this dissertation were the first 

to assess these associations. The frequent HPV testing and the use of a highly sensitive method to 

detect the acquisition and clearance of incident genotype specific HPV infections did contribute to 

reduce measurement bias. 

Strengths and limitations  

The three research studies in this dissertation use strong methodology. First, a validated 

QFFQ was used to assess study participant’s dietary intakes, which acted as a proxy for nutrition 

status. This questionnaire was primarily developed to use in a multi-ethnic cohort study in Hawaiʻi 

and southern California; thus, it provides nutritional assessment in this population with reduced 

bias. Second, the intake of folate was estimated as dietary folate equivalents (DFE), which takes 

into account the different bioavailabilities of folate sources, as mandatory fortification of enriched 

cereal grain products with folic acid was fully implemented in the United States since 1998 [83]. 

This procedure reduces information bias in studying dietary folate intake. Third, HPV status was 

assessed by a PCR-based technique, which provides high sensitivity and specificity [84, 85]. 

Specimens testing positive were genotyped for 37 different HPV types. This genotype specific 

information mitigates bias in studying the persistence and clearance of genotype specific HPV 

infections. Fourth, HPV was assessed frequently to capture persistence, acquisition, and clearance 

of genotype specific HPV infections. Fifth, HPV was sampled from multiple sampling sites of 

study participants’ external genitalia because this technique provides higher sensitivity in detecting 

genital HPV [85]. Sixth, we implement the purposeful selection of variables as our variable 

selection algorithm. Our multivariable model had the capacity to retain important confounding 

variables to yield an unbiased association between dietary intakes and genital HPV infections [65].  
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The major limitations of this study are first, that nutritional status is determined by dietary 

assessment using QFFQ. Even though this QFFQ was validated and the procedure showed medium 

to high correlation between dietary intake and the 24-hour dietary recall method, this method 

introduces recall bias, unlike biomarkers of nutritional exposure [52]. However, subjective dietary 

intake assessment represents a reasonable estimation of an individual’s dietary intake over time 

and might be more informative to modify an individual’s dietary habits by providing dietary 

recommendations. Second, only the baseline dietary information is available, so we cannot 

examine the relation of change in nutritional status over time with the persistence, acquisition, and 

clearance of HPV infection. Third, consumed dietary folate and vitamin B12 among this 

population is quite high. In other words, we have too few participants to study this association at 

low levels of dietary intake. Fourth, we did not have the information regarding body mass index 

(BMI) and physical activity which might significantly contribute to the association between dietary 

intake and HPV infection. In other words, there is potential confounding due to variables not 

included in the data set. Fifth, the study participants knew their HPV status, so they may have 

modified their risky behaviors toward acquiring HPV infection. This could have introduced 

misclassification bias of the observed association. Sixth, this database has a limited sample size. 

This precludes a stratified analysis focusing specifically on individual HPV genotypes and 

contributes to lack of precision in the estimates. Seventh, most of our study population are college 

students who might have different dietary, sociodemographic, and sexual behaviors compared to 

the general population. So, the generalizability of our results to other populations is limited. 

Reported income of students might not truly reflect the socioeconomic status of a student study 

population [86]. To deal with this issue, all our multivariable analyses did not include income as 

an adjusted covariate. 
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Implication of the results and Possible next steps 

All the analyses in this dissertation investigate the association between dietary folate and 

vitamin B12 intake and the natural history of genital HPV infections among men. Since there are 

very few published articles of this association, this dissertation provides exploratory evidence 

about the role of dietary intakes and genital HPVs among men. Consuming a diet rich in vitamin 

B12 might be associated with a lower risk of acquiring and enhanced clearance of incident 

genotype specific HPVs.  

To provide stronger evidence about this association, further research with the following 

characteristics are needed. First, a larger sample size is needed to provide greater power in 

statistical analysis contributing to the more precise estimates of effect. Second, serial dietary 

information along the study period is needed to capture the changing consuming behaviors. Third, 

serum micronutrient information is needed to provide a more valid assessment of nutritional status. 

Fourth, participants with a variety of consuming behaviors are needed to capture the association 

among different levels of dietary intake and genital HPVs. 

In conclusion, the results from these three studies should spur future studies to confirm 

whether dietary folate and vitamin B12 intake are associated with genital HPV incidence, 

persistence, or clearance among men. As HPV-related diseases/cancers are major public health 

issues, especially in resource limited countries, further studies on the role of dietary intake, could 

identify public health interventions to reduce the burden of HPV-related diseases. 
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Appendix 

Literature review, Chapter 2 

To our knowledge, since 2002, only three articles focusing on the role of dietary folate and 

vitamin B12 intake and persistent genital HPV infections have been published. In 2017, Lopes et 

al. conducted a study to investigate the role of dietary intake and persistence of genotype specific 

HPV infections among 1,078 men living in southern Florida-USA, Sao Paulo-Brazil or 

Cuernavaca-Mexico [34]. This longitudinal cohort, which was a part of the HPV in Men (HIM) 

study, followed participants every six months for a median of four years of follow-up. A validated 

QFFQ for the Brazilian population was used to assess the nutritional status of men. Genital 

specimens, including penile and scrotal samples, were obtained at each visit approximately six 

months apart for up to four years. The PCR was used to amplify a fragment of the HPV L1 gene. 

HPV genotyping was conducted with the linear array method. Persistence of genotype specific 

HPV infections was defined as having at least two consecutive positive tests for the same HPV 

genotype. This study showed that participants with persistence of genotype specific oncogenic 

HPV infections had lower median values of both dietary folate and vitamin B12 intakes compared 

to participants with transient HPV infections. Participants with persistence of genotype specific 

non-oncogenic HPV infections also had lower median values of dietary vitamin B12 intake 

compared to participants with transient HPV infections. Multivariable logistic regression analysis 

showed that participants with higher quartile of dietary vitamin B12 intakes were associated with 

lower odds of persistence of both oncogenic and non-oncogenic genotype specific HPV infections. 

However, only the association between dietary vitamin B12 and non-oncogenic HPV infections 

reached statistical significance. Participants with a higher quartile of dietary folate intake were not 

associated with lower odds of persistence of genotype specific oncogenic HPV infections. The 

article did not show the result regarding dietary folate and persistence of genotype specific non-
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oncogenic HPV infections. In sum, the authors concluded that no association was observed 

between dietary intakes and persistence of genotype specific oncogenic HPV infections; however, 

dietary vitamin B12 intake was inversely associated with persistence of genotype specific non-

oncogenic HPV infections. 

Apart from the first and only article that was conducted among men, the other two articles 

were conducted among women and focused on cervical HPV infections. In 2003, Giuliano et al. 

conducted a study to investigate the role of dietary intake and persistence of genotype specific 

HPV infections among 433 women attending a comprehensive maternal and child health 

maintenance program catering to low-income families, in Sao Paulo-Brazil [33]. A validated 

QFFQ for this population was used to assess the nutritional status of all participants. The PCR 

method was used to detect HPV DNA. HPV status was based on HPV evaluations at the baseline, 

and additional three follow-up visits were conducted every four months. Persistence of genotype 

specific HPV infections was defined as women who tested positive for the same HPV genotype 

on two or more consecutive visits. This study demonstrated that the mean values of dietary folate 

and vitamin B12 intake among participants with persistence of genotype specific HPV infections 

were lower than participants with transient HPV infections. However, none of these associations 

reached statistical significance. This study did not demonstrate these associations in multivariable 

analysis.  

The last study was conducted in 2002 by Sedjo et al. The authors examined the association 

between dietary intake and persistence of oncogenic HPV infections among 201 healthy women 

in Arizona-USA [35]. A validated QFFQ for this population was used to assess the nutritional 

status of participants. HPV tests were conducted at baseline, and the follow-up visits were 

conducted at approximately three and nine months after enrolling into the study. Hybrid capture II 
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(HC II) (Digene Corp, Belts-ville, MD) was used to detect up to thirteen oncogenic HPV 

genotypes. Persistence of oncogenic HPV infections was defined as testing positive for HPV on at 

least two consecutive follow-up visits. This study showed that the mean values of both dietary 

folate and vitamin B12 among women with persistent oncogenic HPV infections were lower than 

women with transient oncogenic HPV infections. Multivariable analysis showed that women with 

higher tertile of dietary folate were associated with lower odds of persistence of oncogenic HPV 

infections. However, this association did not reach a statistical significance. Women with higher 

tertile of dietary vitamin B12 intake were not associated with lower odds of persistence of 

oncogenic HPV infections. The results of all three studies are summarized in Table 1.  
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Table 1 A literature review summarizing three articles which studied the association between dietary folate and vitamin B12 intake and persistent HPV 

infectiona [33-35]  

Authors/ 
Year/ 
Place(s) 

Participants Dietary 
assessment 

HPV testing Results of crude analysis  Results of multivariable logistic regression 
analysis 

Lopes et al. 
 
2017 
 
Southern 
Florida US/  
Sao Paolo 
Brazil/ 
Cuernavaca 
Mexico 
 
 
 

1,248 men 
 
18-70 years 
 
 

QFFQ PCR method 
 
Repeated 
testing for 
every 6 months 
for 4 years  

(1) Persistent genotype specific oncogenic 
HPV (n=458)  
VS. Nob (n=790) 
 
Folate (ug DFE), Median 
707.02 VS. 720.49 
 
Vitamin B12 (ug), Median 
5.65 VS. 5.74 
 
(2) Persistent genotype specific non-
oncogenic HPV (n=636)  
VS. Noc (n=612) 
 
Folate (ug DFE), Median 
718.12 VS. 713.00 
 
Vitamin B12 (ug), Median 
5.68 VS. 5.73 
 

(1) Persistent genotype specific oncogenic 
HPV (n=458)  
VS. Transient HPVd (n=620) 
 
Folate (DFE) (MCG) 

Quartile Adjusted OR (95% CI) 
1 1.00 
2 0.96 (0.64-1.43) 
3 1.24 (0.80-1.92) 
4 0.95 (0.54-1.69) 

 
Vitamin B12 (MCG) 

Quartile Adjusted OR (95% CI) 
1 1.00 
2 0.94 (0.65-1.37) 
3 0.72 (0.47-1.09) 
4 0.98 (0.61-1.58) 

 
(2) Persistent genotype specific non-
oncogenic HPV (n=636)  
VS. Transientd HPV (n=442) 
 
Folate (DFE) (MCG) 
No reported results  
 
Vitamin B12 (MCG) 

Quartile Adjusted OR (95% CI) 
1 1.00 
2 0.77 (0.54-1.10) 
3 0.70 (0.49-1.02) 
4 0.55 (0.38-0.81) 

 

Giuliano et 
al.  

433 women  
 

QFFQ included 
vitamin and 

PCR method 
 

Persistent genotype specific HPV (n=185)  
VS. Transient HPV (n=248) 

No reported results  
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2003 
 
Sao Paulo 
Brazil 
 
 

Mean age 31 
years 
 
 

mineral 
supplements 

Repeated 
testing for 
every 4 months 
for 1 year  

 
Folate (ug), Mean (SD) 
107.33 (56.24) VS. 105.26 (53.25) 
 
Vitamin B12 (ug), Mean (SD) 
5.07 (5.11) VS. 4.80 (4.87) 

Sedjo et al. 
 
2002 

201 women 
 
Mean age (SD)  
23-25 (4) 
 
 

QFFQ included 
vitamin and 
mineral 
supplements 

Hybrid capture 
II 
 
Repeated 
testing at 3 and 
9 months after  
the enrollment 

(1) Food only: 
Persistent oncogenic HPV (n=131) 
VS. 
Intermittent oncogenic HPV (n=70) 
 
Folate (ug DFE), Mean (SD) 
396.3 (220.4) VS. 453.3 (330.7) 
 
Vitamin B12 (ug), Mean (SD) 
4.6 (2.7) VS. 4.9 (3.2) 
 
(2) Food and supplement combined: 
Persistent oncogenic HPV (n=131) with 
consuming supplements (n=66) 
VS. 
Intermittent oncogenic HPV (n=70) 
with consuming supplements (n=34) 
 
Folate (ug DFE), Mean (SD) 
578.6 (346.7) VS. 626.6 (420.3) 
 
Vitamin B12 (ug), Mean (SD) 
15.8 (52.5) VS. 12.0 (16.1) 
 

(1) Food only: 
Persistent oncogenic HPV (n=131) 
VS. 
Intermittent oncogenic HPV (n=70) 
 
Folate (MCG) 

Tertile Adjusted OR (95% CI) 
Low 1.00 
Medium 0.63 (0.29-1.38) 
High 0.52 (0.23-1.18) 

 
Vitamin B12 (MCG) 

Tertile Adjusted OR (95% CI) 
Low 1.00 
Medium 1.47 (0.68-3.19) 
High 0.68 (0.30-1.54) 

 
(2) Food and supplement combined: 
Persistent oncogenic HPV (n=131) with 
(n=66) consuming supplements 
VS. 
Intermittent oncogenic HPV (n=70) 
with (n=34) consuming supplements 
 
Folate (MCG) 

Tertile Adjusted OR (95% CI) 
Low 1.00 
Medium 0.80 (0.38-1.69) 
High 1.16 (0.56-2.39) 

 
Vitamin B12 (MCG) 

Tertile Adjusted OR (95% CI) 
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Low 1.00 
Medium 1.11 (0.53-2.31) 
High 0.96 (0.46-2.03) 

 

a: all these published articles defined persistent HPV infection as at least two consecutive visits positive for HPV. 
b: includes individuals with transitory and no infection for oncogenic HPV, but at least one positive result for other HPV types. 
c: includes individuals with transitory and no infection for non-oncogenic HPV, but at least one positive result for other HPV types. 
d: includes individuals with at least one HPV infection during four years of follow-up visits and only individuals with classified HPV infection. 
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Literature review, Chapter 3 

To our knowledge, only two studies which focused on the role of nutrition and incident 

HPV infections have been published. In 2004, Piyathilake et al. published a longitudinal study 

aimed at investigating the role of plasma micronutrients in the natural history of HPV infections 

[43]. This was a 24-month prospective study which followed study participants and tested for 

cervical HPV status every 6 months. HC II assay was used to classify individuals as positive or 

negative for oncogenic HPV infections. At baseline, serum micronutrients, including combined 

plasma and RBC folate, vitamin B12, vitamin C, vitamin A, vitamin E, and total carotene, were 

assessed. The analysis was based on a nested case control design. Women who had at least three 

consecutive visits during the study period were included and were classified according to their 

HPV status. Women were classified as having incident HPV infections if they had at least one 

negative HPV test preceding a positive HPV test and then continued to test positive until the end 

of the study. Women with incident HPV infections were defined as cases, while women with all 

visits negative for HPV were defined as controls. Logistic regression analysis was conducted to 

test the association between plasma micronutrients and incident HPV infections. The multivariable 

regression analysis, adjusted for age, number of lifetime partners, smoking status, and the other 

micronutrients concentration, showed that women with higher concentration of plasma folate (>= 

20.4 nmol/L) and RBC folate (>= 847.5 nmol/L) had lower odds of acquiring HPV infections: the 

adjusted OR = 0.27 (95% CI 0.08-0.91). However, women with higher concentration of plasma 

vitamin B12 (> 341.5 pmol/L) did not have lower odds of acquiring HPV: the adjusted OR = 1.46 

(95% CI 0.51-4.18). The authors of this study concluded that higher concentration of plasma and 

RBC folate showed protective effects toward acquiring oncogenic HPV infections after controlling 

for known risk factors and other micronutrients.  
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Another study investigating the role of nutrition on the acquisition of HPV infections was 

published by Shvetsov et al. in 2010 [64]. This study focused on the association between plasma 

micronutrient concentrations and anal HPV infections. A cohort of 279 women were followed at 

4-month intervals for a mean duration of 16 months. During each visit, plasma micronutrient 

concentrations were measured and anal HPV testing using PCR methods followed by genotyping 

using a reverse line blot detection method were conducted. The Cox proportional hazard model 

was used to determine the association between micronutrient concentrations and the acquisition of 

anal HPV infections. Women with higher circulating levels of plasma carotenoids were associated 

with a reduced risk of acquiring anal HPV infections, of which the highest quartile of plasma trans-

zeaxanthin (>82.6-281.1 ng/ml) and plasma total beta carotene (>364.8-1762.1) showed 43-50% 

significant risk reduction. However, individuals with higher concentration of either plasma retinol 

or plasma tocopherol did not show a significant trend toward reduced risk of acquiring anal HPV 

infections. The authors of this study concluded that several carotenoids can reduce the risk of 

acquiring anal HPV infections. 
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Literature review, Chapter 4 

To our knowledge, four longitudinal studies which focused on the role of nutrition and the 

clearance of HPV infections have been published since 1997 [43, 62, 64, 81]. Among these studies, 

two were aimed at the clearance of HPV infections, and the other two were focused on the 

clearance of incident HPV infections. In 2003, Sedjo et al. published a study to investigate the 

effect of plasma micronutrients on the clearance of oncogenic HPV infections [81]. The results of 

this study showed that higher concentrations of trans- and cis- lycopene reduced time to clearance 

of oncogenic HPV infections. For the highest tertiles of trans- and cis- lycopene: the HR = 2.79 

(95% CI 1.17-6.66) and the HR = 2.92 (95% CI 1.28-6.63). Higher concentration of folate showed 

reduced time to clearance of oncogenic HPV infections. For the highest tertile: the adjusted HR = 

1.73 (0.80-3.75). However, higher concentration of vitamin B12 was not associated with the 

reduced clearance time of oncogenic HPV infections in this study.  

In 2004, Piyathilake et al. published a study aimed at investigating the role of folate on the 

clearance of incident oncogenic HPV infections, in which the details were described earlier in the 

literature review section of the first research question [43].  The authors compared all women who 

were HPV positive initially and then tested and remained HPV negative during the follow-up visit 

to women who remained HPV positive during the follow-up period. The multivariable logistic 

regression analysis adjusted for age, number of lifetime partners, smoking status, and 

micronutrient concentration, and showed that higher concentration of either combined plasma 

folate and RBC folate or vitamin B12 was positively associated with becoming HPV negative 

during the follow-up visit. Compared to women who remained HPV positive during the follow-up 

visit, becoming HPV negative for the higher concentrations of combined plasma folate and RBC 
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folate and vitamin B12: the OR = 2.50 (95% CI 1.18-5.30) and the HR = 1.14 (95% CI 0.53-2.46), 

respectively.  

In 2007, Goodman et al. published a longitudinal study aimed at investigating the association 

between serum micronutrient concentration of retinol, carotenoid, and tocopherol and the 

clearance of incident oncogenic HPV [62]. Women were followed at an interval of every four 

months with a median follow up time of 15.3 months. The interview, cervical, and blood specimen 

collection were done for each woman with a median of six visits. A multivariable Cox proportional 

hazard model adjusted for age, current smoking status, number of lifetime sexual partners, age at 

first sex, blood frozen over one-year indicator variable, and co-infection status was used to study 

the association between serum micronutrients and the clearance of 189 genotype specific incident 

oncogenic HPV infections of 122 women. During the early stage of infections, which was defined 

as an infection that lasted for less than 120 days, higher circulating levels of several carotenoids 

were associated with a significant decrease in the clearance time of genotype specific HPV 

infections. Clearance of persistent HPV infections, which was defined as an infection lasting for 

more than 120 days, was not significantly associated with circulating levels of carotenoids or 

tocopherols.  

 A recent study to investigate the role of plasma micronutrients on the clearance of HPV 

infections was published by Shvetsov in 2010 [64]. The authors examined the clearance of 189 

incident anal HPV infections of which 113 infections cleared during the study period. The details 

of this study, which were described previously in the literature review section of the second 

research question, used a multivariable Cox proportional hazard model adjusted for age, current 

smoking status, current practice of anal sex, history of pregnancy over a lifetime, period of time 

the blood was kept frozen from blood draw until laboratory analysis, coinfection in the anus with 
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other HPV genotypes, and cervical infections with the index HPV type. Clearance of persistent 

incident anal HPV infections, which was defined as an infection that lasted for less than 150 days, 

was associated with higher concentrations of beta- plus gamma- tocopherol: the adjusted HR = 

3.67 (95% CI 1.82-7.39). However, few associations of circulating micronutrient levels with 

clearance of transient incident anal HPV infections were observed. 
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