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ABSTRACT 

Advancements in the continuum of cervical cancer care, including risk factor assessment, human 

papillomavirus (HPV) vaccines, and screening programs, have reduced the cervical cancer 

burden.  However, cervical cancer remains an important public health issue, particularly in 

developing countries.  This research investigated three potential prevention opportunities along 

the cervical cancer continuum, including: factors associated with HPV natural history in middle-

aged women which may influence current vaccination and screening recommendations; testing 

for carcinogenic HPV serotypes to assess the feasibility of ‘catchup’ HPV vaccination in 

populations who missed the conventional adolescent vaccination window; and protective dietary 

patterns.  First, we measured the incidence and clearance of HPV, and associated risk factors, in 

the HIP (HPV in Perimenopause) Study, a U.S. clinic-based cohort of women aged 35-60 years 

old. Next, we measured the quadrivalent vaccine-specific HPV seroprevalence in a population-

based, cross-sectional analysis of young, married, postpartum, rural Indian women. Lastly, we 

evaluated the associations of soy and tea consumption on risk of cervical cancer in a large 

Singapore population of women aged 45-74. Each of these studies yielded findings of public 

health significance.  First, the majority of new HPV detections in U.S. older women occurred 

during periods of sexual abstinence or monogamy, lifetime number of sexual partners modified 
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incident HPV risk, and the majority of incident HPV cleared within 18 months. Our findings 

suggest that although HPV vaccination may provide some protection the overall benefit may be 

limited and considering a risk-based approach to cervical cancer screening may be valuable.  

Second, we found that seroprevalence of HPV-6, HPV-11, HPV-16, and HPV-18 was relatively 

low in the postpartum Indian women, 6.6%, 10.1%, 10.1%, and 3.9%, respectively, suggesting 

that ‘catchup’ HPV vaccination in this population may be effective in preventing cervical cancer.  

Third, we found that high soy intake was associated with a decrease cervical cancer risk among 

Chinese green tea drinkers, but not among non-drinkers of green tea.  Developing nutritional 

interventions utilizing soy and tea components may disrupt cervical carcinogenesis.  Further 

research is needed to continue to develop and implement effective cervical cancer interventions 

at various points on the cancer continuum. 
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1.0  INTRODUCTION 

Even with the advancements of screening programs focused on early detection and surgical 

treatment of pre-invasive malignancies, cervical cancer persists as an important public health 

issue for women.  Cancer of the cervix is the fourth most common cancer among women and the 

most common gynecological cancer  (Ferlay et al., 2014; R Sankaranarayanan & Ferlay, 2006).  

Of the 528,000 incident cases and 266,000 mortalities in 2012, approximately 85% of new cases 

(445,000) and deaths (230,000) were in less developed regions, underscoring the marked 

geographic disparity in the worldwide cervical cancer disease burden (Ferlay et al., 2013).  

Although the overall disease burden is declining, disparities in cervical cancer burden are also 

apparent within industrialized countries. In the US, Blacks and Hispanic have one-third higher 

age-adjusted incidence rates compared to Whites (U.S. Cancer Statistics Working Group, 2014).  

In Australia, the indigenous women have a nearly 2.5-fold higher age-adjusted incidence rate 

than non-indigenous women are (reviewed in (Shannon, Franco, Powles, Leng, & Pashayan, 

2011)). 

Interventions exist across the entire cervical cancer continuum from prevention to 

survivorship and palliative care.  Historically, cervical cancer interventions were focused solely 

on improving secondary prevention methods that detected neoplastic growth early, before it 

became invasive, and treated the precancerous lesions.  Although implementing organized 

population-based screening programs are credited for a remarkable reduction in the global 
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invasive cervical cancer burden, improvements in screening tests and algorithms continue to be 

explored to reduce false-negativity rates and to ensure cost-effective strategies are being utilized.  

Although there is agreement on when cervical cancer screening should be initiated, the age at 

which cervical cancer screening is no longer beneficial continues to be debated.  More recently, 

the focus of cervical cancer prevention is by vaccination against oncogenic human 

papillomavirus (HPV), which are known to confer high risk for cervical cancer (F. Xavier Bosch, 

Lorincz, Muñoz, Meijer, & Shah, 2002; Walboomers et al., 1999).  Additionally, there may be 

interventions focused on dietary factors, such as soy and tea that may modify risk for cervical 

cancer. 

Cervical cancer screening programs in industrialized and low-resourced countries are 

exploring the use of testing for carcinogenic HPV, either as a primary screening method or as a 

co-test with cytology (a recommended method in the US).   Based on the natural history of HPV, 

HPV-based screening strategies are recommended for women 30 years and older, after the peak 

prevalence (Shi, Devarakonda, Liu, Taylor, & Mills, 2014).  There are multiple HPV tests, the 

most common and well studied is the hybrid capture 2 (HC2) test.  HC2 is more sensitive than 

Pap smear for detecting precancerous malignancies and early cancer, with similar specificity 

(Cuzick et al., 2006; Dillner et al., 2008; Elfström et al., 2014; Gravitt, Belinson, Salmeron, & 

Shah, 2011; Sherman et al., 2003).  The high predictive value of a single negative HPV result 

provides stong evidence that high-grade disease risk is negligible for at least 5-10 years 

(Thomsen et al., 2014), allowing for screening intervals to be increases and potentially 

alleviating some of the burden on the health system.   

Current US guidelines recommend women should stop screening at age 65 provided they 

do not have a recent history of abnormal screening (“Cervical Cancer Screening Guidelines for 
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Average-Risk Women,” 2015).  In other countries, the upper age for screening varies from 59 

years to 70 years or older (Castañón, Landy, Cuzick, & Sasieni, 2014).  Age-specific curves 

suggest that HPV prevalence may increase in women past their reproductive age (>45 years).  

Although there may be an increase in the HPV burden of older women, there is a clear gap of 

knowledge on whether the HPV detected in mid-adult and older women is due to a new exposure 

or reactivation of a latent infection.  New infections could be transient and provide little risk for 

cervical cancer diagnosis later in life.  While recurrent latent infection may be more likely to 

persist, thereby increasing the risk of developing cervical cancer.  Therefore, better 

understanding of the dynamics of the second HPV prevalence peak observed in older women 

will add to the evidence needed to reevaluate recommendation regarding screening in older 

women. 

Immunization with highly effective and safe HPV vaccines against HPV types 16 and 18, 

which cause over 70% of all cervical cancers, has become an important primary prevention 

strategy. High coverage of an HPV immunization program is thought to have an even greater 

impact on the cervical cancer burden than screening programs (F X Bosch, Castellsagué, & de 

Sanjosé, 2008).  In order for vaccination to precede HPV exposure, young adolescent girls are 

the primary target population. Logistical concerns and cultural barriers about vaccinating 

adolescent girls may hinder the feasibility of reaching the desired coverage.  ‘Catch-up 

populations’ for vaccinations, i.e. older populations which may have limited prior exposure to 

HPV, may play an important role in ensuring that sufficient immunity is attained in the 

population.  A recent review suggests catch-up HPV vaccination among females 16 years and 

older populations is beneficial (Couto, Sæterdal, Juvet, & Klemp, 2014).  In countries where 

adolescents have limited access to the health system, young postpartum women are a potential 
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target group for catch-up immunization programs if previous exposure to HPV is low.  However, 

data are needed to understand HPV burden in this population. 

Immunization prevents the causal infectious agent; early detection and treatment 

programs intervene after cervical cancer starts to progress.  Although development of cervical 

cancer is linked to persistent HPV infection, cofactors may be required to trigger the 

development of cervical lesions that progress to cancer.  Consequently, understanding promoting 

and inhibiting cofactors is also necessary to develop interventions that disrupt the cervical cancer 

continuum and may be as important as the prevention of HPV. Multiparity and long-term oral 

contraceptive use are believed cofactors for HPV and cervical cancer (reviewed in (Castellsague 

& Munoz, 2003)), combined with experimental evidence that implicate estrogen and other sex 

hormones in cervical carcinogenesis (reviewed in (Delvenne et al., 2007)) suggests that 

hormonal changes may influence risk of cancer progression.  Epidemiologic evidence supports 

that diets rich in plant-based foods containing phytochemical, such as phytoestrogens found in 

soy and tea, play an important role in cancer chemoprevention of other reproductive cancers, 

including breast, prostate, and ovarian (Batra & Sharma, 2013; Butler & Wu, 2011; Miller & 

Snyder, 2012), but there are inadequate data on  how these dietary factors are associated with 

cervical cancer. Dietary interventions that address risk or promote benefit may hold additional 

promise of reducing the mortality and morbidity associated with cervical cancer.  It may be 

beneficial to study the potential effect of soy and tea on cervical cancer risk, given that data from 

experimental studies suggest classes of phytoestrogens suppress cellular growth and stimulate 

apoptosis in human cervical cancer cells, as well as HPV-infected cells.(Butler & Wu, 2011; 

Dhandayuthapani, Marimuthu, Hoermann, Kumi-Diaka, & Rathinavelu, 2013; Guo, Kang, Xiao, 



 5 

Liu, & Zhang, 2004; Hussain et al., 2012; E. Y. Kim, Shin, Park, & Kim, 2014; S.-H. Kim, Kim, 

Lee, & Song, 2009; Xiao, Huang, Geng, & Qiu, 2011). 

1.1 SPECIFIC AIMS 

The following three aims address gaps in literature related to (1) the natural history of HPV 

dynamics among mid-adult women, (2) the potential benefit of catch-up vaccination among 

young postpartum women, and (3) the influence of phytoestrogen-rich diets on risk of cervical 

cancer. 

 

Specific Aim for manuscript 1 

To estimate the incidence and clearance rates of HPV infections among mid-adult 

women, stratified by recent and past sexual activity, and to calculate the potential fraction of 

HPV infections that are associated with a recent new sexual partnership and with lifetime sexual 

partnerships.  This aim will use data from a cohort of women participating in the clinic-based 

HPV in Perimenopause (HIP) Study.  We hypothesize that the incidence and clearance rates are 

higher for women who reported a new sex partner, compared to non-sexually activity women.  A 

substantial proportion of the newly detected HPV will be attributed to lifetime sexual partners, 

which will be higher than those attributed to recent sexual activity.  Clearance of a newly 

detected infection will be associated with recent sex with new partner; persistence of a newly 

detected infection will be strongly associated with high number of lifetime sex partners.  
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Specific Aim for manuscript 2 

To measure the quadrivalent vaccine-specific HPV seroprevalence among postpartum 

women age 18-35 years old to determine if a catch-up vaccination program among this 

population is appropriate. This aim will use data and archived specimens from postpartum 

women participating in the LIFE (Longitudinal Indian Family Health) Study.  We hypothesize 

the seroprevalence of oncogenic vaccine-specific HPV (HPV-16 and HPV-18) seroprevalence is 

5% or less, similar to the seroprevalence of the usual adolescent target populations for HPV 

vaccination. We will also identify factors associated with HPV seropositivity in this population.   

 

Specific Aim for manuscript 3 

To investigate the relationship of soy, green tea, and black tea consumption in relation to 

cervical cancer risk among older women.   We will also assess the potential joint effects of green 

tea on the association of soy and cervical cancer.  This aim will use data from the Singapore 

Chinese Health Study.  We hypothesize that soy and green tea intake will have independent 

protective effects against cervical cancer risk.  We hypothesize that black tea will not be 

associated with cervical cancer risk. 
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2.0  CERVICAL CANCER BACKGROUND 

Cancer of the cervix is the fourth most common cancer among women and the most common 

gynecological cancer (Ferlay et al., 2014; R Sankaranarayanan & Ferlay, 2006).  Squamous cell 

carcinoma (SCC) accounts for the vast majority of cervical cancers, followed by adenocarcinoma 

(AC) (reviewed in (Seoud, Tjalma, & Ronsse, 2011)).  Of the 528,000 incident cases and 

266,000 mortalities in 2012, approximately 85% of new cases (445,000) and deaths (230,000) 

were in less developed regions, underscoring the marked geographic disparity in the worldwide 

cervical cancer disease burden (Ferlay et al., 2013).  Compared to an age-standardized incidence 

rate (ASIR) of less than 10 per 100,000 in more developed regions, a combined ASIR of 21.5 per 

100,000, places countries in Latin America, South and Southeast Asia and sub-Saharan Africa at 

highest risk (Ferlay et al., 2013).  Socioeconomic disparities in cervical cancer burden are also 

apparent within industrialized countries. In the US, Blacks and Hispanic have one-third higher 

age-adjusted incidence rates compared to Whites (U.S. Cancer Statistics Working Group, 2014).  

In Australia, the indigenous women have an estimated 16.9 per 100,000 age-standardized 

cervical cancer incidence rate, which is nearly 2.5-fold higher than non-indigenous women are 

(reviewed in (Shannon et al., 2011)). 

The discovery of human papillomavirus as the etiologic agent for cervical cancer has 

advanced prevention and control strategies. HPV vaccines and early detection and treatment of 

precancerous lesions are effective prevention and control strategies, but wide variations in 
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implementation, as well as policy recommendations based on an incomplete understanding of 

HPV natural history, especially among women past the their reproductive years, are responsible 

for cervical cancer remaining a public health problem (Gakidou, Nordhagen, & Obermeyer, 

2008). 

2.1 ROLE OF HPV IN CERVICAL CARCINOGENSIS 

Cervical cancer forms in the cells lining the lowest part of the uterus known as the cervix uteri or 

cervix.  As part of the human female reproductive system, the cervix connects the uterus and 

vagina through the endocervical canal (Garcia, Hatch, & Berek, 2012).  Two main types of cells 

form the endocervical canal of the cervix: (1) the columnar epithelium covers the part of the 

cervix closest to the uterus (endocervix) and (2) the squamous epithelium lines the part that is 

near the vagina (ectocervix) (Garcia et al., 2012).  The squamocolumnar junction forms where 

the squamous epithelium and columnar epithelium meet.     

Age, parity, and hormonal state are factors that affect the appearance of the cervix.  At 

birth, the squamocolumnar junction (SJC) is located on the ectocervix, but gradually changes as 

the original squamocolumnar junction moves inward due to metaplasia in the columnar 

epithelium and forms a new squamocolumnar junction (Garcia et al., 2012).  This metaplastic 

process, which is triggered by the production of estrogen during puberty, establishes an area 

between the original and new SCJ known as the transformation zone (Garcia et al., 2012).  

The cells in transformation zone are more prone to human papillomavirus (HPV) 

infection and explains why most cervical cancer occurs in the transformation zone (Schiffman, 

Castle, Jeronimo, Rodriguez, & Wacholder, 2007).  The cellular composition of the cervical 
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epithelium during adolescence and early adulthood is a mixture columnar, metaplastic, and 

squamous epithelial cells.  As a women matures to adulthood the cervical epithelium is 

predominately comprised of squamous epithelial cells (Moscicki et al., 2012).    

HPV establishes infection at the transformation zone through microscopic cuts in the 

endocervical mucosa, allowing access to the epithelial basal layer cells.  There are more than 150 

different HPV types, which are classified into two groups: high-risk (oncogenic type) and low-

risk (non-oncogenic type).   

Virologist and Nobel Prize winner Harlad zur Hausen first indicated a link between HPV 

and cervical cancer in the late 1970s and early 1980s, contradicting the prevailing belief at the 

time that herpes infection caused cervical cancer (zur Hausen, 2002).  Since this original 

discovery, a number of epidemiological studies have confirmed this association and have 

established HPV as a basic causal factor for cervical oncogenesis (F. Xavier Bosch et al., 2002; 

Walboomers et al., 1999).   In addition to cervical cancer, other anogenital cancers (e.g., vulvar, 

penile, and anal cancers), cutaneous and genital warts, and oral lesions are attributed to HPV.  

Direct skin-to-skin contact during vaginal, anal, or oral sexual contact is the most common mode 

of transmission; however, non-sexual transmission, such as mother-to-child transmission, 

autoinoculation, direct contact of infected area, or indirect contact of contaminated surface, is 

also possible (Ryndock & Meyers, 2014).   

Of the 40 anogenital-related HPV infections, 15 are frequently detected among cervical 

cancer cases (Clifford, Franceschi, Diaz, Muñoz, & Villa, 2006).  Although the distribution of 

oncogenic and non-oncogenic types varies across geographic regions (Clifford et al., 2006), 

HPV-16 and HPV-18 are the most prevalent in the population, are the most common high-risk 

types, and are responsible for 70% of cervical cancers and 50% of high-grade cervical 



 10 

abnormalities (Clifford et al., 2006).  Another 20% of cervical cancers are attributed to HPV 

types 31, 33, 35, 45, 52, 58 and 59 (Clifford et al., 2006).  Combined, these nine high-risk 

genotypes account for approximately 90% of the cervical cancers worldwide.  In addition, 

International Agency for Research on Cancer (IARC) also classifies HPV types 39, 51, and 56 

(and possibly 68 and 73) as cancer-causing types (Doorbar et al., 2012).   

The HPV genome codes for eight genes that are designated early (E1, E2, E4-E7) or late 

(L1, L2) based on stage of expression.  E1, E2, E4, and E5 are early genes involved in 

replication, transcription, viral release and immune evasion.  E6 and E7 are the primary 

oncoproteins for HPV and are expressed early in differentiation and bind with p53 and 

retinoblastoma protein (pRB), respectively (reviewed in (Doorbar et al., 2012)).  Current 

thinking suggests that oncogenic and non-oncogenic E6 and E7 proteins behave differently, and 

the rising E6 and E7 levels are directly correlated with severity of cervical abnormalities 

(reviewed in (Doorbar et al., 2012)).  Expressed in late differentiation, L1 is the major capsid 

protein and L2 is the link to the plasmid DNA (Doorbar et al., 2012).   

Although the lifetime risk of HPV is estimated to be 75-80%, only 10% establish 

persistent infection, and the remaining are considered transient infections (Syrjanen, 1994).  

Over 50% are undetectable within the first year of infection and more that 80% are undetectable 

within three years (Jaisamrarn et al., 2013; Moscicki et al., 2012). Establishment of viral 

persistence is important for the cervical carcinogenesis.  Persistently HPV-infected epithelium’s 

progress to pre-invasive disease is marked by genetic instability. Cervical invasion occurs if 

infected cells are not controlled by the immune system or are left untreated (Doorbar et al., 

2012).  In addition to the oncogenic potential of the HPV genotypes, the viral load of HPV in the 
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cervix is predictive of high-grade cervical neoplasia and cancer, even in women without cervical 

abnormalities (Grabowski et al., 2014; Steben & Duarte-Franco, 2007; S.-M. Wang et al., 2013). 

Time from persistent HPV infection to precancer or worse condition is approximately 10-

15 years (Moscicki et al., 2012).  HPV-associated cervical abnormalities in squamous epithelial 

cells are grouped using various classification systems, compared in Table 1.  The Bethesda 

classification is related to cytology, while the CIN nomenclature is based on histologic diagnosis. 

Severe or high-grade precancerous conditions signify the presence of cervical lesions that are 

likely to progress to cancer or indicate an underlying cancer.  Although cervical intraepithelial 

neoplasia of grade 3 (CIN3) and high-grade squamous intraepithelial lesion (HSIL) are not 

equivalent, in the literature, high-grade precancerous changes often refer to cytological HSIL, 

histological CIN3, severe dysplasia, or carcinoma in-situ.  Various excision (e.g., loop electrical 

excision, cold-knife conization) and ablation (cryotherapy, cold coagulation) surgical techniques 

are used to treat high-grade precancerous cervical lesion by removing or destroying, respectively, 

the abnormal cervical tissue (PATH Cervical Cancer Team, 2013).   

Mild squamous intraepithelial lesions or atypical squamous cells, including cervical 

intraepithelial neoplasia of grade 1 are not actively treated since the risk of progression to high-

grade disease or worse condition is 10% or less (T. C. Wright et al., 2007).   Conversely, cervical 

intraepithelial neoplasia of grade 2 (CIN2), which is not highly predictive of cervical malignancy 

development, is managed and treated similar to high-grade precancerous lesions (PATH Cervical 

Cancer Team, 2013; T. C. Wright et al., 2007).  It is estimated that only one-fifth of CIN2 lesions 

develop into cervical carcinoma in-situ and 1 in 20 CIN2 lesions progress to invasive cancer 

(Latendresse, McCance, & Morgan, 2010).   
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Table 1. Comparison of classification systems for HPV-related squamous cell cervical 
abnormalities  

 
Severity CIN Nomenclature Bethesda System (2001) Dysplasia 

Nomenclature 
Normal Negative/Normal Negative for intraepithelial lesion 

and malignancy 
Negative/Normal 

Mild 

Squamous atypia 

• Atypical squamous cells of 
undetermined significance 

(ASCUS) 
• Atypical squamous cells, cannot 

rule out high-grade squamous 
intraepithelial lesion (ASC-H) 

Squamous atypia 

Cervical intraepithelial 
neoplasia of grade 1 

(CIN1) 

Low-grade squamous 
intraepithelial lesion (LSIL) Mild dysplasia 

Moderate Cervical intraepithelial 
neoplasia of grade 2 

(CIN2) 

High-grade squamous 
intraepithelial lesion (HSIL) Moderate dysplasia 

Severe Cervical intraepithelial 
neoplasia of grade 3 

(CIN3) 
HSIL 

Severe dysplasia 
Carcinoma in-situ 

(CIS) 
Invasive 

carcinoma 
Squamous cell 

carcinoma Squamous cell carcinoma Squamous cell 
carcinoma 

Adapted from reference (Safaeian, Solomon, & Castle, 2007) 

 
Spontaneous regression of cervical intraepithelial neoplasia of grade 1, grade 2, and less 

frequently grade 3 can occur (Latendresse et al., 2010).  In the case of CIN2, it is estimated that 

about half the women with a CIN2 lesion regress if left untreated (Castle, Schiffman, Wheeler, & 

Solomon, 2009; Garcia et al., 2012; Latendresse et al., 2010; S.-M. Wang et al., 2013). A 

precursor state of cervical cancer persists, meaning the precancerous condition neither progresses 

to a worse stage nor regresses to a lesser stage, in one-third or more of cervical intraepithelial 

lesions (Latendresse et al., 2010).  Whether cervical paraneoplastic lesions have the potential to 
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regress, persist, or progress may be related to HPV viral load or the HPV genotype attributed to 

the lesion (Castle et al., 2009; S.-M. Wang et al., 2013). 

Adenocarcinoma, representing approximately 20% of invasive cervical cancers, is also 

associated with HPV infection (Seoud et al., 2011). HPV 16, 18, and 45 are detected in the 

majority of the adenocarcinoma cases (Castellsagué et al., 2006; Pirog et al., 2014; Seoud et al., 

2011).  Results from a multi-center case-control analysis suggest that HPV-18  is associated with 

the highest adenocarcinoma risk (Castellsagué et al., 2006).  Table 2 lists the severity of 

glandular epithelium abnormalities based on the Bethesda classification nomenclature.  There is 

limited knowledge on the natural history of adenocarcinoma compared to the body of literature 

that describes the progression of cervical intraepithelial lesions to the development squamous 

cell carcinoma.  Although adenocarcinoma in-situ (AIS) is often described as a precursor to 

adenocarcinoma, there remains a scientific debate on whether AIS proceeds the development of 

cervical adenocarcinoma (Seoud et al., 2011). 

 

Table 2. Description of glandular abnormalities, Bethesda (2001) nomenclature 

Classification Type of abnormality 

Atypical glandular cells 
(AGC) 

• Atypical endocervical cells 
• Atypical endometrial cells 
• Atypical glandular cells not 

otherwise specified (NOS) 
AGC, favor neoplasia • Atypical endocervical cells 

Endocervical Adenocarcinoma 
in-situ (AIS) 

• Pre-invasive lesion of 
endocervical glandular cells 

Adenocarcinoma • Invasive cancer 



 14 

2.2 EPIDEMIOLOGY OF HPV ACROSS THE LIFE COURSE STAGES 

In general, there is an inverse relationship of age and HPV among reproductive-aged women 15-

45 years old, with the peak HPV-DNA prevalence occurring among adolescent and young 

women <25 years old, which is around the time of sexual debut.(L Bruni, Barrionuevo-Rosas, 

Albero, et al., 2014; Laia Bruni et al., 2010, 2015; J. S. Smith, Melendy, Rana, & Pimenta, 2008; 

Tiggelaar, Lin, Viscidi, Ji, & Smith, 2012).  Among 18-20 year old women, it is estimated that 

one-third of women acquire HPV within 1 year of sexual initiation and another 20-25% will 

acquire an incident HPV infection within 5 years of first sexual intercourse (Winer et al., 2003).  

Given this, it makes sense that the greatest benefit from the HPV vaccine would be if 

vaccinations occur before the population is highly sexually active. 

The shape of the age-specific HPV prevalence curves among middle- and older-aged 

women varies across different countries (Laia Bruni et al., 2015; J. S. Smith et al., 2008).   For 

example, in Asian and some European countries HPV prevalence continue to decrease or plateau 

in women ≥45 years old. Alternatively, the age-specific prevalence curves in Central and South 

American and some African countries are U- or reverse J-shaped with a second peak prevalence 

around among women ≥55 years old (Laia Bruni et al., 2010, 2015).  Two explanations are 

attributed to the second peak observed in older women.  The first explanation is that new 

exposures are due to sexual behaviors later in life.  As the vast majority of women become 

infected with HPV within a few years of sexual debut, sexual risk in older women is predicated 

on the notion that type-specific HPV infections previously acquired in life clears, but the initial 

immune response does no confer complete protection against reinfection (reviewed in (Gravitt, 

2011)).  Therefore, a woman continues to be susceptible to HPV types that she previously 

acquired.  An alternative explanation is that a previously acquired infection does not completely 
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resolve, but becomes undetectable and latent.  This latent infection reactivates in older women, 

possibly due to some event or condition that modulates the immune response and results in a 

recurrent HPV infection (reviewed in (Gravitt, 2011)).  Evidence for both explanations exist 

(Gonzalez et al., 2010; Rositch et al., 2012; Trottier et al., 2010), however more research is 

needed to understand the proportion of newly HPV detected in older women attributable to new 

exposure or reactivation.  Characterizing incident HPV detection in older women could help 

identify high-risk populations for cervical cancer screening (e.g., if the risk of cervical cancer is 

high following a reactivated infection), inform the optimal age to stop screening, and understand 

the benefit of other cervical prevention strategies, such as HPV vaccination (e.g., the proportion 

of the population truly at risk of new exposure of a vaccine-specific type). 

Accepted to be very low in prevalence because sexual activity is rarely reported in this 

population, genital HPV infection has been detected in infants and young children.  In a study 

that followed 324 infant from birth to 3 years of age as part of the Finnish HPV Family Study 

(Rintala, Grénman, Järvenkylä, Syrjänen, & Syrjänen, 2005), at birth 15% of the infants were 

HPV-DNA positive.  The prevalence at various time points fluctuated between 4% (at 36 

months) and 15% (at birth, 2, and 12 months) over the 3 years of follow-up.  Nearly half of the 

infants were HPV negative during the entire follow-up period, while less than 2% of the infants 

were persistently HPV positive by the end of the follow-up period.  Persistence was significantly 

associated with a recent history of genital warts in the mother (Rintala et al., 2005). 

Following an HPV infection, only 60% of women will develop detectable levels of type-

specific antibodies in the serum.  Although the scientific literature has inconsistent results 

regarding the associations of seropositivity and protection against reinfection (reviewed in 

(Gravitt, 2011)), persistent infections are more likely to seroconvert (Tiggelaar et al., 2012).  
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HPV seroprevalence is generally higher than DNA prevalence, however the relationship between 

HPV detected in the serum and cervix varies greatly across different studies and populations 

(Dondog et al., 2008; Ermel et al., 2014; Markowitz, Sternberg, Dunne, McQuillan, & Unger, 

2009; Tiggelaar et al., 2012; Vaccarella et al., 2010).  Based on a recent review of vaccine-type 

specific seroprevalence, less than 5% of girls younger than 15 years old were positive for HPV-

16 serotype.  Seroprevalence generally increases through childhood and peaks between 25 and 

50 years old (Markowitz et al., 2009; Newall et al., 2008; Tiggelaar et al., 2012).  Although few 

studies estimate seropositivity among older women, women older than 50 have lower rates of 

HPV seropositivity compared to younger ages (reviewed in (Tiggelaar et al., 2012)). 

2.2.1 HPV burden among pregnant and postpartum women 

Understanding the burden of HPV infection in pregnant and postpartum women may help inform 

additional prevention strategies, such as identifying young pregnant or postpartum women as a 

catch-up vaccine population or vaccinating during pregnancy to prevent infection in the infants.  

In observational studies, HPV prevalence varied widely among pregnant women and postpartum 

women, ranging from 10-60% (Jalil et al., 2013; Y. H. Kim et al., 2014; reviewed in (Liu, Xu, 

Sun, & Wang, 2014)).  As expected HPV prevalence decreases with increasing maternal age (Liu 

et al., 2014).  Among 15-24 year old postpartum women after first pregnancy in Brazil, the HPV 

prevalence was estimated to be 58%, however only 13% were positive for either of the two most 

common oncogenic types (Rama, Villa, Pagliusi, Andreoli, Costa, Thomann, Alves, et al., 2010).  

A recent meta-analysis of 28 observational studies estimated a 12-18 fold higher prevalence of 

HPV among pregnant women compared to non-pregnant women (Liu et al., 2014), however 

other studies indicated no difference in prevalence between pregnant and non-pregnant women 
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(Kemp, Hakenewerth, Laurent, Gravitt, & Stoerker, 1992; Nicol et al., 2013; Nobbenhuis et al., 

2002).  It appears that the detection of any HPV or high-risk HPV peaks during the 2nd trimester 

and then decreases during the postpartum period (Y. H. Kim et al., 2014). 

Seroprevalence studies in pregnant populations are limited and do not focus on Asian or 

South Asian populations.  The studies are summarized in Table 3. Seroprevalence for the HPV 

genotypes included in the quadrivalent vaccine ranged from 9-35% of HPV-16, 6-23% for HPV-

18, 0-53% for HPV-6, and 0-22% for HPV-11.  Only one study specifically looks at the 

postpartum group.  In this study, only 1% of the 15-24 postpartum women were HPV-16 and 

HPV-18 seropositive (Rama, Villa, Pagliusi, Andreoli, Costa, Thomann, Longatto-Filho, et al., 

2010). No woman was seropositive for all four vaccine-specific HPV types, supporting the 

notion that catch-up vaccination in this population could still be beneficial.  More data from 

various countries and settings are needed to help countries assess if vaccinating in this population 

is appropriate. 
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Table 3. Studies reporting seroprevalence among pregnant and postpartum women 

Reference Location Pregnancy 
stage 

Sample 
size 

Age (years) HPV seroprevalence (%) 

     6 11 16 18 Other 
(Af Geijersstam et al., 1998) Stockholm, 

Sweden 
1st trimester 1963:   826 

1983: 1719 
1989:   967 

Mean=24.9 
Mean=28.3 
Mean=29.3 

  16.0 
22.0 
21.0 

  

(Nicol et al., 2013) Chagas, 
Brazil 

1st trimester HIV-: 164 
HIV+:  89 

Mean=36.7 8.5 8.5 22.6 22.6 all-HPV :   2.4 
any-HPV: 68.5 

(Hagensee et al., 1999) New Orleans, 
USA 

2nd trimester 2597 18-40  
Mean=23.4 

  28.0   

(Syrjänen et al., 2009) Turku, 
Finland 

3rd trimester 290 18-38 
Mean=25.6 

53.3 21.5 34.8 21.5 HPV-45 : 9.0 

(Heim et al., 2007) Innsbruck, 
Austria 

3rd trimester 104 17-42 
Mean=27.0 

23.1 2.9 8.7 5.8 HPV-31: 9.6 

(Heim et al., 1995) Innsbruck, 
Austria 

Delivery 68 17-40 
Mean=27.8 

 15.9    

(Smith et al., 2010) Iowa, USA Delivery 333 18-44 
Mean=29.0 

0.0 0.0 14.1 13.8 HPV-31 : 12.3 
HPV-33 : 12.0 
any-HPV: 19.3 

(Rama, et al., 2010) San Paulo, 
Brazil 

2-months 
postpartum 

301 15-24 5.0 2.7 9.0 7.0 HPV 16+18: 1.0 
HPV 6+11:  0.7 
all-HPV:      0.0 
any-HPV:  19.3 
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2.3 RISK FACTORS TO HPV EXPOSURE AND PERSISTENCE 

Since the primary mode of anogenital HPV transmission is sexual contact, the risk of exposure or 

acquisition of HPV occurs after initiation of sexual activity and it is influenced by risky sexual 

behaviors practiced by the woman, as well as their male partners.  This section summarizes the 

risk factors related to HPV exposure and persistence. 

2.3.1 Current and lifetime male sexual partners 

The most obvious HPV risk factor is the number of sexual partners a woman has.  Multiple 

current male sexual partners, as well as the total  number of male sexual partners over the course 

of a lifetime, are strongly associated with female HPV infection across many populations and 

geographic settings (Althoff et al., 2009; Burk et al., 1996; Dondog et al., 2008; Moscicki, 

Palefsky, Gonzales, & Schoolnik, 1990; Vaccarella et al., 2006; Vinodhini, Shanmughapriya, 

Das, & Natarajaseenivasan, 2012). For example, Burk et al. observed that college-age women 

with two regular sexual partners in the last month 6-months have a 3-fold increase risk of HPV, 

compared to women who did not report having a current male sexual partner (Burk et al., 1996).  

Vaccarella and colleagues found prevalent HPV infection was positively associated with 

increasing number of lifetime partners in a pooled analysis of 11 HPV prevalence surveys 

representing a range of developed and developing countries (Vaccarella et al., 2006).  Women 

who reported two sexual partners had a 1.9 higher odds of HPV positivity compared to women 

with only one partner, and the odds increased to 2.6 among women who reported four or more 

sexual partners (Vaccarella et al., 2006).   
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High number of lifetime sexual partners may be associated with HPV persistence, as well 

as acquisition.  In a recent cohort study in Brazil, persistence was associated with a 2.5 increased 

odds among women with a history of four or more lifetime sexual partners compared to three or 

fewer (Rosa et al., 2008).   

2.3.1.1 Male partner characteristic 

High-risk sexual behaviors, such as young age of sexual initiation, greater number of recent or 

lifetime sex partners, and frequent sex increase the likelihood of HPV infection in men. (Dunne, 

Nielson, Stone, Markowitz, & Giuliano, 2006). Women having sexual relationships with high-

risk male partners undoubtedly increase their exposure to HPV; therefore, the characteristics of 

the male partner are important HPV risk factors for heterosexual women.   

Women attending college in the United States had an increased risk of HPV associated 

with having sexual relations with a non-monogamous partner or if the partners’ sexual history 

was unknown by the women (Winer et al., 2003).  In a pooled HPV prevalence analysis of 11 

studies conducted by the International Agency for Research on Cancer (IARC), representing nine 

countries in Asia, Latin America, and Africa, husband’s risky sexual behavior was associated 

with higher HPV positivity in the wife.  The odds of HPV was 1.5 greater compared to women 

who reported no extramarital affair of the husband (Vaccarella et al., 2006).   

Findings from a Dutch study show that increased age difference between a woman and 

her first sexual partner is positively associated with HPV acquisition (Kjaer et al., 2001).  It 

makes sense that the older age of the male partner increases the likelihood of his own positive 

HPV status.  After adjusting for a woman’s number of sexual partners and age, women with a 10 

or more year age difference between herself and her first sexual partner had a 5-fold increased 

prevalence compared to 4 years or fewer in partner age difference (Kjaer et al., 2001). 
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Conversely, male circumcision, which significantly reduces high-risk penile HPV 

prevalence by 30% in males (Tobian, Kacker, & Quinn, 2014), may confer protection in female 

partners.  Female partners of circumcised males have a significantly lower risk of high-risk HPV 

incidence, prevalence, and viral load (Castellsagué et al., 2002; Davis et al., 2013; Tobian et al., 

2014; Wawer et al., 2011). In a male circumcision randomized control trial where men in the 

intervention arm were circumcised and men in the control arm remained uncircumcised, female 

partners of the male trial participants showed a significant 1.4-fold reduction in cervical HPV 

prevalence in the intervention arm compared to the control arm (reviewed in (Tobian et al., 

2014)).  This reduction in cervical HPV may explain the observed lower risk of cervical cancer 

among monogamous women with circumcised partners, especially among those with male 

partners who have a history of risky sexual behavior (Castellsagué et al., 2002). 

2.3.2 Age of sexual initiation 

Early age of sexual debut also appears to increase risk of HPV infection in both high income 

countries and low- and middle-income countries (Almonte et al., 2008; Kahn, Rosenthal, 

Succop, Ho, & Burk, 2002; Vaccarella et al., 2006; Vinodhini et al., 2012).  A pooled analysis 

stratified by developed or developing counties found the odds of prevalent HPV infection was 

1.8 greater among women who initiated sex younger than 18 years old compared to women who 

initiated sex after the age of 21 in developed countries (Vinodhini et al., 2012).  In developing 

countries, there is a clear positive association of HPV infection and lower age at first sexual 

experience.  Compared to women who had sex for the first time after age 21, the odds of HPV 

was 1.7, 2.6, and 3.3 for women who initiated sex at 17-18 years old, 15-16 years old, and less 

than 15 years old, respectively (Vinodhini et al., 2012).  Early age of sexual initiation may 
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simply be a predictor of lifetime partner number (Almonte et al., 2008).  Kahn et al. specifically 

explored the sexual risk behaviors and partner characteristics as mediators of the association of 

first sexual encounter and HPV.  The authors found that the relationship of age at first sex and 

HPV infection may be mediated by current number of sexual partners, history of sexually 

transmitted infection, alcohol and drug use, partner’s age, and partner’s lifetime number of 

sexual partners (Kahn et al., 2002).  However, risky sexual behaviors and partner characteristics 

did not fully explain the effect of age at first intercourse. 

2.3.3 Sexual transmitted infection 

Both past exposure (seroprevalence) and current infection (DNA prevalence) of chlamydia are 

higher among HPV-positive populations (reviewed in (Silva, Cerqueira, & Medeiros, 2014)).  

Multiple studies have also found higher HPV incidence, prevalence, and a broader range of 

HPV-types among HIV-positive women compared to HIV-negative women (reviewed in (De 

Vuyst, Lillo, Broutet, & Smith, 2008)).  The HPV-types detected in HIV-positive population are 

more likely to be oncogenic (reviewed in (De Vuyst et al., 2008)).  However, it remains unclear 

if risk of HPV acquisition is specifically related to HIV-infection or if HIV and HPV are 

acquired concomitantly ((Adler et al., 2015; Grabowski et al., 2014; E. M. Jalil et al., 2013); 

reviewed in (De Vuyst et al., 2008)).   High-risk and any HPV persistence has also been shown 

to be positively associated with HIV-status (Adler et al., 2015; Grabowski et al., 2014; E. M. 

Jalil et al., 2013).  Increased HPV persistence among HIV-positive women aligns with the 

increased risk of cervical cancer progression, compared to HIV-negatives, observed in 

epidemiologic studies (reviewed in (De Vuyst et al., 2008; Denslow, Rositch, Firnhaber, Ting, & 

Smith, 2014).   
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The positive association of HPV and other sexually transmitted infections may be a 

marker of high-risk sexual behavior.  Another biological plausible explanation is that STIs 

influence HPV cervical carcinogenesis by directly affecting the local environment of the cervix 

immunologically and physiologically (e.g., inducing chronic cervical inflammation) or have 

immunosuppressive effects, such as with HIV infection. (reviewed in (Castle & Giuliano, 2003; 

De Vuyst et al., 2008; Ferenczy, Coutlée, Franco, & Hankins, 2003; Silva et al., 2014)).   

2.4 OVERIVEW OF FACTORS RELATED TO CERVICAL CANCER NATURAL 

HISTORY 

The overall risk of a women developing cervical cancer is 1.4%, but ranges from lower than 1% 

in developed regions to 3-5% in resources-poor settings in Asia, Central Europe, Latin America, 

and sub-Saharan Africa (Institiute for Health Metrics and Evaluation, 2011).  The discrepancy 

between the high lifetime risk of HPV infection and the low risk of cervical cancer supports the 

notion that other factors either affect HPV persistence and progression or directly influence 

cervical cancer. 

Worldwide, a lower socio-economic status is associated with increased risk of 

precancerous lesions and cervical cancer (Newmann & Garner, 2005; Parikh, Brennan, & 

Boffetta, 2003) and is a strong predictor of health seeking behaviors related to cervical cancer 

prevention and treatment (Newmann & Garner, 2005). Cervical cancer risk varies across 

difference racial and ethnic group (Downs, Smith, Scarinci, Flowers, & Parham, 2008; 

Newmann & Garner, 2005; Vasilevska, Ross, Gesink, & Fisman, 2012), although it is often 

attributed to structural barriers such as access to health care or individual barriers to getting 
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screening (Downs et al., 2008). However, structural barriers may not be the sole contributor 

factor to this disparity. Black women in the United States have higher cervical cancer incidence 

compared to white, non-Hispanic women even though screening rates are similar between the 

two groups (Downs et al., 2008), suggesting that other host factor, such as longer HPV 

persistence in black women compared to white women, may contribute to this disparity (Banister 

et al., 2014). 

Traditional gynecologic environmental factors like smoking behavior and reproductive 

factors, such as parity and oral contraception use, have been well studied in relation to cervical 

cancer risk (reviewed in (Almonte et al., 2008; Castellsague & Munoz, 2003; Moore et al., 2003; 

Seoud et al., 2011; J. S. Smith et al., 2003)).  High parity is a risk factor for cervical cancer 

(Castellsague & Munoz, 2003; International Collaboration of Epidemiological Studies of 

Cervical Cancer et al., 2006; Jensen et al., 2013; La Vecchia & Boccia, 2014; Muñoz et al., 

2002).  The declining trend of parity in many countries is often considered a contributory factor 

in the global reduction of cervical cancer burden (Mccormack & Boffetta, 2011; Muñoz et al., 

2002; Vaccarella, Lortet-Tieulent, Plummer, Franceschi, & Bray, 2013).  Duration of oral 

contraception appears to be a cofactor for cervical carcinogenesis (reviewed in (Castellsague & 

Munoz, 2003; Del Rosario-Raymundo, Sillero-Arena, & Galvez-Vargas, 1992; La Vecchia & 

Boccia, 2014; J. S. Smith et al., 2003)).  Specifically, oral contraceptive use for more than five 

years is associated with increased risk of carcinoma in-situ and invasive cancer, especially 

among current users (Appleby et al., 2007).  A recent review of dietary factors suggests that 

foods rich in antioxidant or antiviral nutrients and minerals, such as carotene, lycopene, and 

vitamins A, C, and E, help explain the observed association on high intake of fruits and 

vegetables and reduced risk of high-grade cervical intraepithelial neoplasia and invasive cancer 
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(reviewed in (Chih, Lee, Colville, Binns, & Xu, 2013)).  The effect of foods that contain 

phytoestrogens like soy and teas are not well characterized for cervical cancer risk. 

2.4.1 Potential benefit of soy and tea against cervical cancer 

Establishing multiparity and long-term oral contraception as risk factors for high-grade and 

invasive cancer risk suggests that hormonal influences may affect HPV carcinogenesis.  Soy and 

tea contains various classes of plant-derived compounds with weak estrogenic function.  There is 

compelling experimental evidence that phytoestrogens, like isoflavones and flavonols, have a 

variety of chemopreventive properties ((Guo et al., 2004; Xiao et al., 2011), reviewed in (Butler 

& Wu, 2011)), suggesting that soy and tea intake may protect against cervical cancer.   Tea also 

contains polyphenols and antioxidants that lower the risk of cervical cancer (reviewed in (Batra 

& Sharma, 2013)).  

Soy isoflavones interact with estrogen receptors and have been shown to inhibit 

tumorgenesis in prostate and breast cancers (Chen et al., 2014; Hsu et al., 2012; Miller & Snyder, 

2012; Anna H. Wu, Koh, Wang, Lee, & Yu, 2008; Yan & Spitznagel, 2009). A recent meta-

analysis of epidemiological evidence on the relationship of tea and gynecological cancers found 

a decreased risk of ovarian and endometrial cancer and green tea intake (reviewed in (Butler & 

Wu, 2011)).  Few observational studies explore the relationship of foods rich in phytoestrogens 

and risk of cervical cancer. 

Evidence from two case-control studies provide the epidemiologic evidence about the 

relationship between cervical neoplasia and soy consumption, tea intake, and specific 

phytoestrogens.  Both studies suggest that the dietary intake of tofu and other soy products was 

not associated with high-grade cervical malignancies (Hernandez, McDuffie, Franke, Killeen, & 
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Goodman, 2004; Jia et al., 2012).  The effect of tea consumption on pre-invasive and invasive 

cervical cancer risk is inconclusive.  Jia et al. reported a protective effect among green tea 

drinkers (Jia et al., 2012), while Hernandez et al. show no significant association of squamous 

intraepithelial lesions and increasing consumption of green tea, black tea, or any tea (Hernandez 

et al., 2004).   

Based on the results of a single study, plasma levels of daidzein, genistein, and glycitein 

isoflavones appear to have no association on squamous intraepithelial lesions, while increasing 

plasma levels of equol (metabolite of daidzein) and enterolactone (metabolite of lignan) were 

positively associated with squamous intraepithelial lesions (Hernandez et al., 2004).  The 

positive association observed in this study is unexpected because equol and daidzein treatment 

inhibits cell growth in human cervical cancer HeLa cells and simulates apoptotic cell death (Guo 

et al., 2004; E. Y. Kim et al., 2014).  Additionally, the use of plasma concentrations of soy 

isoflavones may not be an appropriate marker since plasma concentration measures short-term 

exposure. Short-term and long-term exposure of isoflavones may not be correlated.  Measuring 

isoflavones using food-frequency questionnaires may be more reflective of long-term exposure, 

since they represent regular dietary habits and, therefore, more appropriate measure to assess 

cervical cancer risk. 

Given the limited number of studies, the inconsistency of the data, and the potential 

issues with exposure assessment, a cohort or nested case-control study designs measuring soy 

isoflavones from validated food-frequency questionnaires could be a better design to establish if 

consumption of foods rich in phytoestrogens affects cervical carcinogenesis.  If additional 

evidence supports that foods rich in phytoestrogens protect against cervical cancer, then dietary 

intervention promoting the consumption of foods like soy and green tea may be beneficial. 
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3.0  CONCEPTUAL FRAMEWORK FOR CERIVCAL CANCER PREVENTION 

STRATEGIES 

As discussed in Chapter 2, the development of cervical cancer progresses through distinct and 

discernable stages, which provides the framework to develop strategies that optimize the control 

and prevention effort throughout the disease.  Figure 1 illustrates cervical carcinogenesis, 

currently practiced interventions and factors related to cervical cancer development that could 

indicate additional opportunities for prevention and control efforts.  Current comprehensive 

cervical cancer prevention and control efforts throughout the cancer continuum includes HPV 

vaccine, early detection and treatment of precancerous lesions, and improving access to pain 

management and other palliative care.   Available primary and secondary prevention approaches 

are summarized below, with a focus on HPV vaccination and HPV-based screening methods and 

algorithms. 

 

 



 28 

            
Adapted from references (Centers for Disease Control and Prevention, 2012; Moore et al., 2003).   
HPV: human papillomavirus; STI: sexually transmitted infection; OC: oral contraception. 

 

Figure 1. HPV oncogenesis, associated risk factors, and prevention and control strategies   
 
 

3.1 PRIMARY PREVENTION 

Primary prevention efforts reduce the opportunity to be infected with HPV.  Limiting number of 

sexual partners, consistent condom use, and having a circumcised partner are ways to protect 

against HPV infection and cervical cancer (reviewed in (Harper & Demars, 2014)); however, the 

main primary prevention strategy focuses on HPV vaccines. The two first generation vaccines, 

Cervarix® (GlaxsoSmithKline Biologicals, Rizensart, Belgium) and Gardasil® (Merck & Co., 

Whitehouse Station, NJ, USA),  are subunit vaccines that use non-infectious and non-oncogenic 
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virus-like particles.  Cervarix® is a bivalent vaccine containing vaccine-like particles for 

oncogenic HPV-16 and HPV-18; Gardasil® contains vaccine-like particles for HPV types 16 and 

18, as well as, non-oncogenic HPV types 6 and 11, the etiologic agent for 90% of genital warts 

in men and women.  Results from the multi-country clinical trials for the bivalent and 

quadrivalent vaccine show the vaccine to be highly efficacious (>90%) in the prevention of 

HPV-16/18-related high-grade disease, using the standard 3-dose schedule  (reviewed in (Harper 

& Demars, 2014; Schiller, Castellsagué, & Garland, 2012)).  While the benefit is greater among 

a completely HPV-naïve population, vaccinated women with documented DNA or serologic 

evidence of HPV still have lower rates of cervical intraepithelial neoplasia and other HPV-

related diseases, compared to women who did not receive the HPV vaccine (reviewed in 

(Berenson, Patel, & Barrett, 2014; Schiller et al., 2012)).   The bivalent vaccine has also been 

shown to be efficacious in protecting against 1-year persistent infection of HPV16/18 among 

HPV-DNA negative women (reviewed in (Schiller et al., 2012)).  Recently, at the April 2014 

Strategic Advisory Group of Experts (SAGE) on immunizations meeting, the committee 

recommended that a 2-dose schedule for either the bivalent or quadrivalent HPV vaccine is 

immunologically non-inferior to the standard 3-dose schedule for girls less than 15 years old 

(World Health Organization, 2014b).  However, the standard 3-dose schedule should still be 

considered for females 15 years and older and immunocompromised individuals due to the 

relatively lower antibody titers following vaccination, as compared to girls less than 15 years old 

((World Health Organization, 2014b), reviewed in (Castellsagué, Schneider, Kaufmann, & 

Bosch, 2009)). 

Both of these vaccines have similar safety profiles in the clinical trials and during the 

post-licensure phase.  Injection-site related adverse event were the most commonly reported and 
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usually resolved within 2 days of vaccination (reviewed in (Harper & Demars, 2014; Schiller et 

al., 2012)).  Due to a high prevalence of syncope or fainting after immunization that was 

documented by passive surveillance systems, it is recommended that the HPV vaccine is given 

while seated and the vaccinee should be observed post-immunization for 15 minutes before 

leaving the vaccination location (reviewed in  (Harper & Demars, 2014)). 

With the established vaccine effectiveness against HPV16/18 related disease, preventing 

a wider-range of oncogenic-HPV types has been gaining importance. Cross-protection of non-

vaccine specific oncogenic-HPV infections and related disease are observed for both vaccines, 

especially for the genotypes that are related to HPV-16, such as HPV-31 (both), HPV-33 

(bivalent only), and HPV-45 (bivalent only) ((Malagón et al., 2012), reviewed in (Schiller et al., 

2012)).  Although the bivalent vaccine may confer more cross-protection against non-vaccine 

HPV types than the quadrivalent vaccinate, the benefit may wane over time (Malagón et al., 

2012).  Recently, the US Food and Drug Administration (FDA) approved the 9-valent HPV 

vaccine (Gardasil 9®, Merck & Co., Whitehouse Station, NJ, USA), which includes five 

additional high-risk HP types that were not previously covered by the quadrivalent vaccine; this 

nanovalent vaccine now protects against the HPV types that are responsible for 90% of cervical 

cancers (Joura et al., 2015; U.S. Food and Drug Administration, 2014).  

In 2007, Australia was the first country to adopt a national HPV immunization program, 

but since then over 22 countries have introduced vaccination programs (reviewed in (Markowitz 

et al., 2012)).  The initial adoption was primarily among high-income countries, however more 

low-income countries are considering including HPV vaccine as part of their national 

immunization strategy.  This has primarily been facilitated by Gavi, the Vaccine Alliance, which 

helped reduce the price of the bivalent and quadrivalent vaccines to less than US$5 per dose and 
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offers financial support for program start-up related expenses in Gavi-eligible countries (Gavi 

The Vaccine Alliance, 2015; “Unicef Vaccine Price Data,” 2015). Implementation of the 

immunization programs have varied in each country; however the primary target for HPV 

vaccination is young adolescent girls, between that ages of 9 and 15, characterized by a highly 

sexually naïve population therefore limited exposure to HPV.  Since the introduction of HPV 

vaccination, it is estimated that HPV immunization programs can reduce HPV 16/18 prevalence 

by 64% and 31% among adolescent girls aged 13-19 years and young women age 20-24 years, 

respectively (Drolet et al., 2015).  Data from Australia suggests an overall 25% reduction in the 

risk of high-grade cervical intraepithelial neoplasia 4 years after the start of HPV vaccination 

program (Gertig et al., 2013).  Similar reductions in cervical lesions post-HPV vaccination 

programs have also been observed in Denmark and Scotland (Baldur-Felskov, Dehlendorff, 

Junge, Munk, & Kjaer, 2014; Pollock et al., 2014).   

Health and economic studies have shown that the greatest impact of the HPV vaccine is 

fully appreciated only with high vaccine coverage. However in many countries, including the 

United States, vaccination rates are less than 60% (reviewed in (Markowitz et al., 2012)).  The 

limited contact of adolescent girls with the health system and sociocultural barriers about 

vaccinating adolescent girls may hinder the feasibility of reaching the desired coverage.  ‘Catch-

up populations’ for vaccinations, i.e. older populations which may have limited prior exposure to 

HPV, may play an important role in ensuring that sufficient immunity is attained in the 

population.  Implementation of catch-up programs has varied from targeting 15-18 year old girls 

to as high as 23-26 years old women.  A recent meta-analysis suggests that catch-up HPV 

vaccination among females 16 years and older populations has the potential to reduce the 

prevalence of high-grade cervical intraepithelial lesions by at least 20% (Couto et al., 2014).   
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In countries or other under-served settings where adolescents have limited access to the 

health system, capturing young pregnant women for HPV vaccines may be a potential catch-up 

strategy.  Although HPV vaccines are not currently approved for administration during 

pregnancy, post-hoc analyses of pregnant women who received the vaccine during the clinical 

trial or post-vaccine licensure suggest that administration of the HPV vaccine is safe (reviewed 

in (Berenson et al., 2014)).  While studies are currently underway to understand the implications 

of HPV vaccination during pregnancy, the current vaccines can be administered during the 

postpartum period.  Combined with the benefit of the vaccine among sexually active women, 

young postpartum women may be an appropriate catch-up population, particularly if previous 

exposure to HPV is low.  The sparse data on the need (e.g., HPV prevalence among young 

postpartum women), feasibility, and acceptability of such a program make it an important 

research question to explore further. 

3.2 SECONDARY PREVENTION 

The goal of cervical cancer secondary prevention is to detect precancerous lesions and treat them 

less invasively before invasive cervical cancer develops (see Figure 1).  Early detection of 

cervical cancer precursors with organized cytology-based screening, such as conventional Pap 

test or liquid-based cytology, has successfully lowered the global cervical cancer burden, mostly 

in industrialized, high-resource settings (Kitchener, Castle, & Cox, 2006).  Given that the 

sensitivity of an abnormal cytology result (atypical squamous cells of undetermined significance 

or greater) to detect high-grade precancerous lesions is 50-60% with poor reproducibility and 

technician-agreement, high clinical performance of these screening programs is dependent on 
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repeat testing every 1-3 years (Kitchener et al., 2006; Schiffman et al., 2011).  Infrastructural and 

logistical barriers have been difficult to overcome with traditional Pap screening programs in 

limited-resourced settings and have contributed to the widening socioeconomic differences in the 

burden of cervical cancer.  Alternative screening methods and strategies have been and continue 

to be developed to improve the accuracy of screening, such as HPV-DNA testing and other 

biomarker-based tests (reviewed in (Sahasrabuddhe, Luhn, & Wentzensen, 2011)), and to 

address the health system limitations of cytology, such as self-sampling and visual techniques 

(reviewed in (Safaeian et al., 2007)).   

HPV-DNA testing was introduced initially as a sequential test for women with minor or 

low-grade cytology results.  The detection of high-risk HPV as a triage of women with atypical 

squamous cells of undetermined significance or low-grade squamous intraepithelial lesions 

improved the sensitivity of detecting cervical intraepithelial neoplasia of grade 2 or worse 

(CIN2+) by 20-30% over repeat cytology within 12-months of initial abnormal cytology result 

(Arbyn et al., 2012, 2013). There is also consistent evidence that primary screening with the 

Hybrid Capture® 2 (HC2) assay (Qiagen Inc., Gaithersburg, MD, USA) has higher sensitivity 

than cytology for the detection of CIN2+, but similar or lower specificity (Arbyn et al., 2012; 

Cuzick et al., 2006; Dillner et al., 2008; Elfström et al., 2014; Gravitt et al., 2011; Sherman et al., 

2003). A recent meta-analysis comparing the test characteristics of HC2 and cytology estimates 

the sensitivity among women 35 years and older as 94.5% and 59.5%, respectively, and 

specificity as 93.3% and 97.1%, respectively (Cuzick et al., 2006).  Further follow-up of four 

randomized control studies conducted in Europe suggests that primary screening with HPV-tests 

provides 60–70% greater protection against cervical cancer compared with cytology-based 

screening (Ronco et al., 2014). 
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A number of countries have adopted or are considering to adopt primary HPV screening 

for their national screening and treatment programs.  In the US, screening guidelines were 

updated in 2012 and recomend that HPV-based screening be offered simulatenously with 

conventional or liquid-based cyotolgy for women age 30-65 years old, known as HPV co-testing 

(“Cervical Cancer Screening Guidelines for Average-Risk Women,” 2015). Co-testing extends 

the screening interval from 3 years for cytology only programs to 5 years.  Primary HPV testing 

was not recommended at that time.  However, recently the US FDA approved an HPV test, the 

cobas HPV test (Roche Molectular Systems, Pleasanton, CA), to be used as a primary screening 

test.  The test performace of a primary HPV screening with the cobas HPV test is superior to 

cytoloy alone in detecting high-grade lesions and comparable to the co-testing; further, primary 

HPV testing  requires less screening visits (T. C. Wright et al., 2015).   

Most countries agree that cervical cancer screening with HPV-testing should begin 

around the age of 30, after the prevalence of HPV begins to decrease in the population, however 

the age of stopping screening varies greatly.  Until the 2012 cervical cancer screening guidelines, 

there was no upper age limit for screening in the US and women were routinely screened well 

into their 80s.  At present, cervical cancer screening should be stopped at age 65 for women with 

adequate screening history and no history of precancerous lesions.  In other countries, the upper 

age for screening varies from 59 years to 70 years or older.  Due to the limited understanding of 

the second HPV peak observed in older women and how that could affect a woman’s risk of 

cervical cancer, the ideal age to stop screening has been based on expert opinion and 

mathematical models, rather than direct evidence.  Findings from a recent  study supports the US 

recommendation to halt screening at age 65, since women with three consecutive negative 

cytology screens between the ages of 50 and 64 years were at particularly low risk of a cervical 
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cancer diagnosis between the age of 65 and 83 years (Castañón et al., 2014).  Overall, women 

with adequate negative screening history at 64 years have 84% less risk of being diagnosed with 

cervical cancer than unscreened women.  However, the authors also found that the benefit of 

adequate negative screens at the age of 64, when a woman exits a screening program, begins to 

wane as time since last screen increases.  Compared to 2 years after the last negative screening 

among adequately screening women, the odds of cervical cancer increased by nearly 20% in 

women who had their last negative screen 15 years ago (Castañón et al., 2014). Previously, it 

was believe the women who acquire new HPV infections later would not have time to develop 

cervical cancer.  However, as the life expectancy increases in industrialized countries, HPV 

infections acquired later in life may have time to develop into cancer.   It is also unknown if 

reactivated HPV in older women is more likely to persist or if it will clear at the same rate as 

newly acquired transient HPV infections.  If reactivated HPV infections are more likely to persist 

and contribute to a higher proportion of the newly detected HPV in older women, this could 

affect the assumption that all older women are at low-risk for cervical cancer.  Given that the risk 

of reactivated HPV may be associated with the number of previous sexual partners one has 

during adolescence and early adulthood, this becomes particularly relevant among the birth 

cohorts whose sexual debut was after the sexual revolution in the US.  Women in these birth 

cohorts have reported higher number of lifetime partners and have higher HPV prevalence than 

women who initiated sexual activity before the sexual revolution (Gravitt et al., 2013). 

Understanding the dynamics of newly detected HPV in mid-adult and older women in more 

recent cohorts will play an important role in assessing cervical cancer risk and in reevaluating 

screening guidelines in older women, especially in the context of HPV-based screening 

programs, and therefore, it should be studied further. 
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4.0  MANUSCRIPT 1: DYNAMICS OF INCIDENT HPV INFECTION IN MIDDLE-

AGED WOMEN 

4.1 ABSTRACT 

New detection and duration of HPV infection are not well studied in mid-adult and older women.  

Furthermore, more clarification is needed on the determinants of new HPV detection and HPV 

clearance in older ages.    The purpose of this study is to estimate the new detection and 

clearance rates of HPV infections among a cohort of mid-adult women, aged 35-64 years old 

(N=736), and to determine factors associated with incident HPV and with HPV 

clearance/persistence.    Women provided a cervical HPV specimen and completed health and 

sexual behavior questionnaires every 6-months over a 2-year period.  Kaplan Meier methods and 

Cox shared frailty models were used to calculate new detection/clearance rates and risk factors 

for HPV.  Two hundred and seventy new HPV infections were detected during the study period.  

Only 18% of the infections occurred among women who reported a new sexual partner. Sixty-

nine percent of new detections occurred during periods of sexual abstinence or monogamy 

among women with ≥ 5 lifetime number of sexual partners (LTSP) and 11% of new detections 

occurred during periods of sexual abstinence or monogamy among women with < 5 LTSP.  In 

addition to past and current sexual behavior, HPV detection increased with being unmarried and 

having an abnormal Pap result.  Current hormone users were at increased risk of new HPV 
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detection among women with ≥ 5 LTSP.  HPV persistence was more common with baseline 

HPV infection, while newly detected infections were transient.  HPV persistence was more likely 

among women who were non-hormone users, unmarried, completed some post high-school 

education, and/or had a history of diabetes.  Our findings among mid-adult women, practicing 

low-risk sexual behaviors, challenges the established paradigm that new HPV detected in this 

age group is primarily a result of new sexual exposure and could affect future cervical cancer 

prevention recommendations in older women. 

4.2 INTRODUCTION 

Dynamics of HPV infections are well studied in reproductive age women (15-45 years old), with 

a peak prevalence of HPV among adolescent and young women around the age of 25 years old 

and then decreasing with age (L Bruni, Barrionuevo-Rosas, Albero, et al., 2014; Laia Bruni et 

al., 2010, 2015; J. S. Smith et al., 2008; Tiggelaar et al., 2012).  Newly detected HPV infections 

in this population are strongly associated with sexual risk behaviors (Althoff et al., 2009; Burk et 

al., 1996; Dondog et al., 2008; Moscicki et al., 1990; Vaccarella et al., 2006; Vinodhini et al., 

2012).   

Age-specific HPV prevalence curves have observed an increase in HPV among mid- and 

older adult women in various countries (Laia Bruni et al., 2010, 2015).  There is a strong belief 

that most of the HPV detected in older women is driven by changing sexual behaviors due to 

new partnerships later in life.  This explanation is predicated on the notion that type-specific 

HPV infections previously acquired clears, but the initial immune response does not confer 

complete protection against reinfection (reviewed in (Gravitt, 2011)).  Alternatively, the newly 
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detected HPV among older women is due to a recurrent detection of a previously acquired 

infection that did not completely resolve, but instead became undetectable and latent (reviewed 

in (Gravitt, 2011)).  Previously, we reported in a cohort of older women more likely to be 

engaged in current low-risk sexual behaviors that most of the  incident HPV infection detected 

were attributed to past, not recent, sexual behavior (Rositch et al., 2012).  Other studies have also 

shown that HPV detected in older women is explained by both new sexual partners and lifetime 

number of sexual partners (Gonzalez et al., 2010; Winer et al., 2016).  These findings support a 

natural history model for mid-adult and older women that include both HPV latency and sexual 

acquisition. 

Assuming HPV detected in this older population comprises of both redetection of prior 

HPV acquisition and newly acquired HPV, it is important to understand if these infections are 

mostly transient and become resolved or undetectable within 1-2 years of initial detection, 

similar to the natural dynamics in younger women, or if HPV clearance/persistence is different in 

older women.  Characterizing HPV detected in mid- and older adult women could help to inform 

changes in cervical cancer screening policies in older ages and to understand the benefit of other 

cervical prevention strategies, such as HPV vaccination. 

In the present longitudinal analysis, using the same population previously studied 

(Rositch et al., 2012), we aimed to estimate the incidence and clearance rates of HPV infections 

among a cohort of mid-adult women, estimate fraction of new HPV detection attributed to past 

and current sexual behavior, and to determine factors associated with incident HPV and with 

HPV clearance/persistence. 
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4.3 METHODS 

4.3.1 Study population and data collection 

Women were enrolled in the HPV in Perimenopause (HIP) Study, which is an outpatient 

obstetrics/gynecology clinic-based cohort in and surrounding areas of Baltimore, Maryland, if 

they were 35-64 years, had an intact cervix and were willing to provide informed consent.  

Women were excluded if they were currently pregnant, had plans to become pregnant within the 

next 2 years, or were considered immunocompromised due to history of organ transplantation or 

due to positive HIV status.  Recruitment and enrollment of 951 eligible women attending clinics 

for routine exams was over a 3-year period, from March 2008 to March 2011.  Women were 

followed every 6-months for 2-years.  At baseline and every 6-month visit, a trained study 

physician or registered nurse conducted a speculum examine to collect an HPV DNA specimen 

using the Digene HPV cervical brush (Digene, United States).  Cervical brushes were placed in 

standard transport medium and stored at 4°C.  Within 24 hours of sample collection, cervical 

specimens were vortexed, aliquotted, and stored at -80°C.  In addition to the gynecologic exam, 

detailed information on sociodemographic characteristics, medication use, reproductive health 

and sexual history, and recent sexual behaviors (previous six months) was collected with 

questionnaires at baseline (administered via telephone) and at each follow-up visit (administered 

face-to-face).  All study protocols were approved by the Johns Hopkins Bloomberg School of 

Public Health Institutional Review Board.  To conduct this analysis, additional approval was 

obtained from the University of Pittsburgh Institutional Review Board. 
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4.3.2 HPV genotyping 

An 8-μl aliquot of DNA, which was extracted from the sample using the QIAmp DNA Blood Kit 

(Qiagen), was genotyped for HPV using the Roche HPV Linear Array PCR-based assay (Roche 

Diagnostics).  The Roche HPV Linear Array uses the PGMY09/11 PCR primer system to detect 

37 distinct high- and low-risk HPV types.  Detection of HPV types 16, 18, 31, 33, 35, 39, 45, 51, 

52, 56, 58, 59, 66, 68 was classified as high-risk (carcinogenic) HPV.  The remaining HPV types 

detected by the system, classified as low-risk HPV in this analysis,  are as follows: 6, 11, 26, 40, 

42, 53, 54, 55, 61, 62, 64, 66, 67, 69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 83 (MM7), 84 

(MM8), IS39, and CP6108. 

4.3.3 Statistical analysis 

For this analysis, women were included if they had completed the enrollment questionnaire and 

had valid HPV DNA results at baseline and ≥ 1 follow-up visit.  Descriptive statistics, 

frequencies and percentages, of the baseline characteristics of the analytical population were 

stratified by cumulative recent sexual behaviors over the 2-year follow-up period: women who 

reported never having sex, having sex but never with a new partner, and ever reporting a new sex 

partner during the follow-up period.  Differences in proportions were tested using chi-square test.   

In the incidence analysis, women were considered at risk for a maximum of 37 HPV 

types (e.g., no HPV presented at baseline); a woman would not be considered at risk for any 

HPV type detected at baseline.  Time at risk was calculated from baseline to detection of first 

type-specific infection (using the mid-interval date between of the first positive HPV specimen 

and the collection date of the previous sample) or last study visit if negative for type-specific 
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infection.  In the clearance analysis, HPV clearance was defined as two-consecutive type-specific 

negative results or if type-specific HPV was not detected at the last visit.  Women were 

considered at risk for clearance for each type-specific HPV detected at baseline or during follow-

up.  Infections detected at the last study visit were excluded from the clearance analysis.  Time at 

risk was calculated from date of first type-specific detection to loss of detection (clearance) of 

type-specific infection (using the mid-interval date between of the first negative HPV specimen 

and the collection date of the previous sample) or last study visit if type-specific infection 

remained detectable.  If an HPV result was missing between 2 non-missing results, the prior non-

missing HPV DNA result was carried forward.  

Incidence and clearance rates were calculated for the total cohort, categories of recent 

sexual activity, and lifetime number of sexual partners by dividing the number newly detected 

infection or the number of infections no longer detected by the infection-months at risk, 

expressed as new HPV detected or loss of HPV detection per 1000 infection-months, 

respectively.  Clearance rates were also compared between prevalent baseline infection and 

newly detected HPV infection.  We also calculated woman-level incidence and clearance rates in 

addition to infection-level incidence and clearance used in the main analysis.  In the woman-

level analysis for incidence (or clearance), time origin for new detection (or clearance) of HPV 

DNA was defined as the first detection (or non-detection) of any HPV type, at which time the 

woman is censored, or the last study visit if no new HPV is detected (or no clearance event).  

Cumulative probability of new HPV detection or clearance (woman-level) was estimated using 

the Kaplan Meier method.   

In an interim analysis of this cohort, we showed that both recent sexual activity and past 

sexual behavior contributed to incident HPV detection in this cohort (Rositch et al., 2012).  With 
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the completion of the study, we again calculated the attributable risk and population attributable 

risk for lifetime number of sexual partners (past sexual behavior) and new sexual exposure 

(recent sexual activity) using unadjusted incidence rate ratios.  Lifetime number of sexual 

partners (LTSP) was dichotomized as < 5 LTSP and ≥ 5 LTSP.  Recent sexual activity was 

categorized as follows: no recent sexual activity, recent sexual activity with no new partner and 

recent sexual activity with new partner.  To calculate the population attributable risk for recent 

sexual activity, a time-varying covariate, we used the cumulative recent sexual behavior.   

Cox proportional models with shared frailty were used to determine risk factors for new 

HPV detection or HPV clearance.  Given each woman’s multiple visits and the 37 distinct HPV 

types, the frailty model accounts for normally distributed random effects due to individual 

susceptibility to type-specific infection and correlations among multiple events recorded for the 

same women.  In addition to recent and past sexual behaviors, other variables considered as risk 

factors included the following: age (<50 or ≥50), race (white, black, or other), education (high 

school, post high school, or college/postgraduate), income (<$80,000,  ≥$80,000, or unknown), 

marital status (married or not married), smoking (no/yes), obesity (<30 or ≥30), menopausal 

status (pre, post), hormone use (no/yes), recent sexually transmitted infection (no/yes), and 

abnormal pap (no/yes).  Associations with history of diabetes, any non-cervical cancer, arthritis, 

and autoimmune disease were also explored.  Age, current marital status, hormone use, and 

recent sexually transmitted infection were included in the model as time-variant variables.  

Variables tested in the multivariable models included recent and past sexual behaviors, factors 

that were hypothesized a priori as important confounders (age, race, education) and variables 

found to be statistically significant (p<0.10) in the univariate analysis.  Using the premise that 

the risk of recurrent HPV can only be studied among people who are at greater risk, we also 
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tested an interaction term between lifetime number of sexual partners and recent sexual behavior 

in the incidence analysis.  Statistical analyses were conducting using Stata 13.1 (StatCorp, 

College Station, Texas). 

4.4 RESULTS 

4.4.1 Study population characteristics 

Out of the 951 women enrolled into the study cohort, 65 women were excluded due to 

incomplete baseline data.  Of the remaining 885 women, we included 736 women in the 

incidence analysis who returned for at least 1 follow-up visit and had a valid HPV DNA result.  

Overall, the median follow-up time was 24.7 months (interquartile range: 22.2 – 26.2 months). 

Over half of the women completed all follow-up visits (56.1%) with a mean follow-up time of 

26.3 months (standard deviation ± 4.2 months).   The clearance analysis was restricted to 222 

women who had at least one HPV type detected at baseline or anytime during the study follow-

up period.  We excluded 488 (66.3%) women who did not have any HPV detected at baseline or 

follow-up and 22 (3.0%) women who had their first HPV detected in their final visit.   

The median age of the study population was 47 years old (interquartile range: 41 – 52) 

and the majority of the population was White/Caucasian (75.5%), college graduates (61.7%), and 

married at the time of enrollment (63.5%).  Approximately 30% of the women were 

postmenopausal.  Nearly three-fourths of the study population (73.2%) reported having sex with 

a single stable partner during the course of the study; only 11.7% of the women reported having 

sex with at least one new partner.  Recent sexual behavior was correlated with age, race, income, 
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marital status, menopausal status, BMI, history of abnormal Pap, and lifetime number of partners 

(Table 4).  The youngest women (age 35-39 years old) were more likely to report having sex 

with a new partner (21.3%), while the oldest women (age 55-60 years old) were more likely to 

report no sexual activity (25.5%).   Black/African-American women and any women with ≥5 

lifetime number of partners were more likely to report having sex with a new partner (20.0%, 

15.8%, respectively).  Postmenopausal women and women with a BMI ≥ 30 were more likely to 

report no sexual activity (24.5%, 22.7%, respectively).  Unmarried women were equally likely to 

report sexual inactivity (30.7%) or recent sexual activity with a new partner (25.3%) (Table 4).    

At baseline, 18.6% of the study population had a prevalent HPV infection.  High-risk and 

low-risk HPV was detected in 8.4% and 13.3% of women, respectively.  Forty-four percent of 

women with a baseline HPV infection had a persistent baseline infection with either a high- or 

low-risk type through their study follow-up.   

The average number of HPV types detected during the study period, including baseline 

and follow-up, was higher in women reporting sex with at least one new partner compared to 

women not reporting a new partner, neither abstinent women nor women reporting sexual 

activity during the study period (Table 5).  Within each cumulative recent sexual behavior strata, 

women with ≥ 5 LTSP had an approximate 2-fold increase in the number of HPV types detected 

compare to women with < 5 LTSP. 

4.4.2 New detection of HPV infection 

Out of the 736 women followed, 83 (11.2%) women had a new high-risk HPV detected and 121 

(16.4%) women had a new low-risk HPV detected.  Overall, 169 women had at least one 

incident infection detected (23.0%) with a women-level infection rate of 11.3 infections per 1000 
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women-months.  Two hundred and seventy new type-specific infections were detected, for an 

infection-level incidence of 0.43 infections per 1000 infection-months (Table 6).  New HPV 

detection rates differed by LTSP and recent sexual activity.  Compared to women with < 5 

LTSP, rate of new HPV detection was 3.5-fold higher among women with ≥ 5 LTSP.  Reporting 

sexual activity with a new partner in the prior 6 months significantly increased the risk of 

incident detection (Incidence Rate (IR) = 7.46; 95% CI: 4.77, 11.76).  Among women with a new 

sexual partner in the prior six months, 86.6% of new HPV detections could be attributed to new 

sexual partner.  However, only 43.7% of the new infections in the study population were 

attributed to recent sex with a new partner since only 11.7% of the study cohort had a new 

partner.  In contrast, 72.1% of new HPV detections among women with ≥ 5 LTSP were 

attributed to ≥ 5 LTSP, which translates to 60.5% of the new detections in the study population 

being attributed to high LTSP.  Although the fraction of HPV detected among the different 

exposure categories (new sexual partner and ≥ 5 LTSP) was high, the population attributable 

fraction of ≥ 5 LTSP was higher because the prevalence of ≥ 5 LTSP (61.9%) was higher than 

the prevalence of having a new sexual partner. 

4.4.3 Risk factors for new HPV detection 

In unadjusted models with the full cohort, women who were unmarried, had ≥ 5 LTSP, reported 

recent sexual activity with same partner or with a new partner, were current hormone users, and 

had an abnormal Pap during the study period were associated with increased risk of new HPV 

detection (Table 7).  Women who were ≥50 years old and reported a yearly income of $80,000 or 

more were associated with a decreased risk of new HPV detection.  Risk factors for new HPV 

detection differed between women with < 5 LTSP and women with ≥ 5 LTSP (Table 7). 
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Although current hormone use was positively associated with new HPV detection in the full 

cohort, the stratified analysis shows the increased risk of new HPV detection was among women 

with ≥ 5 LTSP, not < 5 LTSP.  Black women were at higher risk of new HPV detection 

(HR=3.06; 95% CI: 1.02, 9.11) but there was no statistically significant association with race and 

risk of new HPV detection among women with ≥ 5 LTSP.  Recent sex with a new partner 

remained significant, irrespective of LTSP.  After adjustment of confounders, there was a 

statistically significantly increased risk of new HPV detection with being unmarried, having a 

new sexual partner in the prior 6 months and/or having an abnormal Pap in women with < 5 

LTSP (Table 8).  In addition to the risk factors identified in women with < 5 LTSP, recent sexual 

activity with no new partner and current hormone use was statistically associated with new HPV 

detection among women with ≥ 5 LTSP.  The strength of association for abnormal Pap 

(HR=5.82; 95% CI: 2.43, 13.93) and sexual activity with a new partner (HR=11.09; 95% CI: 

3.63, 33.87) was stronger among women with < 5 LTSP compared to women with ≥ 5 LTSP 

(HRAbnormal Pap = 1.94; 95% CI: 1.15, 3.27; HRSexual activity, new partner = 3.68; 95% CI: 2.11, 6.41; 

Table 5). 

4.4.4 Combined effect of past and current sexual behavior 

To explore the joint relationship of past and recent sexual behavior on new HPV detection, we 

compared new HPV detection rates between past and recent sexual behavior categories (Table 

9).  New HPV detection rates were nearly identical between non-sexually active women with < 5 

LTSP (0.13 infections per 1,000 infection-months) and women reporting sex but with no new 

partner and < 5 LTSP (0.14 infections per 1,000 infection-months).   Among sexually inactive 

women, women with ≥ 5 LTSP had an approximate 2-fold increase in new HPV detection 
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compared to women with < 5 LTSP.  While, sexually monogamous women with ≥ 5 LTSP had a 

4-fold increase in new HPV detection compared to < 5 LTSP.  Lifetime number of sex partners 

does not appear to differentially increase rate of new HPV detection among women reporting sex 

with new partners (Incidence Rate (IR)<5 LTSP, Sex with new partner = 2.14 infections per 1,000 

infection-months vs. IR≥5 LTSP, Sex with new partner = 1.90 infections per 1,000 infection-months).  The 

relative rate of new HPV detection was highest among women with < 5 LTSP who reported sex 

with a new partner in the previous six months (Incidence Rate Ratio (IRR) = 17.04; 95% CI: 

5.86, 52.76) and women with ≥ 5 LTSP who reported sex with a new partner in the previous six 

months (IRR = 15.13; 95% CI: 6.69, 40.09).   

 The combined effect of past and recent sexual behaviors on new HPV detection was 

significant after adjustment of selected variables (Table 9).  The risk of incident HPV was 2.74 

higher among sexually inactive women with ≥ 5 LTSP compared to sexually inactive women 

with < 5 LTSP. (p=0.02)  Being sexually active with the same partner and having ≥ 5 LTSP, 

being sexually active with a new partner and having < 5 LTSP, and being sexually active with a 

new partner and having  ≥ 5 LTSP were all significantly associated with increasing risk of new 

HPV detection (all p’s <0.001). 

4.4.5 HPV clearance and associated risk factors 

Two hundred and twenty-two women with baseline or new HPV detection were followed to 

estimate HPV clearance rates.  Proportion of women who cleared a high-risk HPV infection 

(72/104 or 69.2%) or a low-risk HPV infection (118/168 or 70.2%) was similar, as was the 

proportion of women who cleared a baseline HPV infection (99/137 or 72.3%) or a newly 

detected HPV infection (96/131 or 73.3%).   
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There were 242 infections that cleared during the course of the study, for a clearance rate 

of 55.4 infections per 1000 infection-months and infection-level clearance rates differed between 

baseline and newly detected HPV (Table 10).  The median time of clearance of baseline HPV 

and newly detected HPV was 18 months and 6 months, respectively (Figure 2).   HPV clearance 

rates did not vary significantly between sexually inactive women (46.5 infections per 1000 

infection-months), sexually active women with no new partner in the prior 6 months (59.3 

infections per 1000 infection-months), and sexually active women with a new partner in the prior 

6 months (52.0 infections per 1000 infection-months). 

 In the unadjusted models, current hormone use was associated with HPV clearance, while 

HPV persistence was associated with initial detection at baseline, being unmarried, completed 

some post high-school education, being postmenopausal, and reporting history of diabetes (Table 

11).  Recent sexual behavior or number of lifetime sex partners was not associated with HPV 

persistence/clearance.  After adjustment, the 40% increased risk of persistence among baseline 

HPV infections compared to newly detected infections remained unchanged from the unadjusted 

model (p=0.001).  The increased risk of HPV clearance was strengthened for current hormone 

users after adjustment.  Higher income was no longer associated with higher HPV clearance after 

adjustment for other socioeconomic indicators, such as race and education.  On the other hand, 

the  over 1.5-fold increased risk of persistence among women who completed some post high-

school education, compared to high school educated women, remained statistically significant 

after adjustment of other socioeconomic indicators.  Women with a history of diabetes had 

nearly a 50% increased risk of persistence (HR=0.52; 95% CI: 0.30, 0.91). 
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4.5 DISCUSSION 

In a cohort of mid-adult women, we found that nearly a quarter of the women followed had a 

new HPV detection during the course of the study.  The new HPV detection rate of 11.3 per 1000 

women-months confirms what we observed in the interim analysis (Rositch et al., 2012).  Our 

findings were within range of what has been reported in older women previously (Goodman et 

al., 2009; Trottier et al., 2010; Winer et al., 2016).  Although the risk of new HPV detection 

associated with a new sexual exposure was strong, less than half of the HPV detected among the 

35-60 year old women could be attributed to a recent sex with a new partner in this population.  

This fraction is higher than the 27% we reported previously (Rositch et al., 2012) and is most 

likely a result of increased reporting of new sexual partners during the additional months of 

follow-up included in this analysis.  In contrast, 60.5% of the new HPV detections in the 

population were attributed to having ≥ 5 LTSP. 

It is well established and understood that a recent sexual exposure, usually measured 

using self-reported indicators such as number of recent male sexual partners, new male partners, 

monogamous sexual partner, and marital status, is the primary risk factor for HPV acquisition.  

Given that the majority of new HPV detections could not be attributed to new sexual exposure, 

an alternative explanation needs to be explored.  There is growing support that HPV detection in 

older ages is not just due to new acquisition, but is also a function of hormonal and age-related 

changes which reactivate HPV that is located deep in the basal layer at undetectable levels based 

on current detection methods  (reviewed in (Gravitt, 2011)).  Although mechanistically not well 

characterized, a previously acquired latent HPV infection may reactivate due to 

immunosuppression or immunosenescence (reviewed in (Gravitt, 2011).  However, risk of HPV 

reactivation is conditioned on how many past HPV acquisitions a woman is harboring; therefore, 
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probability of past exposure plays an important role in reactivation.  We measured past 

probability of HPV acquisition using lifetime number of sexual partners.  High lifetime number 

of sexual partners is an indication of more exposure opportunities and associated with multiple 

HPV infections (Chaturvedi et al., 2011; Nielsen, Kjaer, Munk, & Iftner, 2008).  The majority of 

the studies exploring associations of recent and past sexual behavior and HPV report 

independent associations of current number of sexual partners and/or lifetime number of sexual 

partners (Baldur-Felskov et al., 2014; Burk et al., 1996; Goodman et al., 2009; Sadate-Ngatchou 

et al., 2016; Trottier et al., 2010).  We showed evidence of an interaction between LTSP and 

recent sexual activity on new HPV detection.  Comparing women with similar recent sexual 

behavior, new detection rates were more than 2-fold higher for women with high number of 

LTSP among sexually inactive or sexually monogamous women; rates of new HPV detection 

were not different if women had a recent new sex partner.   

The LTSP stratified models also indicate differences of race, income and education on 

risk of new HPV detection, which are markers of unmeasured past sexual activity (Kann et al., 

2016), and therefore indicators of women with higher exposure who are at greater risk of 

reactivation.  We may have underestimated the fraction of new HPV detection attributed to new 

sexual exposures since we do not have data on partners past sexual history or infidelity.  

However, since the new detection rates of HPV are similar among sexually abstinent women 

with < 5 LTSP (low probability of HPV exposure) and sexually active women with no new 

partner and a low probability of HPV exposure, it is unlikely that the excess risk of new sexual 

exposure from unmeasured partner behavior would change our findings.  These findings 

strengthen the argument that although women remain at risk for new HPV acquisition at older 

ages, reactivation plays an important role. 
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Data on HPV clearance is limited in older women.  New HPV detections were more 

likely to be transient, while HPV types present at baseline had a longer duration.  Median time to 

clearance for baseline and new HPV detection was 18-months and 12-months.  This is consistent 

with previous studies that estimate 25-50% of infections persist for more than 1 year in older 

women.  (Goodman et al., 2009; Grainge et al., 2005; Molano et al., 2003; Sellors et al., 2003). 

Contrary to previous studies that showed increasing age was associated with HPV 

clearance/persistence (Goodman et al., 2009; Rosa et al., 2008), our study showed no association 

with age and clearance.  We did observe a 2-fold increase risk of persistence among women with 

a history of diabetes.  Elevated blood sugars cause negative effects on the immune system and 

diabetic patients are considered more immunosuppressed and more prone to lower genital tract 

infections (Donders, 2002), which could explain this finding.  In addition, women with type 2 

diabetes have a higher prevalence of cervical cancer (N. A. Jalil, Zin, & Othman, 2015), and may 

have more extensive genital warts, more recurrences, and may require more treatments (Yong, 

Parkinson, Goenka, & O’Mahony, 2010).   

Unmarried women were associated with higher likelihood of new HPV detection and 

HPV persistence, even after accounting for recent sexual behaviors and socioeconomic factors.  

Currently unmarried women were more likely younger, Black, lower income, less educated 

(higher proportion of post high school among singles and higher proportion of post graduate 

among married), and having higher number of LTSP, which could explain this association.  

Marital status is considered a marker of sexual behavior and is usually not associated with new 

HPV infection, after adjustment of other sexual behavior variables.  Residual confounding of 

unmeasured past and current sexual behavior could be a possible explanation for this finding.  

On the other hand, unmarried women may be a subpopulation who experience more "stressors", 
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such as depression and anxiety, which can have negative effects on health and has been shown to 

be related to HPV persistence (Moscicki, Ma, & Farhat, 2016; Saadat, Behboodi, & Saadat, 

2015).   

Some study limitations should be noted.  We could not differentiate new HPV 

acquisitions from redetection or reactivation of a prior HPV infection that fluctuates at the lower 

detection limit of the assay.  Availability of type-specific serology might provide additional, but 

incomplete information on previous exposure, since only 50-60% of women exposed have 

detectable serologic measurements (Stanley, Pinto, & Trimble, 2012; Tiggelaar et al., 2012).   In 

addition, since there is no known serologic correlation with HPV immunity or minimum level of 

detection determined to be protective, we could not with certainty identify if an HPV infection 

truly cleared or was just undetectable.  We used the conventional definition of clearance, which 

is two consecutive negative type-specific HPV results.  However, this may be an 

underestimation, as women who have a negative HPV test between two positive HPV tests, 

maybe be representative of a woman who cleared her infection and then acquired a new infection 

of the previously detected type.  Time at risk for clearance of new HPV infection was also 

limited since the median follow-up time for a new HPV detection was 9 months due to loss of 

follow-up or limited follow-up time among new infections detected half way through the study 

follow-up period.  This underestimates the duration of infection and requires extended follow-up 

to address.  Although the HIP Study is a prospective cohort design, it is a clinic-based population 

of middle-aged women who have positive reproductive health-seeking behaviors, such as routine 

cervical cancer screening.  The women in this cohort are at relative low-risk for incident HPV 

detection; therefore, the findings from this study may not be representative of the general 
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population.  However, the women are likely to represent the majority of older women who are 

receiving a HPV test as part of routine cervical cancer screening. 

This study in mid-adult women adds to the scarce data on HPV natural history in this age 

group.  In general, new HPV infection was mostly transient, similar to adolescent populations.   

Our findings among older screened women, with predominately low-risk current sexual 

behaviors, challenges the established paradigm that new HPV detected in this age group is 

primarily a result of new sexual exposure, as with younger populations.  High number of lifetime 

sexual partners could explain more new HPV detection compared to recent new sexual partner.  

The clinical implications of these findings need to be evaluated, especially as cervical cancer 

prevention programs, such as HPV-FASTER (F Xavier Bosch et al., 2016), propose routine HPV 

vaccination be extended to older ages in combination with HPV-based screening. New infections 

detected due to previous exposure would not be prevented by HPV vaccination, consistent with 

previous recommendations that HPV vaccination in older women will likely provide little benefit 

(Westra et al., 2011). Furthermore, the presence of reactivated HPV in older women challenges 

current cervical cancer screening guidelines.  If new HPV detected in older women followed 

only a sexual acquisition natural history model then these women would likely be of little risk of 

cervical disease because of mostly transient infection coupled with the decade-long period 

between persistent HPV infection and high-grade cervical disease.  However, risk of cervical 

disease needs to be carefully evaluated in older women with new infections detected due to 

reactivation because the sexual debut of the currently aging women occurred after the sexual 

revolution.  These women are more likely to have high number of past sexual partners and 

therefore more likely to get a recurrent HPV infection.  Given the uncertainty of cause of new 

HPV detection, personalized prevention using a risk-based framework (Castle & Katki, 2016) 
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that assesses current and past sexual behavior and other risk factors to identify high-risk mid-

adult or older women for HPV vaccination or cervical cancer screening may have a more 

meaningful public health impact. 
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4.6 TABLES AND FIGURES 

Table 4. Baseline characteristics, stratified by cumulative recent sexual activity, HIP cohort 

 No reported sex 
during study period 

(N=111) 

Reported sex,  
no new partner 

(N=539) 

Reported sex, at 
least 1 new partner 

(N=86) 
Age (years) 

35-39 
40-44 
45-49 
50-54 
55-60 

 
7 (5.1%) 

23 (15.4%) 
26 (14.0%) 
28 (17.6%) 
27 (25.5%) 

 
100 (73.5%) 
113 (75.8%) 
140 (75.3%) 
111 (69.8%) 
75 (70.8%) 

 
29 (21.3%) 
13 (8.7%) 
20 (10.8%) 
20 (12.6%) 
4 (3.8%) 

Marital status 
Married 
Unmarried ǂ 

 
28 (6.0%) 
83 (30.7%) 

 
421 (90.2%) 
118 (43.9%) 

 
18 (3.9%) 
68 (25.3%) 

Race 
White 
Black 
Other 
Missing 

 
87 (15.9%) 
19 (14.1%) 
5 (11.6%) 

-- 

 
409 (74.5%) 
89 (65.9%) 
33 (76.7%) 

8 

 
53 (9.6%) 
27 (20.0%) 
5 (11.6%) 

1 
Highest education completed 

High school 
Post high school 
College/Post graduate 

 
19 (16.2%) 
22 (13.3%) 
70 (15.4%) 

 
81 (69.2%) 
120 (72.7%) 
338 (74.5%) 

 
17 (14.5%) 
23 (13.9%) 
46 (10.1%) 

Yearly income (USD) 
≤80,000 
>80,000 
Unknown 

 
54 (24.0%) 
44 (11.4%) 
13 (10.5%) 

 
126 (56.0%) 
315 (81.4%) 
98 (79.0%) 

 
45 (20.0%) 
28 (7.2%) 
13 (10.5%) 

Smoking history 
Never 
Former 
Current 

 
70 (13.7%) 
27 (18.1%) 
14 (18.9%) 

 
384 (74.9%) 
106 (71.1%) 
49 (66.2%) 

 
59 (11.5%) 
16 (10.7%) 
11 (14.9%) 
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Table 4 – Continued 

 No reported sex 
during study period 

(N=111) 

Reported sex,  
no new partner 

(N=539) 

Reported sex, at 
least 1 new partner 

(N=86) 
Menopausal status 

Premenopausal 
Postmenopausal 
Missing 

 
61 (11.7%) 
49 (24.5%) 

1 

 
394 (75.6%) 
133 (66.5%) 

12 

 
66 (12.7%) 
18 (9.0%) 

2 
Lifetime sexual partners 

<5 partners 
≥5 partners 
Missing 

 
44 (15.7%) 
67 (14.7%) 

-- 

 
222 (79.3%) 
316 (69.5%) 

1 

 
14 (5.0%) 
72 (15.8%) 

-- 
History of hormone use  
for any reason 

Never 
Former 
Current 

 
 

14 (23.3%) 
78 (15.7%) 
19 (10.7%) 

 
 

40 (66.7%) 
361 (72.5%) 
138 (77.5%) 

 
 

6 (10.9%) 
59 (11.9%) 
21 (11.8%) 

Ever STI, self-report 
No 
Yes 

 
104 (15.2%) 
7 (14.0%) 

 
503 (73.3%) 
36 (72.0%) 

 
79 (11.5%) 
7 (14.0%) 

Ever abnormal Pap, self-report 
No 
Yes 
Missing 

 
62 (15.9%) 
48 (14.2%) 

1 

 
290 (74.6%) 
242 (71.4%) 

7 

 
37 (9.5%) 
49 (14.4%) 

-- 
Abbreviations: sexually transmitted infection (STI) 
ǂ Includes never married, single, divorced, widowed at baseline
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Table 5. Average number of HPV types detected during the study period, total and sexual 
behavior 

 Total population 
 N Mean SD Range 
Total 736 0.63 1.16 0-7 

 

Lifetime number of sexual partners*     
< 5 partners 111 0.36 0.68 0-3 
≥ 5 partners 539 0.46 0.92 0-7 

 

Recent sexual behavior†     
No sexual activity 111 0.36 0.68 0-3 
Sexual activity, no new partner 539 0.46 0.92 0-7 
Sex, with at least 1 new partner 86 2.06 1.76 0-6 

 

Past and recent sexual behavior*†     
< 5 LTSP; No sexual activity 44 0.16 0.37 0-1 
≥ 5 LTSP; No sexual activity 67 0.49 0.80 0-3 
< 5 LTSP; Sexual activity, no new partner 222 0.25 0.68 0-5 
≥ 5 LTSP; Sexual activity, no new partner 316 0.60 1.07 0-7 
< 5 LTSP; Sex, with at least 1 new partner 14 1.29 1.27 0-4 
≥ 5 LTSP; Sex, with at least 1 new partner 72 2.21 1.81 0-6 

Abbreviations: standard deviation (SD), lifetime number of sexual partners (LTSP) 
*1 observations missing LTSP information but reported sex with no new partner had 1 HPV type detected 
during study period. 
†Recent sexual behavior defined as cumulative sex behavior (no sex over follow-up; sex but with no new 
partners; or sex with at least 1 new partner over follow-up). 
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Table 6. Incident infections to 37 HPV types for total cohort and by sexual behavior 

 Incident 
infections 

Infection-
time * 

Crude Incidence 
rate (95% CI) 

Rate Ratio 
(95% CI) 

ARexposure PAR† 

Total 270 621.02 0.43 (0.39, 0.49)    
 

Lifetime sexual partners ‡ 
< 5 partners 
≥ 5 partners 

 
41 
228 

 
238.54 
381.54 

 
0.17 (0.13, 0.23) 
0.60 (0.52, 0.69) 

 
Ref 
3.48 (2.48, 4.97) 

 
 
71.2% 

 
 
60.5% 

 

Recent sexual behavior (past 6 months) ǂ 
No sexual activity 
Sexual activity, no new partner 
Sexual activity, new partner 

 
37 
182 
49 

 
142.30170 
445.10201 
25.256612 

 
0.26 (0.19, 0.36) 
0.41 (0.35, 0.47) 
1.94 (1.47, 2.57) 

 
Ref 
1.57 (1.10, 2.30) 
7.46 (4.77, 11.76) 

 
 
36.4% 
86.6% 

 
 
29.5% 
43.7% 

Abbreviations: attributable risk (AR); population attributable risk (PAR); prevalence (P); Rate Ratio (RR) 
* Infection-time = 1000 infection-months 
‡ Lifetime number of sexual partners (LTSP) was collected at baseline.  One incident detection due to missing lifetime number of sexual partners 
information. 
ǂ Recent sexual behavior is a time-varying variable and refers to the 6-month period before each study visit.  Women can contribute infections and 
person-time to more than one category.  One incident detection due to missing lifetime number of sexual partners and two incident detections due 
to missing recent sexual activity data are not included. 
† Population attributable risk = Pexposure (RRexposure-1)  /  [1 + Pexposure (RRexposure-1)].  The exposure prevalence (Pexposure ) was 
categorized cumulative sex behavior (no sex over follow-up, sex but with no new partners, or ever a new partner over follow-up). 
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 Table 7. Risk factor for newly detected HPV, total and by lifetime number of sexual partners, 
unadjusted hazard ratios 

 Total <5 LTSP ≥5 LTSP 
 Unadjusted HR 

(95% CI) 
Unadjusted HR 

(95% CI) 
Unadjusted HR 

(95% CI) 
Demographics 
Age (years)* 

<50  
≥50 

 
Ref 

0.75 (0.54, 1.05)†† 

 
Ref 

0.78 (0.35 1.75) 

 
Ref 

0.81 (0.57, 1.16) 
Race 

White 
Black 
Other 

 
Ref 

1.31 (0.86, 1.99) 
1.44 (0.74, 2.81) 

 
Ref 

3.06 (1.02, 9.11)† 
0.99 (0.21, 4.74) 

 
Ref 

1.00 (0.65, 1.54) 
1.99 (0.93, 4.24) 

Highest education completed 
High school 
Post high school 
College/Post graduate 

 
Ref 

1.49 (0.88, 2.53) 
0.89 (0.56, 1.44) 

 
Ref 

2.43 (0.67, 8.81) 
0.95 (0.27, 3.34) 

 
Ref 

1.15 (0.65, 2.02) 
0.86 (0.49, 1.51) 

Yearly income (USD) 
<80,000 
≥80,000 
unknown 

 
Ref 

0.71 (0.49, 1.01)†† 
0.80 (0.51, 1.25) 

 
Ref 

0.20 (0.08, 0.52)† 
0.35 (0.13, 1.02) 

 
Ref 

0.89 (0.61, 1.30) 
1.00 (0.62, 1.63) 

Marital status* 
Married 
Unmarried ǂ 

 
Ref 

3.87 (2.83, 5.30) † 

 
Ref 

7.03 (3.14, 15.77)† 

 
Ref 

2.8 (2.00, 3.95)† 
Reported smoking in last 6 
months* 

No 
Yes 

 
 

Ref 
1.40 (0.84, 2.35) 

 
 

Ref 
0.37 (0.04, 3.65) 

 
 

Ref 
1.32 (0.79, 2.19) 

BMI (baseline) 
<30 
≥30 

 
Ref 

0.94 (0.65, 1.37) 

 
Ref 

0.79 (0.30, 2.05) 

 
Ref 

0.99 (0.67, 1.47) 
Sexual Behaviors and Reproductive Health 
Lifetime sexual partners 

<5 partners 
≥5 partners 

 
Ref 

3.54 (2.39, 5.24)† 

  

Recent sexual activity (6 
months) 

No sexual activity 
Sexual activity, no new partner 
Sexual activity, new partner 

 
 

Ref 
1.83 (1.22, 2.75)† 
5.66 (3.43, 9.34)† 

 
 

Ref 
1.14 (0.45, 2.87) 

11.81 (3.53, 39.43)† 

 
 

Ref 
1.79 (1.15, 2.78)† 
4.25 (2.46, 7.37)† 

Menopausal status  
Premenopausal 
Postmenopausal 

 
Ref 

0.78 (0.53, 1.14) 

 
Ref 

0.58 (0.22, 1.51) 

 
Ref 

0.90 (0.58, 1.36) 
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Table 7 – Continued 
 
 Total <5 LTSP ≥5 LTSP 
 Unadjusted HR 

(95% CI) 
Unadjusted HR 

(95% CI) 
Unadjusted HR 

(95% CI) 
Current hormone use for any 
reason* 

No 
Yes 

 
 

Ref 
1.55 (1.10, 2.17)† 

 
 

Ref 
0.73 (0.26, 2.06) 

 
 

Ref 
1.54 (1.08, 2.19) 

Recent STI* 
No 
Yes 

 
Ref 

0.69 (0.33, 1.43) 

 
Ref 

2.16 (0.54, 8.35) 

 
Ref 

0.96 (0.58, 1.56) 
Ever abnormal Pap during study 
period 

No 
Yes 

 
 

Ref 
3.20 (1.89, 5.42)† 

 
 

Ref 
8.89 (3.12, 25.27)† 

 
 

Ref 
2.49 (1.40, 4.40)† 

Existing health conditions 
History of diabetes 

No 
Yes 

 
Ref 

0.68 (0.40, 1.18) 

 
Ref 

0.31 (0.06, 1.59) 

 
Ref 

0.81 (0.46, 1.45) 
History of any non-cervical 
cancer 

No 
Yes 

 
 

Ref 
0.63 (0.33, 1.18) 

 
 

Ref 
0.21 (0.02, 1.98) 

 
 

Ref 
0.73 (0.38, 1.40) 

History of arthritis 
No 
Yes 

 
Ref 

0.87 (0.55, 1.36) 

 
Ref 

1.04 (0.34, 3.21) 

 
Ref 

0.82 (0.51, 1.32) 
History of autoimmune disease 

No 
Yes 

 
Ref 

1.04 (0.57, 1.90) 

 
Ref 

0.31 (0.03, 2.95) 

 
Ref 

1.15 (0.60, 2.06) 
Abbreviations: hazard ratio (HR); body mass index (BMI); sexually transmitted infection (STI) 
*Time-variant variable 
ǂ Includes single, divorced, widowed 
†Indicates p<0.05; ††Indicates p<0.10 
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Table 8. New HPV detection associated with selected risk factors stratified by lifetime number of sexual partners, adjusted hazard 
ratios 

 < 5 LTSP ǂ 
HR (95% CI) 

≥ 5 LTSP ǂ 
HR (95% CI) 

Age (years)* 
<50  
≥50 

 
Ref 

1.00 (0.47, 2.13) 

 
Ref 

1.09 (0.77, 1.55) 
Race 

White 
Black 
Other 

 
Ref 

1.91 (0.80, 4.54) 
0.77 (0.19, 3.09) 

 
Ref 

0.90 (0.60, 1.36) 
1.61 (0.81, 3.22) 

Yearly income (USD) 
<80,000 
≥80,000 
unknown 

 
Ref 

0.72 (0.28, 1.82) 
1.06 (0.40, 2.81) 

 
Ref 

1.32 (0.90, 1.93) 
1.04 (0.64, 1.67) 

Marital status* 
Married 
Unmarried ǂ 

 
Ref 

3.83 (1.41, 10.35) † 

 
Ref 

3.56 (2.46, 5.15) † 
Recent sexual activity (6 months)* 

No sexual activity 
Sexual activity, no new partner 
Sexual activity, new partner 

 
Ref 

2.08 (0.75, 573) 
11.09 (3.63, 33.87) † 

 
Ref 

2.35 (1.50, 3.67) † 
3.68 (2.11, 6.41) † 

Current hormone use for any reason* 
No 
Yes 

 
-- 

 
Ref 

1.51 (1.08, 2.12) † 
Ever abnormal Pap during study period 

No 
Yes 

 
Ref 

5.82 (2.43, 13.93) † 

 
Ref 

1.94 (1.15, 3.27) † 
Abbreviations: hazard ratio (HR) 
*Time-variant variable 
 ǂ Hazard ratios are adjusted for all other variables presented in model 
†Indicates p<0.05
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Table 9. Combined effect of past and recent sexual behavior on new HPV detection 

 Incident 
detections 

Infection-
time * 

Crude Incidence 
rate (95% CI) 

Rate Ratio 
(95% CI) 

HR (95% CI) ǂ P for 
interaction 

Past and recent sexual behavior  
< 5 LTSP, No sex 
≥ 5 LTSP, No sex 
< 5 LTSP, Sex with no new partner 
≥ 5 LTSP, Sex with no new partner 
< 5 LTSP, Sex with new partner 
≥ 5 LTSP, Sex with new partner 

 
7 
30 
24 
157 
10 
39 

 
55.87 
86.43 
176.34 
267.83 
4.68 
20.57 

 
0.13 (0.06, 0.26) 
0.34 (0.24, 0.50) 
0.14 (0.09, 0.20) 
0.59 (0.50, 0.69) 
2.14 (1.15, 3.97) 
1.90 (1.38, 2.59) 

 
Ref 

2.77 (1.19, 7.47) 
1.09 (0.45, 2.99) 
4.68 (2.22, 11.83) 
17.04 (5.86, 52.76) 
15.13 (6.69, 40.09) 

 
Ref 

2.74 (1.14, 6.54) † 
1.99 (0.81, 4.91) 

6.59 (2.95, 14.75) † 
12.38 (4.25, 36.04) † 
9.51 (3.98, 22.75) † 

 
P=0.013 

Abbreviations: hazard ratio (HR) 
*Infection-time = 1000 infection-months 
ǂ Hazard ratios adjusted for age, race, income, marital status, current hormone use, Pap.  
†Indicates p<0.05
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Table 10. Clearance of baseline and newly detected HPV infections 

 Clearance  
events ‡ 

Infection-time * Crude Clearance Rate  
(95% CI) 

Rate Ratio 
(95% CI) 

Total 242 4.3689138 55.4 (48.4, 62.8)  
 

Type of HPV infections 
Baseline infection 
Newly detected 

 
120 
122 

 
2.7232401 
1.6456737 

 
44.1 (36.8, 52.7) 
74.1 (62.1 – 88.5) 

 
Ref 

1.68 (1.30, 2.18) 
‡ Clearance defined as 2 consecutive visits with negative type-specific HPV results.  If last visit is negative, then defined as a clearance event 
* Infection-time = 1000 infection-months 
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Figure 2. Comparison of HPV clearance between baseline and new HPV 
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Table 11. Risk factors of HPV clearance 

 Unadjusted HR 
(95% CI) 

Adjusted HRǂ 
(95% CI) 

Time of initial detection 
Newly detected infection 
Baseline infection 

 
Ref 

0.60 (0.46, 0.80) † 

 
Ref 

0.60 (0.45, 080) † 
Demographics 
Age (years)* 

<50  
≥50 

 
Ref 

1.05 (0.78, 1.42)  

 
Ref 

1.04 (0.76, 1.41) 
Race 

White 
Black 
Other 

 
Ref 

0.97 (0.69, 1.38) 
0.83 (0.46, 1.50) 

 
Ref 

1.17 (0.80, 1.70) 
0.76 (0.42, 1.40) 

Highest education completed 
High school 
Post high school 
College/Post graduate 

 
Ref 

   0.56 (0.34, 0.97) † 
0.79 (0.49, 1.30) 

 
Ref 

0.58 (0.35, 0.94) † 
0.69 (0.43, 1.10) 

Yearly income (USD) 
<80,000 
≥80,000 
Unknown 

 
Ref 

1.48 (1.07, 2.03) † 
1.30 (0.88, 1.92) 

 
Ref 

1.17 (0.80, 1.71) 
1.17 (0.77, 1.78) 

Marital status* 
Married 
Unmarried 

 
Ref 

0.72 (0.53, 0.96) † 

 
Ref 

0.77 (0.56, 1.06) †† 
Reported smoking in last 6 months* 

No 
Yes 

 
Ref 

0.85 (0.55, 1.31) 

 

BMI (baseline) 
<30 
≥30 

 
Ref 

0.84 (0.61, 1.16) 

 
 

Sexual Behaviors and Reproductive Health 
Lifetime sexual partners 

<5 partners 
≥5 partners 

 
Ref 

1.06 (0.72, 1.56) 

 
 

Recent sexual activity 
No sex 
Sex, no new partner 
Sex, new partners 

 
Ref 

1.06 (0.74, 1.53) 
0.95 (0.55, 1.63) 

 

Menopausal status (baseline) 
Premenopausal 
Postmenopausal 

 
Ref 

0.74 (0.53, 1.04) 

 
 

Current hormone use for any reason* 
No 
Yes 

 
Ref 

1.36 (1.00, 1.84) †† 

 
Ref 

1.52 (1.10, 2.11) † 
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Table 11 – Continued 
 
 Unadjusted HR 

(95% CI) 
Adjusted HRǂ 

(95% CI) 
Recent STI* 

No 
Yes 

 
Ref 

0.96 (0.60, 1.52) 

 

Ever abnormal Pap during study period 
No 
Yes 

 
Ref 

0.88 (0.60 1.29) 

 

Existing health conditions 
History of diabetes 

No 
Yes 

 
Ref 

0.55 (0.32, 0.92) † 

 
Ref 

0.52 (0.30, 0.91) † 
History of any cancer (not cervical) 

No 
Yes 

 
Ref 

0.98 (0.60, 1.61) 

 

History of arthritis 
No 
Yes 

 
Ref 

0.87 (0.57, 1.31) 

 

History of autoimmune disease 
No 
Yes 

 
Ref 

1.03 (0.64, 1.68) 

 

Abbreviations: hazard ratio (HR); body mass index (BMI); sexually transmitted infection (STI) 
*Time-variant variable 
ǂ Hazard ratios (HR) are adjusted for all other variables presented in model. 
†Indicates p<0.05; ††Indicates p<0.10
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5.0  MANUSCRIPT 2: SEROPREVALENCE OF HPV IN YOUNG POSTPARTUM 

WOMEN 

5.1 ABSTRACT 

Substantial reduction in cervical cancer rates is anticipated with the introduction of the HPV 

vaccine in India. Although pilot vaccination programs have suggested high vaccination coverage 

is feasible among adolescent girls, some parental and provider attitudes are not supportive of 

targeting 9-12 year old girls for HPV vaccination.  It may be important to identify other 

populations that are more culturally appropriate for India, such as young postpartum women.  

The objective of this study is to measure vaccine-specific HPV seroprevalence among one-month 

postpartum women, participating in a prospective cohort study exploring socioeconomic and 

environmental factors for maternal and child health in India, the LIFE (Longitudinal Indian 

Family hEalth) Study, to assess if this group is an appropriate target for HPV catch-up 

vaccination programs.  Four hundred and eighty-eight women with no more than one previous 

live birth and had a postpartum serum specimen were selected.  HPV seropositivity was tested 

with a Luminex-based multiple assay for the quadrivalent vaccine-specific HPV types (6, 11, 16, 

and 18). Descriptive statistics on demographic information and reproductive history for the 

population were described using data collected from interview-administered questionnaires.  To 

determine if vaccinating young women after pregnancy is a viable option, a one-sided binomial 
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probability test was used to assess if the HPV 16/18 seroprevalence is no higher than 5%, similar 

to the seroprevalence in the adolescent vaccine target age range.  Odds ratios were used to 

identify determinants for HPV seropositivity with 95% confidence intervals (CI).   Twenty 

percent of the women were positive for any vaccine-specific HPV type. The population 

seroprevalence of HPV-6, HPV-11, HPV-16, and HPV-18 was 6.6%, 10.1%, 10.1%, and 3.9%, 

respectively. Among all postpartum women, HPV 16/18 seropositivity (11.6%) was significantly 

greater than 5%. Birth order, years of marriage, and being a homemaker were associated with 

increased seropositivity among postpartum women.  Although HPV 16/18 seropositivity was 

greater than 5%, it was still low, suggesting a catch-up vaccination program targeting women 

after first or second delivery may be appropriate and have an impact to reduce cervical cancer 

burden. This older age of vaccination may be more appropriate in India given the cultural 

barriers to vaccinating adolescent girls. 

5.2 INTRODUCTION 

Even with a National Cancer Control Program and the establishment of cervical cancer screening 

guidelines in India, cervical cancer remains one the most common female cancers in the country 

(L Bruni, Barrionuevo-Rosas, Seranno, et al., 2014).  A quarter of the global cervical cancer 

morbidity and mortality is shouldered in India (L Bruni, Barrionuevo-Rosas, Seranno, et al., 

2014).  It is estimated that 1 in 53 women will develop cervical cancer over her lifetime and 70% 

of these cancers present at an advance stage (L Bruni, Barrionuevo-Rosas, Seranno, et al., 2014), 

making successful treatment difficult.  Although organized or population-based screening 

programs have effectively reduced the global burden of cervical disease, achieving high-levels of 
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participation and adherence remains a challenge in India.  Human papillomavirus (HPV) 

vaccines, or cervical cancer vaccines, are thought to be able to significantly reduce cervical 

cancer rates, especially in settings like India where implementing sustainable secondary 

prevention efforts have been suboptimal (Krishnan, Madsen, Porterfield, & Varghese, 2013). 

The quadrivalent Gardasil and the bivalent Cervix HPV vaccines have been licensed in 

India since 2008.  Both cervical cancer vaccines target oncogenic types HPV-16 and 18, 

responsible for about three-fourths of cervical cancers in India and worldwide (L Bruni, 

Barrionuevo-Rosas, Seranno, et al., 2014).  Data from clinical trials have demonstrated HPV 

vaccines to be more than 90% effective at preventing cervical precancers caused by these two 

oncogenic types (Harper & Demars, 2014; Schiller et al., 2012). The quadrivalent vaccine also 

protects against HPV-6 and 11, which is responsible for the majority of genital warts (Gardasil 

[package insert], 2009).   

HPV vaccination has the greatest impact when provided prior to HPV exposure (e.g., 

prior to sexual debut). Even though the quadrivalent vaccine is approved for females and males 

aged 9-26 years old, the WHO recommends HPV vaccination programs target girls between 9 

and 13 years old to ensure girls are vaccinated before sexual debut (World Health Organization, 

2014a).  In India, the current recommendation for HPV vaccines is for 10-12 year old girls who 

can afford to purchase the vaccine through the private sector (Vashishtha et al., 2014).  Although 

cervical cancer vaccines are not currently part of the routine immunization schedule provided by 

the public sector, a recent demonstration project exploring vaccine delivery strategies for HPV 

vaccines  illustrated that high vaccine coverage among 10-12 year old girls was attainable 

through the government health system (LaMontagne et al., 2011).   However large-scale 

introduction of HPV vaccines has been stalled due to public debate over whether the HPV 
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vaccine is an appropriate intervention to reduce the cervical cancer burden in India, which could 

greatly affect national vaccine coverage (Das, Hussain, Nasare, & Bharadwaj, 2008; 

Jayakrishnan, 2014; Krishnan et al., 2013). 

Health and economic studies have shown that the greatest impact of the HPV vaccine is 

fully appreciated only when vaccine coverage is high. Catch-up populations for vaccinations 

play an important role in insuring that sufficient immunity is attained in the population.  

Countries have often identified 18-26 year olds girls as targets for catch-up programs.  However, 

in India, this age group traditionally utilizes health care services only during pregnancy and 

through the first two years of their child’s life.  Therefore, one potential population for catch-up 

immunization programs may be targeting young postpartum women, particularly after their first 

pregnancy.  Young postpartum women may still be naïve to vaccine-specific HPV types, 

therefore would benefit from vaccination.  However, the success of an HPV vaccination 

programs targeting this population  will depend on the level of previous exposure to HPV-16 and 

HPV-18 (Ryding et al., 2008).  

Serology measures, a marker of previous HPV exposure, may provide valuable 

information for developing HPV immunization programs.  In immunogenicity studies of the 

HPV vaccine in India, 4.6-12.5% and 4.1-19.6% women were HPV-16 and HPV-18 seropositive, 

respectively, prior to receiving the HPV vaccine (Bhatla et al., 2010; Rengaswamy 

Sankaranarayanan et al., 2015).  To our knowledge, no data on HPV exposure exists among 

pregnant or postpartum women in India.  The purpose of this study is to measure quadrivalent 

vaccine-specific HPV seroprevalence among married women aged 17-35 years old 1-month 

postpartum and to evaluate if the HPV-16 and HPV-18 seroprevalence is similar to 

seroprevalence observed among adolescent girls.  To understand better if catch-up vaccination 
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programs during the postpartum period should focus on certain characteristics of a women, such 

as age or reproductive history, this study also determines the factors associated with HPV 

seropositivity.  

5.3 METHODS 

5.3.1 Study population 

From October 2009 to March 2012, married women age 15-35 were enrolled into the LIFE 

(Longitudinal Indian Family hEalth) Study, a  prospective cohort study exploring socioeconomic 

and environmental factors for maternal and child health (Kusneniwar et al., 2016).  Women were 

eligible to participate if they were living in one of the Medchal Mandal villages served by 

MediCiti Institute of Medical Sciences (MIMS), not currently pregnant or less than 14 weeks’ 

gestation.  Women were excluded if they were not planning to have any more children or if they 

lived in one of the two villages with a highly transient population. 

Consented women enrolled in the LIFE study provided urine, serum, stool and vaginal 

samples.  After delivery women also consented to provide one-month postpartum specimens.  

Demographic information was collected using an interview-administered questionnaire at 

enrollment.  Once pregnancy was confirmed, a more detailed reproductive history was collected.   

As of May 2013, 668 women became pregnant and delivered at least one baby as part of 

the LIFE study.  Of these 668 women, 180 women were excluded because of missing postpartum 

serum (n=64; 9.2%) or had two or more previous live births prior to entering the LIFE Study 
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(n=116; 17.7%).  The remaining 488 (73.1%) women who were selected for the present study 

had no more than one previous live birth and had a postpartum serum specimen.   

This study has been approved by the SHARE India Ethics committee at MIMS, Ghanpur, 

Telangana State, India and by the Institutional Review board at the University of Pittsburgh, 

Pittsburgh, PA, U.S.A. 

5.3.2 HPV serologic measurement 

Postpartum serum specimens were immediately processed, aliquotted into cryotubes and stored 

at -80°C until removed for batch HPV serology testing.  A 50ul sub-aliquot for the selected 

women was sent to Rajiv Gandhi Centre for Biotechnology (RGCB, Kerala, India) for testing 

using the Luminex® assays (Dias et al., 2005; Waterboer et al., 2005). The Luminex® platform 

simultaneously assays antibodies to HPV 6, 11, 16 and 18. Type-specific antibodies were 

detected by competing with and blocking the binding of fluorescently tagged neutralizing 

monoclonal antibody to virus-like particles (VLPs) coated microspheres. 

Serology assay results were dichotomized as “positive” and negative” based on setting 

cut-points using clinical sensitivity/specificity algorithm to make a distinction between "likely 

negative" and "likely positive" samples.   A reference population of likely negatives from the 

LIFE cohort (63 women with serum specimens collected within a year of marriage) was used to 

set cut-points for each HPV serotype, by calculating the mean+2x Standard Deviation (SD)  for 

each serotype, excluding any positive outliers.  A total of 484 specimens had valid results.   
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5.3.3 Statistical analysis 

Descriptive statistics on demographic information and reproductive history for the population 

were described.  Mean and standard deviation was presented for the continuous variables and 

frequencies with percentages were presented for categorical variables. 

To determine if vaccinating young women after pregnancy is a viable option, a one-sided 

binomial probability test was used to assess if the HPV 16/18 seroprevalence, or high-risk HPV 

seroprevalence, in the population was greater than 5%. We used a  5% threshold since it is the 

estimated HPV-16 and HPV-18 percent positivity in the vaccine target age range (adolescent 

girls aged 14-19) (Markowitz et al., 2009). Post hoc, we tested to determine if high-risk HPV 

seroprevalence was greater than 10%.   

Associations of demographic and reproductive health variables were explored separately 

with high-risk, low-risk (HPV 6/11), and any quadrivalent vaccine-specific HPV (qHPV) using 

chi-square tests.  Bacterial vaginosis was diagnosis by analyzing the presence of clue cells from 

vaginal samples that were collected at enrollment, Gram stained, and viewed at 400x 

magnification by trained laboratory microbiologists at MIMS.  Odds ratios were used to assess 

independent determinants for HPV seropositivity with 95% confidence intervals (CI).   All 

models were adjusted for serum collection time, which was defined as the number of months 

between delivery date and first postpartum visit date.  Variables included in the multivariable 

model were selected through backward stepwise regression, maximum p-value for term to be 

removed was 0.2 and to be added was 0.1.  All analyses were conducted in Stata 13.0 statistical 

package. 



73 

5.3.4 Uncertainty of cut-point value 

To check the sensitivity of the chosen cut-point on the seroprevalence, we recalculated type-

specific seroprevalence using a cut-point ± 1x SD. 

 

5.4 RESULTS 

5.4.1 Descriptive analysis 

Table 12 shows the population characteristics (N=483).  One seronegative woman was excluded 

from the analysis due to incomplete questionnaire responses.  The mean age of postpartum 

women in the study was 22.5 years old (range 17 to 35 years) and approximately 50% of the 

women were married before the age of 20.  The majority of the women were Hindu (88.2%) and 

from scheduled caste (57.3%).  Only 11.8% were Muslim or Christian.  The study population 

was educated, more than 79% completed secondary education or higher.  More than three-

fourths of the women did not work outside of the home.  All women in the study were non-

smokers and household exposure to tobacco smoke was reported by less than 20% of the 

participants.   

Approximately 60% of the women in this study reported a prior pregnancy (Table 12).  

Among the 284 women previously pregnant prior to enrolling in the LIFE Study, 10.9% of the 

pregnancies did not result in a live birth. Age at marriage was unknown by nearly a quarter of the 

women; these women were less educated (p<0.001), had a previous live birth (p=0.05), and had 

clue cells present (p=0.01). 
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The mean collection time for the postpartum specimen was 2.7 ± 3.3 months (ranging 

from 21 days to 23 months), and did not vary by seropositivity (p=0.38). 

5.4.2 Seroprevalence  

HPV seroprevalence for all postpartum women, and stratified by previous number of 

pregnancies, is summarized in Table 13.   One-fifth of the postpartum women were positive for 

any qHPV antibody and less than 1% of the women were positive for all four vaccine types.  

High-risk HPV seroprevalence (11.6%) among all postpartum women was significantly greater 

than 5% (p<0.001), but not significantly greater than 10% (p=0.12). Similar observation was 

observed among primipara women (p(5% threshold)<0.001, p(10% threshold)=0.59).  However, the high-

risk seroprevalence (13.4%) among women giving birth to their second child was significantly 

greater than 5% (p<0.001) and 10% (0=0.03). 

HPV-16 and HPV-11 were the most common high-risk and low-risk vaccine-specific 

serotypes detected, respectively (Table 13).  Generally, type-specific seropositivity was lower 

among primipara women compared to secundipara women, although the difference was only 

statistically significant for HPV-11 (p=0.01).   The proportion of secundipara women with any 

qHPV serotype was 1.5-fold more than the seropositivity among primipara women. 

5.4.3 Determinants of seropositivity 

Single factors associated with any high-risk or low-risk HPV seropositivity were similar, but the 

final adjusted models were different (Table 14).  Increasing number of previous pregnancies was 

associated with increased odds of HPV seropositivity in the univariable analysis.  After 
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adjustment of other co-variates, the association of pregnancy history was no longer present; 

however, birth order remains associated with any HPV seropositivity and low-risk HPV 

seropositivity (Table 14).   Working outside of the home was weakly inversely associated with 

any vaccine-specific HPV (p=0.09), high-risk HPV (p=0.06), and low-risk HPV (p=0.10).  

Although caste was not significantly associated with any HPV seropositivity, women identifying 

as backwards caste had 3 times higher odds of low-risk HPV compared to scheduled caste 

(p=0.03).  High-risk HPV seropositivity was weakly associated with 1.8 greater odds among 

women who were married longer than 3 years than women who were married for less than three 

years (p=0.11).  History of abnormal vaginal discharge and bacterial vaginosis were not 

associated with HPV seropositivity. 

5.4.4 Influence of cut-point on seroprevalence estimates 

The serotype specific prevalence of HPV was sensitive to the chosen assay cut-point, with the 

largest influence for HPV-11 and HPV-16 (Figure 3).   Given this uncertainty, the 

seroprevalence estimate for any quadrivalent vaccine-specific HPV in this population ranged 

from 13.0% to 32.1%. 
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5.5 DISCUSSION 

The seroprevalence of the quadrivalent vaccine-specific HPV types among postpartum Indian 

women in the present study was 6.6% for HPV-6, 10.1% for HPV-11, 10.1% for HPV-16, and 

3.9% for HPV-18.   The serotype-specific prevalence we observed was within range, but 

generally lower than that observed in pregnant and postpartum women in North American and 

European countries, which varied from 0-53% for HPV-6, 0-21% for HPV-11, 9-35% for HPV-

16 and 6-27% for HPV-18 (K. Heim et al., 1995; Rama, Villa, Pagliusi, Andreoli, Costa, 

Thomann, Longatto-Filho, et al., 2010; Syrjänen et al., 2009).  Premarital sex among Indian 

females is in the minority, ranging from 3-18% and is related to increasing age and socio-

economic background (Anil Kumar, 2003; Jaya & Hindin, 2009; McManus & Dhar, 2008; K. G. 

Santhya, Acharya, Jejeebhoy, & Ram, 2011; K. Santhya & Jejeebhoy, 2012).  For the majority of 

women in this population, sexual debut occurs within marriage unlike in industrialized countries 

where the average age of sexual debut is 5-7 years before marriage (Wellings et al., 2006).  

Younger age of sexual debut relates to multiple partners and more sexual contacts, which 

increase opportunities for HPV exposure.  The lower seropositivity rate we see in our study may 

be due to the lower number of lifetime partners and fewer sexual contacts.  More than 80% of the 

postpartum women in our study were negative for all of the quadrivalent vaccine types, which is 

similar to findings of  another study that estimated the HPV seroprevalence among 301 

postpartum women in Brazil (Rama, Villa, Pagliusi, Andreoli, Costa, Thomann, Longatto-Filho, 

et al., 2010). 

Published reports on HPV seroprevalence in India are limited.  There are two studies that 

report on HPV seroprevalence among Indian populations, specifically among female participants 

in two separate multicenter vaccine trials in India using serum specimens collected prior to 
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vaccination protocols (Bhatla et al., 2010; Rengaswamy Sankaranarayanan et al., 2015).  In one 

study of nearly 2000 unmarried girls between the ages of 10 and 18 years old participating in an 

effectiveness trial of a 2-dose vaccine schedule compared to the standard 3-dose schedule for the 

quadrivalent HPV vaccine, the authors reported seroprevalence estimates for HPV-6 (5%), HPV-

11 (5-6%), HPV-16 (5-6%), and HPV-18 (4-7%).  These findings showed little type-specific 

variation in seroprevalence and the estimates were lower compared to our study (Rengaswamy 

Sankaranarayanan et al., 2015).  The other study was an immunogenicity and safety vaccine 

study for the bivalent vaccine conducted in 354 women aged 18-35 years old (Bhatla et al., 

2010). In this study, 29.2% of the vaccine group and 25.8% of the placebo group were HPV 

16/18 seropositive, which is higher than the 12% of the women in our study who were positive 

for HPV-16 or HPV-18 serotypes.  Even using the more conservative cut-point value in the 

present study, the HPV 16/18 seroprevalence in this population (20.5%) was still lower than that 

baseline seroprevalence reported in the bivalent vaccine trial.  Since HPV seroprevalence is 

associated with age (Tiggelaar et al., 2012), the differences observed between these studies may 

be attributed to an older population in the bivalent vaccine trial population (mean age= 28.4 

years) compared to the younger LIFE population (mean age = 22.5 years) and an even younger 

adolescent quadrivalent vaccine trial population.   

In addition to population characteristics, such as age and sexual patterns, it is important to 

note that comparing serologic measurements across studies can be difficult because measurement 

accuracy is affected by assay type and the associated seropositive cutoff values used (Iftner & 

Villa, 2003).  It is recognized that comparability of HPV serology would be aided by 

international standards for antibodies to specific HPV serotypes.  Currently, the WHO HPV 

Laboratory Network (HPV LabNet) has created the first international standards for HPV-16 and 
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is developing international standards for HPV-18 and potentially other HPV serotypes (Faust, 

Eklund, Sukvirach, Ngamkham, & Dillner, 2016; Ferguson, Wilkinson, Heath, & Matejtschuk, 

2011).   

A recent meta-analysis on the benefits of HPV vaccination in older girls, 16 years and 

older, shows a protective effect against cervical carcinogenesis and other HPV-related high-

grade diseases (Couto et al., 2014).  Although the HPV16/18 seropositivity in the total study 

population was 11.6%, which was statistically greater than the hypothesized 5%, it was not 

statistically greater than 10%.  Therefore, the majority of postpartum women in our study were 

not exposed previously to the two most common oncogenic HPV types by the time of the birth of 

their second child and this finding suggests that young postpartum women could still benefit 

from the HPV vaccine.   

We found that women delivering their first child were at lower risk for any HPV 

compared to women who were having their second child.  This suggests that assessing birth 

order may be important when assessing a strategy that involves HPV vaccination among 

postpartum women.  Being married for three or more years was also a significant factor for high-

risk seropositivity.  This could either be an indication of an increased risk of extramarital 

relationships among married couples or more time for establishing an HPV infection.  This 

observation aligns with the positive association observed with years of marriage and sexually 

transmitted infection risk in India (Prasad et al., 2005).  Occupation was positively associated 

with HPV seropositivity, irrespective of high or low-risk HPV.  The elevated odds of HPV 

detection among women who did not work outside of the home was surprising and contrary to 

previous studies that observed a decreased sexually transmitted infection risk among 

homemakers (Prasad et al., 2005).   
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Programmatically in India, including women after their first or second pregnancy for the 

HPV vaccine may be more culturally appropriate than an immunization program focused solely 

on adolescent girl.  Acceptability studies among Indian populations suggest that HPV 

vaccination is not accepted by the majority of parents interviewed and should be delayed until 

“their daughters grew up” (Basu & Mittal, 2011; Krupp et al., 2010; Madhivanan et al., 2009, 

2014; Paul et al., 2013).  In a recent survey, only 20% of mothers think that the vaccine should 

be given before the age of sexual debut (Basu & Mittal, 2011).  In addition, physicians, who are 

important facilitators for HPV vaccine acceptance, are often reluctant to recommend vaccination 

to the general population (Basu & Mittal, 2011; Krupp et al., 2010), may be more willing to 

recommend HPV vaccination after first pregnancy, when parental reactions and social stigma are 

not a concern.  Recent studies in the United States offering adolescent and young adult women 

HPV vaccination after pregnancy support the notion that motivating postpartum women for HPV 

vaccination is feasible, convenient, and successfully increases vaccination initiation and 

completion rates among these women (Berenson, Rahman, Hirth, Rupp, & Sarpong, 2016; J. D. 

Wright et al., 2012). 

The main limitation of our study was determining a serologic cut-point based on a 

population that may not be HPV naïve and may have underestimated the serologic HPV burden.  

Even so, the reference population was newly married women with serum specimens collected 

within a year of marriage.  Given that that a recent report estimates that 5% of the females aged 

15-24 engage in premarital sexual activity (K. Santhya & Jejeebhoy, 2012) and the median time 

to seroconversions for HPV infections is within one year (Carter et al., 2000),  the assumption 

that the references populations is likely negative appears appropriate and the related 

seroprevalence estimates are reasonable. 
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Despite the limitation, this study addresses a gap in the HPV epidemiology of postpartum 

women in India, the majority of whom are age-eligible for catch-up HPV vaccination.  Our 

results suggest that vaccinating young postpartum women, especially after first delivery, would 

be beneficial.  These results support further research to examine impact on cervical cancer 

burden if vaccinating postpartum women is part of the national HPV vaccination strategy in 

India.  Since screening strategies have not been successfully implemented and adolescent HPV 

vaccination is not nationally implemented, such an immunization program could reduce the 

cervical cancer burden and other HPV-related diseases. 
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5.6 TABLES AND FIGURES 

Table 12. Demographic and reproductive history characteristics of study population 

 Total (N=483) 
Demographics  
Age (mean ± SD) 22.55 ± 2.75 

Years of marriage 
< 3 
3-4 
5+ 
unknown 

 
155 (32.1) 
126 (26.1) 
91 (18.8) 
111 (23.0) 

Religion 
Hindu 
Muslim 
Christian 

 
426 (88.2) 
31 (6.4) 
26 (5.4) 

Caste 
Scheduled Caste 
Scheduled Tribe 
Backward Caste 
No caste reported 

 
277 (57.3) 
78 (16.2) 
35 (7.3) 
93 (19.2) 

Education, highest level completed 
None 
Primary 
Secondary 
Higher secondary or more 

 
58 (12.0) 
40 (8.3) 

263 (54.5) 
122 (25.3) 

Currently employed 
No 
Yes 

 
373 (77.2) 
110 (22.8) 

Husband occupation 
Private 
Agriculture 
Semi-skilled/unskilled 
Professional 
Missing 

 
374 (77.4) 
42 (8.7) 
21 (4.4) 
25 (5.2) 
21 (4.4) 

Household tobacco smoke exposure 
No 
Yes 

 
401 (83.0) 
82 (17.0) 
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Table 12 – Continued 

 Total (N=483) 
Reproductive history  
Previous pregnancy history 

None 
One 
Two 

 
199 (41.2) 
239 (49.5) 
45 (9.3) 

Birth order of child at delivery 
First 
Second 

 
230 (47.6) 
253 (52.4) 

History abnormal vaginal discharge 64 (13.3) 

Bacterial vaginosis present 83 (17.2) 

 

 

Table 13. HPV seroprevalence with 95% confidence intervals, total and stratified by birth order 

 Total Birth order 
Type (N=483) First (N=230) Second (N=253) 
Any qHPV type‡ 20.3% 

(16.8 – 24.2) 
15.2% 

(10.8 – 20.5) 
24.9% 

(19.7 – 30.7) 
All qHPV types‡ 0.4% 

(0.1 – 1.5) 
0.9% 

(0.01 – 3.1) 
0.0% 

(0.0 – 1.4)* 
High-risk HPV 11.6% 

(8.9 – 14.8) 
9.6% 

(6.1 – 14.1) 
13.4% 

(0.9 – 18.3) 
HPV-16 10.1% 

(7.6 – 13.2) 
7.8% 

(4.7 – 12.1) 
12.2% 

(8.5 –16.9) 
HPV-18 3.9% 

(2.4 – 6.1) 
4.8% 

(2.4 –8.4) 
3.2% 

(1.4 –6.2) 
Low-risk HPV 12.6%  

(9.8 – 15.9) 
9.1% 

(5.7 – 13.6) 
15.8% 

(11.5 – 20.9) 
HPV-6 6.6% 

(4.6 – 9.2) 
5.2% 

(2.7 – 8.9) 
7.9% 

(4.9 – 11.9) 
HPV-11 10.1% 

(7.6 – 13.2) 
6.5% 

(3.7 –10.5) 
13.4% 

(9.5 –18.3) 
Abbreviations:  any quadrivalent vaccine-specific HPV type (qHPV) 
‡ qHPV includes HPV 6/11/16/18 
*One-sided 97.5% confidence interval 
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Table 14. Determinants of any HPV seropositivity, odds ratio (OR) with 95% confidence intervals 

 Any seropositive High-risk seropositive Low-risk seropositive 
 Unadjusted OR* Adjusted ORǂ Unadjusted OR* Adjusted ORǂ Unadjusted OR* Adjusted ORǂ 
Demographics       
Age  

<25 years 
≥25 years 

 
Ref 

1.36 (0.81, 2.28) 

  
Ref 

1.73 (0.93, 3.20)†† 

 
Ref 

1.60 (0.83, 3.09) 

 
Ref 

0.79 (0.39, 2.07) 

 

Years of marriage 
<3 years 
≥3 years 
Unknown 

 
Ref 

1.83 (1.07, 3.12) 
1.22 (0.63, 2.34) 

 
Ref 

1.51 (0.81, 2.78)†† 
1.06 (0.52, 2.14) 

 
Ref 

1.87 (0.94, 3.70)†† 
1.36 (0.59, 3.10) 

 
Ref 

1.81 (0.88, 3.70) 
1.36 (0.59, 3.17) 

 
Ref 

1.38 (0.65, 2.92) 
2.15 (1.01, 4.56)† 

 

Religion 
Hindu 
Muslim 
Christian 

 
Ref 

0.72 (0.27, 1.94) 
0.48 (0.14, 1.65) 

  
Ref 

0.51 (0.12, 2.21) 
0.28 (0.04, 2.10) 

  
Ref 

1.02 (0.34, 3.04) 
0.56 (0.13, 2.43) 

 

Caste 
Scheduled Caste 
Scheduled Tribe 
Backward Caste 
No caste reported 

 
Ref 

1.13 (0.60, 2.12) 
1.30 (0.56, 3.02) 
1.44 (0.82, 2.52) 

 
 

 
Ref 

1.06 (0.48. 2.33) 
0.76 (0.22, 2.62) 
1.43 (0.72, 2.83) 

 
Ref 

0.96 (0.43, 2.17) 
0.94 (0.27, 3.34) 
1.46 (0.72, 2.92) 

 
Ref 

1.29 (0.61, 2.70) 
2.32 (0.97, 5.56) 
1.05 (0.50, 2.19) 

 
Ref 

 1.18 (0.56, 2.50) 
2.80 (1.14, 6.88)† 
 1.02 (0.49, 2.13) 

Education, highest level 
completed 

< Secondary 
≥ Secondary 

 
 

Ref 
1.08 (0.62, 1.89) 

  
 

Ref 
0.92 (0.47, 1.82) 

  
 

Ref 
1.18 (0.59, 2.37) 

 

Currently employed 
outside of the home 

No 
Yes 

 
 

Ref 
0.66 (0.37, 1.17)†† 

 
 

Ref 
0.64 (0.36, 1.16)†† 

 
 

Ref 
0.52 (0.24, 1.14)†† 

 
 

Ref 
0.46 (0.21, 1.01)†† 

 
 

Ref 
0.55 (0.26, 1.15)†† 

 
 

Ref 
0.53 (0.25, 1.13)†† 
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Table 14 – Continued 
 
 Any seropositive High-risk seropositive Low-risk seropositive 
 Unadjusted OR* Adjusted ORǂ Unadjusted OR* Adjusted ORǂ Unadjusted OR* Adjusted ORǂ 
Husband occupation 

Private 
Agriculture 
Semi-skilled/unskilled 
Professional 
Missing 

 
Ref 

1.10 (0.50, 2.93) 
1.28 (0.45, 3.60) 
1.34 (0.52, 3.51) 
0.95 (0.31, 2.91) 

  
Ref 

1.37 (0.50, 3.45) 
0.91 (0.20, 4.01) 
1.65 (0.54, 5.10) 
1.96 (0.63, 6.13) 

  
Ref 

1.41 (0.59, 3.37) 
1.20 (0.34, 4.25) 
1.01 (0.29, 3.53) 
0.75 (0.17, 3.31) 

 

Household tobacco 
smoke exposure 

No 
Yes 

 
 

Ref 
1.12 (0.63, 2.00) 

  
 

Ref 
0.92 (0.43, 1.96) 

  
 

Ref 
0.82 (0.39, 1.74) 

 

Reproductive history       
Number of previous 
pregnancies (0-2) 

 
1.46 (1.04, 2.06)†  1.32 (0.87, 2.03)  1.34 (0.88, 2.02)  

Birth order of child at 
delivery 

First 
Second 

 
 

Ref 
1.86 (1.18, 2.96)† 

 
 

Ref 
1.58 (0.93, 2.67)†† 

 
 

Ref 
1.50 (0.85, 2.66) 

  
 

Ref 
1.89 (1.08, 3.32)† 

 
 

Ref 
1.96 (1.11, 3.47)† 

History abnormal vaginal 
discharge 

No 
Yes 

 
 

Ref 
1.36 (0.74, 2.52) 

  
 

Ref 
1.29 (0.70, 1.12) 

  
 

Ref 
1.33 (0.64, 2.78) 

 

Bacterial vaginosis 
No 
Yes 

 
Ref 

1.10 (0.62, 1.97) 

  
Ref 

0.79 (0.36, 1.73) 

  
Ref 

1.52 (0.79, 2.92) 

 

Abbreviation: odds ratio (OR) 
*Odd ratios adjusted for time of sample collection.    
ǂ Odds ratios adjusted for time of sample collection and all other variables presented in model. 
†Indicates p<0.05; ††Indicates p<0.1 
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20.29% 

+11.79 

-7.26 

 
SD: Standard deviation 

 
Figure 3. Percent difference in seroprevalence compared with the standard assay cutoff at two 

standard deviations from the mean in presumptive HPV naïve women, by HPV type 
.   
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6.0  MANUSCRIPT 3: EFFECTS OF DIETARY SOY AND TEA INTAKE ON 

CERVICAL CANCER RISK 

6.1 ABSTRACT 

Soy isoflavones and tea catechins have immunomodulating and chemopreventive properties 

relevant for cervical carcinogenesis; however, there are limited data from epidemiologic studies 

that have evaluated the relationship of soy and tea consumption with cervical cancer risk. The 

association between intake of soy and green tea drinking and risk of cervical cancer was 

investigated in a prospective, population-based cohort of 30,744 Chinese women in Singapore 

with an average 16.7 years of follow-up and 312 incident cases of cervical cancer. Multivariable 

proportional hazard regression models were used to estimate hazard ratio (HR) and 95% 

confidence interval (CI) of cervical cancer associated with intake levels of soy and tea.  High 

intake of soy alone was associated with a statistically borderline significant 20% reduced risk of 

cervical cancer (HR=0.80, 95% CI: 0.61, 1.05) while green tea alone was not (HR=0.97, 95% 

CI: 0.76, 1.22).  In stratified analysis, high intake of soy was associated with a statistically 

significant decrease in cervical cancer risk among green tea drinkers (HR=0.43; 95% CI: 0.28, 

0.69) but not among non-drinkers of green tea. The difference in the soy-cervical cancer risk 

association between green tea drinkers and non-drinkers was statistically significant (P for 

interaction=0.004).  This inverse association between soy intake and cervical cancer risk 
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remained after further adjustment for human papillomavirus serology status.  These novel 

epidemiologic findings suggest that a protective effect of soy against cervical cancer 

development may depend on the constituents in green tea.      

6.2 INTRODUCTION 

A primary cause of cervical cancer is persistent infection with human papillomavirus (HPV) at 

the transformation zone, a region where columnar epithelium of the cervix changes into 

squamous epithelium (Schiffman et al., 2007; Vaccarella et al., 2013).  Cervical cancer incidence 

has been declining in most developed countries since the 1960’s due to successful efforts in 

screening for and vaccinating against oncogenic HPV types (i.e., 16 and 18) (Laara, Day, & 

Hakama, 1987; Vaccarella et al., 2013).  Despite these efforts, cervical cancer remains one of the 

most common gynecological cancer worldwide (Gakidou et al., 2008; Newmann & Garner, 

2005). In Singapore, cervical cancer is the third leading cause of cancer mortality among 

premenopausal women.  Although cervical cancer incidence rates have been decreasing in 

Singapore, resulting from a nationwide screening program, a recent trend analysis showed that 

women born after 1960 may be at increased risk for cervical cancer compared to earlier birth 

cohorts (Vaccarella et al., 2013).  Given the approximate decade-long latency period between the 

beginning of persistent infection with HPV and the clinical manifestation of pre-malignant 

lesions, only a small proportion of these early low-grade lesions will eventually progress to 

invasive cervical cancer in infected women (Castellsagué, 2008).  Other factors, along with 

HPV, likely play an important role in the development of invasive cervical cancer.  
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Although cervical cancer is not considered a hormone-dependent malignancy, estrogen 

exposure in combination with persistent HPV infection is important in the development of 

cervical cancer.  For example, epidemiological studies have identified multiparity and long-term 

oral contraceptive use as HPV cofactors associated with cervical cancer risk (Castellsague & 

Munoz, 2003) .  Evidence from virology- and immunology-based experimental studies implicate 

estrogen in cervical carcinogenesis through mechanisms including the initiation of cell 

proliferation and differentiation in the cervical transformation zone, local cervical immune 

microenvironment and cytokine-dependent immune response changes, and HPV gene expression  

(Delvenne et al., 2007).  Isoflavones are a plant-based estrogen (phytoestrogen) found most 

abundantly in soy products.  As weak estrogens, soy isoflavones interact with estrogen receptors 

and have been shown to inhibit multiple estrogen-dependent and non-dependent cancers 

including breast, prostate, gastric and lung cancers (Ko et al., 2013; A H Wu, Yu, Tseng, & Pike, 

2008; S. H. Wu & Liu, 2013; Yan & Spitznagel, 2009). 

Green tea is a major source of epigallocatechin-3-gallate (EGCG) (Roy, Siddiqi, & 

Bhattacharya, 2001).  EGCG inhibits cell growth of HPV infected cells by down-regulating E6 

and E7 oncoproteins in vitro, and tumors regress when EGCG was combined with a DNA 

vaccine in tumor mouse model (Butler & Wu, 2011).  Other major tea catechins in green tea are 

epigallocatechin (EGC), epicatechin-3-gallate (ECG), and epicatechin (EC).  Black tea contains 

only one-third to one-tenth catechins that green tea does, but has high levels of other tea 

polyphenols such as theaflavins, thearubigins, and gallic acid tannins (Y. Wang & Ho, 2009; Z. 

Y. Wang, Huang, Lou, & Reuhi, 1994).  Given the different types of polyphenols and different 

concentrations of tea catechins, green and black tea may have different effects on risk of cervical 
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cancer.  However, there have been no reports on prospective studies that have evaluated the 

relationship between green and black tea intake and cervical cancer risk.   

The Singapore Chinese Health Study is a population-based, prospective cohort with 

detailed dietary intake information on a population with substantial intake of soy and green and 

black teas.  The aim of this study is to investigate the direct and possible interactive effects of 

soy and tea intake on cervical cancer risk among Chinese women in Singapore.  In a subanalysis 

for a nested case-control study of cervical cancer within the Singapore Chinese Health Study, we 

also evaluated whether HPV serological status modified the association between intake of soy 

and tea and risk of cervical cancer.   

6.3 METHODS 

6.3.1 Study participants 

The details of the study design of the Singapore Chinese Health Study have been described 

previously in detail (Yuan, Stram, Arakawa, Lee, & Yu, 2003).  Briefly, cohort participants were 

recruited from permanent residents or citizens of Singapore, aged 45-74 years, living in 

government housing and belonging to one of the two major dialect groups (Hokkien and 

Cantonese).  The study enrolled 35,303 women and 27,954 men from April 1993 to December 

1998.  All cohort participants completed a baseline in-person interview, including questions on 

demographics, lifestyle factors, and medical history.  Questions specific for women obtained 

information on reproductive and menstrual history, hormone use and history of cervical cancer 

screening (i.e., Pap-based test).   
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The baseline interview also included a validated 165-item food-frequency questionnaire 

(FFQ) to assess usual dietary intake (Hankin et al., 2001).  The FFQ measured the intake of the 

seven most common nonfermented soy products in the Singapore Chinese diet in 8 predefined 

categories: never or hardly ever, once  month, 2-3 times a week, 4-6 times a week, once a day, 

and 2 or more times a day.  Soy intake was expressed based on grams of soy protein and soy 

isoflavones, as previously described (Anna H Wu, Stanczyk, Seow, Lee, & Yu, 2002; Anna H. 

Wu et al., 2008).  Calculation of soy protein intake was based on the Singapore Food 

Composition Database (Hankin et al., 2001).  Market samples of common soy foods in the 

Singapore diet were used to estimate the amount of genistein, daidzein, and glycitein soy 

isoflavones.  The sum of these three isoflavones estimated the total soy isoflavone intake.  Green 

tea and black tea drinking were assessed in the FFQ.  Individuals indicated their drinking 

frequency for each tea separately based on the following categories: never or hardly ever, 1-3 

times a month, once a week, 2-3 times a week, 4-6 times a week, once a day, 2-3 times a day, 4-5 

times a day, or 6 or more times a day.   

6.3.2 Identification of cancer cases  

Cancer diagnosis and deaths among cohort participants were identified through linkages of with 

the Singapore Cancer Registry and the Singapore Registry of Births and Deaths, respectively. 

The national cancer registry has been in place since 1968 and is considered a comprehensive 

record of cancer cases in the country (Parkin, 2006).  After excluding all men, and women with 

baseline prevalent invasive cancer or intraepithelial (non-invasive) cervical cancer (n = 1,276), 

and women who reported having a hysterectomy at baseline (n = 3,278), or who were missing 

cervical cancer screening history (n = 5), 30,744 women remained.  During follow-up, 312 
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women developed incident cervical cancer including 120 carcinoma in situ (CIS) and 192 

invasive cervical cancer.   

6.3.3 Nested case-control study 

A nested case-control study was conducted within the cohort to evaluate HPV status as a 

potential confounder in the assessment of soy and tea associations with cervical cancer risk.  

There were 75 CIS or invasive cervical cancer cases with serum samples available for the present 

study.  For each case, three controls were randomly selected among all eligible women without 

history of cancer or hysterectomy who were matched with the index case on age at study 

enrollment (within 3 years), dialect group (Hokkien, Cantonese), date of study enrollment 

(within 2 years), date of biospecimen collection (within 6 months), and baseline menopausal 

status (pre-, post-menopausal).  We successfully identified 3 controls for each of 52 cases, 2 

controls for each of 20 cases, and 1 control for each of 3 cases, the total number of matched 

controls was 199.    

6.3.4 Serologic testing 

Antibody reactivities to HPV and herpes simplex-virus 2 (HSV-2) antigens were examined as 

previously described at the German Cancer Research Center, Heidelberg, Germany (Waterboer 

et al., 2005).  Briefly, the Luminex® multiplex platform based on fluorescence-labeled 

polystyrene beads combined with glutathione S-transferase (GST) capture enzyme-linked 

immunosorbent assay (ELISA) was used to simultaneously test for 8 HPV types and HSV-2.  

The assay detected antibodies to the major capsid protein L1 of the high-risk mucosal HPV types 



92 

16, 18, 31, 33, 35, 45, 52, and 58.  Serum antibodies against HSV-2 were also quantified.  

Reactivity of each HPV and HSV-2 antibody was quantified as Median Fluorescence Intensity 

(MFI) and antibody-specific cutoffs were defined to determine seropositivity for each type-

specific capsid protein.  Cut-offs were established based on a previously described study among 

371 virgin Korean women with no evidence of genital HPV (Clifford et al., 2007).  The cutoff 

was defined as 5 times the standard deviations above the mean of the final distribution of MFI 

values among these women after the exclusion of outliers.  The case/control status of our test 

samples was blind to the laboratory personnel.  

6.3.5 Statistical analyses 

Proportional hazard regression models were used to estimate the cervical cancer risk, measured 

by hazard ratios (HR) and 95% confidence intervals (CI), associated with soy and tea intake.  

Person-years of follow-up were calculated for each person from the date of the baseline 

interview to the date of cervical cancer diagnosis, death, out migration, or December 31, 2013, 

whichever occurred first.  Daily intakes of soy products and soy isoflavones (genistein, daidzein, 

glycitein, and total) were expressed as weight/1000 kcal to adjust for total energy and 

categorized by tertiles based on distribution among all women in the cohort.  We categorized 

intake frequencies of green and black tea, separately, into nondrinker and drinker, and for 

drinkers, further grouped into monthly and weekly/daily drinkers.  All multivariable regression 

models included following potential confounders: dialect group (Cantonese, Hokkien), age 

(years), education level (no formal/primary education, and secondary or higher), and total calorie 

intake (kcal/day).  In addition, we used a stepwise regression approach to determine other 

potential confounders that were found to be associated with risk of cervical cancer in the study 
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population.  According to an entry criterion of P <0.1 and a removal criterion of P < 0.2 for a 

given variable, the following variables were included in the multivariable models:  parity (0-2, 3-

4, 5 or more births), duration of oral contraceptive (OC) use (never use, <5 years, or ≥5 years), 

menopausal status (premenopausal, postmenopausal), and history of Pap-based screening.  

Adjustment for smoking status did not substantially alter the association between the exposure 

variables (i.e., soy and tea intake) and risk of cervical cancer, but smoking was retained in the 

regression models to account for potential residual confounding.  For linear trend test, ordinal 

values of soy and tea intake were used for the assessment of cervical cancer risk.  To evaluate 

potential interaction between soy and tea intake on risk of cervical cancer, a product term of 

these two was created and included in multivariable models in addition to stratified analyses.  

In analysis of the nested case-control dataset, conditional logistic regression models were 

used to assess the association between intake of soy and tea and risk of cervical cancer with 

additional adjustment for serology status of HPV and HSV-2.  The latter was a proxy for sexual 

behavior.  A positive serology status of HPV was determined if antibodies against the L1 protein 

was detected for any high-risk mucosal HPV types.  All analyses were performed in SAS 9.3 

(SAS Institute, Inc.).  All P-values are two-sided.  P values <0.05 were considered statistically 

significant.  Insert info on study population 
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6.4 RESULTS 

The majority of the women were postmenopausal at baseline, with an average age of 56.2 years 

(SD=8.0).  The mean years of follow-up was 16.7 (SD=4.3 years).  The mean ages at diagnosis 

were 63.1, 60.4, and 64.8 years for total, CIS, and invasive cancer cases, respectively.  Women 

with >5 years of OC use had a statistically significant 62% increased risk of cervical cancer 

compared to non-OC users; women with two or less children had a statistically significant 58% 

reduced risk of cervical cancer compared with those with five or more children (Table 15).  A 

history of Pap test was also associated with a 30% reduced risk of cervical cancer.  High level of 

education was associated with reduced risk of cervical cancer.  We observed no association for 

cervical cancer risk with cigarette smoking or menopausal status.  Similar patterns of the risk 

associations were observed for patients with CIS and invasive cancer (data not shown) with one 

exception.  History of Pap-based screening was associated with lower risk of invasive cervical 

cancer (HR=0.52; 95% CI: 0.37, 0.74), but not with CIS (HR=1.01; 95% CI: 0.69, 1.18).     

The distributions of baseline characteristics varied across different levels of soy and 

green tea intake (Table 16).  Women who consumed higher amounts of soy or green tea at least 

monthly (drinkers) were younger, pre-menopausal, less likely to smoke cigarettes, had a higher 

level of education, and a history of Pap-based test.  Compared with those who did not drink 

green tea, green tea drinkers were more likely to also drink black tea. 

High consumption of soy was associated with a borderline statistically significant 20% 

reduced risk of cervical cancer in all women (P-value=0.10) after adjustment for level of 

education, duration of OC use, history of Pap test, parity, menopausal status and daily total 

calorie intake (Table 17).  A weak inverse association for risk of cervical cancer was observed 

for total soy isoflavones (Table 17), as well intake of individual specific soy isoflavones such as 
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genistein, daidzein, or glycitein (data not shown).  Similar associations for soy and isoflavones 

were observed with risk of invasive cancer and CIS (data not shown).   

Overall green tea consumption was not associated with cervical cancer risk (Table 18).  

In contrast, more frequent intake of black tea was associated with a weak positive association 

with risk of cervical cancer overall, but a stronger association was observed with risk of CIS 

(HR=1.56; 95% CI: 1.04, 2.33, P for trend = 0.03).  There was no association between intake of 

black tea and risk of invasive cancer (HR=1.08; 95% CI: 0.76, 1.54, P for trend = 0.72). 

We evaluated the potential modifying effects of tea intake on a soy-cervical cancer 

association (Table 19).  Among green tea drinkers, highest tertile of soy intake was associated 

with a statistically significant 57% reduced risk of cervical cancer among green tea drinkers who 

drank at least monthly  (P for trend <0.001), whereas a null association among non-drinkers (P 

for trend = 0.52). The difference in the soy-cervical cancer risk association between green tea 

drinkers and non-drinkers was statistically significant (P for interaction = 0.004).  Similarly, 

among green tea drinkers the HRs (95% CIs) of invasive cervical cancer and CIS for third versus 

first tertile of soy intake were 0.40 (0.22, 0.73) and 0.48 (0.23, 0.98), respectively.  The 

significant inverse association between soy intake and cervical cancer risk among green tea 

drinkers remained after excluding cancer cases and person-years of first 3 years of follow up.  

Compared with the lowest tertile, the HRs (95% CIs) for the middle and highest tertiles of soy 

intake were 0.50 (0.29, 0.84) and 0.47 (0.27, 0.79), respectively (P for trend=0.005) among green 

tea drinkers only (P for interaction = 0.005).  There was no evidence for effect modification by 

black tea on the soy-cervical cancer risk association (Table 19).    

In the nested case-control analyses, women seropositive for high-risk HPV types had 2-

fold higher odds of cervical cancer, compared to seronegative women (OR=2.07; 95% CI: 1.18, 
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3.62).  A statistically significant inverse association with soy intake for cervical cancer remained 

after further adjustment for HPV and HSV serological status (Table 20).  Similar to the findings 

from the cohort analysis, there was no association between green tea or black tea intake and 

cervical cancer in this case-control analysis, regardless of adjustment for serological status of 

HPV.  In this case-control analysis, a stronger inverse association between soy intake and 

cervical cancer risk among green tea drinkers than non-drinkers (Table 20).  The strength of the 

association for third versus first tertile soy intake did not meaningfully change after adjusting for 

HPV and HSV serology status.   

6.5 DISCUSSION 

Persistent infection of high-risk HPV types is a causal factor of cervical cancer (Vaccarella et al., 

2013).  Given that majority of women infected with HPV do not develop cervical cancer; 

infection with HPV alone is not a sufficient factor for the development of invasive cervical 

cancer.  Other factors, such as diet, may play a significant role in the progression of HPV-

initiated cervical cancer (Chih et al., 2013; Moore et al., 2003).  The traditional Asian diet is 

characterized by relatively high soy and green tea.  Isoflavones and catechins found in soy foods 

and green tea, respectively, have chemopreventive, anti-estrogenic and immune-modulating 

activities that may protect against infection-associated cancers including cervical cancer (Butler 

& Wu, 2011; Dhandayuthapani et al., 2013; Hussain et al., 2012; S.-H. Kim et al., 2009; Xiao et 

al., 2011).  Using the data of a prospective cohort of Chinese women in Singapore, we tested the 

hypothesis that higher soy and green tea intake could be associated with lower risk of cervical 

cancer.  We reported no statistically significant associations between either soy or green tea 
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alone and risk of cervical cancer.  However, green tea intake modified the soy-cervical cancer 

association.  A statistically significant inverse association for high soy intake with lower risk of 

cervical cancer was present among women who consumed green tea, but not among those who 

did not drink green tea.   

Experimental evidence from HPV transgenic mice provides insight on the potential role 

of estrogen in cervical cancer carcinogenesis (reviewed in (Chung, Franceschi, & Lambert, 

2010)), suggesting that estrogen contributes not only to the onset but to the growth and 

progression of cervical cancer (Brake & Lambert, 2005).  As phytoestrogens, soy isoflavones 

may prevent the development of cervical cancer by blocking endogenous estrogen-stimulated 

pathways (J. Kim, 2008; Miller & Snyder, 2012).  Women who regularly consume green tea may 

have lower circulating estrogens, compared with those who do not drink green tea (Fuhrman et 

al., 2013; Anna H Wu & Yu, 2006; Anna H. Wu et al., 2005).  Thus, it is biologically plausible 

that the anti-estrogenic influence of soy and green tea are more apparent when both of them are 

examined jointly.   

Few studies have examined the potential interactive effects of catechins and isoflavones 

on cancer development.  In vivo experiments using the Nobel rat model showed a greater 

decrease in the number of precancerous lesions in the prostate treated with a combined dietary 

soy and green tea regimen than rats given soy or green tea alone (Hsu et al, 2011).  In addition, 

the rats fed both soy and green tea catechins demonstrated suppression of nuclear factor-kappaB 

(NFκB) p50 binding activity and decreased expression of inflammatory cytokines.  Not only is 

NFκB activity effected by E6 and E7, the primary oncoproteins for HPV induced carcinogenesis, 

but NFκB is constant and active during human cervical cancer progression.(Nair & Pillai, 2005). 

Both tea catechins and soy isoflavones are involved in pathways that block the activation of 
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NFκB, either directly or indirectly (Baeza & De la Fuente, 2013; Jin et al., 1999), thereby 

suppressing tumor progression and inducing apoptosis (reviewed in (Nair & Pillai, 2005)). The 

NFκB pathway may represent a potential target that soy and green tea act on in a synergistic 

manner to prevent cervical carcinogenesis.   

A limited number of case-control studies have evaluated the potential relationship 

between soy and green tea intake on cervical cancer risk.  In a study among Chinese women, no 

association was observed between increasing weekly soy food intake and cervical cancer or 

high-grade precancerous lesions (CIN2/3) (Jia et al., 2012). This study also reported a 45% 

statistically significant reduced odds of cervical cancer among green tea drinkers, compared to 

non-green tea drinkers, after adjusting for soy food intake and other dietary and lifestyle habits.  

The authors did not report whether there were interactive effects of soy and green tea, perhaps 

because the study size was relatively small (n=104 cases) (Jia et al., 2012).  In a case-control 

study among Hawaiians, levels of soy and green tea intake were similar between cervical 

squamous intraepithelial lesions (SIL) cases (n=122) and controls (n=183) (Hernandez et al., 

2004).  Plasma levels of daidzein, glycitein, and genistein were also not associated with SIL, 

while a positive relationship with plasma equol was reported (Hernandez et al., 2004).  This 

association with equol, an intestinal bacterial metabolite of the soy isoflavone daidzein (Miller & 

Snyder, 2012), was unexpected because equol and daidzein treatment inhibits cell growth in 

human cervical cancer HeLa cells and stimulate apoptotic cell death (Guo et al., 2004; E. Y. Kim 

et al., 2014).  Our finding for an inverse association with soy intake among green tea drinkers 

was not consistent with the case-control findings from the Chinese (Jia et al., 2012) or US 

population (Hernandez et al., 2004).  The use of a prospective study design and a validated FFQ  

limited the influence of bias due to differential misclassification of soy and green tea intake on 
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our findings (Hankin et al., 2001; Seow et al., 1998), but differential misclassification by disease 

status could have contributed to null and positive associations reported in the two previous case-

control studies.   

 Black tea consumption was not associated with cervical cancer risk in our cohort 

analysis including both invasive and CIS cases.  However, we did observe a statistically 

significant increase in risk of CIS for weekly/daily intake versus none.  A recent review of black 

tea and gynecologic cancers found that an increased risk of endometrial cancer and black tea 

intake (OR=1.20; 95% CI: 1.05, 1.38) (Butler & Wu, 2011).  Based on a recent meta-analysis of 

prospective cohort studies, an estimated 4% increase in breast cancer risk was reported per cup 

of black tea consumed (RR=1.04; 95% CI: 1.01, 1.08) (Zhang et al., 2014).  In our Singapore 

cohort database, we reported an increase in prostate cancer risk for men who regularly drank 

black tea compared to nondrinkers (HR=1.41; 95% CI: 1.03, 1.92) (Montague et al., 2012).  The 

potential adverse effect of black tea on hormone-related cancers may be related to higher levels 

of circulating estrogens associated with black tea intake (Anna H Wu & Yu, 2006).  In addition, 

the levels of catechins, the chemopreventive compounds in tea, are 10-fold lower in black, 

compared with green tea (Y. Wang & Ho, 2009).  Thus, it is not implausible that black and green 

tea have different or opposing associations with cancer risk.  Our findings for a positive 

association between black tea and cervical CIS are certainly in line with results from studies of 

other hormone-related cancers.   

The primary strength of our analysis was the prospective cohort design; we were able to 

ascertain soy and tea intake, as well as covariate exposure prior to cervical cancer diagnosis.  

Another strength of our study was the use of a validated FFQ that was designed for and validated 

in our study population (Hankin et al., 2001).  Validation studies also demonstrated a strong 
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correlation between self-reported tea and soy with urinary biomarkers of catechins and 

isoflavones, respectively (Seow et al., 1998; Yuan, Gao, Yang, & Yu, 2007).  

The lack of information on the history of sexual activity among cohort participants was a 

limitation of our analysis.  Sexual behavior is a known risk factor for cervical cancer and we 

were unable to assess whether the observed associations were independent of sexual behavior.  

However, the nested case-control analysis allowed the testing of serological markers for HPV 

and HSV, which are good proxy markers of sexual activity.  HPV serology is a good indicator of 

previous HPV exposure and a maker of persistent HPV infection, however there is potential 

misclassification of HPV infected women since not all women exposed to HPV will seroconvert 

(Stanley et al., 2012; Tiggelaar et al., 2012).  Compared with women in the entire cohort, the 

controls were somewhat younger (mean age = 54 versus 56), were more likely to have had a Pap-

based test (51% versus 39%), and consumed more soy (mean intake = 79 g/1000 kcal/day versus 

75 g/1000 kcal/day).  These differences may have contributed to the somewhat stronger, 

statistically significant inverse association between soy intake and cervical cancer risk in the 

case-control analysis, compared with the weak, nonsignificant inverse association in the cohort 

analysis.   Another limitation was the single baseline measure measurements of HPV serostatus 

and dietary intake of soy and tea.  Although these measurements were taken prior to cervical 

cancer development, we were unable to account for changes in diet or development of new HPV 

infection due to the single time point. 

In conclusion, high soy intake was associated with a statistically significant reduction in 

cervical cancer risk among Singapore Chinese women who were drinkers of green tea.  These 

novel findings add important information to the literature with limited number of retrospective 

case-control studies that so far reported inconsistent results of soy and green tea intake in relation 
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to cervical cancer risk.  Future prospective epidemiologic studies are warranted to confirm our 

novel finding.  In addition, experimental studies are needed to elucidate the mechanisms that 

underlie a potential combined effect of soy isoflavones and tea catechins on inhibiting cervical 

cancer progression.  Even with current prevention strategies such as HPV vaccination and 

cervical cancer screening programs, further investigation of dietary factors is of public health 

interest.  
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6.6 TABLES AND FIGURES 

Table 15. Selected baseline characteristics in relation to cervical cancer risk, the Singapore 
Chinese Health Study, 1993-2013 

 Cases, n HR (95% CI)* P-value P for trend 
Characteristic     
Education level     
  None/Primary 267 1.00 (reference)   
  ≥Secondary 45 0.59 (0.42, 0.82) 0.001  
Body mass index, kg/m2    0.148 
  <24 209 1.00 (reference)   
    24 - <28 72 1.08 (0.82, 1.41) 0.583  
  ≥28 31 1.34 (0.92, 1.95) 0.128  
Cigarette smoking     
  Never 284 1.00 (reference)   
  Ever 25 1.15 (0.78, 1.71) 0.480  
Parity    <0.001 
  ≥5 101 1.00 (reference)   
  3-4 143 0.87 (0.66, 1.16) 0.352  
  0-2 68 0.42 (0.30, 0.60) <0.001  
Oral contraceptive use    0.067 
  Never used 220 1.00 (reference)   
  ≤5 years 60 0.97 (0.73, 1.3) 0.854  
  >5 years 32 1.62 (1.11, 2.35) 0.012  
Pap test history     
  Never had a Pap 209 1.00 (reference)   
  Had at least one Pap 103 0.70 (0.54, 0.90) 0.005  
Menopausal status     
  Premenopausal 105 1.00 (reference)   
  Postmenopausal 207 1.01 (0.73, 1.39) 0.974  
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Table 16. Distribution of baseline demographic and lifestyle characteristics by levels of soy and green tea intake among women, the 
Singapore Chinese Health Study at baseline, 1993-2013 

 Quartiles (Q) of Soy food intake   Green tea intake 
 Q1 Q2 Q3 Q4  Non-drinkers Drinkers 
Number of women  7,670 7,678 7,713 7,683  19,351 11,393 
Mean age, year (SD) 57.8 (8.3) 56.3 (8.1) 55.6 (7.9) 55.6 (7.9)  56.6 (8.1) 55.7 (8.0) 
Body mass index, kg/m2 (%)        
  <20 15.2 15.8 14.8 13.9  15.6 13.7 
  20-<24 55.0 56.2 54.8 54.2  56.3 53.1 
  24-<28 21.6 21.2 22.9 23.3  20.8 24.8 
  ≥28 8.2 6.9 7.5 8.6  7.4 8.5 
Education, ≥secondary level (%) 16.4 19.7 22.1 23.4  17.7 25.0 
Smoking status, ever (%) 11.5 8.3 7.8 7.8  9.7 7.4 
Parity, ≥5 births (%) 31.8 28.2 27.4 25.7  30.1 25.2 
Pap-based test, never (%) 64.8 62.0 58.3 58.7  64.2 55.5 
Menopausal status, postmenopausal 
(%)  74.3 68.7 66.8 65.3  70.5 65.9 

Green tea, drinkers* (%) 29.8 36.2 39.9 42.4  ---- ---- 
Black tea, drinkers* (%) 22.5 28.9 32.2 32.5  23.6 38.9 
Mean daily intake (SD)        
  Total energy, kcal 1307 (435) 1380 (464) 1436 (478) 1472 (506)  1360 (458) 1465 (496) 
  Soy food, g/1000kcal 24.5 (10.9) 52.1 (7.0) 79.8 (9.5) 145.0 (53.1)  72.5 (53.3) 80.2 (51.1) 
  Soy protein, g/1000kcal  0.5 (0.2) 1.1 (0.2) 1.7 (0.3) 3.0 (1.0)  1.5 (1.1) 1.7 (1.0) 
  Soy isoflavones, mg/1000kcal 3.9 (1.9) 8.5 (1.8) 13.3 (2.5) 24.9 (10.7)  12.1 (9.8) 13.6 (9.4) 

*Tea drinkers defined as those who drank tea at least monthly. 
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Table 17. Tertile levels of soy and soy isoflavone intake in relation to risk of cervical cancer, the 
Singapore Chinese Health Study, 1993-2013 

 Tertiles (T)  P for trend 
 T1 T2 T3   
Soy food       
  Cases, n 115 102 95   
  Median, g/1000kcal 31.29 64.70 115.86   
  HR (95% CI)* 1.00 (ref) 0.86 (0.66, 1.13) 0.80 (0.61, 1.05)  0.111 
Total soy isoflavone      
  Cases, n 111 101 100   
  Median, mg/1000kcal 4.85 10.60 19.63   
  HR (95% CI)* 1.00 (ref) 0.88 (0.68, 1.16) 0.88 (0.67, 1.15)  0.347 

Abbreviations: confidence interval (CI); hazard ratio (HR); tertile (T) 
*Hazard ratios were adjusted for age, dialect group, year of interview, level of education, smoking status, 
duration of oral contraceptive use, history of Pap-based test, parity, menopausal status, and daily total 
calorie intake. 

 

Table 18. Intake frequencies of green and black tea in relation to risk of cervical cancer, the 
Singapore Chinese Health Study, 1993-2013 

 Green tea  Black tea 
 Cases, n HR (95% CI)*  Cases, n HR (95% CI)* 
Non-tea drinkers  200 1.00 (reference)†  211 1.00 (reference)‡ 
Tea drinkers§ 112 0.97 (0.76, 1.22)  101 1.19 (0.93, 1.51) 
      
Non-tea drinkers  200 1.00 (reference)†  211 1.00 (reference)‡ 
Monthly 34 0.92 (0.64, 1.32)  22 1.00 (0.64, 1.55) 
Weekly/daily 78 0.99 (0.76, 1.29)  79 1.26 (0.96, 1.64) 
P for trend  0.868   0.102 
Abbreviations: confidence interval (CI); hazard ratio (HR); tertile (T) 
*Hazard ratios were adjusted for age, dialect group, year of interview, level of education, smoking status, 
duration of oral contraceptive use, history of Pap-based test, parity, menopausal status, and daily total 
calorie intake. 
†The reference group included only non-green tea drinkers. 
‡The reference group included only non-black tea drinkers. 
§Tea drinkers defined as those who drank tea at least monthly   
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Table 19. Tertile levels of soy intake in relation to risk of cervical cancer stratified by intake of green or black tea, the 
Singapore Chinese Health Study 1993-2013 

 Tertiles (T) of Soy Intake (g/1000kcal) P for trend P for interaction  T1 T2 T3 
Non-green tea drinkers      
  Cases, n 68 68 64   
  HR (95% CI)* 1.00 (reference) 1.12 (0.8, 1.57) 1.12 (0.79, 1.58) 0.515  
Green tea drinkers†      
  Cases, n 47 34 31   
  HR (95% CI)* 1.00 (reference) 0.53 (0.34, 0.83) 0.43 (0.28, 0.69) <0.001 0.004 
      
Non-black tea drinkers      
  Cases, n 83 64 64   
  HR (95% CI)* 1.00 (reference) 0.83 (0.60, 1.15) 0.86 (0.62, 1.20) 0.369  
Black tea drinkers†      
  Cases, n 32 38 31   
  HR (95% CI)* 1.00 (reference) 0.90 (0.56, 1.45) 0.67 (0.41, 1.11) 0.111 0.528 
Abbreviations: confidence interval (CI); hazard ratio (HR); tertile (T) 
*Hazard ratios were adjusted for age, dialect group, year of interview, level of education, smoking status, duration of oral contraceptive use, 
history of Pap-based test, parity, menopausal status, and daily total calorie intake. 
†Tea drinkers defined as those who drank tea at least monthly. 
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Table 20. Nested case-control analysis of soy and green tea intake in relation to cervical cancer 
with and without adjustment for human papillomavirus (HPV) serology status 

 Cases 
(n=75) 

Controls 
(n=199) 

Multivariable-
adjusted  
OR (95% CI) 

HPV-adjusted  
OR (95% CI)† 

     
Soy food      
  1st Tertile (T1) 33 64 1.00 (reference)* 1.00 (reference)† 
  2nd Tertile (T2) 25 65 0.69 (0.35, 1.34) 0.72 (0.37, 1.42)  
  3rd Tertile (T3) 17 70 0.43 (0.21, 0.90) 0.43 (0.20, 0.92) 
  P for trend   0.025 0.030 
Green tea     
  Nondrinker 41 112 1.00 (reference)* 1.00 (reference)† 
  Drinker 34 87 0.96 (0.53, 1.74) 0.96 (0.52, 1.78) 
     
Non-green tea 
drinker 

    

    Soy food     
      Low (T1+T2) 31 76 1.00 (reference)‡ 1.00 (reference)§ 
      High (T3) 10 36 0.66 (0.28, 1.58) 0.61 (0.25, 1.50) 
Green tea drinker     
    Soy food     
      Low (T1+T2) 27 53 1.00 (reference)‡ 1.00 (reference)§ 
      High (T3) 7 34 0.20 (0.06, 0.65) 0.19 (0.06, 0.65)# 
Abbreviations: confidence interval (CI); herpes simplex virus (HSV); human papillomavirus (HPV); odds 
ratio (OR); tertile (T). 
*Conditional odds ratios were adjusted for education level, smoking status, duration of oral contraceptive 
use, Pap-based test history, parity, and daily calorie intake. 
†Conditional odds ratios were adjusted for covariates listed in footnote (*), and HSV-2 and HPV 
seropositive status.  HPV status was defined as seropositivity to L1 for any high-risk HPV (16, 18, 31, 33, 
35, 45, 52 and 58).  
‡Unconditional odds ratios were adjusted for matching factors (i.e., age, dialect group, interview year, 
time between baseline interview and biospecimen collection) and education level, smoking status, 
duration of oral contraceptive use, Pap test history, parity, menopausal status, and daily calorie intake. 
§Unconditional odds ratios were adjusted for covariates listed in footnote (‡) and HSV-2 and HPV 
seropositive status.  HPV status was defined as seropositivity to L1 for any high-risk HPV (16, 18, 31, 33, 
35, 45, 52 and 58).  
#P for interaction between green tea and soy intake = 0.316.  
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7.0  CONCLUSIONS AND PUBLIC HEALTH SIGNIFICANCE 

This dissertation addresses key gaps in understanding HPV and cervical cancer natural history 

and associated risk factors by using populations with limited epidemiologic data available, such 

as older women, postpartum populations, and women exposed to high soy and high tea diets.  By 

using these three different populations, we were able to provide new and important insight on 

HPV and cervical cancer disease that could translate to potential interventions at different points 

across the cancer continuum.   

First, we were specifically interested in understanding HPV detection and clearance in 

mid-adult and older women to inform prevention recommendations in this age group.  Using a 

clinic-based cohort of women aged 35-60 years old, the HIP Study, we were able to estimate 

incidence and clearance rates in a mid-adult population and to explore if new HPV detection in 

mid-adult women is primarily attributed to current sexual exposure. We observed that new 

detection rates were highest among women who reported a new recent sex partner. However, 

only 12% of women reported a new recent sex partner. Notably, 80% of new detections occurred 

during periods of sexual abstinence or monogamy, especially among women with higher number 

of lifetime sexual partners (LTSP).  This effect modification of LTSP contradicts the 

conventional natural history paradigm that most of the HPV detected in older women is 

attributed to new sexual exposures and strengthens the argument that reactivation of a latent 

HPV infection explains some of the new HPV detected in this age group.  Reactivation depends 
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on previous HPV exposure and assumes that a previously acquired infection does not completely 

resolve.  Having a high number of LTSP increases the likelihood of exposure opportunity, as 

well as multiple types. Clearance rates were not associated with current or past sexual behavior, 

but persistence was more common with baseline HPV infection and newly detected infections 

were more transient.  Our findings among older screened women, with predominately low-risk 

current sexual behaviors, challenges the established paradigm that new HPV detected in this age 

group is primarily a result of new sexual exposure, as with younger populations.  New infections 

detected due to previous exposure would not be prevented by HPV vaccination.  Therefore, our 

findings are particularly important in light of new cervical cancer prevention programs that 

propose the combination of cervical cancer screening in mid-adult women with HPV 

vaccination, and such interventions should be carefully evaluated. 

Secondly, seroprevalence data in India and among postpartum populations is limited and 

is important as India continues to discuss appropriate prevention strategies against cervical 

cancer for their country.  Additionally, the availability of serologic HPV data becomes 

increasingly important for identifying subgroups for catch-up vaccination in populations with 

low vaccine coverage among the target age group of 10-12 year old girls.  The population-based 

LIFE cohort allowed us to estimate the seroprevalence of HPV in postpartum women in India. 

Among 15-35 year postpartum women, the seroprevalence of quadrivalent vaccine types was 

low and ranged from 3.9% for HPV-18 to 10.1% for HPV-16 and HPV-11.  More than 80% of 

the postpartum women in our study were negative for all of the quadrivalent vaccine types; only 

11.6% of the population had a previous exposure to oncogenic HPV16/18.  Increasing birth order 

and being a homemaker were associated with any HPV seropositivity.  High-risk HPV 

seropositivity may also be associated with longer marriage length.  The low seroprevalence of 
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HPV in this population suggests a catch-up vaccination program targeting young postpartum 

women may be beneficial, especially since HPV exposure was associated with length of 

marriage. 

Finally, because of the high soy and tea diet in the participants of the Singapore Chinese 

Health Study, we were able to evaluate the relationship between cervical cancer and soy and tea 

intake, which have a variety of chemopreventive properties but not well studied in cervical 

cancer.   We found high soy intake was associated with a lower cervical cancer risk among green 

tea drinkers, but not among non-drinkers of green tea.  In models adjusting for human 

papillomavirus serology, the inverse association between soy intake and cervical cancer risk 

remained.  Frequent black tea intake increased carcinoma in-situ risk, but not risk for invasive 

cancer.   Our novel findings suggest that a protective effect of soy against cervical cancer 

development may depend on the constituents in green tea.  Given the potential disruption to 

cervical carcinogenesis, patients with pre-invasive disease or cervical cancer could benefit with 

interventions that incorporate dietary modifications or nutritional supplementation utilizing soy 

and tea components and should be developed and further tested for benefit. 

 



110 

BIBLIOGRAPHY 

Adler, D., Wallace, M., Bennie, T., Abar, B., Sadeghi, R., Meiring, T., … Bekker, L.-G. (2015). 
High Risk Human Papillomavirus Persistence Among HIV-infected Young Women in 
South Africa. International Journal of Infectious Diseases, 31–33. 
doi:10.1016/j.ijid.2015.02.009 

Af Geijersstam, V., Wang, Z., Lewensohn-Fuchs, I., Eklund, C., Schiller, J. T., Forsgren, M., & 
Dillner, J. (1998). Trends in seroprevalence of human papillomavirus type 16 among 
pregnant women in Stockholm, Sweden, during 1969-1989. International Journal of 
Cancer, 76(3), 341–344. doi:10.1002/(SICI)1097-0215(19980504)76:3<341::AID-
IJC10>3.0.CO;2-E 

Almonte, M., Albero, G., Molano, M., Carcamo, C., García, P. J., & Pérez, G. (2008). Risk 
factors for Human Papillomavirus Exposure and Co-factors for Cervical Cancer in Latin 
America and the Caribbean. Vaccine, 26. doi:10.1016/j.vaccine.2008.06.008 

Althoff, K. N., Paul, P., Burke, A. E., Viscidi, R., Sangaramoorthy, M., & Gravitt, P. E. (2009). 
Correlates of cervicovaginal human papillomavirus detection in perimenopausal women. 
Journal of Women’s Health (2002), 18(9), 1341–1346. 

Anil Kumar, V. T. (2003). Knowledge , Attitude and Behaviour Towards Pre-Marital Sex : A 
Study Among Youths From Two City-Slums in India, 26(4), 126–134. 

Appleby, P., Beral, V., Berrington de González, A., Colin, D., Franceschi, S., Goodhill, A., … 
Sweetland, S. (2007). Cervical cancer and hormonal contraceptives: collaborative reanalysis 
of individual data for 16,573 women with cervical cancer and 35,509 women without 
cervical cancer from 24 epidemiological studies. Lancet, 370, 1609–1621. 
doi:10.1016/S0140-6736(07)61684-5 

Arbyn, M., Roelens, J., Simoens, C., Buntinx, F., Paraskevaidis, E., Ppl, M., … Prendiville, W. J. 
(2013). Human papillomavirus testing versus repeat cytology for triage of minor cytological 
cervical lesions ( Review ) Human papillomavirus testing versus repeat cytology for triage 
of minor cytological cervical lesions, (3), 3–5. 
doi:10.1002/14651858.CD008054.pub2.Copyright 

Arbyn, M., Ronco, G., Anttila, A., Meijer, C. J. L. M., Poljak, M., Ogilvie, G., … Peto, J. (2012). 
Evidence Regarding Human Papillomavirus Testing in Secondary Prevention of Cervical 
Cancer. Vaccine, 30S, F88–F99. doi:10.1016/j.vaccine.2013.11.003 



111 

Baeza, I., & De la Fuente, M. (2013). The role polyphenols in menopause. In Nutition and Diet 
in Menopause (pp. 51–63). 

Baldur-Felskov, B., Dehlendorff, C., Junge, J., Munk, C., & Kjaer, S. K. (2014). Incidence of 
cervical lesions in Danish women before and after implementation of a national HPV 
vaccination program. Cancer Causes and Control, 25(January 2009), 915–922. 
doi:10.1007/s10552-014-0392-4 

Banister, C. E., Messersmith, A. R., Cai, B., Spiryda, L. B., Glover, S. H., Pirisi, L., & Creek, K. 
E. (2014). Disparity in the Persistence of High-Risk Human Papillomavirus Genotypes 
Between African American and European American Women of College Age. The Journal 
of Infectious Diseases, 211, 1–9. doi:10.1093/infdis/jiu394 

Basu, P., & Mittal, S. (2011). Acceptability of human papillomavirus vaccine among the urban, 
affluent and educated parents of young girls residing in Kolkata, Eastern India. Journal of 
Obstetrics and Gynaecology Research, 37(5), 393–401. doi:10.1111/j.1447-
0756.2010.01371.x 

Batra, P., & Sharma, A. K. (2013). Anti-cancer potential of flavonoids: recent trends and future 
perspectives. 3 Biotech, 3, 439–459. doi:10.1007/s13205-013-0117-5 

Berenson, A. B., Patel, P. R., & Barrett, A. D. (2014). Is administration of the HPV vaccine 
during pregnancy feasible in the future? Expert Review of Vaccines, 13(2), 213–9. 
doi:10.1586/14760584.2014.867236 

Berenson, A. B., Rahman, M., Hirth, J. M., Rupp, R. E., & Sarpong, K. O. (2016). A human 
papillomavirus vaccination program for low-income postpartum women. American Journal 
of Obstetrics and Gynecology. doi:10.1016/j.ajog.2016.02.032 

Bhatla, N., Suri, V., Basu, P., Shastri, S., Datta, S. K., Bi, D., … Bock, H. L. (2010). 
Immunogenicity and safety of human papillomavirus-16/18 AS04-adjuvanted cervical 
cancer vaccine in healthy Indian women. The Journal of Obstetrics and Gynaecology 
Research, 36(1), 123–132. doi:10.1111/j.1447-0756.2009.01167.x 

Bosch, F. X., Castellsagué, X., & de Sanjosé, S. (2008). HPV and cervical cancer: screening or 
vaccination? British Journal of Cancer, 98(1), 15–21. doi:10.1038/sj.bjc.6604146 

Bosch, F. X., Lorincz, A., Muñoz, N., Meijer, C. J. L. M., & Shah, K. V. (2002). The causal 
relation between human papillomavirus and cervical cancer. Journal of Clinical Pathology, 
55, 244–265. doi:10.1136/jcp.55.4.244 

Bosch, F. X., Robles, C., Diaz, M., Arbyn, M., Baussano, I., Clavel, C., … Cuzick, J. (2016). 
HPV-FASTER: broadening the scope for prevention of HPV-related cancer. Nat Rev Clin 
Oncol, 13(2), 119–132. Retrieved from http://dx.doi.org/10.1038/nrclinonc.2015.146 

 

 



112 

Brake, T., & Lambert, P. F. (2005). Estrogen contributes to the onset, persistence, and malignant 
progression of cervical cancer in a human papillomavirus-transgenic mouse model. 
Proceedings of the National Academy of Sciences of the United States of America, 102(7), 
2490–5. doi:10.1073/pnas.0409883102 

Bruni, L., Barrionuevo-Rosas, L., Albero, G., Aldea, M., Serrano, B., Valencia, S., … 
Castellsagué, X. (2014). Human Papillomavirus and Related Diseases in El Salvador. 
Summary Report. 

Bruni, L., Barrionuevo-Rosas, L., Albero, G., Aldea, M., Serrano, B., Valencia, S., … 
Castellsagué, X. (2015). Human Papillomavirus and Related Diseases in the World. 
Summary Report 2015-04-08. ICO Information Centre on HPV and Cancer. 

Bruni, L., Barrionuevo-Rosas, L., Seranno, B., Brotons, M., Cosano, R., Munoz, J., … 
Castellsagué, X. (2014). Human Papillomavirus and Related Diseases in India. Summary 
report 2014-03-17. Retrieved from http://www.hpvcentre.net/statistics/reports/XFX.pdf 

Bruni, L., Diaz, M., Castellsagué, X., Ferrer, E., Bosch, F. X., & de Sanjosé, S. (2010). Cervical 
human papillomavirus prevalence in 5 continents: meta-analysis of 1 million women with 
normal cytological findings. The Journal of Infectious Diseases, 202(12), 1789–1799. 
doi:10.1086/657321 

Burk, R. D., Ho, G. Y., Beardsley, L., Lempa, M., Peters, M., & Bierman, R. (1996). Sexual 
behavior and partner characteristics are the predominant risk factors for genital human 
papillomavirus infection in young women. The Journal of Infectious Diseases, 174, 679–
689. 

Butler, L. M., & Wu, A. H. (2011). Green and black tea in relation to gynecologic cancers. 
Molecular Nutrition & Food Research, 55(6), 931–40. doi:10.1002/mnfr.201100058 

Carter, J. J., Koutsky, L. a, Hughes, J. P., Lee, S. K., Kuypers, J., Kiviat, N., & Galloway, D. a. 
(2000). Comparison of human papillomavirus types 16, 18, and 6 capsid antibody responses 
following incident infection. The Journal of Infectious Diseases, 181(6), 1911–1919. 
doi:10.1086/315498 

Castañón, A., Landy, R., Cuzick, J., & Sasieni, P. (2014). Cervical Screening at Age 50-64 Years 
and the Risk of Cervical Cancer at Age 65 Years and Older: Population-Based Case Control 
Study. PLoS Medicine, 11(1). doi:10.1371/journal.pmed.1001585 

Castellsagué, X. (2008). Natural history and epidemiology of HPV infection and cervical cancer. 
Gynecologic Oncology, 110(3 Suppl 2), S4–7. doi:10.1016/j.ygyno.2008.07.045 

Castellsagué, X., Bosch, F. X., Muñoz, N., Meijer, C. J. L. M., Shah, K. V, de Sanjose, S., … 
Franceschi, S. (2002). Male circumcision, penile human papillomavirus infection, and 
cervical cancer in female partners. The New England Journal of Medicine, 346(15), 1105–
12. doi:10.1056/NEJMoa011688 

 



113 

Castellsagué, X., Diaz, M., de Sanjosé, S., Muñoz, N., Herrero, R., Franceschi, S., … Rajkumar, 
T. (2006). Worldwide human papillomavirus etiology of cervical adenocarcinoma and its 
cofactors: Implications for screening and prevention. Journal of the National Cancer 
Institute, 98(5), 303–315. doi:10.1093/jnci/djj067 

Castellsague, X., & Munoz, N. (2003). Chapter 3: Cofactors in Human Papillomavirus 
Carcinogenesis--Role of Parity, Oral Contraceptives, and Tobacco Smoking. JNCI 
Monographs, 2003(31), 20–28. doi:10.1093/oxfordjournals.jncimonographs.a003477 

Castellsagué, X., Schneider, A., Kaufmann, A. M., & Bosch, F. X. (2009). HPV vaccination 
against cervical cancer in women above 25 years of age: Key considerations and current 
perspectives. Gynecologic Oncology, 115(3), S15–S23. doi:10.1016/j.ygyno.2009.09.021 

Castle, P. E., & Giuliano, A. R. (2003). Chapter 4: Genital tract infections, cervical 
inflammation, and antioxidant nutrients--assessing their roles as human papillomavirus 
cofactors. Journal of the National Cancer Institute. Monographs, 7234(31), 29–34. 

Castle, P. E., & Katki, H. A. (2016). Screening: A risk-based framework to decide who benefits 
from screening. Nature Reviews Clinical Oncology. doi:10.1038/nrclinonc.2016.101 

Castle, P. E., Schiffman, M., Wheeler, C. M., & Solomon, D. (2009). Evidence for frequent 
regression of cervical intraepithelial neoplasia-grade 2. Obstetrics and Gynecology, 113(1), 
18–25. doi:10.1097/01.ogx.0000347334.07172.51 

Centers for Disease Control and Prevention. (2012). Epidemiology and Prevention of Vaccine-
Preventable Diseases. In The Pink Book: Course Textbook (12th Editi.). Retrieved from 
http://www.cdc.gov/vaccines/pubs/pinkbook/meas.html 

Cervical Cancer Screening Guidelines for Average-Risk Women. (2015). Retrieved from 
https://www.cdc.gov/cancer/cervical/pdf/guidelines.pdf 

Chaturvedi, A. K., Katki, H. A., Hildesheim, A., Rodríguez, A. C., Quint, W., Schiffman, M., … 
Herrero, R. (2011). Human papillomavirus infection with multiple types: Pattern of 
coinfection and risk of cervical disease. Journal of Infectious Diseases, 203(7), 910–920. 
doi:10.1093/infdis/jiq139 

Chen, M., Rao, Y., Zheng, Y., Wei, S., Li, Y., Guo, T., & Yin, P. (2014). Association between 
Soy Isoflavone Intake and Breast Cancer Risk for Pre- and Post-Menopausal Women: A 
Meta-Analysis of Epidemiological Studies. PLoS ONE, 9(2), e89288. 
doi:10.1371/journal.pone.0089288 

Chih, H. J., Lee, A. H., Colville, L., Binns, C. W., & Xu, D. (2013). A review of dietary 
prevention of human papillomavirus-related infection of the cervix and cervical 
intraepithelial neoplasia. Nutrition and Cancer, 65(3), 317–28. 
doi:10.1080/01635581.2013.757630 

Chung, S., Franceschi, S., & Lambert, P. (2010). Estrogen and ERα: Culprits in cervical cancer? 
Trends in Endocrinology & …, 21(8), 504–511. doi:10.1016/j.tem.2010.03.005.Estrogen 



114 

Clifford, G. M., Franceschi, S., Diaz, M., Muñoz, N., & Villa, L. L. (2006). Chapter 3: HPV 
type-distribution in women with and without cervical neoplastic diseases. Vaccine, 24, 26–
34. doi:10.1016/j.vaccine.2006.05.026 

Clifford, G. M., Shin, H.-R., Oh, J. K., Waterboer, T., Ju, Y. H., Vaccarella, S., … Franceschi, S. 
(2007). Serologic response to oncogenic human papillomavirus types in male and female 
university students. Cancer Epidem Biomarkers Prev, 16(9), 1874–1879. 

Couto, E., Sæterdal, I., Juvet, L. K., & Klemp, M. (2014). HPV catch-up vaccination of young 
women: a systematic review and meta-analysis. BMC Public Health, 14, 867. 
doi:10.1186/1471-2458-14-867 

Cuzick, J., Clavel, C., Petry, K.-U., Meijer, C. J. L. M., Hoyer, H., Ratnam, S., … Iftner, T. 
(2006). Overview of the European and North American studies on HPV testing in primary 
cervical cancer screening. International Journal of Cancer. Journal International Du 
Cancer, 119(5), 1095–101. doi:10.1002/ijc.21955 

Das, B. C., Hussain, S., Nasare, V., & Bharadwaj, M. (2008). Prospects and prejudices of human 
papillomavirus vaccines in India. Vaccine, 26(22), 2669–2679. 
doi:10.1016/j.vaccine.2008.03.056 

Davis, M. A., Gray, R. H., Grabowski, M. K., Serwadda, D., Kigozi, G., Gravitt, P. E., … 
Tobian, A. a R. (2013). Male circumcision decreases high-risk human papillomavirus viral 
load in female partners: A randomized trial in Rakai, Uganda. International Journal of 
Cancer, 133, 1247–1252. doi:10.1002/ijc.28100 

De Vuyst, H., Lillo, F., Broutet, N., & Smith, J. S. (2008). HIV, human papillomavirus, and 
cervical neoplasia and cancer in the era of highly active antiretroviral therapy. European 
Journal of Cancer Prevention : The Official Journal of the European Cancer Prevention 
Organisation (ECP), 17, 545–554. doi:10.1097/CEJ.0b013e3282f75ea1 

Del Rosario-Raymundo, M. R., Sillero-Arena, M., & Galvez-Vargas, R. (1992). Oral 
contraceptives and cancer of the cervix uteri: A meta-analysis. Acta Obstetricia et 
Gynecologica Scadinavica, 71(5), 368–376. Retrieved from 
http://dx.doi.org/10.1371%2Fannotation%2Fcea59317-929c-464a-b3f7-e095248f229a 

Delvenne, P., Herman, L., Kholod, N., Caberg, J.-H., Herfs, M., Boniver, J., … Hubert, P. 
(2007). Role of hormone cofactors in the human papillomavirus-induced carcinogenesis of 
the uterine cervix. Molecular and Cellular Endocrinology, 264(1-2), 1–5. 
doi:10.1016/j.mce.2006.10.014 

Denslow, S. A., Rositch, A. F., Firnhaber, C., Ting, J., & Smith, J. S. (2014). Incidence and 
progression of cervical lesions in women with HIV: a systematic global review. 
International Journal of STD & AIDS, 25(3), 163–77. doi:10.1177/0956462413491735 

Dhandayuthapani, S., Marimuthu, P., Hoermann, V., Kumi-Diaka, J., & Rathinavelu, A. (2013). 
Induction of Apoptosis in HeLa Cells via Caspase Activation by Resveratrol and Genistein. 
Journal of Medicinal Food, 16(2), 139–146. doi:10.1089/jmf.2012.0141 



115 

Dias, D., Doren, J. Van, Schlottmann, S., Puchalski, D., Ruiz, W., Boerckel, P., … Esser, M. T. 
(2005). Optimization and Validation of a Multiplexed Luminex Assay To Quantify 
Antibodies to Neutralizing Epitopes on Optimization and Validation of a Multiplexed 
Luminex Assay To Quantify Antibodies to Neutralizing Epitopes on Human 
Papillomaviruses 6,11,16,18, 12(8), 959–969. doi:10.1128/CDLI.12.8.959 

Dillner, J., Rebolj, M., Birembaut, P., Petry, K.-U., Szarewski, A., Munk, C., … Iftner, T. 
(2008). Long term predictive values of cytology and human papillomavirus testing in 
cervical cancer screening: joint European cohort study. BMJ (Clinical Research Ed.), 337, 
a1754. doi:10.1136/bmj.a1754 

Donders, G. (2002). Lower Genital Tract Infections in Diabetic Women. Current in 
Reproductive Infectious Disease, 4, 536. 

Dondog, B., Clifford, G. M., Vaccarella, S., Waterboer, T., Unurjargal, D., Avirmed, D., … 
Pawlita, M. (2008). Human papillomavirus infection in Ulaanbaatar, Mongolia: a 
population-based study. Cancer Epidemiology, Biomarkers & Prevention : A Publication of 
the American Association for Cancer Research, Cosponsored by the American Society of 
Preventive Oncology, 17(7), 1731–8. doi:10.1158/1055-9965.EPI-07-2796 

Doorbar, J., Quint, W., Banks, L., Bravo, I. G., Stoler, M., Broker, T. R., & Stanley, M. a. 
(2012). The biology and life-cycle of human papillomaviruses. Vaccine, 30, F55–F70. 
doi:10.1016/j.vaccine.2012.06.083 

Downs, L. S., Smith, J. S., Scarinci, I., Flowers, L., & Parham, G. (2008). The disparity of 
cervical cancer in diverse populations. Gynecologic Oncology, 109, 22–30. 
doi:10.1016/j.ygyno.2008.01.003 

Drolet, M., Bénard, E., Boily, M., Brisson DSc, J., Lemieux-Mellouki, P., Mboup,  a, … Brisson, 
M. (2015). Population-level impact and herd eff ects following human papillomavirus 
vaccination programmes: a systematic review and meta-analysis. The Lancet Infectious 
Diseases, 3099(14), 1–16. doi:10.1016/S1473-3099(14)71073-4 

Dunne, E. F., Nielson, C. M., Stone, K. M., Markowitz, L. E., & Giuliano, A. R. (2006). 
Prevalence of HPV infection among men: A systematic review of the literature. The Journal 
of Infectious Diseases, 194, 1044–1057. doi:10.1086/507432 

Elfström, K. M., Smelov, V., Johansson, A. L. V, Eklund, C., Nauclér, P., Arnheim-Dahlström, 
L., & Dillner, J. (2014). Long term duration of protective effect for HPV negative women: 
follow-up of primary HPV screening randomised controlled trial. BMJ (Clinical Research 
Ed.), 348(January), g130. doi:10.1136/bmj.g130 

Ermel, A. C., Shew, M. L., Weaver, B. a, Qadadri, B., Denski, C., Tu, W., … Brown, D. R. 
(2014). DNA detection and seroprevalence of human papillomavirus in a cohort of 
adolescent women. Sexually Transmitted Infections, 90, 64–9. doi:10.1136/sextrans-2012-
050886 

 



116 

Faust, H., Eklund, C., Sukvirach, S., Ngamkham, J., & Dillner, J. (2016). Sourcing of the WHO 
human papillomavirus type 18 international standards for HPV antibody levels. Journal of 
Clinical Virology : The Official Publication of the Pan American Society for Clinical 
Virology, 78, 89–92. doi:10.1016/j.jcv.2016.03.014 

Ferenczy, A., Coutlée, F., Franco, E., & Hankins, C. (2003). Human papillomavirus and HIV 
coinfection and the risk of neoplasia of the lower genital tract: a review of recent 
developments. Canadian Medical Association Journal, 169(5), 431–434. 

Ferguson, M., Wilkinson, D. E., Heath, A., & Matejtschuk, P. (2011). The first international 
standard for antibodies to HPV 16. Vaccine, 29(38), 6520–6526. 
doi:10.1016/j.vaccine.2011.07.007 

Ferlay, J., Soerjomataram I, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., … Bray, F. (2014). 
Cancer incidence and mortality worldwide: sources, methods and major patterns in 
GLOBOCAN 2012. International Journal of Cancer. Journal International Du Cancer, 
136(5), E359–86. doi:10.1002/ijc.29210 

Ferlay, J., Soerjomataram, I., Ervik, M., Dikshit, R., Eser, S., Mathers, C., … Bray, F. (2013). 
GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase 
No. 11 [Internet].No Title. Lyon, France: International Agency for Research on Cancer. 
Retrieved October 8, 2014, from http://globocan.iarc.fr 

Fuhrman, B. J., Pfeiffer, R. M., Wu, A. H., Xu, X., Keefer, L. K., Veenstra, T. D., & Ziegler, R. 
G. (2013). Green tea intake is associated with urinary estrogen profiles in Japanese-
American women. Nutrition Journal, 12, 25. doi:10.1186/1475-2891-12-25 

Gakidou, E., Nordhagen, S., & Obermeyer, Z. (2008). Coverage of cervical cancer screening in 
57 countries: Low average levels and large inequalities. PLoS Medicine, 5(6), 0863–0868. 
doi:10.1371/journal.pmed.0050132 

Garcia, F., Hatch, K. D., & Berek, J. S. (2012). Intraepithelial disease of the cervix, vagina, and 
vulva. In J. S. Berek (Ed.), Berek & Novak’s Gynecology (15th ed.). Philadelphia: 
Lippincott Williams & Wilkins. Retrieved from http://ovidsp.tx.ovid.com/sp-
3.14.0b/ovidweb.cgi?&S=BHKBFPKFLBDDKPHENCKKDGJCHMNOAA00&Link+Set=
S.sh.22|1|sl_10 

Gardasil [package insert]. (2009). Whitehouse Station, NJ. 

Gavi The Vaccine Alliance. (2015). Human papillomavirus vaccine support. Retrieved April 24, 
2015, from http://www.gavi.org/support/nvs/human-papillomavirus-vaccine-support/ 

Gertig, D. M., Brotherton, J. M. L., Budd, A. C., Drennan, K., Chappell, G., & Saville,  a M. 
(2013). Impact of a population-based HPV vaccination program on cervical abnormalities: a 
data linkage study. BMC Medicine, 11(1), 227. doi:10.1186/1741-7015-11-227 

 



117 

Gonzalez, P., Hildesheim, A., Rodriguez, A. C., Schiffman, M., Porras, C., Wacholder, S., … 
Herrero, R. (2010). Behavioral/lifestyle and immunologic factors associated with HPV 
infection among women older than 45 years. Cancer Epidemiology Biomarkers and 
Prevention, 19(12), 3044–3054. doi:10.1158/1055-9965.EPI-10-0645 

Goodman, M. T., Shvetsov, Y. B., Mcduffie, K., Wilkens, L. R., Zhu, XuemeiThompson, P. J., 
Ning, L., … Hernandez, B. (2009). Prevalence, Acquisition, and Clearance of Cervical 
Human Papillomavirus Infection among Women with Normal Cytology: Hawai Human 
Papillomavirus Cohort Study. National Institutes of Health, 68(21), 8813–8824. 
doi:10.1158/0008-5472.CAN-08-1380.Prevalence 

Grabowski, M. K., Gray, R. H., Serwadda, D., Kigozi, G., Gravitt, P. E., Nalugoda, F., … 
Tobian, A. a R. (2014). High-risk human papillomavirus viral load and persistence among 
heterosexual HIV-negative and HIV-positive men. Sexually Transmitted Infections, 90, 
337–43. doi:10.1136/sextrans-2013-051230 

Grainge, M. J., Seth, R., Guo, L., Neal, K. R., Coupland, C., Vryenhoef, P., … Jenkins, D. 
(2005). Cervical human papillomavirus screening among older women. Emerging Infectious 
Diseases, 11(11), 1680–1685. doi:10.3201/eid1111.050575 

Gravitt, P. E. (2011). The known unknowns of HPV natural history. Journal of Clinical 
Investigation, 121(12), 4593–4599. doi:10.1172/JCI57149 

Gravitt, P. E., Belinson, J. L., Salmeron, J., & Shah, K. V. (2011). Looking ahead: a case for 
human papillomavirus testing of self-sampled vaginal specimens as a cervical cancer 
screening strategy. International Journal of Cancer. Journal International Du Cancer, 
129(3), 517–27. doi:10.1002/ijc.25974 

Gravitt, P. E., Rositch, A. F., Silver, M. I., Marks, M. A., Chang, K., Burke, A. E., & Viscidi, R. 
P. (2013). A cohort effect of the sexual revolution may be masking an increase in human 
papillomavirus detection at menopause in the United States. Journal of Infectious Diseases, 
207(2), 272–280. doi:10.1093/infdis/jis660 

Guo, J. M., Kang, G. Z., Xiao, B. X., Liu, D. H., & Zhang, S. (2004). Effect of daidzein on cell 
growth, cell cycle, and telomerase activity of human cervical cancer in vitro. International 
Journal of Gynecological Cancer : Official Journal of the International Gynecological 
Cancer Society, 14(5), 882–8. doi:10.1111/j.1048-891X.2004.14525.x 

Hagensee, M. E., Slavinsky, J., Gaffga, C. M., Suros, J., Kissinger, P., & Martin, D. H. (1999). 
Seroprevalence of human papillomavirus type 16 in pregnant women. Obstetrics and 
Gynecology, 94(5 Pt 1), 653–658. 

Hankin, J. H., Stram, D. O., Arakawa, K., Park, S., Low, S. H., Lee, H. P., & Yu, M. C. (2001). 
Singapore Chinese Health Study: development, validation, and calibration of the 
quantitative food frequency questionnaire. Nutrition and Cancer, 39(2), 187–95. 
doi:10.1207/S15327914nc392_5 

 



118 

Harper, D. M., & Demars, L. R. (2014). Primary strategies for HPV infection and cervical cancer 
prevention. Clinical Obstetrics and Gynecology, 57(2), 256–278. 
doi:10.1097/GRF.0000000000000027 

Heim, K., Christensen, N. D., Hoepfl, R., Wartusch, B., Pinzger, G., Zeimet, A., … Dapunt, O. 
(1995). Serum IgG, IgM, and IgA reactivity to human papillomavirus types 11 and 6 virus-
like particles in different gynecologic patient groups. The Journal of Infectious Diseases, 
172(2), 395–402. 

Heim, K., Hudelist, G., Geier, A., Szedenik, H., Christensen, N. D., Concin, N., … Höpfl, R. 
(2007). Type-specific antiviral antibodies to genital human papillomavirus types in mothers 
and newborns. Reproductive Sciences (Thousand Oaks, Calif.), 14(8), 806–814. 
doi:10.1177/1933719107309546 

Hernandez, B. Y., McDuffie, K., Franke, A. a, Killeen, J., & Goodman, M. T. (2004). Reports: 
plasma and dietary phytoestrogens and risk of premalignant lesions of the cervix. Nutrition 
and Cancer, 49(2), 109–24. doi:10.1207/s15327914nc4902_1 

Hsu, A., Bruno, R. S., Löhr, C. V, Taylor, A. W., Rodrick, H., Bray, T. M., & Ho, E. (2012). 
Dietary soy and tea mitigate chronic inflammation and prostate cancer via NFκB pathway in 
the Noble rat model. J Nutr Biochem, 22(5), 502–510. 
doi:10.1016/j.jnutbio.2010.04.006.Dietary 

Hussain, A., Harish, G., Prabhu, S. A., Mohsin, J., Khan, M. A., Rizvi, T. a., & Sharma, C. 
(2012). Inhibitory effect of genistein on the invasive potential of human cervical cancer 
cells via modulation of matrix metalloproteinase-9 and tissue inhibitiors of matrix 
metalloproteinase-1 expression. Cancer Epidemiology, 36(6), e387–e393. 
doi:10.1016/j.canep.2012.07.005 

Iftner, T., & Villa, L. L. (2003). Chapter 12: Human papillomavirus technologies. Journal of the 
National Cancer Institute. Monographs., (31), 80–88. doi:10.1056/NEJMp030078 

Institiute for Health Metrics and Evaluation. (2011). The Challenge Ahead: Progress and 
setbacks in breast and cervical cancer. Seattle, WA. doi:10.1177/153331758600100102 

International Collaboration of Epidemiological Studies of Cervical Cancer, Rajkumar, T., 
Cuzick, J., Appleby, P., Barnabas, R., Beral, V., … International Collaboration of 
Epidemiological Studies of Cervical Cancer. (2006). Cervical carcinoma and reproductive 
factors: Collaborative reanalysis of individual data on 16,563 women with cervical 
carcinoma and 33,542 women without cervical carcinoma from 25 epidemiological studies. 
International Journal of Cancer, 119(5), 1108–1124. doi:10.1002/ijc.21953 

Jaisamrarn, U., Castellsagué, X., Garland, S. M., Naud, P., Palmroth, J., Del Rosario-Raymundo, 
M. R., … Baril, L. (2013). Natural history of progression of HPV infection to cervical 
lesion or clearance: analysis of the control arm of the large, randomised PATRICIA study. 
PLoS ONE, 8(11), e79260. doi:10.1371/annotation/cea59317-929c-464a-b3f7-
e095248f229a 



119 

Jalil, E. M., Bastos, F. I., Melli, P. P. D. S., Duarte, G., Simoes, R. T., Yamamoto, A. Y., … 
Quintana, S. M. (2013). HPV clearance in postpartum period of HIV-positive and negative 
women: a prospective follow-up study. BMC Infectious Diseases, 13, 564. 
doi:10.1186/1471-2334-13-564 

Jalil, N. A., Zin, A. A., & Othman, N. . (2015). No TitlePrevalence of Cancers of Female Organs 
among Patients with Diabetes Type 2 in Kelantan, Malaysia: Observations over an 11 Year 
Period and Strategies to Reduce the Incidence. Asian Pac J Cancer Prev, 16(16), 7267–
7270. 

Jaya, J., & Hindin, M. J. (2009). Premarital Romantic Partnerships : Attitudes and Sexual 
Experiences of Youth in Delhi , India, 35(2), 97–104. 

Jayakrishnan, T. (2014). National Vaccine Policy: ethical equity issues. Indian J Med Ethics, 10 
(3), 183–190. Retrieved from http://search.bvsalud.org/portal/resource/en/mdl-23912732 

Jensen, K. E., Schmiedel, S., Norrild, B., Frederiksen, K., Iftner, T., & Kjaer, S. K. (2013). Parity 
as a cofactor for high-grade cervical disease among women with persistent human 
papillomavirus infection: a 13-year follow-up. British Journal of Cancer, 108(1), 234–9. 
doi:10.1038/bjc.2012.513 

Jia, Y., Hu, T., Hang, C.-Y., Yang, R., Li, X., Chen, Z.-L., … Li, S. (2012). Case-Control Study 
of Diet in Patients with Cervical Cancer or Precancerosis in Wufeng, a High Incidence 
Region in China. Asian Pacific Journal of Cancer Prevention, 13(10), 5299–5302. 
doi:10.7314/APJCP.2012.13.10.5299 

Jin, L., Qi, M., Chen, D. Z., Anderson, A., Yang, G. Y., Arbeit, J. M., & Auborn, K. J. (1999). 
Indole-3-carbinol prevents cervical cancer in human papilloma virus type 16 (HPV16) 
transgenic mice. Cancer Research, 59(16), 3991–7. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/10463597 

Joura, E. a., Giuliano, A. R., Iversen, O.-E., Bouchard, C., Mao, C., Mehlsen, J., … 
Luxembourg, A. (2015). A 9-Valent HPV Vaccine against Infection and Intraepithelial 
Neoplasia in Women. New England Journal of Medicine, 372, 711–723. 
doi:10.1056/NEJMoa1405044 

Kahn, J. a, Rosenthal, S. L., Succop, P. a, Ho, G. Y. F., & Burk, R. D. (2002). Mediators of the 
association between age of first sexual intercourse and subsequent human papillomavirus 
infection. Pediatrics, 109(1), E5. doi:10.1542/peds.109.1.e5 

Kann, L., McManus, T., Harris, W. A., Shanklin, S. L., Flint, K. H., Hawkins, J., … Zaza, S. 
(2016). Youth Risk Behavior Surveillance - United States, 2015. Morbidity and Mortality 
Weekly Report. Surveillance Summaries (Washington, D.C. : 2002), 65(6), 1–174. 
doi:10.15585/mmwr.ss6506a1 

 

 



120 

Kemp, E., Hakenewerth, A., Laurent, S., Gravitt, P. E., & Stoerker, J. (1992). Human 
papillomavirus prevalence in pregnancy. Obstetrics and Gynecology, 79(5 (Pt 1)), 649–56. 

Kim, E. Y., Shin, J. Y., Park, Y., & Kim, A. K. (2014). Equol Induces Mitochondria-mediated 
Apoptosis of Human Cervical Cancer Cells. Anticancer Research, 34, 4985–4992. 

Kim, J. (2008). Protective effects of Asian dietary items on cancers—soy and ginseng. Asian Pac 
J Cancer Prev, 9, 543–548. Retrieved from 
http://www.apocpcontrol.net/paper_file/issue_abs/Volume9_No4/543_b_Kim.pdf 

Kim, S.-H., Kim, S.-H., Lee, S.-C., & Song, Y.-S. (2009). Involvement of both extrinsic and 
intrinsic apoptotic pathways in apoptosis induced by genistein in human cervical cancer 
cells. Annals of the New York Academy of Sciences, 1171, 196–201. doi:10.1111/j.1749-
6632.2009.04902.x 

Kim, Y. H., Park, J. S., Norwitz, E. R., Park, J. W., Kim, S. M., Lee, S. M., … Song, Y. S. 
(2014). Genotypic prevalence of human papillomavirus infection during normal pregnancy: 
a cross-sectional study. The Journal of Obstetrics and Gynaecology Research, 40(1), 200–7. 
doi:10.1111/jog.12155 

Kitchener, H. C., Castle, P. E., & Cox, J. T. (2006). Chapter 7: Achievements and limitations of 
cervical cytology screening. Vaccine, 24 Suppl 3, S3/63–70. 
doi:10.1016/j.vaccine.2006.05.113 

Kjaer, S. K., Chackerian, B., Brule, A. J. C. Van Den, Kru, S., Paull, G., Walbomers, J. M. M., 
… Meijer, C. L. M. (2001). High-Risk Human Papillomavirus Is Sexually Transmitted : 
Evidence from a Follow-Up Study of Virgins Starting Sexual Activity ( Intercourse ) High-
Risk Human Papillomavirus Is Sexually Transmitted : Evidence from a Follow-Up Study of 
Virgins Starting Sexua, 10(February), 101–106. 

Ko, K.-P., Park, S. K., Yang, J. J., Ma, S. H., Gwack, J., Shin, A., … Yoo, K.-Y. (2013). Intake 
of soy products and other foods and gastric cancer risk: a prospective study. Journal of 
Epidemiology / Japan Epidemiological Association, 23(5), 337–43. Retrieved from 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3775527&tool=pmcentrez&ren
dertype=abstract 

Krishnan, S., Madsen, E., Porterfield, D., & Varghese, B. (2013). Advancing cervical cancer 
prevention in India: implementation science priorities. The Oncologist, 18, 1285–1297. 
doi:10.1634/theoncologist.2013-0292 

Krupp, K., Marlow, L. A. V, Kielmann, K., Doddaiah, N., Mysore, S., Reingold, A. L., & 
Madhivanan, P. (2010). Factors Associated With Intention-to-Recommend Human 
Papillomavirus Vaccination Among Physicians in Mysore, India. Journal of Adolescent 
Health, 46(4), 379–384. doi:10.1016/j.jadohealth.2009.10.001 

Kusneniwar, G. N., Whelan, R. M., Betha, K., Robertson, J. M., Reddy, P., Balasubramanian, K., 
… Reddy, P. (2016). Cohort Profile: The Longitudinal Indian Family Health (LIFE) Pilot 
Study, Telangana State, India. International Journal of Epidemiology, (under review). 



121 

La Vecchia, C., & Boccia, S. (2014). Oral contraceptives, human papillomavirus and cervical 
cancer. European Journal of Cancer Prevention, 23, 110–112. 
doi:10.1097/CEJ.0000000000000000 

Laara, E., Day, N. E., & Hakama, M. (1987). Trends in mortality from cervical cancer in the 
Nordic countries: association with organised screening programmes. Lancet, 1, 1247–1249. 

LaMontagne, D. S., Barge, S., Le, N. T., Mugisha, E., Penny, M., Gandhi, S., … Jumaan, A. 
(2011). Human papillomavirus vaccine delivery strategies that achieved high coverage in 
low- and middle-income countries. Bulletin of the World Health Organization, 89(11), 821–
830. doi:10.2471/BLT.11.08986 

Latendresse, G. A., McCance, K. L., & Morgan, K. (2010). Alternations of the Reproducive 
System. In K. L. McCance, S. E. Huether, V. L. Brashers, & N. Rote (Eds.), Pathology: The 
biologic basis for disease in adults and children (6th ed., pp. 817–922). Maryland Heights: 
Mosby, Inc. 

Liu, P., Xu, L., Sun, Y., & Wang, Z. (2014). The prevalence and risk of human papillomavirus 
infection in pregnant women. Epidemiology and Infection, 1–12. 
doi:10.1017/S0950268814000636 

Madhivanan, P., Krupp, K., Yashodha, M. N., Marlow, L., Klausner, J. D., & Reingold, A. L. 
(2009). Attitudes toward HPV vaccination among parents of adolescent girls in Mysore, 
India. Vaccine, 27(38), 5203–5208. doi:10.1016/j.vaccine.2009.06.073 

Madhivanan, P., Srinivas, V., Marlow, L., Mukherjee, S., Narayanappa, D., Mysore, S., … 
Krupp, K. (2014). Indian parents prefer vaccinating their daughters against HPV at older 
ages. Asian Pacific Journal of Cancer Prevention, 15(1), 107–110. 
doi:10.7314/APJCP.2014.15.1.107 

Malagón, T., Drolet, M., Boily, M.-C., Franco, E. L., Jit, M., Brisson, J., & Brisson, M. (2012). 
Cross-protective efficacy of two human papillomavirus vaccines: a systematic review and 
meta-analysis. The Lancet Infectious Diseases, 12(10), 781–789. doi:10.1016/S1473-
3099(12)70187-1 

Markowitz, L. E., Sternberg, M., Dunne, E. F., McQuillan, G., & Unger, E. R. (2009). 
Seroprevalence of human papillomavirus types 6, 11, 16, and 18 in the United States: 
National Health and Nutrition Examination Survey 2003-2004. The Journal of Infectious 
Diseases, 200, 1059–1067. doi:10.1086/604729 

Markowitz, L. E., Tsu, V., Deeks, S. L., Cubie, H., Wang, S. a., Vicari, A. S., & Brotherton, J. 
M. L. (2012). Human papillomavirus vaccine introduction - the first five years. Vaccine, 30, 
F139–F148. doi:10.1016/j.vaccine.2012.05.039 

Mccormack, V. A., & Boffetta, P. (2011). Today’s lifestyles, tomorrow's cancers: Trends in 
lifestyle risk factors for cancer in low- and middle-income countries. Annals of Oncology, 
22(March), 2349–2357. doi:10.1093/annonc/mdq763 



122 

McManus, A., & Dhar, L. (2008). Study of knowledge, perception and attitude of adolescent 
girls towards STIs/HIV, safer sex and sex education: (a cross sectional survey of urban 
adolescent school girls in South Delhi, India). BMC Women’s Health, 8, 12. 
doi:10.1186/1472-6874-8-12 

Miller, P. E., & Snyder, D. C. (2012). Phytochemicals and cancer risk: a review of the 
epidemiological evidence. Nutrition in Clinical Practice : Official Publication of the 
American Society for Parenteral and Enteral Nutrition, 27(5), 599–612. 
doi:10.1177/0884533612456043 

Molano, M., Van den Brule, A., Plummer, M., Weiderpass, E., Posso, H., Arslan, A., … 
Franceschi, S. (2003). Determinants of clearance of human papillomavirus infections in 
Colombian women with normal cytology: A population-based, 5-year follow-up study. 
American Journal of Epidemiology, 158(5), 486–494. doi:10.1093/aje/kwg171 

Montague, J. A., Butler, L. M., Wu, A. H., Genkinger, J. M., Koh, W.-P., Wong, A. S., … Yu, 
M. C. (2012). Green and black tea intake in relation to prostate cancer risk among 
Singapore Chinese. Cancer Causes & Control : CCC, 23(10), 1635–41. 
doi:10.1007/s10552-012-0041-8 

Moore, M. A., Tajima, K., Anh, P. H., Aydemir, G., Basu, P. S., Bhurgri, Y., … Tsuda, H. 
(2003). Grand challenges in global health and the practical prevention program? Asian 
focus on cancer prevention in females of the developing world. Asian Pacific Journal of 
Cancer Prevention : APJCP, 4(2), 153–65. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/12875629 

Moscicki, A. B., Ma, Y., & Farhat, S. (2016). Psychosocial Stress, Maladative Coping, and HPV 
Persistence. In Pediatrics Academic Society Meeting. Baltimore. Retrieved from 
http://www.abstracts2view.com/pas/view.php?nu=PAS16L1_5033 

Moscicki, A. B., Palefsky, J., Gonzales, J., & Schoolnik, G. K. (1990). Human papillomavirus 
infection in sexually active adolescent females: prevalence and risk factors. Pediatric 
Research, 28(5), 507–513. doi:10.1203/00006450-199011000-00018 

Moscicki, A. B., Schiffman, M., Burchell, A., Albero, G., Giuliano, A. R., Goodman, M. T., … 
Palefsky, J. (2012). Updating the natural history of human papillomavirus and anogenital 
cancers. Vaccine, 30, F24–F33. doi:10.1016/j.vaccine.2012.05.089 

Muñoz, N., Franceschi, S., Bosetti, C., Moreno, V., Herrero, R., Smith, J. S., … Bosch, F. X. 
(2002). Role of parity and human papillomavirus in cervical cancer: The IARC multicentric 
case-control study. Lancet, 359, 1093–1101. doi:10.1016/S0140-6736(02)08151-5 

Nair, S., & Pillai, M. R. (2005). Human papillomavirus and disease mechanisms: relevance to 
oral and cervical cancers. Oral Diseases, 11(6), 350–9. doi:10.1111/j.1601-
0825.2005.01127.x 

 



123 

Newall, A. T., Brotherton, J. M. L., Quinn, H. E., McIntyre, P. B., Backhouse, J., Gilbert, L., … 
MacIntyre, C. R. (2008). Population seroprevalence of human papillomavirus types 6, 11, 
16, and 18 in men, women, and children in Australia. Clinical Infectious Diseases : An 
Official Publication of the Infectious Diseases Society of America, 46(11), 1647–1655. 
doi:10.1086/587895 

Newmann, S. J., & Garner, E. O. (2005). Social inequities along the cervical cancer continuum: 
A structured review. Cancer Causes and Control, 16, 63–70. doi:10.1007/s10552-004-
1290-y 

Nicol, A. F., Grinsztejn, B., Friedman, R. K., Veloso, V. G., Cunha, C. B., Georg, I., … Viscidi, 
R. P. (2013). Seroprevalence of HPV vaccine types 6 , 11 , 16 and 18 in HIV-infected and 
uninfected women from Brazil. Journal of Clinical Virology, 57(2), 147–151. 
doi:10.1016/j.jcv.2013.02.007 

Nielsen, A., Kjaer, S. K., Munk, C., & Iftner, T. (2008). Type-specific HPV infection and 
multiple HPV types: prevalence and risk factor profile in nearly 12,000 younger and older 
Danish women. Sexually Transmitted Diseases, 35(3), 276–282. 
doi:10.1097/OLQ.0b013e31815ac5c7 

Nobbenhuis, M. A. E., Helmerhorst, T. J. M., Van den Brule, A. J. C., Rozendaal, L., Bezemer, 
P. D., Voorhorst, F. J., & Meijer, C. J. L. M. (2002). High-risk human papillomavirus 
clearance in pregnant women: trends for lower clearance during pregnancy with a catch-up 
postpartum. British Journal of Cancer, 87(1), 75–80. doi:10.1038/sj.bjc.6600367 

Parikh, S., Brennan, P., & Boffetta, P. (2003). Meta-analysis of social inequality and the risk of 
cervical cancer. International Journal of Cancer, 105(January), 687–691. 
doi:10.1002/ijc.11141 

Parkin, D. M. (2006). The global health burden of infection-associated cancers in the year 2002. 
International Journal of Cancer. Journal International Du Cancer, 118(12), 3030–44. 
doi:10.1002/ijc.21731 

PATH Cervical Cancer Team. (2013). Treatment Technologies for Precancerous Cervical 
Lesions in Low-Resource Settings : Review and Evaluation. Seattle, WA. 

Paul, P., Tanner, A. E., Gravitt, P. E., Vijayaraghavan, K., Shah, K. V, Zimet, G. D., & Study 
Group, C. (2013). Acceptability of HPV Vaccine Implementation Among Parents in India. 
Health Care for Women International. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/23611111 

Pirog, E. C., Lloveras, B., Molijn, A., Tous, S., Guimerà, N., Alejo, M., … de Sanjosé, S. (2014). 
HPV prevalence and genotypes in different histological subtypes of cervical 
adenocarcinoma, a worldwide analysis of 760 cases. Modern Pathology : An Official 
Journal of the United States and Canadian Academy of Pathology, Inc, 1–9. 
doi:10.1038/modpathol.2014.55 

 



124 

Pollock, K. G. J., Kavanagh, K., Potts,  a, Love, J., Cuschieri, K., Cubie, H., … Donaghy, M. 
(2014). Reduction of low- and high-grade cervical abnormalities associated with high 
uptake of the HPV bivalent vaccine in Scotland. British Journal of Cancer, 111(9), 1824–
1830. doi:10.1038/bjc.2014.479 

Prasad, J. H., Abraham, S., Kurz, K. M., George, V., Lalitha, M. K., John, R., … Joseph, A. 
(2005). Reproductive tract infections among young married women in Tamil Nadu, India. 
International Family Planning Perspectives, 31(2), 73–82. doi:10.1363/ifpp.31.73.05 

Rama, C. H., Villa, L. L., Pagliusi, S., Andreoli, M. a, Costa, M. C., Thomann, P., … Eluf-Neto, 
J. (2010). Opportunity for catch-up HPV vaccination in young women after first delivery. 
Journal of Epidemiology and Community Health, 64(February 2007), 610–615. 
doi:10.1136/jech.2008.086439 

Rama, C. H., Villa, L. L., Pagliusi, S., Andreoli, M. A. A., Costa, M. C., Thomann, P., … Eluf-
Neto, J. (2010). Seroprevalence of human papillomavirus 6, 11, 16, and 18 in young 
primiparous women in Sao Paulo, Brazil. International Journal of Gynecological Cancer : 
Official Journal of the International Gynecological Cancer Society, 20(8), 1405–1410. 
doi:10.1111/IGC.0b013e3181f3c85e 

Rintala, M. a M., Grénman, S. E., Järvenkylä, M. E., Syrjänen, K. J., & Syrjänen, S. M. (2005). 
High-risk types of human papillomavirus (HPV) DNA in oral and genital mucosa of infants 
during their first 3 years of life: experience from the Finnish HPV Family Study. Clinical 
Infectious Diseases : An Official Publication of the Infectious Diseases Society of America, 
41(12), 1728–1733. doi:10.1086/498114 

Ronco, G., Dillner, J., Elfström, K. M., Tunesi, S., Snijders, P. J. F., Arbyn, M., … Naucler, P. 
(2014). Efficacy of HPV-based screening for prevention of invasive cervical cancer: 
Follow-up of four European randomised controlled trials. The Lancet, 383(9916), 524–532. 
doi:10.1016/S0140-6736(13)62218-7 

Rosa, M. I., Fachel, J. M. G., Rosa, D. D., Medeiros, L. R., Igansi, C. N., & Bozzetti, M. C. 
(2008). Persistence and clearance of human papillomavirus infection: a prospective cohort 
study. American Journal of Obstetrics and Gynecology, 199(December). 
doi:10.1016/j.ajog.2008.06.033 

Rositch, A. F., Burke, A. E., Viscidi, R. P., Silver, M. I., Chang, K., & Gravitt, P. E. (2012). 
Contributions of recent and past sexual partnerships on incident human papillomavirus 
detection: Acquisition and reactivation in older women. Cancer Research, 72(23), 6183–
6190. doi:10.1158/0008-5472.CAN-12-2635 

Roy, M., Siddiqi, M., & Bhattacharya, R. K. (2001). MINI-REVIEW Cancer Chemoprevention : 
Tea Polyphenol Induced Cellular and Molecular Responses. Asian Pacific Journal of 
Cancer Prevention, 2, 109–116. 

Ryding, J., French, K. M., Naucler, P., Barnabas, R. V., Garnett, G. P., & Dillner, J. (2008). 
Seroepidemiology as basis for design of a human papillomavirus vaccination program. 
Vaccine, 26(41), 5263–5268. doi:10.1016/j.vaccine.2008.07.041 



125 

Ryndock, E. J., & Meyers, C. (2014). A risk for non-sexual transmission of human 
papillomavirus? Expert Review of Anti-Infective Therapy, 12(10), 1165–1170. 
doi:10.1586/14787210.2014.959497 

Saadat, M., Behboodi, Z. M., & Saadat, E. (2015). Comparison of depression, anxiety, stress, 
and related factors among women and men with human immunodeficiency virus infection. 
Journal of Human Reproductive Sciences, 8(1), 48–51. doi:10.4103/0974-1208.153128 

Sadate-Ngatchou, P., Carter, J. J., Hawes, S. E., Feng, Q., Lasof, T., Stern, J. E., … Winer, R. L. 
(2016). Determinants of High-Risk Human Papillomavirus Seroprevalence and DNA 
Prevalence in Mid-Adult Women. Sexually Transmitted Diseases, 43(3), 192–198. 
doi:10.1097/OLQ.0000000000000409 

Safaeian, M., Solomon, D., & Castle, P. E. (2007). Cervical Cancer Prevention-Cervical 
Screening: Science in Evolution. Obstetrics and Gynecology Clinics of North America, 34, 
739–760. doi:10.1016/j.ogc.2007.09.004 

Sahasrabuddhe, V. V, Luhn, P., & Wentzensen, N. (2011). Human papillomavirus and cevical 
cancer: biomarkers for improved prevention efforts. Future Microbiology, 6(9), 1083–1098. 
doi:10.2217/fmb.11.87.Human 

Sankaranarayanan, R., & Ferlay, J. (2006). Worldwide burden of gynaecological cancer: the size 
of the problem. Best Practice & Research. Clinical Obstetrics & Gynaecology, 20(2), 207–
25. doi:10.1016/j.bpobgyn.2005.10.007 

Sankaranarayanan, R., Prabhu, P. R., Pawlita, M., Gheit, T., Bhatla, N., Muwonge, R., … Pillai, 
M. R. (2015). Immunogenicity and HPV infection after one, two, and three doses of 
quadrivalent HPV vaccine in girls in India: A multicentre prospective cohort study. The 
Lancet Oncology, 17(January). doi:10.1016/S1470-2045(15)00414-3 

Santhya, K. G., Acharya, R., Jejeebhoy, S. J., & Ram, U. (2011). Timing of first sex before 
marriage and its correlates: evidence from India. Culture, Health & Sexuality, 13(3), 327–
41. doi:10.1080/13691058.2010.534819 

Santhya, K., & Jejeebhoy, S. J. (2012). The sexual and reproductive health and rights of young 
people in India: A review of the situation. New Delhi. Retrieved from 
http://www.popcouncil.org/asia/india/html 

Schiffman, M., Castle, P. E., Jeronimo, J., Rodriguez, A. C., & Wacholder, S. (2007). Human 
papillomavirus and cervical cancer. Lancet, 370(9590), 890–907. doi:10.1016/S0140-
6736(07)61416-0 

Schiffman, M., Wentzensen, N., Wacholder, S., Kinney, W., Gage, J. C., & Castle, P. E. (2011). 
Human papillomavirus testing in the prevention of cervical cancer. Journal of the National 
Cancer Institute, 103(5), 368–383. doi:10.1093/jnci/djq562 

 



126 

Schiller, J. T., Castellsagué, X., & Garland, S. M. (2012). A review of clinical trials of human 
papillomavirus prophylactic vaccines. Vaccine, 30, F123–F138. 
doi:10.1016/j.vaccine.2012.04.108 

Sellors, J. W., Karwalajtys, T. L., Kaczorowski, J., Mahony, J. B., Lytwyn, A., Chong, S., … 
Lorincz, A. (2003). Incidence, clearance and predictors of human papillomavirus infection 
in women. Cmaj, 168(4), 421–425. 

Seoud, M., Tjalma, W. a a, & Ronsse, V. (2011). Cervical adenocarcinoma: Moving towards 
better prevention. Vaccine, 29(49), 9148–9158. doi:10.1016/j.vaccine.2011.09.115 

Seow,  a, Shi, C. Y., Franke,  a a, Hankin, J. H., Lee, H. P., & Yu, M. C. (1998). Isoflavonoid 
levels in spot urine are associated with frequency of dietary soy intake in a population-based 
sample of middle-aged and older Chinese in Singapore. Cancer Epidemiology, Biomarkers 
& Prevention : A Publication of the American Association for Cancer Research, 
Cosponsored by the American Society of Preventive Oncology, 7(2), 135–40. Retrieved 
from http://www.ncbi.nlm.nih.gov/pubmed/9488588 

Shannon, G. D., Franco, O. H., Powles, J., Leng, Y., & Pashayan, N. (2011). Cervical cancer in 
Indigenous women: The case of Australia. Maturitas, 70(3), 234–245. 
doi:10.1016/j.maturitas.2011.07.019 

Sherman, M. E., Lorincz, A. T., Scott, D. R., Wacholder, S., Castle, P. E., Glass,  a. G., … 
Schiffman, M. (2003). Baseline Cytology, Human Papillomavirus Testing, and Risk for 
Cervical Neoplasia: A 10-Year Cohort Analysis. JNCI Journal of the National Cancer 
Institute, 95(1), 46–52. doi:10.1093/jnci/95.1.46 

Shi, R., Devarakonda, S., Liu, L., Taylor, H., & Mills, G. (2014). Factors associated with genital 
human papillomavirus infection among adult females in the United States, NHANES 2007-
2010. BMC Research Notes, 7, 544. doi:10.1186/1756-0500-7-544 

Silva, J., Cerqueira, F., & Medeiros, R. (2014). Chlamydia trachomatis infection: Implications 
for HPV status and cervical cancer. Archives of Gynecology and Obstetrics, 289, 715–723. 
doi:10.1007/s00404-013-3122-3 

Smith, E. M., Parker, M. A., Rubenstein, L. M., Haugen, T. H., Hamsikova, E., & Turek, L. P. 
(2010). Evidence for vertical transmission of HPV from mothers to infants. Infectious 
Diseases in Obstetrics and Gynecology, 2010. doi:10.1155/2010/326369 

Smith, J. S., Green, J., Degonzalez, A., Appleby, P., Peto, J., Plummer, M., … Beral, V. (2003). 
Cervical cancer and use of hormonal contraceptives: a systematic review. The Lancet, 361, 
1159–1167. doi:10.1016/S0140-6736(03)12949-2 

Smith, J. S., Melendy, A., Rana, R. K., & Pimenta, J. M. (2008). Age-Specific Prevalence of 
Infection with Human Papillomavirus in Females: A Global Review. Journal of Adolescent 
Health, 43. doi:10.1016/j.jadohealth.2008.07.009 

 



127 

Stanley, M., Pinto, L. A., & Trimble, C. (2012). Human papillomavirus vaccines - immune 
responses. Vaccine, 30(SUPPL.5), F83–F87. doi:10.1016/j.vaccine.2012.04.106 

Steben, M., & Duarte-Franco, E. (2007). Human papillomavirus infection: Epidemiology and 
pathophysiology. Gynecologic Oncology, 107, 2–5. doi:10.1016/j.ygyno.2007.07.067 

Syrjanen, K. (1994). Human papilloamvirus in genital carcinogensis. Sexual Transmitted 
diseases1, 21(2 Suppl), S86–S89. 

Syrjänen, S., Waterboer, T., Sarkola, M., Michael, K., Rintala, M., Syrjänen, K., … Pawlita, M. 
(2009). Dynamics of human papillomavirus serology in women followed up for 36 months 
after pregnancy. Journal of General Virology, 90, 1515–1526. doi:10.1099/vir.0.007823-0 

Thomsen, L. T., Frederiksen, K., Munk, C., Junge, J., Castle, P. E., Iftner, T., & Kjaer, S. K. 
(2014). High-risk and low-risk human papillomavirus and the absolute risk of cervical 
intraepithelial neoplasia or cancer. Obstetrics and Gynecology, 123(1), 57–64. 
doi:10.1097/AOG.0000000000000056 

Tiggelaar, S. M., Lin, M. J., Viscidi, R. P., Ji, J., & Smith, J. S. (2012). Age-specific human 
papillomavirus antibody and deoxyribonucleic acid prevalence: A global review. Journal of 
Adolescent Health, 50, 110–131. doi:10.1016/j.jadohealth.2011.10.010 

Tobian, A. A. R., Kacker, S., & Quinn, T. C. (2014). Male Circumcision: A Globally Relevant 
but Under-Utilized Method for the Prevention of HIV and Other Sexually Transmitted 
Infections. Annual Reviews Medicine, 65, 293–306. Retrieved from 
http://www.annualreviews.org/doi/pdf/10.1146/annurev-med-092412-090539 

Trottier, H., Ferreira, S., Thomann, P., Costa, M. C., Sobrinho, J. S., Prado, J. C. M., … Franco, 
E. L. (2010). Human papillomavirus infection and reinfection in adult women: The role of 
sexual activity and natural immunity. Cancer Research, 70(21), 8569–8577. 
doi:10.1158/0008-5472.CAN-10-0621 

U.S. Cancer Statistics Working Group. (2014). United States Cancer Statistics: 1999–2011 
Incidence and Mortality Web-based Report. Atlanta: U.S. Department of Health and 
Human Services, Centers for Disease Control and Prevention and National Cancer 
Institute. Retrieved June 20, 2015, from www.cdc.gov/uscs 

U.S. Food and Drug Administration. (2014, December 14). FDA approves Gardasil 9 for 
prevention of certain cancers caused by five additional types of HPV. FDA News Release. 
Retrieved from 
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm426485.htm 

Unicef Vaccine Price Data. (2015). Retrieved April 24, 2015, from 
http://www.unicef.org/supply/index_57476.html 

 

 



128 

Vaccarella, S., Franceschi, S., Clifford, G. M., Touzé, A., Hsu, C. C., De Sanjosé, S., … 
Coursaget, P. (2010). Seroprevalence of antibodies against human papillomavirus (HPV) 
types 16 and 18 in four continents: The International Agency for Research on Cancer HPV 
prevalence surveys. Cancer Epidemiology Biomarkers and Prevention, 19(9), 2379–2388. 
doi:10.1158/1055-9965.EPI-10-0336 

Vaccarella, S., Franceschi, S., Herrero, R., Muñoz, N., Snijders, P. J. F., Clifford, G. M., … 
Meijer, C. J. L. M. (2006). Sexual behavior, condom use, and human papillomavirus: 
Pooled analysis of the IARC human papillomavirus prevalence surveys. Cancer 
Epidemiology Biomarkers and Prevention, 15(February), 326–333. doi:10.1158/1055-
9965.EPI-05-0577 

Vaccarella, S., Lortet-Tieulent, J., Plummer, M., Franceschi, S., & Bray, F. (2013). Worldwide 
trends in cervical cancer incidence: Impact of screening against changes in disease risk 
factors. European Journal of Cancer, 49(15), 3262–3273. doi:10.1016/j.ejca.2013.04.024 

Vashishtha, V. M., Kalra, A., Bose, A., Choudhury, P., Yewale, V. N., Bansal, C. P., & Gupta, S. 
G. (2014). Indian Academy of Pediatrics (IAP) recommended immunization schedule for 
children aged 0 through 18 years - 2014. Indian Pediatrics, 50, 1095–1108. 
doi:10.1007/s13312-013-0292-9 

Vasilevska, M., Ross, S. A., Gesink, D., & Fisman, D. N. (2012). Relative risk of cervical caner 
in indigenous women in Australia, Canada, New Zeland, and the United States. Journal of 
Public Health Policy, 33(2), 148–164. 

Vinodhini, K., Shanmughapriya, S., Das, B. C., & Natarajaseenivasan, K. (2012). Prevalence and 
risk factors of HPV infection among women from various provinces of the world. Archives 
of Gynecology and Obstetrics, 285, 771–777. doi:10.1007/s00404-011-2155-8 

Walboomers, J. M. M., Jacobs, M. V, Manos, M. M., Bosch, F. X., Kummer, J. A., Shah, K. V, 
… Muñoz, N. (1999). Human papillomavirus is a necessary cause of invasic cervicla cancer 
worldwide. Journal of Pathology, 189, 12–19. 

Wang, S.-M., Colombara, D., Shi, J.-F., Zhao, F.-H., Li, J., Chen, F., … Qiao, Y.-L. (2013). Six-
year regression and progression of cervical lesions of different human papillomavirus viral 
loads in varied histological diagnoses. International Journal of Gynecological Cancer : 
Official Journal of the International Gynecological Cancer Society, 23(4), 716–23. 
doi:10.1097/IGC.0b013e318286a95d 

Wang, Y., & Ho, C.-T. (2009). Polyphenolic chemistry of tea and coffee: a century of progress. 
Journal of Agricultural and Food Chemistry, 57(18), 8109–14. doi:10.1021/jf804025c 

Wang, Z. Y., Huang, M., Lou, Y., & Reuhi, R. (1994). Inhibitory Effects of Black Tea, Green 
Tea, Decaffeinated Black Tea, and Decaffeinated Green Tea on Ultraviolet B Light-induced 
Skin Carcinogenesis in 7 , 12-Dimethylbenz[a]anthracene-initiated SKH-1 Mice Inhibitory 
Effects of Black Tea, Green Tea. Cancer Res., 54, 3428–3425. 

 



129 

Waterboer, T., Sehr, P., Michael, K. M., Franceschi, S., Nieland, J. D., Joos, T. O., … Pawlita, 
M. (2005). Multiplex human papillomavirus serology based on in situ-purified glutathione 
s-transferase fusion proteins. Clinical Chemistry, 51(10), 1845–53. 
doi:10.1373/clinchem.2005.052381 

Wawer, M. J., Tobian, A. A., Kigozi, G., Kong, X., Gravitt, P. E., Serwadda, D., … Gray, R. H. 
(2011). Effect of circumcision of HIV-negative men on transmission of human 
papillomavirus to HIV-negative women: A randomised trial in Rakai, Uganda. The Lancet, 
377(9761), 209–218. doi:10.1016/S0140-6736(10)61967-8 

Wellings, K., Collumbien, M., Slaymaker, E., Singh, S., Hodges, Z., Patel, D., & Bajos, N. 
(2006). Sexual behaviour in context: a global perspective. Lancet, 368(9548), 1706–1728. 
doi:10.1016/S0140-6736(06)69479-8 

Westra, T. A., Rozenbaum, M. H., Rogoza, R. M., Nijman, H. W., Daemen, T., Postma, M. J., & 
Wilschut, J. C. (2011). Until which age should women be vaccinated against HPV 
infection? Recommendation based on cost-effectiveness analyses. Journal of Infectious 
Diseases, 204(3), 377–384. doi:10.1093/infdis/jir281 

Winer, R. L., Hughes, J. P., Feng, Q., Stern, J. E., Xi, L. F., & Koutsky, L. A. (2016). Incident 
Detection of High-Risk Human Papillomavirus Infections in a Cohort of High-Risk Women 
Aged 25-65 Years. The Journal of Infectious Diseases, 1–11. doi:10.1093/infdis/jiw074 

Winer, R. L., Lee, S. K., Hughes, J. P., Adam, D. E., Kiviat, N. B., & Koutsky, L. a. (2003). 
Genital human papillomavirus infection: Incidence and risk factors in a cohort of female 
university students. American Journal of Epidemiology, 157(3), 218–226. 
doi:10.1093/aje/kwf180 

World Health Organization. (2014a). Human papillomavirus vaccine: WHO position paper, 
October 2014. Weekly Epidemiological Record, 89(7), 53–60. doi:10.1186/1750-9378-2-
15.Voir 

World Health Organization. (2014b). Meeting of the Strategic Advisory Group of Experts on 
Immunization, April 2014 - conclusions and recommendations. Weekly Epidemiological 
Record, 89(No. 21), 221–236. 

Wright, J. D., Govindappagari, S., Pawar, N., Cleary, K., Burke, W. M., Devine, P. C., … 
Herzog, T. J. (2012). Acceptance and complience with postpartum human papillomavirus 
vaccination, 120(4), 771–782. 

Wright, T. C., Massad, L. S., Dunton, C. J., Spitzer, M., Wilkinson, E. J., & Solomon, D. (2007). 
2006 Consensus Guidelines for the Management of Women With Cervical Intraepithelial 
Neoplasia or Adenocarcinoma in Situ. American Journal of Obstetrics and Gynecology, 
197(October), 340–345. doi:10.1016/j.ajog.2007.07.050 

 

 



130 

Wright, T. C., Stoler, M. H., Behrens, C. M., Sharma, A., Zhang, G., & Wright, T. L. (2015). 
Primary cervical cancer screening with human papillomavirus: End of study results from the 
ATHENA study using HPV as the first-line screening test. Gynecologic Oncology, 136(2), 
189–197. doi:10.1016/j.ygyno.2014.11.076 

Wu, A. H., Arakawa, K., Stanczyk, F. Z., Van Den Berg, D., Koh, W. P., & Yu, M. C. (2005). 
Tea and circulating estrogen levels in postmenopausal Chinese women in Singapore. 
Carcinogenesis, 26(5), 976–980. doi:10.1093/carcin/bgi028 

Wu, A. H., Koh, W.-P., Wang, R., Lee, H.-P., & Yu, M. C. (2008). Soy intake and breast cancer 
risk in Singapore Chinese Health Study. British Journal of Cancer, 99(1), 196–200. 
doi:10.1038/sj.bjc.6604448 

Wu, A. H., Stanczyk, F. Z., Seow, A., Lee, H.-P., & Yu, M. C. (2002). Soy intake and other 
lifestyle determinants of serum estrogen levels among postmenopausal Chinese women in 
Singapore. Cancer Epidemiology, Biomarkers & Prevention : A Publication of the 
American Association for Cancer Research, Cosponsored by the American Society of 
Preventive Oncology, 11(9), 844–51. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/12223428 

Wu, A. H., & Yu, M. C. (2006). Tea, hormone-related cancers and endogenous hormone levels. 
Molecular Nutrition & Food Research, 50(2), 160–9. doi:10.1002/mnfr.200500142 

Wu, A. H., Yu, M. C., Tseng, C.-C., & Pike, M. C. (2008). Epidemiology of soy exposures and 
breast cancer risk. British Journal of Cancer, 98(1), 9–14. doi:10.1038/sj.bjc.6604145 

Wu, S. H., & Liu, Z. (2013). Soy food consumption and lung cancer risk: a meta-analysis using a 
common measure across studies. Nutrition and Cancer, 65(5), 625–32. 
doi:10.1080/01635581.2013.795983 

Xiao, J. X., Huang, G. Q., Geng, X., & Qiu, H. W. (2011). Soy-derived Isoflavones Inhibit HeLa 
Cell Growth by Inducing Apoptosis. Plant Foods for Human Nutrition, 66, 122–128. 
doi:10.1007/s11130-011-0224-6 

Yan, L., & Spitznagel, E. L. (2009). Soy consumption and prostate cancer risk in men: a revisit 
of a meta-analysis. The American Journal of Clinical Nutrition, 89(4), 1155–63. 
doi:10.3945/ajcn.2008.27029 

Yong, M., Parkinson, K., Goenka, N., & O’Mahony, C. (2010). Diabetes and genital warts: an 
unhappy coalition. International Journal of STD & AIDS, 21(7), 457–459. 
doi:10.1258/ijsa.2010.010061 

Yuan, J.-M., Gao, Y.-T., Yang, C. S., & Yu, M. C. (2007). Urinary biomarkers of tea 
polyphenols and risk of colorectal cancer in the Shanghai Cohort Study. International 
Journal of Cancer. Journal International Du Cancer, 120(6), 1344–1350. 
doi:10.1002/ijc.22460 

 



131 

Yuan, J.-M., Stram, D. O., Arakawa, K., Lee, H.-P., & Yu, M. C. (2003). Dietary Cryptoxanthin 
and Reduced Risk of Lung Cancer: The Singapore Chinese Health Study. Cancer 
Epidemiol. Biomarkers Prev., 12(9), 890–898. Retrieved from 
http://cebp.aacrjournals.org/content/12/9/890.full 

Zhang, Y.-F., Xu, Q., Lu, J., Wang, P., Zhang, H.-W., Zhou, L., … Zhou, Y.-H. (2014). Tea 
consumption and the incidence of cancer: a systematic review and meta-analysis of 
prospective observational studies. European Journal of Cancer Prevention : The Official 
Journal of the European Cancer Prevention Organisation (ECP), 1–10. 
doi:10.1097/CEJ.0000000000000094 

zur Hausen, H. (2002). Papillomaviruses and cancer: from basic studies to clinical application. 
Nature Reviews. Cancer, 2(May), 342–350. doi:10.1038/nrc798 

 


	Title page
	Committee members
	Abstract
	Table of contents
	List of tables
	List of figures
	Preface
	1.0  Introduction
	1.1 Specific aims

	2.0  Cervical cancer background
	2.1 Role of HPV in cervical carcinogensis
	2.2 Epidemiology of HPV across the life course stages
	2.2.1 HPV burden among pregnant and postpartum women

	2.3 Risk factors to HPV exposure and persistence
	2.3.1 Current and lifetime male sexual partners
	2.3.1.1 Male partner characteristic

	2.3.2 Age of sexual initiation
	2.3.3 Sexual transmitted infection

	2.4 Overivew of factors related to cervical cancer natural history
	2.4.1 Potential benefit of soy and tea against cervical cancer


	3.0  Conceptual framework for cerivcal cancer prevention strategies
	3.1 Primary prevention
	3.2 Secondary prevention

	4.0  Manuscript 1: Dynamics of incident HPV infection in middle-aged women
	4.1 Abstract
	4.2 Introduction
	4.3 Methods
	4.3.1 Study population and data collection
	4.3.2 HPV genotyping
	4.3.3 Statistical analysis

	4.4 Results
	4.4.1 Study population characteristics
	4.4.2 New detection of HPV infection
	4.4.3 Risk factors for new HPV detection
	4.4.4 Combined effect of past and current sexual behavior
	4.4.5 HPV clearance and associated risk factors

	4.5 Discussion
	4.6 Tables and figures

	5.0  Manuscript 2: Seroprevalence of HPV in young postpartum women
	5.1 Abstract
	5.2 Introduction
	5.3 Methods
	5.3.1 Study population
	5.3.2 HPV serologic measurement
	5.3.3 Statistical analysis
	5.3.4 Uncertainty of cut-point value

	5.4 Results
	5.4.1 Descriptive analysis
	5.4.2 Seroprevalence
	5.4.3 Determinants of seropositivity
	5.4.4 Influence of cut-point on seroprevalence estimates

	5.5 Discussion
	5.6 Tables and figures

	6.0  Manuscript 3: Effects of dietary soy and tea intake on cervical cancer risk
	6.1 Abstract
	6.2 Introduction
	6.3 Methods
	6.3.1 Study participants
	6.3.2 Identification of cancer cases
	6.3.3 Nested case-control study
	6.3.4 Serologic testing
	6.3.5 Statistical analyses

	6.4 Results
	6.5 Discussion
	6.6 Tables and figures

	7.0  Conclusions and public health significance
	Bibliography



