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ABSTRACT 

Oncogenic human papillomavirus (HPV) infection is the primary etiologic factor for 

cervical dysplasia and cancer. An increased risk of cervical dysplasia is associated with 

persistent HPV infections. The rates of HPV infection are high compared to the 

relatively low rates of cervical dysplasia and cancer. This suggests that other factors are 

essential for HPV infection to advance to neoplasia. Previous studies have suggested that 

nutritional status may be associated with cervical dysplasia and cancer. This prospective 

study of346 women investigated the relationship of HPV persistence with dietary and 

circulating concentrations of specinc antioxidant nutrients or methyl donors over a 

scheduled 9-mondi period. Results suggest an inverse association of vitamin E (p for 

trend, 0.033) with an HPV persistence risk of0.40 (95% CI=0.l8-0.9l) among women 

consuming the highest tertile compared with the lowest tertile of vitamin E intake. A 

possible threshold effect was observed for lutein (p for trend, 0.054) with decreased risk 

observed for levels greater than or equal to the medium tertile 1042.4 ^g per day). A 

protective association was also observed for dietary vegetable intakes of greater than or 

equal to the medium tertile (>117 grams per day). Protection was not observed when 

supplements were included with food sources. Using circulating measures, elevated 

levels of cu-lycopene (p for trend, 0.046) and vitamin B12 (p for trend, 0.037) were 

inversely associated with HPV persistence. Women with circulating levels in the highest 

tertile of vitamin B12 were less likely to have persistent infection (OR=0.40,95% 

€1=0.17-0.96) than those in the lowest tertile. Findings &om this study suggest that 

elevated dietary intake of vitamin E, lutein, and vegetables as well as circulating levels of 
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cw-lycopene and vitamin Bi2 reduce the risk of HPV persistence. Collectively, the 

results from this study suggest that improved nutritional status may reduce HFV 

persistence. 
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CHAPTER 1 

INTRODUCTION 

EXPLANATION OF THE PROBLEM 

Background and Significance 

Cervical cancer is the third leading cause of cancer in women comprising 9.8% of 

incident cancer cases worldwide (I). The primary etiologic factor for cervical cancer has 

been shown to be infection with the sexually transmitted'human papillomavirus (2,3,4). 

Oncogenic HPV types have been associated with an increased risk of HPV persistence 

(S) and cervical dysplasia (6,7). While most HPV infections are transient (8,9), 

oncogenic HPV types are more inclined to establish a persistent infection (S, 7,10). 

Women with persistent oncogenic HPV infections appear to have a greater risk of 

developing cervical intraepithelial neoplasia (CIN) (11), suggesting that an early 

carcinogenic event is the establishment of a persistent HPV infection. 

While cervical cancer can be prevented through routine Papanicolaou (Pap) 

smears, limited access to health care and the mabiliQr to obtain Pap smears hinders 

prevention. Many women in the United States do not routinely obtain Pap smears. 

Women in the developing countries may not have this option for prevention due to 

limited resources. Thus, it is imperative that risk factors are identified that can be used to 

develop prevention programs within high-risk populations of women. 

While HPV has been identified as a necessary cause for cervical carcinogenesis, 

the high prevalence of HPV infection relative to the low incidence of cervical dysplasia 

and cancer suggests that HPV infection alone is insufGcient to produce disease. Other 
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risk factors are required for HPV infection to progress to neoplasia. Epidemiologic 

research suggests that nutritional factors may prevent persistence of HPV infection (12) 

and the development of CIN (13). 

Hypothesis and Specific Aims 

To address the possible association of nutritional factors with the risk of HPV 

persistence, data from the prospective study, Young Women's Health Study, were used. 

The fQ/pothesis for the present analyses was that low cuculating and dietary intake levels 

of specific carotenoids, tocopherols, folate, and vitamin B12 were independently 

associated with higher cervical HPV infection persistence among a cohort of young 

women. The specific aims of this study were to: 

Specific Aim 1: Determine the relative risk for persistent HPV infection associated 

with dietary intakes of carotenoids (a-, and p-carotene, lycopene, lutein), a-

tocopherol, and vitamin C (Manuscript 1). 

Specific Aim 2: Determine the relative risk for persistent HPV infection associated 

with plasma carotenoid (a-, p-carotene, m-P-carotene, lutein, zeaxanthin, a-, p-

cryptoxanthin, lycopene, cv-lycopene) and tocopherol (a- 8- and y-tocopherol) levels 

(Manuscript 2). 

Specific Aim 3: Determine the relative risk for persistent HPV infection associated 

with dietary intakes of folate, vitamin Bt2, vitamin Be, and methionine (Manuscript 

3). 
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Specific Aim 4: Detennine the relative risk for persistent HPV infection associated 

with plasma folate and vitamin Bt2 levels independent of other associations ^ong a 

cohort of women (Manuscript 3). 

BACKGROUND AND LITERATURE REVIEW 

Section 1: OVERVIEW OF CERVICAL CANCER 

Disease Burden 

Cervical cancer is the third leading cause of cancer in women worldwide, 

comprising 9.8% of incident cancer cases worldwide (1). While this disease is the sixth 

most common cancer in the developed countries, it is the second leading cause of cancer 

in women living in developing countries (I). Cervical cancer rates vary based on 

socioeconomic status and racial and ethnic affiliation. In the United States, the incidence 

of cervical cancer is 7.5 per 100,000 in non-Hispanic whites, 13.2 per 100,000 in 

Black/African Americans, 43.0 per 100,000 in Vietnamese, and 16.2 per 100,000 in all 

Hispanics (14). This disease generally affects multiparous women during early 

postmenopause and has aS-year survival rate of 72% (IS). While overall mortality from 

this disease is 7.3 per 100,000 (16), 78% of all deaths due to this disease occur in the 

developing countries (16). 

Cervical Neoplasia 

Cervical cancer occurs through a biological multistep continuum begiiming with a 

normal cervix and progressing to invasive cancer through varying degrees of dysplasia 

(Figure 1). The Papanicolaou (Pap) smear screening is used to detect epithelial 

abnormalities in either squamous or glandular cells of the cervix leading to squamous cell 
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carcinoma or adenocarcinoma, respectively. Approximately 80% of all cervical cancers 

are squamous cell carcinoma, with the remainder primarily adenocarcinomas and mixed 

adenosquamous cell carcinomas (17). The epidmiologic literature has focused primarily 

on squamous cell carcinoma or combined all cervical cancers together (17). 

Figure 1: Multistep Hypothetical Schema of Cervical Neoplasia [modified from (17)] 

Normal Cervix 

+ 

HPV Infection 

dysplasia ^ 

HVP Persistent Infection ^ No Disease 

CIN I/LGSIL 

CIN n-inmosiL'-" 

Invasive Cervical Cancer 

The Bethesda system (18) is a cytological classification used to classify both squamous 

and glandular cell abnormalities, although glandular cell abnormalities are more difficult 

to detect and are often overlooked (19). Classification of the squamous cell abnormalities 

is comprised of low-grade squamous intraepithelial lesion (SIL) and high-grade SIL. A 

mote detailed classificatioa of squamous cell abnormalities, primarily for histopathology, 

uses the cervical intraepithelial neoplasia (CIN) scale (20,21). Generally, CIN I 

corresponds to low-grade SIL while CIN n/m are combined to be comparable to high-
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grade SIL (4,17). Mild dysplasia has a fairly high rate of regression to normal, while 

moderate to severe dysplasia has increasingly lower regression rates. Based on a Meta

analysis, the regression rates of 47.4% for low-grade SIL and 35.0% for high-grade SIL 

were reported after 24 months of follow-up (22). 

Section 2; THE ROLE OF HPV IN CERVICAL CANCER 

Overview of Human Papillomaviruses 

There are over 70 presently known HPV types identified (23), including the types 

that infect the human cervix. HPV is a member of the papovavirus family and 

demonstrates a large degree of tissue tropism and tissue selection. The cervical human 

papillomaviruses have been categorized based on their oncogenic potential (23). 

Papillomaviruses are small double stranded DNA viruses that infect the basal 

layer of the epithelial, the dividing cell layer. As the cells mature and migrate through 

the epithelium, the virus continues to replicate, with the highest viral DNA copy number 

located in the mature cells (24). The importance of this observation is that detection of 

HPV infection can easily be accomplished through the collection of the exfoliated 

cervical cells. 

HPV induces cancer through expression of viral proteins during replication, 

which cause cellular transformation. The HPV genome includes the early region and late 

region. Viral expression of the early region proteins, El, E2, E4, ES, E6, and E7, are 

associated with cell transformation and viral gene regulation, while the late region 

proteins, LI and L2, are involved in the formationjof the viral capsid (24). The E6 and 
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E7 proteins are essential for the production of transforming proteins that are responsible 

for the oncogenesis of the HPV infection. 

Scientific evidence has demonstrated that the sexually transmitted human 

papillomaviruses are the primary etiologic factor for cervical cancer (2). In addition to 

biological evidence, HPV infection (3,4,25,26) has consistently demonstrated 

extremely strong associations with cervical cancer (2,4,27). Furthermore, HPV 

infections occur prior to disease (7,27,28). An international study in 22 countries 

reported a prevalence of 99.7% among cervical samples from women with invasive 

cervical cancer (29, 30). This study suggests that most if not all, invasive cancers are 

associated with at least one type of HPV infection. 

Certain HPV type infections have been associated with squamous cell carcinoma, 

adenocarcinoma, and adenosquamous carcinoma. A prevalence study demonstrated that 

68% of squamous cell carcinomas were associated with an HPV 16-related phylogenic 

group type infection (i.e., HPV 16,31,33,35,52, and 58) (29). Furthermore, 71% of 

both adenocarcinoma and adenosquamous carcinoma were associated with an HPV 18-

related group infection (i.e., HPV 18,39,45,59, and 68), suggesting that the form of 

cervical cancer (i.e., squamous ceil, adenocarcinoma, or adenosquamous carcinoma) may 

be dependent on the type of HPV infection. 

Methods Used to Detect HPV Infection 

There are two methods conunonly used to detect HPV infection in exfoliated cervical 

cells. Detection of HPV DNA has been conducted primarily through hybridization 

techniques or polymerase chain reaction (PCR). The relatively easy and inexpensive 
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HPV DNA hybridization methods (i.e., Hybrid Capture™, Hybrid.Capture ™II) 

developed by Digene (Gaithersburg, MD), use a chemiiuminescent probe to detect viral 

DNA. The PCR method amplifies HPV DNA using consensus primers for detection of a 

highly conserved region of the viral genome. HPV DNA is identified through gel 

electrophoresis of the PCR products. Identifying specific types of HPV infections is 

performed with further laboratory analyses. The original method of typing HPV utilized 

dot blot techniques that probed DNA bound to nitrocellulose filters. These techniques 

required approximately two (2) working days to conduct analyses of 10 HPV types on 

only 8 samples. A newer reverse line blot technique (31) allows for detection of 27 HPV 

types using PCR products in approximately 3 hours for 19 samples. 

Consensus PCR primers commonly used to detect HPV includes MY09/11(32), 

GP5+/6+ (33), and PGMY09/11 (Digene, Beltsville, MD). A recent international study 

of 22 countries reported a prevalence of 93% among cervical samples (n=934) from 

women with diagnostically confirmed invasive cervical cancer using the MY09/11 PCR 

primers (29). When additional DNA primers (GP5+/6+and CPI/II) were used for the 

detection of HPV infections in this study, the prevalence increased to 99.7% (30). This 

study demonstrates that with the development of newer primers, which incorporate 

additional HPV types, there is increase sensitivity. 

PCR and hybridization methods appear comparable. Among women who were 

cytologically normal, the sensitiviQr of the Hybrid Capture IP* system was 70% for both 

oncogenic and nononcogenic HPV infections and the specifici^ was 97.5% as compared 

with PCR using MY09-MY11 primers (34). Furthermore, the sensitivi^ for the detection 
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of HGSIL has been reported as 71.4% for Hybrid Capture 1,92.8% for Hybrid Capture 

IT", and 96.4% for PCR using the GP5+/GP6+ primers, while the specificity was'88.9 % 

for Hybrid Capture I, and 66.7% for both Hybrid Capture II™, and PCR in the absence of 

detectable CIN (35). Detection of HPV by both the PCR (7) and hybridization methods 

(11,28) has been shown to predict cervical dysplasia. Since higher viral load has been 

associated with an increase risk of dysplasia (11,36), the lower sensitivity of Hybrid 

Capture II compared with PCR may provide a more predictive measure of infections that 

will produce disease. 

Prospective HPV Persistence Studies 

Recent reports from HPV natural history studies suggest that most HPV infections are 

transient (8,9), whereby oncogenic HPV infections are more likely to persist (5,7,10). 

Persistent HPV infections have been shown to be associated with cervical dysplasia (3,7, 

11,28,37,38). Among women with oncogenic HPV infections and normal cytology, 

28% develop high-grade CIN by 24 months (28). Cervical dysplasia risk increases with 

detection of oncogenic HPV DNA at two occasions 6 months apart for either the same or 

different type infections (7). These data implicate HPV persistence as an important early 

step in cervical carcinogenesis. 

The rate of HPV persistence is widely variable in the medical literature (S, 8,9, 

12,36,37,39,40). Generally, the percentage of persistent HPV infections decreases 

with increasing time between HPV screenings. The differing rates of HPV persistence is 

due to variable definitions of persistence (i.e., Qrpe-specific versus any Q'pe infection), 

the time between HPV screenings, and the different populations followed. The median 
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retention time of an HPV infection was observed to be 8.1 months for oncogenic types 

and 4.8 months for nononcogenic types among low-mcome women living in Brazil 

followed for a mean of 10.1 months (41). Taking into consideration that the amount of 

time a woman has been positive for an HPV infection detected at baseline is unknown, 

the mean HPV infection duration was calculated to be 13.S months for oncogenic and 8.2 

months for nononcogenic (41). Among women with concurrent HPV infections, HPV 

type 16, the predominant type found in women with cervical neoplasia, appeared to have 

little effect on the persistence of other type HPV (42). Type-specific persistence rates 

ranged &om 2% in women receiving routine care at two time points 6 months apart (40) 

to 31.1% in women who were positive for HPV infection or had an abnormal Pap smear 

at baseline with lO.S weeks of follow-up (36). In women screened every 6 months, the 

rate of persistent HPV type 16 infection was 53% in women with normal cytology at 

baseline over three visits (37). 

Several risk factors have been associated with the persistence of HPV infections. 

Infection with oncogenic HPV types (7, 10,36,39,43), high viral load (5,36), decreased 

cigarette consumption (7,39), sexual partner with condyloma (11,36), and older age (7, 

39,43) have consistently been shown to be associated with persistent HPV infection. 

Additional factors that have been associated with an increased risk of persistent HPV 

infection include: increased number of sexual partners (36), increased duration of oral 

contraceptive use (36), and infection with multiple HPV types (7). Londesborough et al. 

reported that a variant type of HPV type 16 might be an important factor for persistent 
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infection (10). In this study, women were recruited with mildly abnormal Pap smears and 

followed for 2 years with 6-month gynecological visits. 

The immune response has been shown to play a role in maintaining an HPV 

infection. After adjustment for other covariates, HPV persistence was associated with 

human inununodeficiency virus (HIV) and CD4+ counts of less than 500/mm^ (44). A 

similar study conducted by Minkoff and colleagues (45) reported that women infected 

with HIV were more likely to acquire a high-risk HPV t}^ and less likely to be able to 

clear the infection than women without HIV infections. 

Nutritional factors have also been shown to modify the persistence of HPV 

infections. A study, conducted among Hispanic women in southern Arizona, reported 

significantly lower adjusted mean levels of serum P-carotene, P-cryptoxanthin, lutein, a-

tocopherol, and y-tocopherol in women who were persistently infected with an oncogenic 

type over a 3-month period compared with women who were either intermittently 

infected or not infected (12). Although this study was conducted over a short time period 

with small numbers of participants, these data suggest that carotenoid and tocopherol 

nutritional factors may be protective against persistent HPV infections. 

Statistical Methods Used in the HPV Persistence Literature 

Multiple statistical methods have been used in HPV natural history studies. 

Several studies have utilized the generalized estimating equation (GEE) (3,7,8,45,46) 

to identify risk factors of persistent HPV infection or persistent cervical dysplasia while 

adjusting for other covariates. GEE is used to assess repeated HPV infection measures 
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over time while accounting for the intra-subject correlation of the repeat HPV measures 

(47). 

Logistic regression and adjusted mean procedures have been used to address HPV 

persistence and to identify risk factors associated with a specified definition of persistent 

HPV infection (36,39). One study used adjusted mean nutrient levels to estimate the 

association of specific nutritional factors and HPV persistence (12). These methods 

appear to be best suited for studies with short follow-up periods that investigate 

independent risk factors associated with HPV persistence while controlling for 

confounders. 

Other statistical methods have been used to analyze longitudinal HPV persistence 

data. While Kaplan-Meier survival curves have been used (7, 11,28,37,39,41,41,43, 

44,45) to estimate the cumulative probability of clearing an HPV infection over time, 

potential confounders can not be adjusted using this method. However, stratification of 

the data based on HIV status (45), persistent versus transient infection (37), or definitions 

of HPV clearance (11) provides a visual comparison of the survival curves. Cox 

proportional hazard modeling has also been used to assess HPV measures utilizing the 

amount of follow-up time while controlling for other covariates (7, II, 28,43,45). When 

addressing HPV persistence. Cox proportional hazard models were used to address the 

relationship of HPV infection to cervical dysplasia (7,11,28) and to estimate the 

probability of clearing the HPV baseline infection (43,45) or to estimate incident HPV 

infection (7,45). However, this method was not used to determine risk factors associated 

with HPV persistence. 
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Limitations of the HPV Persistence Studies 

Misclassification of HPV status is an important limitation of the current HPV 

persistence literature. Varying laboratory techniques have been used within these studies 

to determine HPV positivity. Polymerase Chain Reaction (PGR) is considered the gold 

standard for detection of viral DNA, and has been estimated to be able to detect between 

lOO-SOO virion particles (9). Other techniques, such as RNA-DNA hybridization and 

Southern blot analyses, are less sensitive at detecting HPV infections. Therefore, the use 

of techniques other than PGR lends to the possibility of reporting an individual as 

negative when the true test is positive. 

Moscicki and colleagues (11) utilized Markov modeling to explore the topic of 

misclassification of HPV status based on RNA-DNA hybridization techniques without 

type-specific measures. This study determined that 3 negative tests for HPV over an 8-

month interval reduced the amount of misclassification of women who had cleared an 

HPV infection. Furthermore, PGR was performed on 17 women with 3 or more negative 

HPV tests who then became positive. Based on the PGR results, three of the 17 women 

had low level infections with the same HPV type. This study indicates that viral load 

may become too low for detection by some methods. 

HPV types were not individually measured in many studies (5,8,9,11,12,28, 

39,48) which prevented the authors from discriminating between type-specific HPV 

persistence and new HPV infections. However, the risk of cervical dysplasia has been 

shown to increase with either the same type or different type of oncogenic HPV 
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persistence (7). Therefore, HPV persistence with any oncogenic type provides a useful 

measure of subsequent cervical neoplasia risk. 

Other sources of bias should be noted when reviewing the HPV persistence 

literature. The population of women positive for HPV without cytologic abnormalities 

which agrees to undergo sequential gynecological exams may not be representative of the 

general population of women with HPV infection. Furthermore, since several of diese 

studies were conducted with less than 200 participants (3j 5,8,9,10,12,36,37,40,43, 

46) low statistical power may be an issue. Many of the studies did not measure or control 

for other potential covariates (5,8,9,10,37,40,41,42,45,46,48,49,50). 

Section 3: NUTRIENTS AND CERVICAL NEOPLASIA 

Overview of the Observational Epidemiological Stiidies 

Epidemiologic data support a preventive role of nutritional factors in cervical 

neoplasia, whether measured by dietary intake or circulating nutrients. Epidemiologic 

studies typically measure dietary intake using a food frequency questionnaire (FFQ), 

whereas circulating concentrations are measured using a biologic marker in either serum 

or plasma. 

A common dietary intake measure used in this literature is food frequency 

questionnaires (51,52,53,54,55,56,57,58,59,60,61,62). These questionnaires 

measured the usual dietary intakes of specified food items over a determined time period 

as an estimate of exposiire. Usually portion size is included in the questionnaires and 

sometimes food preparation techniques and vitamin supplement use is also included. A 

nutrient database is then used to estimate the average daily intake of each nutrient within 
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the specified food groups consumed. Other methods, such as a 24:hour food recall (63, 

64) and 3-day food records (64,65), are also used to address nutrient intake with cervical 

dysplasia. While all these methods are easy and relatively inexpensive to conduct, 

dietary intake measures are all prone to reporting bias. 

Biological markers of nutrient status have also been used in numerous studies 

investigating factors associated with cervical neoplasia (6,12,55,66,67,68,69,70). 

While the use of a biologic marker of nutrient status avoids reporting bias, circulating 

nutrient levels are influenced by an individual's absorption rate and often measure only a 

small time frame of nutritional exposure. Additionally, the biological markers in the 

blood may not represent the nutrient status within the cervical tissue. A recent cross-

sectional study measured paired plasma and cervical tissues samples of women with 

cervical cancer, precancer, or no cancer for levels of specific nutrients (lutein, zeaxanthin, 

p-cryptoxanthin, lycopene, a-carotene, P-carotene, cw-P-carotene, a-tocopherol, y-

tocopherol, retinol, total carotenoids, and total micronutrients) (71). This study reported 

the mean levels of p-carotene and ciir-P-carotene was lower in women with blood 

samples fiom precancer and cancer than from normal control samples in both plasma and 

tissue. Although Peng and colleagues (71) did not report correlation coefBcients between 

plasma and cervical tissues nutrients, another study of 13 women with CIN n reported a 

correlation of 0.90 for p-carotene (72). These studies suggest that blood level nutritional 

measures may be limited as a surrogate of nutrient levels in the cervical tissue except 

perhaps for P-carotene. 
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Fruits and Vegetables 

Case-control studies suggest a protective role against cervical neoplasia with 

increasing dietary intake of fruit and vegetables. Fruit juice or &uit consumption has 

shown a protective effect for dysplasia (54, 73), cancer in situ (CIS) (59), and invasive 

cervical cancer (53,58). In contrast, population based case-control studies reported no 

associated between elevated fruit consumption and invasive cancer risk (57,58). In 

addition, lower risk of CIS has been associated with higher intake of green vegetables 

and carrots (59), and dark yellow and orange vegetables (56). A lower cervical invasive 

cancer risk has also been reported for higher green vegetables and carrot consumption 

(60,61), while this protective association for CIN was not observed (60). Overall, 

dietary intakes of fruits and vegetables appear to be protective against cervical neoplasia. 

The two case-control studies that observed positive associations between elevated 

consumption of spinach and carrots with CIN (54), as well as cruciferous vegetables and 

invasive cancer (62), have methodological limitations with their study designs. The case-

control study of De Vet et al. (54), showing an elevated CIN risk associated with spinach 

and carrot intake utilized data collected after participants had been enrolled for 2-months 

in a randomized clinical trial that measured p-carotene supplementation. Since this study 

measured dietary information only for the proceeding month, study participants who had 

enrolled in this dietary study may have recently changed their intakes of certain foods. 

The study reporting an increase in invasive cervical cancer risk associated with 

cruciferous vegetables (62) did not control for many currently estabUshed confounding 

variables, making results difficult to interpret 
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The possible protective role for &uits and vegetables led r^earchers to investigate 

the role of mdividual nutrients, contained within these foods, in cancer prevention. The 

nutrients found in fruits and vegetables include carotenoids, folate, and ascorbic acid 

while the major source of tocopherols in the United States is consumed from vegetable 

oils (61). 

Carotenoids 

Case-control and cohort studies, while inconsistent, have generally reported 

protective associations between several of the carotenoids and cervical neoplasia, using 

either a dietary or circulating measure of carotenoids. Until recently, the dietary 

databases used to calculate daily intake values did not incorporate individual carotenoids, 

except for P-carotene. Therefore, only a few studies have examined dietary intake levels 

of the individual carotenoids. While the association of cervical dysplasia and dietary 

intake levels of a- and P-carotene, cryptoxanthin, lutsin and lycopene were measured in a 

case-control study conducted by VanEenwyk (S3), only dietary lycopene demonstrated a 

statistically significant inverse association. A protective association for cervical 

dysplasia was observed between the lowest and highest tertile of dietary intake of a-

carotene, lutein, and lycopene, but these results were not statistically significant in this 

small study (51). A nested case-control study reported no statistically significant 

association between SIL and dietary P-carotene, although a modest reduction was 

observed in the highest quintile of dietary P-carotene among women infected with 

oncogenic HPV types (52). A population-based case-control study reported a 

statistically significant increased CIN risk associated with increased levels of dietary total 
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carotene after adjustment for other covariates (54). Although cov^ates were adjusted in 

this study, HPV infection was not measured, and the comparability of the control group is 

questionable. Cases, recruited from 1984-87 &om participants in a randomized control 

trial, had completed 2-months of the intervention trial while controls were recruited &om 

1987-88. The cases were likely to be more health conscious dian the controls since they 

were willing to participate in a randomized clinical trial. In addition dietary changes may 

have occurred over the different recruitment periods. While several studies have reported 

a protective association between invasive cervical cancer and the carotenoids (53,60,61, 

62), other investigators have not observed a protective association for CIS (56,59) or 

invasive cervical cancer (57,58,74). 

The relationship of carotenoids with cervical neoplasia has been more consistent 

when nutrient status was measured by circulating levels rather than dietary intake 

measures. Higher serum P-carotene levels were protective for CIN (6,70) and invasive 

cervical cancer (59,69,75). Increased circulating levels of a-carotene (55,76), a-

cryptoxanthin (67), and lycopene (55,76) have also been associated with a statistically 

significant decreased risk of cervical dysplasia. In contrast, prospective data collected 

during a randomized clinic trial of p-carotene supplementation in women initially 

diagnosed with CIN n, showed no difference in dysplasia regression over a 9-month time 

period by level of serum with a-carotene, P-carotene, or lycopene (77). This study 

included a small sample of women with CIN II, in which only 70% of the initial 

population completed the final biopsy, raising the possibiliQr of selection bias. Similarly, 

in a nested case-control study conducted in Washington County, Maryland, decreased 
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cervical cancer risk was suggested for increasing serum levels of qi-carotene, 

cryptoxanthin, and lycopene (75). 

Vitamin C 

The evidence for an association between vitamin C and cervical neoplasia has 

been inconclusive. The investigations have been primarily case-control designs and 

based on dietary assessments of vitamin C levels with only a few recent studies using 

blood levels as a biomarker of exposure (6,67,78). 

Epidemiologic studies have primarily relied on the use of FFQ to assess vitamin C 

because processing of plasma ascorbic acid requires multiple steps to maintain the 

stability of the molecule. A protective association was reported between vitamin C and 

CIN using FFQ (54,79). In contrast, a nested case-control study observed no 

relationship for dietary vitamin C intake, including supplements, and LSIL, even after 

stratification by oncogenic HPV infection (52). Two additional case-control studies, 

which did not assess HPV status, have demonstrated significant dietary vitamin C 

differences between cervical dysplasia cases and controls using either 24-hour recalls 

(63) or three-day food records (64). 

Statistically significant inverse associations have been observed between dietary 

vitamin C, measured by FFQ, and CIS (59) and invasive cervical cancer (53,58). Other 

investigators have not observed protective associations between vitamin C and CIS or 

invasive cancer (56,57,74). These studies were conducted among different populations 

in which dietary intake levels varied firom the lowest quartile of intake of less than 28.8 

mg^day (58) to the highest quintile ranging firom 153-^314 mg/day (53). 
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Similar to the dietary data, studies utilizing serologic measures of ascorbic acid 

have also been inconclusive. While no association was observed between plasma 

ascorbate levels and dysplasia (12,66), a decreasing non-significant trend was observed 

in CIN with higher levels of ascorbate (6,67). Interestingly, a recent study reported a 

statistically significant reduction in risk of CIN in women who were HPV positive and 

had higher levels of plasma reduced ascorbic acid although no association was detected 

when oxidized ascorbic acid was elevated (6). Addition^y, significantly lower mean 

plasma vitamin C levels were observed in cervical dysplasia cases compared to controls 

(80). Overall, epidemiologic data have only weakly supported a possible protective 

association between dietary vitamin C and both cervical dysplasia and cancer. 

Vitamin E 

Other nutrients in which epidemiologic data have suggested a preventive role in 

cervical neoplasia are the tocopherols (12,51,58,63,67). A small case-control study 

conducted in black women reported a 74 % nonsignificant reduction in CIN I-CIS was 

observed in the highest tertile of dietary vitamin E after adjustment for covariates 

including HPV infection (51). Although greater dietary intake of vitamin E, measured by 

a FFQ, was associated with lower rates of invasive cervical cancer in one case-control 

study (58), this association was not observed in another case-control study (74). 

However, a nested case-control study showed a 50% reduction in SIL in the highest 

quintile among women who tested HPV DNA positive at enrollment, although a lack of 

trend, HPV measured only at enroUment, and snM numbers limits the interpretation of 

this study (52). 
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The epidemiologic studies using a serologic measure of tocopherols have 

suggested that these nutrients play a role in the early stages of carcinogenesis. In a small 

Arizona cohort study of women who had received no prior treatment for CIN and who 

were followed for 3-months, an statistically significant inverse association between a-

tocopherol and increasing grade of cervical dysplasia, primarily early histopathological 

changes, was observed (12). Furthermore, a borderline association (p=0.059) between 

low y-tocopherol and grade of cervical dysplasia was reported (12). While several case-

controls studies have reported an inverse relationship between a-tocopherol and the risk 

of CIN I-in (6,67,81), this finding was not demonstrated in a study conducted in Japan 

(76). Furthermore, no association was observed between increasing levels of y-

tocopherol and cervical dysplasia (67). 

A protective role for circulating tocopherol levels has not been demonstrated in 

the later stages of carcinogenesis (69,75,82,83). A large Latin American case-control 

study with women in the final stage, invasive cervical cancer, observed no association 

with a-tocopherol and an elevated risk associated with higher levels of y-tocopherol (69). 

These authors report that this increased risk associated with higher y-tocopherol levels 

may be due to alterations in metabolism in stage II invasive cervical cancer. A nested 

case-control study of invasive cervical cancer or CIS reported no association of serum a-

or y-tocopherol after an average time of 6.5 years of follow-up (75). 

Folate and Vitamm Bu 

An early study noted the similarities between cervical cellular changes and 

abnormalities seen in severe folate and vitamin B12 deficiencies (84). Among women 
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taking oral contraceptives, the reversal of cervical cellular changes was demonstrated 

when pharmacological doses of folic acid were consumed, sparking interest in the role of 

folate in cervical neoplasia (84). Several epidemiologic studies have since been 

conducted addressing a possible relationship between folate and cervical dysplasia. Since 

folate and vitamin Bu are interrelated, a few studies have also addressed the association 

of vitamin Bt2 with cervical neoplasia. 

Although an early clinical trial demonstrated that folic acid supplementation led 

to cytologic improvement (8S), epidemiologic studies assessing dietary folate intake have 

not shown a protective effect (51,52,56,57,58,79). A protective association of folate 

and dysplasia was observed when dietary intake was measured using 24-hour recalls (63), 

but was not observed by other investigators (51,52,79). No association has been 

observed between dietary folate and cervical in situ (CIS) (56) or invasive disease (57, 

58). Although not strong, these data suggest that elevated dietary folate levels may be 

preventive for the earlier neoplastic changes in the cervix. Previously, no studies have 

investigated the role of dietary intake of vitamin Bt2 in cervical neoplasia. 

Studies measuring circulating levels of folate and vitamin B12 have also been 

inconclusive. An inverse significant association between fasting red blood cell folate 

(RBC) and CIN I-m was reported, which was supported by similar, although not 

statistically significant, results observed in this same study with serum folate and dietary 

folate measures (79). In contrast, this protective association was not confirmed in other 

studies between RBC or serum folate and dysplasia (66,86) or invasive cancer (87). 

Interestingly, Butterworth et al (66) reported an modification of cervical dysplasia risk by 
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S-fold with the interaction of HPV-16 infection, detected by southern blot hybridization 

at baseline, and low red blood cell folate levels (£ 660nmol/L), but this finding was not 

confirmed (86). The discrepant results may be due to the detection of more HPV ^es in 

the study conducted by Goodman et al (86). Although a few studies have measured 

circulating vitamin Bq levels, no association has been observed with cervical dysplasia 

(86) or cancer (88). 

Limitations of the Observational Epidemiologic Studies 

There are several methodological shortcomings associated with the available 

epidemiologic research on nutrients and cervical dysplasia and cancer. The majority of 

the research was conducted using retrospective case>control study designs. This type of 

design cannot establish a temporal relationship since the disease status and the nutrient 

status of participants are measured at the same time. Therefore, the data are unable to 

provide information on whether a decrease in nutrient status occurs before the cervical 

neoplasia or whether the disease status influences nutrient status. Furthermore, 

retrospective studies are prone to recall bias, interviewer biases (if the study is not 

blinded to the case status), and possible differential selection. Few studies adequately 

measured and controlled for the strong confounding factor of HPV infection. Other 

confounders, such as cigarette smoking and oral contraceptive use (23), have not been 

consistently controlled in the studies. Finally, in many of the studies, inaccurate and 

incomplete measurement of dietary intake was problematic. Dietary measures were 

usually restricted due to the use of FFQs that had not been validated and incomplete 
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nutrient databases. Despite these limitations, circulating and diet^^ intake of some 

nutrients may play a protective role in the development of cervical neoplasia. 

Nutrient Chemoprevention Triab 

In order to bypass many of the methodological limitations associated with the 

observational studies, several investigators have chosen to conduct clinical trials using a 

nutrient supplement. Clinical trials with P-carotene and folic acid supplementation were 

used to elucidate their relationship with CIN. In theory,.by using a blinded randomized 

controlled trial, one specific nutrient can be measured prospectively while confounding 

variables, known and unknown, will be distributed evenly between the individuals 

receiving the nutrient versus those participants receiving the placebo. Thus, results from 

clinical trials are considered the gold standard for demonstrating a preventive effect. 

p-Carotene 

In a blinded randomized clinical trial conducted in the Netherlands among women 

with cervical dysplasia, no differences were observed in the regression or progression of 

cervical dysplasia between the groups receiving 10 mg daily of P-carotene or placebo 

supplementation after 3 months (89). In a recent trial, 98 women diagnosed with CIN I-

in were randomized to receive either a 30-mg per day of p-carotene supplement or a 

lactose placebo for 9 months (43). This study reported a statistically significant greater 

regression rate in the placebo group than in the treatment group as determined through 

final biopsies. These differences may have been due to baseline difference in the grade 

of dysplasia between the two arms and possible differential loss to follow-up. Due to 
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methodological limitations associated with this study, a true protective association of P-

carotene supplement with cervical neoplasia cannot be eliminated. 

Folic acid 

Due to early observations of morphologic similarities of megaloblastic anemia 

associated with folate deficiency and dysplastic changes (84), several randomized clinical 

trials were conducted to elucidate potential benefits associated with folic acid intake. A 

small trial evaluated whether folic acid supplementation.would alter the course of early 

cervical dysplasia in women taking oral contraceptives over a 3-month period. Cytology 

scores in participants receiving supplementation statistically significantly improved after 

3 months of folic acid treatment (90). 

A 6-month randomized clmical trial (n=23S) was conducted in low-income 

women with CINI or II. This study randomized women to receive either treatment of 10 

mg of folic acid or placebo of 10 mg of ascorbic acid per day (91). This study did not 

observe an association between regression and folic acid supplementation, although there 

was significant loss to follow-up, raising the possibility of selection bias. Furthermore, 

the rate of regression was higher among the participants receiving placebo versus folic 

acid, perhaps due to the inclusion of women with low-grade dysplasia (CIN 1 and D) that 

has high regression rates. 

In a United States study, women with koliocytic atypia (KA), CIN I or U were 

randomized to receive either S-mg folic acid or a placebo for 6 months (92). This study 

did not report any difference between the groups at the 6-month time period, however, a 

statistical significant difference was observed at 3 months. The lack of an association at 
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6 moaths may have been due to the large drop out rate, which was greater in the placebo 

group than the treatment group. 

Limitations of the Chemoprevention Trials 

None of the Phase m clinical trials reported a significant protective role for either 

supplementation with p-carotene or folic acid, however, several issues should be noted. 

While the observational data have supported a protective role for both P'Carotene and 

folic acid, the studies have not identified where in the carcinogenic process or at what 

dose these nutrients influence an individual's risk of disease. It is plausible that the 

nutrient supplement may not be effective at the specific disease state (i.e., CINI or II) 

chosen for the trials. Additionally, the supplements were administered over a short 

duration (months), which may not have allowed for adequate concentrations capable of 

altering an individual's risk to accumulate. 

Methodological limitations of these studies must also be considered. Sample 

sizes were small and drop out was significant. The null findings may be explained if the 

drop out rates of women who regressed or remained diseased were different between the 

treatment and placebo group. The assimiption in randomized clinical trials is that 

confounding variables will be equally distributed between the arms of the study, which 

may or may not occur. In the study conducted by Romney and colleagues (43), the 

baseline cytology of the participants was not equally distributed. Since CIN levels 

regress at varying rates, this may have affected the results observed ia this study. Only 

two studies (43,91) measured HPV status to determine if this important confounder was 

distributed equally. 



Section 4: DIETARY SOURCES OF NUTRIENTS 

Carotenoids 

The main dietary source of carotenoids in the human diet is through consumption 

of vegetables, fruits, and juices from plant sources. The average intake of a-, p-carotene, 

lycopene, P-cryptoxanthin and lutein is 6 mg/day in the U.S. (93). In a U.S. study 

conducted in women age 19 to SO years (n=l,102), the major dietary sources, determined 

by 4 days of dietary recalls, that contributed to carotenoid intake were reported (93). 

While the major contributor of a-carotene was carrots, the major sources of |3-carotene 

were carrots, cantaloupe, and broccoli. Orange juice, oranges, and tangerines provided 

87% of P-cryptoxanthin intake in this population. Tomatoes and tomato products 

contribute 59% of lycopene intakes. Major sources of lutein and zeaxanthin combined 

included collards, mustard or turnip greens, spinach and broccoli. Median values 

determined by HPLC methods were used to quantify the major dietary source of 

carotenoids in the U.S. (Table 2). 

Table 1: Major dietary sources of carotenoids in the United States (93,94,95) 

Median 
Carotenoid Dietary Source Amount 

f u «/100«) 
P-Carotene Carrots (cooked) 9771 

Cantaloupe (raw) 3000 
Broccoli (cooked) 1292 
Spinach (cooked) S300 

a-Carotene Carrots (cooked) 3723 
Lycopene Tomato (raw) 3100 

Tomato sauce (canned) 6300 
P^Tryptoxanthin Orange juice 24 

Tangerine (raw) 1060 
Peach (raw) 42 

Lutein+zeaxanthin Spinach (cooked) 12475 
Broccoli (cooked) 1839 
Yellow Com (cooked) 775 
Green Beans (cooked) 736 
Green Peas (cooked) 1690 
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Until recently, the nutritional importance of the carotenoids was based primarily 

on dieir ability to be converted into retinoL Potential precursors of vitamin A are the 

carotenoids that contain at least one unsubstituted P-ionone ring and a polyene side chain 

of at least 11 carbon atoms (96). 

Vitamin E 

The tocopherol content in food sources varies widely depending on the 

processing, storage and final food preparation (97). Since only plants naturally produce 

vitamin E, edible vegetable oils provide a rich source of this fat-soluble nutrient (98). In 

the American diet, vegetable oils such as soybean, com, cottonseed, and safQower 

comprise the major food sources of tocopherols (99). These vegetable oils contain 

varying proportions of all four tocopherol homologues (i.e., a-,p-, y-,5-). Additional high 

sources include wheat germ and nuts although these are not consumed as regularly. The 

Estimated Average Requirement (EAR) is 12-mg a-tocopherol per day and the 

Recommended Daily Allowance (RDA) is IS-mg a-tocopherol per day (100). 

Table 2; Major dietary lourcesofvitoininE in the United States (97) 

Dietary Source 
Median Amount 
(mga-TE/lOO g) 

Wheat germ oil 
Sunflower oil 
Safflowerotl 

119 
49 
40 
50 
14 
22 

Sunflower seeds, raw 
Margarine, soft 
Butter 
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Folate 

Dense sources of dietary folate consist of liver, green leafy vegetables, legumes 

and some firuits. The U.S. Food and Drug Administration (FDA) mandated fortification 

of enriched grain product with folic acid as of January 1,1998 (101). Prior to 

fortification, foods contributing to the actual folate intake of Americans due to their high 

rate of consumption include dried beans, eggs, greens, orange juice, com, peas and 

peanut products (102). While fortification of food and supplements utilizes the synthetic 

folic acid, most folates occurring naturally in foods are pteroypolyglutamates. Since 

synthetic folic acid when consumed with food is more bioavailable than natural folate, a 

conversion factor of 1.7 has been used to calculate dietary folate equivalents (DFE) 

(103). The EAR is 320 ^g per day and the RDA is 400 ^g per day for women age 19-50 

years (103). 

Table 3; Dietary sources of folate in the United States 
Median Amount 

Dietary Source (lig/lOOg) 

Matwral sources (102) 
Liver 428 
Spinach 128 
Asparagus 101 
Pinto, navy & other dried beans (cooked) 100 
Broccoli 65 
Fortified sources (104) 
Cheese Pizza (thick crust) 60^ 
Cheeseburger on plain bun 52.5 
TWDC cookie bar 39.0 
Spaghetti with tomato sauce 35.1 

Vitamin Bu 

Vitamin Bii, also know as cobalamin, is a water-soluble vitamin, denved 

exclusively fiom bacterial sources (103). Unless contaminated by bacterial sources, plant 

sources, except for certain algae, are devoid of vitamin B12. Humans obtain vitamin B12 



primarily through animal sources. Rich sources of vitamin Bn include shellfish, organ 

meats, and some fish. Furthermore, food sources such as breakfast cereals are foiled 

with vitamin Bu. The EAR is 2 ^g per day and RDA is 2.4 |Ag per day for women age 

19-50 years (103). 

Table 4: Dietary sources of vitamin Bu in the United States (106) 

Median Amount 
Dietary Source (Hg/1 oz) 

Lamb, all cuts lean/fat (cooked) 0.724 
Blue Fish 1.529 
Bran flakes, Kellogg's l.OSO 
Pot roast, beef (cooked) 0.964 

Section 5: ANTI-CARCINOGENIC MECHANISMS OF NUTRIENTS 

Observational data suggest that women in the higher quintiles of nutrient intake 

for carotenoids, tocopherols, and folate are at a decreased risk for cervical neoplasia 

compared with those women in the lower quintiles (13). Clear mechanisms for these 

effects have not, however, been elucidated. 

Several protective mechanisms of these nutrients against cancer have been 

hypothesized. The carotenoids, tocopherols, and ascorbic acid may prevent the damage 

of oxidative stress caused by fi:ee radical molecules (107,108) and viral infection (109) 

through their role as antioxidants. Further, carotenoids, both dependent and independent 

of their retinoid potential, may regulate cell growth (94,110). Finally, folate and vitamin 

Bi2 may influence viral maintenance and integration of HPV into the host DNA through 

their role in DNA methylation (111). 
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Antioxidant Nutrients 

Antioxidant molecules quench highly reactive oxygen species, thus, eliminating 

them firom circulation. Several nutrients function as antioxidants including the lipid-

soluble carotenoids and tocopherols as well as the aqueous-soluble ascorbic acid. The 

overall antioxidant properties of lipids are the most pronounced for the tocopherols even 

though their concentrations in tissue are consistently lower than carotenoids. Free radical 

quenching activity was reported to be greater, on a mol fpr mol basis, for the carotenoids 

(lycopene > a-carotene > P-carotene >lutein >cryptoxanthin) than for the tocopherols (a-

tocopherol>p-tocopherol>Y-tocopherol>6-tocopherol)(l08). 

Free radicals are utilized for phagocytic immune function as well as for the 

induction of transcription factors in the human body. The maintenance of the oxidant-

antioxidant balance is crucial for optimal tissue functioning. Phagocytic immune cells 

generate fi:ee radicals to kill invading organisms and remove damaged or aged cells. 

However, while free radicals can protect against invasion, free radicals can cause DNA, 

protein, lipid, and cellular damage. In addition, recent evidence shows that free radical 

reactive oxygen species (ROS) initiate a biological cascade resulting in the 

phosphorylation of transcriptional factors including AP-l (109,112,113). This 

transcriptional factor is responsible for the expression of numerous genes that can modify 

cell growth and apoptosis (113). Antioxidants have been shown to modify the expression 

of the genes associated with the transcriptional AP-l complex through their ability to 

quench free radicals and change the redox status of the cells. 
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Transcriptional factors, such as AP-1, appear to be importwt regulators of viral 

infection. The AP-1 complex is necessary for the transcription of genes, which code for 

the HPV oncogenic proteins E6 and E7 (114). A recent in vitro study demonstrated the 

impedance of viral transcription in HPV type l6-immortalized keratinocytes treated with 

the antioxidant pyrrolidine-dithiocarbamate due to alteration of the AP-1 transcriptional 

complex (1 IS). These data suggest that antioxidant compounds may reduce HPV viral 

synthesis. 

Oxidant-antioxidant status has been shown to be an important determinant of host 

immunological status and its ability to neutralize viral infections. Through exposure to 

oxidants, mice enzymes have been modified leading to increased virulence of viruses. 

For example, the infectivity of influenza virus was increased in vitro after oxidants were 

used to inactivate the antiprotease that normally protects the alveolar cellular lining of the 

lung (112). In addition, lymphocyte proliferation to both mitogen and antigen was 

decreased in antioxidant deficient mice leading to an increased virulence of the coxsackie 

B3 virus in these animals (116,117). These data, in aggregate, suggest that the host's 

antioxidant status could be a strong component in the virulence and severity of infection. 

Cell Growth Regulators 

Independent of their role as antioxidants, anti-carcinogenic actions of both 

provitamin A and non-provitamin A carotenoids were exhibited in various experimental 

models (118). P-carotene, the most widely studied provitamin A carotenoid, is 

metabolized to retinoids, retinoic acid and retinol (54,118). In vitro studies demonstrated 
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that retinoids inhibit cell transformation and suppress cell colony formation (119), 

processes believed to play a role in the prevention of malignancies. 

Non-provitamin A carotenoids were also shown to have similar properties as the 

retinoids. In human cell culture, the carotenoids P-carotene and canthanxanthin, a non-

provitamin A carotenoid, resulted in a decline in cell proliferation compared with the 

control cells (110). In addition, this study demonstrated that cells exposed to P-carotene 

formed vacuoles suggestive of cellular differentiation, implying a role in cellular 

regulation of carotenoids independent of their pro-vitamin A activity. 

E6 and E7 HPV proteins have been shown to induce cell proliferation through the 

up-regulation of epidermal growth factor receptors (EGFR) (120). EGFR have been 

shown to regulate cell proliferation and wound healing (121). Retinoid treatment of 

HPV16-immortalized human ectocervical cells suppressed proliferation by reducing 

EGFR RNA and protein levels, thus reducing EGFR promoter activity (120). 

Methyl Donors 

Diminished folate status may promote carcinogenesis through aberrant DNA 

methylation. The primary biological role of the water-soluble nutrient, folate is to 

mediate the transfer of one-carbon units essential for a variety of biological reactions, 

including DNA synthesis. In this pathway (Figure 2), S,10-methylenetetrahydrofolate is 

irreversibly reduced to S-methyltetrahydrofolate by methylenetetrahydrofolate reductase 

(MTHFR) (122). Further in the same pathway, the vitamin Bi2-dependent enzyme, 

methionine synthase catalyzes the transfer of a methyl group from homocysteine to 

methionine and the simultaneous demethylation of S-methyltetrahydrofblate to 
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tetrahydiofoiate (123). Subsequently, methionine is converted to.S-adenosyhnethionine 

(SAM), which is the primary donor for the methylation of DNA (124). Highly 

methylated DNA regions are stable and prevent transcription while hypomethylated areas 

are imstable allowing transcription of the DNA region. DNA methylation plays a 

significant role in gene expression, DNA structural stability, and DNA damage and repair 

mechanisms (123,125), all of which are important in the prevention of carcinogenesis. 

Recent work in vitro indicates that HPV DNA methylation patterns are associated 

with viral transcriptional activity (114), suggesting methylation may be important in HPV 

persistence. Highly methylated regions of the HPV viral upstream regulatory region 

resulted in inactive transcription in vitro suggesting that methylation would consequently 

lead to a decrease in viral proliferation (126). 
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Figure 2: Folate in Nucleic Acid Metabolism. THF, tetrahydrofolate; DHF, 
dihydrofolate; SAdoMet, S-adenosyhnethionine; SAdoHcy, S-adenosylhomocysteine; 1, 
methyltetrahydrofolaterhomocysteine methyltransferase; 2, betaine:homocysteine 
methyltransferase; 3, methionine adenosyl transferase; 4, methylenetetrahydrofolate 
reductase (123). 
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Decreased levels of DNA methylation were observed as an early carcinogenic 

event in cervical cancer as well as breast, colon, prostate, stomach, and thyroid cancers 

(125). A progressive decrease in methylation was shown with increasing grade of 

cervical dysplasia and cervical cancer (127). In support of a difference in the methylation 

status of cervical tissue, global DNA methylation was reported to be statistically 

significantly lower in normal cervical tissue when compared to tissue from biopsy 

confirmed CINI lesions (128). Furthermore, in this study both tissue and serum folate 

levels were significantly associated with hypomethylation. 

An important step in the development of cervical carcinogenesis is the integration 

of HPV DNA into the host genome. Integration of HPV16 in cell culture has been shown 

to coincide with a common fragile site within the genomic chromosome (129), suggesting 

that there is a relationship between the host's methylation status and the integration of the 

virus into the host chromosomes. Furthermore, in vivo studies have demonstrated that 

integrated HPV DNA is extensively methylated, characteristic of transcriptionally 

inactive chromatin (126), suggesting that DNA hypermethylation is an important cellular 

regulatory mechanism in down regulating HPV gene expression. This mechanism, while 

important for cervical neoplasia, probably does not play a role for HPV persistence. 

SecHon 6: SUMMARY 

Although laboratory studies have demonstrated a role for nutrients in modifying 

HPV infections as well as the development of dysplasia, the epidemiologic evidence has 

been inconclusive due to several methodological limitations. Despite numerous studies 

addressing the association between nutrients and cervical neoplasia, the relationship 
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between nutrients, HPV persistence and cervical neoplasia has no( been clearly 

elucidated. To further investigate the influence of nutritional factors on HPV persistence 

and the development of CIN, the prospective cohort The Young Women's Health Study 

was conducted. This study was designed to collect multiple measures of HPV infection, 

cytology, and other epidemiological risk factors, including both dietary intake and 

circulating measures of nutrient status. 

DISSERTATION FORMAT 

The Young Women' s Health Study was originally designed to address the 

association of tobacco smoking on HPV persistence. Dr Anna Giuliano, Associate 

Professor in the College of Public Health and Director of the Minority Cancer Prevention 

Program at the Arizona Cancer Center, was principal investigator for the Young Women's 

Health Study. Funds from Arizona Disease Control Research Commission (ADCRC) for 

the original study recruitment and data collection (contract # 9710) as well as subsequent 

laboratory analyses (contract # 10004) were awarded to Dr. Giuliano. Additionally, I 

received an R25 NCI-Sponsored Pre-doctoral fellowship through the Arizona Cancer 

Center, Cancer Prevention and Control Training Program (Principal Investigator, James 

Marshall, Ph.D.). This fellowship provided research money, which were used in part 

analyses of circulating nutrient measures. 

I began work on this project in August 1998. My responsibilities on the conduct 

of this project included: administrating of food frequency questionnaires, blood 

processing, database management, extensive data cleanup, quality assurance, tracking 

samples for carotenoid and tocopherol analyses, and conducting laboratory analyses of 
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folate and vitamin B12. The Epidemiology Interdisciplinary Graduate Program at The 

University of Arizona established that three publishable manuscripts could contribute to 

the main body of the dissertation. After completion of this study, I completed all 

statistical analyses, summarized results, and drafted manuscripts for journal submission. 

These three papers were incorporated into the dissertation. Dr. Anna Giuliano provided 

assistance on analysis strategies and in the interpretation of the results and Dr. Denise 

Roe provided statistical consultation. Drs. Giuliano, Roe, and Harris provided editing 

and comments on all three papers. Manuscripts were submitted to committee members 

and co-authors for review and comments. 
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CHAPTER2 

PRESENT STUDY 

METHODS 

Section 1: OVERVIEW OF THE STUDY 

The Young Women's Health Study was a prospective cohort study of healthy 

women who received routine gynecological care at a reptoductive health clinic in 

Southern Arizona. The primary hypothesis was that tobacco smoking increased the risk 

of HPV infection among young women. The present analyses addressed a secondary 

hypothesis that low circulating and dietary intake levels of specific carotenoids, 

tocopherols, folate, and vitamin B12 were significantly associated with higher cervical 

HPV infection persistence. Enrolled women hiad scheduled followed visits at baseline, 3-

and 9-months. Data were collected between September 1996 to June 2000 with cytology, 

HPV status, and risk factors obtained at each visit. The University of Arizona's Human 

Subjects Committee approved this study. Prior to study entry, all participants signed an 

informed consent form. 

Section 2: SAMPLING PLAN 

Women were approached for study participation at a Southern Arizona Planned 

Parenthood clinic. Baseline visits were conducted at the women's regular gynecological 

exams. During the baseline exams, participants completed self-administered 

questionnaires regarding socio-demographics, cigarette smoking practice and sexual 
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behaviors. In addition, routine Pap smears were conducted along with the collection of 

exfoliated cervical cells for the detection of HPV infection. 

Based on the women's baseline HPV results and entry criteria, there was an 

emphasis on recruiting women who were HPV-positive and current cigarette into the 

follow-up visits. This sampling strategy was used in order to increase the number of 

outcome events (HPV persistence) at study end. Follow-up clinic visits were scheduled 

for three and nine months after the baseline visit. The Phase II study visit occurred at a 

mean of 3.8 months (1.4-8.3 months) after the baseline visit and phase III study visit 

occurred at a mean of 10.3 months (7.8-15.4 months) after the baseline visit. Table 5 

shows the type of data collected at each study visit. 

Table 5: Data collection 
Data Baseline 

Entry 
Phase II 
3-month 

Phase III 
9-month 

Risk Factors; 
SmokinK & sexual behavior X X X 

Diet Questionnaire-AFFQ X 
Ptasma analysis of; 
carotenoids, tocopherols, folate/vitamin B|} X X 

HPV Results X X X 
Gynecological Exam; 
Cytology Review 
Colposcopy 
Cervicography (if necessary) 

X X X 
Gynecological Exam; 
Cytology Review 
Colposcopy 
Cervicography (if necessary) 

X X 

Gynecological Exam; 
Cytology Review 
Colposcopy 
Cervicography (if necessary) X X 

Study Population and Eligibility 

All women who met the eligibility criteria during September 1996 through 

August 1999 were invited to participate. The eligibili^ criteria included women 

attending the clinic, age 18 to 35 years who were currently sexually active or seeking 

birth control, a resident of Tucson, Arizona, had not received treatment for CIN within 

the last 18 months, had not experienced an abnormal Pap smear in the last 18 months, had 

no history of chronic illness, were not currently pregnant or less than 2 months post 
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partum, were still having menstrual periods (i.e., no hysterectomy), and had no relocation 

plans over the next 12 months. 

Participation Rates 

One thousand nine hundred (1,950) healthy women who received routine 

gynecological care at a Planned Parenthood Clinic in Tucson, Arizona were approached 

for this study; 1,541 (79%) women met the eligibility requirements, and 1,342 (69%) 

women were enrolled in the initial baseline phase. Eight hundred twenty-three (823) 

women who completed baseline visits and met the sampling scheme and eligibility 

criteria were invited to participate in the follow-up visits of this study. Of invited 

women, forty-two percent (n=346) completed at least one follow-up visit. Figure 3 

shows the participation rate for this study. 



Figure 3: Participation Rates 

Approached 
n=l,950 women 

Met Eligibility 
n=l,541 

Enrolled in Baseline 
n=l,342 

i • 
Invited to Participate in Follow-up visits 

n=823 

Enrolled in Phase II (3-month visit) 
n=346 

i 
Enrolled in Phase III (9-month visit) 

n=206 
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Section 3: DATA COLLECTION AT CLINIC VISITS 

Risk Factors Questionnaires 

Three self-administered questionnaires were used to collect medical history and 

health practices, including sexual behaviors and cigarette smoking habits of participants 

(Appendix E). The most extensive questionnaire was administered at the baseline visit. 

This questionnaire elicited information regarding socio-demographic characteristics, 

medical history, family cancer history, Pap smear screening history, pregnancy history, 

contraceptive use, sexual history, and cigarette smoking exposure. Two shorter 

questionnaires were administered at the follow-up visits to update the information 

collected at baseline, particularly in terms of recent changes in cigarette smoking and 

sexual practices. 

Arizona Food Frequency Questionnaire 

Trained interviewers administered the Arizona Food Frequency Questionnaire 

(AFFQ) Version 5 (Appendix F) at the 3-month visit. The AFFQ was a modification of 

the dietary portion of the Block NCI Health Habits and History Questionnaire (HHHQ) 

(130), and included foods common to the southwest (i.e., salsa, burritos) as well as low-

fat food items. Vitamin supplement duration and dosage were also included, along with 

type and brand when possible. This optically scannable, semi-quantitative questionnaire 

measured participants' usual intake by asking questions regarding the frequency and 

portion size of 153 food items over the previous 3 months. The validity and reliability of 

this questionnaire have been investigated through comparisons with four 24-hour food 
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recalls, as well as repeated adininistration after 1 year of both AFFQ and four 24-hour 

recalls (131) or four dietary records (132) in two different prospective studies. ' 

Plasma Sample Collection 

At follow-up clinic visits, fasting blood samples were collected on participants for 

quantitative assessment of nutrient values. Participants were advised to avoid eating alter 

10:00 PM the evening prior to the blood draw. Fasting blood samples were collected by 

venipuncture using Monoject evacuated tubes containing EDTA (Sherwood Medical, St 

Louis, MO). All samples were processed within I hour of collection. After separation 

into plasma, 0.5 ml aliquots were obtained. Samples were stored at -80°C until analyses 

were conducted. 

Of346 participants who completed the 3-month study visit, plasma samples were 

obtained from 285 participants (82%). Of206 women who completed the 9-month study 

visit, plasma samples were obtained from 181 participants (87%). Blood was obtained 

only at the 9-month visit for 20 women who completed both the 3- and 9-month visits. 

Plasma samples were not obtained on 61 participants at the 3-month visit and 25 

participants at the 9-month visit because the phlebotomist was unable to find a vein, only 

a small amount of blood was obtained, or patient refusal. The participants with and 

without a blood sample at the 3-month visit were comparable on age, race, education, 

marital status, and cigarette smoking, but were significantly different based on body mass 

index (BMI) (finding a vein is more difBcult in women with excess adipose on their 

arms). However, when participants with at least one blood sample at either of the follow-
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up visits where compared with participants without any blood saniple, there were no 

significant differences. 

Gynecological Examinations 

At each study visit, participants received physician-conducted gynecological exams 

that collected exfoliated cervical cells for the Papanicolaou (Pap) smears and HPV 

analyses. During follow-up visits, the study physician visually inspected participants' 

cervixes using standard colposcopy practice. Biopsies were collected on any lesions 

suggestive of high-grade SIL in order to obtain histology and confirm diagnoses. 

Cytology Review: The study physician, using a cytobrush and wooden spatula, collected 

exfoliated cells from the transformation zone and the squamous columnar junction of 

each participant for cytology. After the cells were smeared on a slide, fixed, and stained, 

the slides were read by PathNet (Van Nuys, CA) using the Bethesda system for diagnosis 

(18). 

HPV Cervical Cell Collection: The study physician collected exfoliated cells from the 

oz, ectocervix and squamous colomnar junction of each participant using cytosoft 

brushes. The cells were stored in 0.6 ml of sample transport media (Digene Corp., 

Beltsville, MD) and reMgerated until they were processed. 

Colposcopy: The study physician visually inspected the cervix, vagina and vulva of each 

participant for any abnormalities. Acetic acid was applied to each participant's cervix to 

identify any HPV changes and cervical lesions characteristic of CIN by standard 

colposcopy practice. The colposcopic index was used (20,21). 
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Biopsy Collection: Biopsies were taken on any high-grade SIL id[entified by colposcopy 

for histological confirmation and were read by PathNet (Van Nuys, CA) using the 

Bethesda system for diagnosis (18). . 

Section 4: DIET AND LABORATORY ANALYSES 

Nutrient Databases 

Nutrient values were calculated &om the participants' reported dietary and 

supplement intake using the USDA's Continuing Survey of Food Intake of Individuals 

(CSFII-86) and National Food Consimiption Survey (NFCA 87-88). Carotenoids were 

updated from the USDA-NCC Carotenoid Database (1998). The dietary calculations 

used age-specific portion sizes for women. From these databases, nutrient values were 

obtained for vitamin A, carotenoids (a- and P-carotene, lycopene, lutein + zeaxanthin), 

vitamin C, and vitamin E. 

Fortification of enriched grain products with folic acid was mandated by the U.S. 

Food and Drug Administration (FDA) as of January 1, 1998 (101). In order to capture 

the fortified folate intake, an updated database was used. Nutrient values were calculated 

from the participants' reported dietary and supplement intake using a database derived 

from the 1994 USD A Food Composition Database, the USD A Continuing Survey of 

Food Intake of Individuals 1994-1996,1998 (CSFU) and the Nutrient Database for 

Standard Reference (NDBSR) (version 11-13). Questionnaires completed on or after 

January 1, 1998 were calculated from the database that included the updated fortified 

grain products, while questionnaires completed prior to this date were calculated without 

the updated fortification values. One hundred forty participants completed the AFFQ 
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prior to January 1,1998, while 206 participants completed the AFFQ after this date. All 

dietary calculations used age-specific portion size for women. From these databases, 

semi-quantitative nutrient intake values were obtained for folate, vitamin Bu, vitamin Be, 

and methionine. 

HPV Detection Method 

HPV status at the baseline and follow-up visits was determined using Hybrid 

Capture™ II (Digene Corp, Beltsville, MD), high-risk probe (Probe B) to detect 

oncogenic HPV types 16,18,31,33,35,39,45,51,52,56,58,59 and 68. This 

chemilimiinescent detection method utilized a signal amplified hybridization capture 

system withm a microtiter plate. Positive samples were defined as a ratio of greater than 

1 relative light units (RLU) of sample divided by relative light units of a positive control. 

Repeat testing was conducted on samples with equivocal readings (range 1 RLU to 2 

RLU) with results of >1 RLU classified as positive. Samples with repeated values less 

than 1 RLU were analyzed a third time and classified based on the results of the two 

concordant results. Approximately, 1 pg of viral DNA per ml of sample can be detected 

by this method (133). 

Circulating Nutrient Analyses 

Fasting blood samples were collected &om each participant for nutrient analysis. 

Samples were collected at the 3- and 9-month visits. Two laboratory techniques were 

used to assess the plasma nutrient levels of a participant. Craft Technologies, Inc. 

(Wilson, NC), using reverse phase high-pressure liquid chromatography (HPLC), 

conducted the analyses of plasma retinoids, carotenoids, and tocopherols. The analysis of 
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fasting plasma folate and vitamin was conducted in Dr. Aim?^ Giuliano's Laboratory 

at the Arizona Cancer Center using radioimmunosorbent assay (RIA) (Bio-Rad, 

Laboratories, Inc., Hercules, CA). Each of the laboratory procedures is described briefly 

below. 

Carotenoids and Tocopherols; The HPLC analysis of fasting plasma samples provided 

quantitative measure of circulating concentrations of retinol, 9 carotenoids (a-, P-

carotene, m-P-carotene, lutein, zeaxanthin, a-, p-cryptoxanthin, lycopene, and cis-

lycopene), and 3 tocopherols (a-, 5- and y-tocopherol). The analysis is a modification of 

the procedure described by Craft (134) for reverse phase HPLC. Briefly, 150 nL aliquots 

of plasma were diluted with ISO of water. The samples were then deproteinated by 

vortexing each sample with 300 |iL of ethanol containing tocol as an internal standard. 

The samples were extracted twice with 1 ml of hexane and the combined supernatant was 

evaporated under nitrogen. The residue was dissolved in 35 |iL of ethyl acetate with 

vortex mixing, then diluted with 100 |iL of mobile phase and ultrasonically agitated for 

15 seconds prior to placement in the autosampler. A15 ^L volume was injected into the 

chromatographic system for analysis. 

The HPLC system consisted of a computer data system, an autosampler that 

maintains samples at 20 °C, a Spherisorb 0DS2 column (3 {im, 4.6 x 150 mm), a guard 

column containmg the same stationary phase, a column heater at 30 °C, a programmable 

UV/visible detector which measures carotenoids at 450 nm, retinol and retinyl palmitate 

at 325 nm, and tocol at 300 nm, and a fluorescence detector to monitor tocopherols at 296 



62 

nm excitation and 340 nm emission. The separation was perfonped isocratically using a 

mobile phase of 83 parts acetonitrile: 13 parts dioxane: 4 parts methanol containing 100 

mM ammonium acetate: O.l parts triethylamine at a flow rate of l.S ml/min. 

Linear calibration curves were prepared consisting of five concentrations of analytes 

which spanned the physiological levels of micronutrients in plasma. The calibrants 

included lutein, zeaxanthin, p-cryptoxanthin, lycopene, a-carotene, P-carotene, retinol, 

retinyl pahnitate, and 5-, y-, and a-tocopherols. Quantification was performed by internal 

standard calibration using peak area ratios. Samples from the National Institute of 

Standards and Technology were analyzed at the beginning of each set of samples. In-

house quality control samples were analyzed at the beginning, end, and at 24 sample 

intervals. The relative standard deviation of analytes in the QC samples ranged &om 3-

10%. 

Folate and Vitamin B12: The quantitative analyses of circulating plasma folate and 

vitamin Bu were conducted using the Quantaphase IIB12 and Folate Radioassay (Bio-

Rad Laboratories, Inc., Hercules, CA). The plasma samples were filtered using the serum 

filter columns (Image Molding, Denver, CO) prior to the RIA process. Briefly, 1 ml of 

radiolabeled vitamin Bu and folate combined with dithiothreitaol (DTT) and cyanide 

were added to both the control standards and patients plasma samples. The samples were 

placed in boiling water for 30 minutes to inactivate the endogenous binding proteins and 

to convert the various forms of vitamin B12 to cyanocobaiamin. After die mixtures were 

cooled, 100 ^l of Microbead Reagent, consisting of inunobilized, afSniQr-purified 

porcine intrinsic factor and folate binding protein were added to each sample. The 
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samples were incubated for I hour. After incubation, the samples were centrifuged and 

the supernatant discarded. The pellets, containing the bound vitamins, were measured 

with a gamma counter. Quantitative determinations of the vitamins in the plasma were 

based on standard curves. Quantitative determinations of the vitamins were based on 

standard curves. Based on repeated measurements of a pooled plasma sample, the 

interassay coefBcient of variation was 13%. 

Section S: PROCEDURES TO AVOID SELECTION BIAS 

Efforts were directed to enroll all eligible participants and retain them in the study 

until completion. Several methods were implemented to obtain these goals. An 

experienced study recruiter was located at the Southem Arizona Planned Parenthood 

clinic to recruit all new eligible participants into the baseline clinic visit. Letters were 

sent and numerous phone calls made at varying times of day to encourage women to 

retum for follow-up visits. At baseline visits, names and addresses of secondary contact 

people were obtained to assist in the location of participants in the event of moves. 

Follow-up visits were scheduled for both weekday and weekend times with a female 

doctor. Furthermore, participants completing each of the follow-up visits were 

compensated with $50. 

Section 6: DATA MANAGEMENT 

Several databases were constructed and managed for this study. Risk factor 

questionnaires were maintained in a database developed in Epilnfo Version. 6.0 (CDC, 

Atlanta, GA). Risk factor questionnaires were reviewed at the time of the study visit for 

completeness. Questionnaires were coded and manually entered into the database. 
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Clinical data were entered into an Access97 (Microsoft, Inc., Redmond, WA) database 

that was maintained by the study coordinator. 

Data quality was assessed through continued quality control that included review 

of 10% of all entered questionnaires and clinical data. When data errors were identified, 

the data were corrected and a more stringent review of the questionnaires or clinical data 

entered by that particular person was conducted. 

Laboratory samples were tracked through an Access97 database (Microsoft, Inc., 

Redmond, WA) that was maintained by the laboratory manager. A paper copy of all 

results was also maintained and used to clarify any discrepancies when samples were 

collected for analysis. 

Separate databases were developed for the results fi:om the nutrient analyses. 

Data from the analysis of the retinoids, carotenoids and tocopherols were automatically 

downloaded &om the HPLC system into Excel97 (Microsoft, Inc., Redmond, WA) and 

transferred directly from Craft Technologies, Inc. to the Arizona Cancer Center. Results 

from the vitamin B12 and folate assay conducted at the Arizona Cancer Center were 

automatically downloaded firom the gamma counter to an ASCII file and placed into an 

Excel97 file. The use of these automatic processes helped reduce data entry and 

transcription errors. 

Section 7: CONFTOENTIAUTY 

Strict confidentiality procedures were implemented during this study. Written 

approval was obtained by the Human Subjects committee at the University of Arizona 

prior to initiation of this study. Participants signed a written consent form preceding their 
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participation in tiiis study. Participants' charts containing data fiom the questionnaires 

and clinical data were kept in locked file cabinets. Only those employees directly 

involved with the study had access to the data. 

Section 8: DATA ANALYSES 

Outcome Variable 

The primary outcome measure for the evaluation of the specific aims, described in 

Chapter 1, Hypothesis and Specific Aims, was HPV pereistence among this cohort of 

young women. Definitions of HPV status were determined based on the results fiom the 

Digene Hybrid Capture™ II System (see Manuscript 1). HPV persistence was defined as 

women who were positive for any oncogenic HPV infection at 2 or more consecutive 

time points. Women who were positive for any oncogenic type infection at one or more 

nonconsecutive time points were classified as having intermittent infections. An 

exception to this definition was women who tested negative for HPV until the last time 

pomt, and then tested positive. These women were considered to have a new infection 

and were excluded from the analyses. 

Statistical Analyses 

To test the hypothesis that lower dietary intake levels of nutrients were associated 

with HPV persistence two groups were compared; women with persistent infections and 

women with intermittent infections. Nutrient intake and plasma levels were analyzed by 

dividing the continuous measures into tertiles based on the distribution in the intermittent 

groiq). Baseline socio-demographic variables, cervical neoplasia risk factors determined 

in the literature, as well as energy and BMI were compared between the HPV groups 
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using bivariate analysis. Variables considered were age (continuous), race (white versus 

non-white), education (less than college versus at least some college), marital status 

(single, married, cohabiting versus separated/divorced), cigarette smoking history (never 

versus ever), age at first intercourse (less than or equal to 16 years, 17-18 years, versus 

greater than or equal to 19 years), lifetime number of sexual partners (1-4,5-9, versus 

>10), number of live births (0 versus 1-6), oral contraceptive use (never, ever, versus 

former), Depo Provera use (never versus ever), sexually transmitted disease history 

(never, ever, versus unknown), Pap smear history (never versus ever), BMI (tertiles in 

intermittent group), and energy (continuous). All independent variables were based on 

the baseline questionnaire except for cigarette smoking history, which utilized the follow-

up questionnaires. Two-sample t-tests or one way analyses of variances were conducted 

for continuous variables and chi-squared analyses were conducted on categorical 

variables. Non-nutrient risk factors associated with both HPV persistence and any 

dietary or plasma nutrient at p ^ 0.2 were assessed in multivariate logistic models. To 

maximize statistical power, only those variables associated with both nutrient status and 

HPV persistence were controlled using multivariate analysis. Backwards stepwise 

elimination was performed, and only significant variables, i.e., p < 0.05, were retained. 

Due to the high correlation of the nutrients, the HPV persistence risk of each specific 

nutrient was estimated individually. Pearson correlation coefBcients were estimated 

using the log transformed nutrient values since they were highly skewed. Multivariate 

logistic regression was performed to obtain an estimate of the association, odds ratio 

(OR), and 95% confidence intervals (CI) of each nutrient and HPV persistence. Treating 
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the categorical nutrient variables as continuous in multivariate logistic regression 

assessed linear trends. All statistical tests performed were two-sided. Statistical analyses 

were performed using Intercooled Stata Version 6.0 or 7.0 (Stata Corporation, College 

Station, TX). 

Study Power 

Analyses were based on the final samples for each specific aim (Table 6). Since 

tertile of circulating nutrients were calculated based on the intermittent group (controls), 

the highest tertile (0.33) was considered the exposure. The following power calculation 

is based on the varying odds ratios and a two-sided a of O.OS. 

Table 6: Power calculations for each analysis 

Malysia Specific Aim Intermittent Persistent Odds Ratios 
0.66 0.S0 0.40 0.33 

n n Power f%) 
Dietary intake 1 and 3 70 131 21 57 82 94 
Plasma, 3 mo. visit 2 58 101 17 47 73 88 
Plasma, 3 & 9 mo. visits 4 60 110 18 49 75 89 

Analyses using data from available plasma samples, specific aims 2 and 4, had greater 

than 80% power to detect an OR of 0.33. Analyses using data firom AFFQs, specific 

aims 1 and 3, had greater than 80% power to detect an OR of 0.40. 

RESULTS AND DISCUSSION 

A comparison of socio-demographic and risk factor variables between those 

women who participated only in the baseline visit and those women who participated in 

at least one follow-up visit is shown in Table 1 (Appendix D). Women completing the 

follow-up visits were statistically significantly more likely to educated and less likely to 

be current cigarette smokers, however, there were no significant differences in age, race. 
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marital status, age at first intercourse, number of sexual partners, number of live births, 

oral contraceptive use, and ever having a Pap smear. 

Pearson correlation coefficients of the log transformed dietary intake and plasma 

carotenoids among the women with either persistent or intermittent HPV infection are 

reported in Table 2 (Appendix D). The correlation coefGcients were low between dietary 

intake and plasma levels. The highest correlation between dietary intake and plasma 

levels was for a-carotene, r=0.43, while the lowest correlation was observed for 

lycopene, r=0.18. Pearson correlation coefficients of the log transformed dietary intake 

and plasma tocopherols are reported in Table 3 (Appendix D). Only the correlation 

between 5-tocopherol and vitamin E in food sources was significant, r=0.18. When 

vitamin E supplements were included with food sources, only the correlation with plasma 

a-tocopherol levels, r=0.22, was significant. 

Section 1: THE ASSOCUTIONS OF DIETARY ANTIOXIDANTS TO HPV 
PERSISTENCE AMONG A COHORT OF YOUNG WOMEN 

Results 

The majority of participants were currently not married, 22 years of age or older, 

white, Avith a BMI of 23.4 or less, and had completed some college or more. About half 

of the participants reported smoking more than 100 cigarettes during their live-times. 

Approximately 69% of participants had S or more lifetime number of sexual partners and 

55% had initiated sexual activities before 17 years of age. The majority of participants 

was current users of oral contraceptives (OC) or had used them in the past, and only 18% 

of participants had ever used Depo Provera. In this sexually active population, most 
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participants had received a Pap smear. Seventy-seven percent of participants reported 

never having a live birth. 

The most commonly consumed carotenoid was lycopene (mean, 4367.7 i^g/day), 

followed by P-carotene (3614.0 ng/day), lutein (2273.9 |ig/day), and a-carotene (630.5 

|ig/day). In this cohort, the mean daily reported dietary intake of vitamin E was 6.7 mg 

a-TE, which is below the estimated average requirement (EAR) of 12 mg a-tocopherol 

per day and the recommended daily average (RDA) of 15 mg a-tocopherol per day for 

women age 19 to 50 years (100). The mean daily vitamin C level was 214.9 mg, which is 

considerably higher than the EAR of 60 mg and RDA of 75 mg per day in women aged 

19 to 50 years (103). Furthermore, the mean daily vitamin A level was 7387.8 lU, which 

is higher than the RDA of2664 lU (800 RE) (135). Ninety-four (47%) women reported 

consuming at least one type of vitamin supplement Among this group, mean intake from 

the vitamin supplements was 4897 lU for vitamin A, 361 mg for vitamin C, and 106 lU 

for vitamin E. Only one participant reported specifically consuming p-carotene 

supplements. 

Pearson correlation coefBcients of log transformed a-carotene, P-carotene, lutein, 

and lycopene dietary intake measures ranged between 0.41 to 0.84. The highest 

correlation was found between a- and P-carotene (r=0.84), which are found in similar 

food sources; the lowest correlation was observed between a- carotene and lycopene 

(r=0.41). 

Increased intake of dietary vitamin E was significantly inversely associated with 

HPV persistent infection in both unadjusted and adjusted models (p for trend, 0.033). 
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Risk of HPV persistence was 0.40 (95% CI=0.l8-0.9l) among women consuming the 

highest level of vitamin E adjusting for potential confounding. Dietary lutein was 

inversely associated with HPV persistence although a lutein trend was marginally 

significant (p=0.054). A possible threshold effect was observed for lutein, with a 

decrease in risk of 50-63% in women consuming intakes of 1042.4 ^g/d or greater 

compared with women consuming less than 1042.4 ^g/d of lutein. Although not 

statistically significant, a modest decreased risk of HPV persistence was associated with 

vitamin C. In both unadjusted and adjusted models, vitamin A, a-carotene, p-carotene, 

and lycopene were not associated with HPV persistence. No association with HPV 

persistence was observed between combined measures of dietary and supplement intake 

for vitamins A, C and E in either unadjusted or adjusted models (Table 4, Appendix D). 

While HPV persistence was less likely for higher consumption of fruit and juice 

consumption, vegetable consumption was inversely associated with HPV persistence (p 

for trend, 0.033). 

Discussion 

Infection with oncogenic HPV is the primary etiologic factor for the development 

of cervical cancer (4). While HPV is a necessary cause of cervical carcinogenesis, HPV 

infection alone may not be sufBcient to produce disease, necessitating the presence of 

other cofactors for HPV infection to progress to neoplasia. The present study was 

conducted to elucidate the possible role of antioxidant nutrients as factors in the 

development of cervical dysplasia by investigating whether intake levels of specific 

dietary antioxidants were associated with HPV persistence. Over a 9-month period, the 
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usual dietary intake levels of vitamin A, a-carotene, P-carotene, lutein, lycopene, and a-

tocopherol were compared between women with persistent HPV infection and women 

with intermittent HPV infection. After adjusting for potential confounders, our results 

suggest that increased dietary intake of vitamin E and lutein may be associated with 

decreased HPV persistence. 

Most studies of diet, cervical dysplasia and cancer utilized a retrospective design, 

and were unable to assess the association between diet md HPV persistence. While no 

studies have addressed dietary measures and HPV persistence, one prospective study (12) 

has addressed the association of HPV persistence with circulating antioxidant nutrient 

status and reported an increased risk of viral persistence with lower levels of a-

tocopherol. 

Studies investigating the associations of antioxidant nutrients and cervical 

neoplasia have yielded inconsistent results. A small case-control study, lacking statistical 

power, conducted in black women reported a protective nonsignificant association of 

vitamin E intake and CINI-CIS after adjustment for covariates including HPV infection 

(51). However, a nested case-control study showed a 50% reduction in SIL in the highest 

quintile among women who were HPV DNA at enrollment, although a lack of trend, 

HPV measured only at enrollment, and small numbers limits the interpretation of this 

study (52). A greater dietary intake of vitamin E, measured by FFQ, has been associated 

with lower rates of invasive cervical cancer in a case-control study (58). In contrast, this 

association was not observed in another case-control study (74), however, this study did 



72 

not assess HPV status of the participants instead adjusted for other factors such as church 

attendance. 

Our results also suggest a possible inverse association between lutein and HPV 

persistence although this trend was not statistically significant. Since lutein is found in 

green vegetables, this result is consistent with our finding of an inverse association 

between HPV persistence and vegetable consumption. Numerous studies have 

investigated the role of dietary intake of &uits and vege^bles and cervical carcinogenesis 

(58,60,61,62). Despite inconsistencies in study results, overall dietary intake of fiuits 

and vegetables appears to be protective against cervical neoplasia. Evidence of a 

potential protective effect of fruits and vegetables has led to research exploring the role of 

individual carotenoids in cancer prevention. 

Until recently the dietary databases used to calculate daily intake values did not 

incorporate individual carotenoids except for P-carotene, however, only a few studies 

have examined dietary lutein levels. None of the prior studies reported an association 

between dietary (51,55) or circulating (51,55,67,69,75) lutein levels and the risk of 

cervical dysplasia and cancer. Several reasons may explain the potential protective effect 

observed with lutein ui our study. Lutein may only be active in the early stage of 

carcinogenesis, HPV persistence, but not in more advanced disease states such as high* 

grade squamous intraepithelial lesion (HgSIL) and cancer. These current results are 

consistent with our earlier study (12) addressing HPV persistence and serum lutein levels 

but inconsistent with the plasma nutrient values fiom this cohort (136). Furthermore, 

carotenoid consumption patterns may be different in various populations. In this 
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Southwest cohort, the major sources of lutein were spinach, Mexican dishes, lettuce, dry 

cereal, and broccoli, foods that may not have been consumed as commonly in other study 

populations. Further investigation is necessary to elucidate the role of lutein and HFV 

persistence. 

The primary mechanism by which vitamin E and lutein could function in cancer 

prevention has been hypothesized through their role as lipid-soluble antioxidants. 

Antioxidants prevent damage due to oxidative stress caused by &ee radical molecules 

(107,108) that produce a decrease in immune function (137) and an increase in viral 

replication (109). Antioxidant molecules scavenge highly reactive oxygen species, thus, 

eliminating them &om circulation and preventing cellular damage. The overall 

antioxidant properties of lipids are the most pronounced for the tocopherols, and vitamin 

E (108), thus preventing cell membranes &om lipid peroxidation. 

Recent evidence indicates that &ee radical reactive oxygen species (ROS) initiate a 

biological cascade resulting in the phosphorylation of transcriptional factors including 

AP-1 (113). This transcriptional factor is responsible for the expression of numerous 

genes that can modify cell growth and apoptosis (113). Antioxidants have been shown to 

modify the expression of the genes associated with the transcriptional AP-1 complex 

through their ability to quench free radicals and change the redox status of the cells. The 

AP-1 complex is a central transcription factor of the HPV oncogenic proteins E6 and E7 

(114). An in vitro study demonstrated the impedance of viral transcription in HPV type 

16-immortalized keratinocytes treated with the antioxidant pyrrolidine-dithiocarbamate 
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due to alteration of the AP-1 transcriptional complex (1 IS). Antioxidants can possibly 

decrease viral load, thereby decreasing persistence and progression to disease. 

In our data, dietary vitamin E levels in the highest tertile (>8.53 mg a-tocopherol 

equivalence per day) were associated with the greatest protection against HPV 

persistence. This intake level is below the EAR of 12 mg a-tocopherol per day and the 

RDA of IS mg a-tocopherol per day for women age 19 to SO years (100), and 

corresponds to consumption of about 4 tablespoons of vegetable oil or margarine per 

day. In our study population, the primary dietary sources of vitamin E were fortified 

cereals, Mexican dishes, tomato sauce, pizza, bran cereal as well as salad dressing. In 

contrast to the observed protective association of dietary intakes of vitamin E, very high 

levels of supplemental vitamin E did not confer protection. Dietary lutein levels of 

greater than or equal to 1,042.4 |jg per day were associated with protection. This intake 

corresponds to consumption of about SO g (% cup) of cooked spinach per day. 

The strengths and potential sources of bias need to be considered when 

interpreting the results &om this study. This study was conducted prospectively over a 9-

month period with multiple measures of HPV infection used to define disease status. In 

order to increase the number of women with an HPV infection, we over-sampled women 

with HPV DNA at baseline which increased the internal validity of our study. Only 42% 

of women invited into the follow-up phase of this study participated. Women who were 

recruited but did not participate were comparable to the women who did participate in the 

follow-up phase based on age, race, marital status, age at first sexual intercourse, life

time nimiber of sexual partners, number of live births, oral contraceptive use, and ever 
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having had a pap smear. Women who participated in the follow-up visits were more 

educated and less likely to be cunent smokers compared with women who were recruited 

and did not participate (138). While selection bias is possible, it is not likely to have 

occurred since this would require women with persistent HPV reporting low nutrient 

status or women with intermittent infection reporting high nutrient status to be less likely 

to participate. 

The small number of participants limited the statistical power. While this study 

had appropriate power to detect large differences in HPV status, more modest effects 

could not be detected. This study was able to detect odds ratios of 0.4 or less with 

statistical power of 82%. Even though vitamin E and lutein were shown to be protective, 

multiple comparisons were not conducted. 

Misclassification of both the exposure and outcome variables is possible. Dietary 

intake measures are prone to bias due to poor nutrient intake measurements. Considering 

HPV infection is often transient and the definition of HPV infection is dependent on the 

number of collective time points, misclassification may have been introduced into our 

definition of HPV persistence. Misclassification due to our definition of HPV persistence 

or misreporting of dietary intake would have likely been nondifferential and thereby 

biased our results towards the null value. In order to reduce the potential effect of 

misclassification of our outcome measure, HPV persistence, analyses were conducted 

with and without women categorized as either or +-+, over the 3 study visits. Since 

these analyses did not alter the estimated odds ratio, both HPV status groups were 

retained in the final analysis. 
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Another limitation is the lack of type specific HPV persistence. In our study we were 

able to determine any oncogenic type HPV persistence. Previously, the risk of cervical 

dysplasia has been shown to increase with either the same type or different type of 

oncogenic HPV persistence (7). Therefore, HPV persistence with an oncogenic type as 

determined in our study, provided a useM measure of subsequent cervical neoplasia risk. 

In conclusion, results from this study support a role for specific antioxidant nutrients, 

notably vitamin E, and possibly lutein, and vegetable consumption in the development of 

persistent HPV infection. These associations should be assessed in larger prospective 

studies that include longer follow-up periods. 
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Section 2: PLASMA CAROTENOIDS AND TOCOPHEROLS AS RISK 
FACTORS FOR HUMAN PAPttLOMAVlRUS PERSISTENCE 

Results 

The majority of participants were single, 22 years of age or older, white, with a 

BMI of 23.4 or less, and had completed at least some college education. More than half 

the participants reported smoking at least 100 cigarettes during their live-times. 

Approximately 79% of the women had S or more lifetime number of sexual partners and 

57% had initiated sexual activities before 17 years of age. The majority of participants 

was cunently using oral contraceptives or bad used them in the past, and only 6.5% of 

participants had used Depo Provera. In this sexually active population, most participants 

had received at least one Pap smear. Seventy-six percent of participants reported never 

having a live birth. 

Socio-demographic variables and cervical cancer risk factors between women 

recruited for follow up visits and those women who participated in the follow up visits 

have been reported previously (138). Briefly, no differences were observed between 

women participating in the baseline visit only compared with women participating in 

follow up visits on age, race, marital status, age at first intercourse, number of sexual 

partners, number of live births, oral contraceptive use, or ever having a Pap smear. 

Participants in the follow up phases were, however, statistically significantly more 

educated, less likely to be current smokers, and less likely to self-report a history of 

physician diagnosed sexually transmitted diseases (STDs) or an unknown STD status 

compared with participants in the baseline visit only. 



78 

The most abundant circulating carotenoid was lycopene (tnean, 0.42S ^M), 

followed by m-lycopene (0.399 (iM), ^-carotene (0,291 (iM), lutein (0.186 |iM), p-

cryptoxanthin (0.136 ^M), a-carotene (0.071 ^M), zeaxanthin (0.060 |aM), a-

cryptoxanthin (0.047 ^M) and cii-P-cryptoxanthin (0.047 |iM). In this population, the 

tocopherol with the largest mean concentration was a-tocopherol (mean, 20.961 ^M) 

followed by y-tocopherol (4.394 ^M) and 5-tocopherol (0.231 ^iM). The carotenoids 

were significantly intercorrelated with Pearson correlatibn coefficients ranging from O.IS 

for P-carotene and lycopene and 0.70 for lycopene and m-lycopene. 

Increased circulating levels of cu-lycopene were associated with HPV persistent 

infection in both the unadjusted and adjusted measures (p for trend, 0.046). Neither the 

unadjusted nor the adjusted measures of plasma a-carotene, p-carotene, cu-p-carotene, 

a-cryptoxanthin, P-cryptoxanthin, lutein, lycopene, and zeaxanthin were associated with 

HPV persistence in this study population of young women. Furthermore, no association 

with HPV persistence was observed between a-, 8- or y-tocopherols. A non-significant 

increase in risk was observed with increased plasma 5-tocopherol levels. 

Discussion 

The primary etiologic factor for the development of cervical cancer is infection with 

an oncogenic HPV (2,3,4). However, HPV infection alone is not sufQcient to produce 

disease without additional cofactors such as oral contraceptive use, cigarette smoking, 

infection with other sexually transmitted diseases, immunosuppression, and nutrient 

status (17). This investigation was conducted to address the possible role of antioxidant 
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nutrients, as cofactors in the development of cervical dysplasia, by investigating whether 

circulating levels of specific carotenoids and tocopherols are associated with HPV 

persistence. Plasma concentrations of 9 carotenoids (a-, P-carotene, cu-^-carotene, 

lutein, zeaxanthin, a-, P-cryptoxanthin, lycopene, c/^-lycopene), and 3 tocopherols 

(a-, 6-, and y-tocopherol) were compared between women with persistent HPV infection 

versus women with intermittent HPV infection or infection that became undetectable. To 

our knowledge, this is the first study to measure circulating carotenoid isomers (m-P-

carotene and m-lycopene) and their association to HPV persistence in young women. 

After adjusting for potential confounders, our results provide evidence that higher 

circulating levels of c/f-lycopene appears to be protective against HPV persistence (p for 

trend, 0.046). A reduction of 56% was observed for women in the highest tertile of 

circulating cw-lycopene compared with women in the lowest tertile. No association with 

HPV persistence was observed for circulating a-carotene, P-carotene, m-P-carotene a-

cryptoxanthin, P-cryptoxanthin, lutein, lycopene, zeaxanthin, and a-, S- or y-tocopherols. 

A protective effect of &uit and vegetable consumption has led researchers to explore 

the role of individual nutrients, in particular the carotenoids, in cancer prevention (139). 

While this study reported a protective association between c»-lycopene and HPV 

persistence, no association was observed for the other carotenoids. Previous researchers 

that measured circulating carotenoids and cervical neoplasia have reported protective 

associations for a-carotene (75,76), p-carotene (12,69,75), a-cryptoxanthin (67), P-

cryptoxanthin (12), cryptoxanthm (75), lycopene (55,76). Only one study reported the 

association between circulating carotenoids and HPV persistence, which reported 
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significant associations with p-carotene, p* cryptoxanthin, and lutein (12). In aggregate, 

these data suggest that carotenoids as a group provide some protection against cervical 

neoplasia. 

Previous studies addressing HPV persistence did not report a protective 

association with lycopene (12,77). An analysis conducted in a randomized clinical trial 

of P-carotene revealed no association with plasma lycopene levels and HPV persistence, 

although this study included women with no detectable levels of HPV DNA in their 

analysis (77). Furthermore, a previous small prospective study assessing HPV 

persistence did not find an association with serum lycopene levels (12). This study 

defined HPV persistence based on two time points, three months apart, which led to 

different definition of HPV persistence than was used in this study. 

Similar to our findings, a protective association between higher lycopene levels 

and cervical dysplasia has been reported previously (55,75,76). After adjustment for 

HPV infection and smoking, Nagata et al (76) reported a statistically significant trend in 

dysplasia with increasing serum lycopene levels in 152 dysplasia cases and 152 aged-

matched controls. A protective association between both dietary and serum levels of 

lycopene and cervical dysplasia was also observed in a case-control study conducted in 

Chicago, Illinois (55). Although HPV infection was not assessed, a nested-case control 

study suggested (p for trend, 0.08) that increased levels of serum lycopene may be 

protective for cervical cancer (75). In contrast, other studies have not substantiated the 

protective association of elevated circulating lycopene levels with cervical dysplasia or 
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cervical cancer (51,67,69,77). These studies assessed the association of lycopene with 

cervical dysplasia, a later carcinogenic event than HPV persistence. 

Of the previous publications measiiring circulating levels of lycopene (12,51,55,67, 

69,75,76,77), none distinguished between the trans- and cw-isomer forms of lycopene. 

The majority of the previous research of both dietary and circulating antioxidant nutrients 

has primarily focused on the association with cervical dysplasia and cancer (13) rather 

than HPV persistence. Furthermore, the majority of the% studies were case-control 

studies that either did not, or inadequately measured HPV infection. Our study suggests 

that lycopene is protective at an early stage of carcinogenesis, HPV persistence. The 

inconsistent protective effect of lycopene may be due to varying case definitions that 

include more advance precancerous lesions. 

In this population of young women, the most abundant carotenoid was trans-

lycopene followed by c«-lycopene. The primary dietary sources of lycopene in this 

cohort are from tomato juice, tomato sauce, pizza, and vegetable soup. While lycopene is 

found primarily as /ra/u-lycopene in food sources, the cis form of lycopene comprises 

approximately 50% of blood lycopene levels (140,141). For example, consimiption of 

tomato juice, containing most lycopene in the trans isomer, has been shown to greatly 

increase plasma concentrations of m-lycopene (140). The role of the cu-isomer of 

lycopene has not been elucidated (142), although the elevated percentage of cis isomer of 

lycopene in the blood compared to the diet suggests a physiological role for the cis 

isomer. 
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Lycopene may influence HPV persistence through its role as an antioxidant 

Antioxidant molecules quench highly reactive oxygen species, thus, eliminating them 

fix)m circulation (107,108). Thereby, antioxidant molecules such as lycopene may avert 

the damage due to oxidative stress caused by firee radicals that produce a decline in 

immime fimction (137) and an increase in viral replication (109). Lycopene is the most 

efGcient single oxygen quencher of the naturally occurring carotenoids, with free radical 

quenching activity reported as lycopene > a-carotene > ̂ -carotene > lutein > 

cryptoxanthin (108). 

Free radical reactive oxygen species (ROS) initiate a biological cascade resulting 

in the phosphorylation of transcriptional factors including AP-1 (113). This 

transcriptional factor is responsible for the expression of numerous genes that can modify 

cell growth and apoptosis (113). Antioxidants have been shown to modify the expression 

of the genes associated with the transcriptional AP-1 complex through their ability to 

quench &ee radicals and change the redox status of the cells. The AP-1 complex is a 

central transcription factor of the HPV oncogenic proteins E6 and E7 (114). An in vitro 

study demonstrated the impedance of viral transcription in HPV type 16-immortalized 

keratinocytes treated with the antioxidant pyrrolidine-dithiocarbamate due to alteration of 

the AP-1 transcriptional complex (11S), suggesting that antioxidant compounds can 

reduce HPV oncoprotein synthesis. 

While epidemiologic studies using .serologic measures of a-tocopherol have 

suggested that these nutrients play a role in the early stages of carcinogenesis (6,12,67, 

81), this study along with others (51) did not observe the previous reported protective 
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association. Furthennore, a protective role for circulating a-tocopherol levels has not 

been demonstrated at later stages of carcinogenesis (69,75). This study is consistent with 

previous research on a lack of association between 5- and y-tocopherol and cervical 

neoplasia (51,67,75). 

The strengths and potential sources of bias need to be considered when 

interpreting the results from this study. This study was conducted prospectively over a 9-

month period with multiple measures of HPV infection used to define disease status. In 

order to increase the number of women with an HPV mfection, we over-sampled women 

with HPV DNA at baseline. Only 42% of women invited into the follow-up phase of this 

study participated. Furthermore, although women with available blood samples were 

comparable on age, race, education, marital status, and cigarette smoking status to 

women without blood samples, participants without samples had higher BMI values 

(likely due to the difficulties in visualizing and sticking a vein). While selection bias is 

possible, it is not likely to have occurred since this would require women with persistent 

HPV reporting low nutrient status or women with intermittent infection reporting high 

nutrient status to be less likely to participate. 

The low participation rate reduced sample size, thus limiting our ability to detect 

statistically significant ^fferences. While this study had appropriate power to detect 

large differences in HPV status (OR=0.33), more modest effects could not be detected. 

Since HPV infection is often transient and the definition of HPV infection is 

dependent on the number of collected time points^ misclassification may have been 

introduced into our definition of HPV persistence. Misclassification would likely have 
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been nondifferential and thereby biased our results towards the ndi value since all 

women in our analysis had a least one HPV infection. In order to reduce the potential 

effect of misclassification of our outcome measure, HPV persistence, analyses were 

conducted with and without women categorized as +-+, over the 3 study visits. Since the 

estimated odds ratios were not altered, this HPV status group was retained in the final 

analysis. 

Another limitation is the lack of type specific HPV persistence. In our study we were 

only able to determine any oncogenic type HPV persistence. Previously, the risk of 

cervical dysplasia has been shown to increase with either the same type or different type 

of oncogenic HPV persistence (7). Therefore, HPV persistence with an oncogenic type 

as determined in our study, provided a useful measure of subsequent cervical neoplasia 

risk. In addition, Hybrid Capture II™ system is highly comparable to PCR (34,35,36) 

suggesting that the use of PCR in our study would have produced similar results. 

In conclusion, results &om this study suggest that elevated circulating levels of cis-

lycopene are protective in the development of the early stage of cervical carcinogenesis, 

HPV infection persistence. cu-Lycopene may influence HPV persistence through its role 

as an antioxidant, and prevent damage due to oxidative stress caused by firee radical 

molecules that produce a decrease in immune flmction and an increase in viral load. 

These findings suggest a role of cu-lycopene may play a role in HPV persistence, the 

early carcinogenic event. 
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Section 3: HPV PERSISTENCE AND NUTRIENTS INVOLVED IN THE 
METHYLATION PATHWAY AMONG A COHORT OF YOUNG WOMEN 

Results 

The most commonly consumed B vitamin was vitamin Be (mean, 2.2 mg/day), 

followed by folate (416.1 ng/day), and vitamin B12 (4.7 ^ig/day). The daily mean values 

for the B-vitamins were all above the estimated average requirement (EAR) of 1.1 mg, 

320 |ig, and 2 ^g, respectively for women age 19 to 30 years as well as the recommended 

daily average (RDA) of 1.3 mg, 400 jig and 2.4 |ag, respectively (103). The mean daily 

reported dietary intake of methionine was 1.7 gms in this cohort. This cohort was 

comprised of primarily young single white women with some college education. 

Dietary folate, vitamin B12, vitamin Be, and methionine intakes were highly inter-

correlated. The lowest correlation observed was between vitamin B12 and folate (r=0.71), 

and the highest correlation observed was between vitamin Be and folate (f=0.92). The 

high correlation coef&cients are likely due to simultaneous fortification of all diese 

nutrients simultaneously in enriched grain products. Eighty-three (41%) women 

consumed vitamin supplements of folate, vitamin Be and Ba. Among this group, mean 

daily intake from the vitamin supplements was 433.8 mg for folate, 23.7 ^g for vitamin 

Bi2, and 8.0 |ig for vitamin Be. The correlation between circulating levels of folate and 

vitamin B12 was f=0.23. In this cohort, the correlation coefficients between diet and 

circulating folate and vitamin B12 were very low; r=0.ll for folate and r=0.13 for vitamin 

Bi2. 
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Although not statistically significant, an inverse association was observed 

between intake of dietary folate and HPV persistent infection in both unadjusted'and 

adjusted models. Among women consuming the highest level of folate, risk of HPV 

persistence was 0.52 (95% CI=0.23-1.18). No associations were observed between HPV 

persistence and vitamins B12, Be and methionine. Furthermore, no association with HPV 

persistence was observed between combined measures of dietary and vitamin supplement 

intake for folate, vitamin Be or vitamin Bu (Table 5, Appendix D). 

While no association was observed for folate, a statistically significant association 

was observed with vitamin B12. After adjustment, dietary vitamin B12 remained inversely 

associated with HPV persistence (p for trend, 0.037). Women with circulating levels in 

the highest tertile (>493.2 pg/ml) of vitamin B12 were significantly less likely to have a 

persistent infection (OR=0.40,95% CI=0.17-0.96). 

Discussion 

Infection with HPV is the major risk factor for dysplasia and cancer (4,29,30) 

with increased risk associated with a persistent oncogenic HPV infection (28). Folate, 

carotenoids, vitamin C, vitamin E, and retinols have been investigated as potential 

modifiers of cervical dysplasia and cancer risk (13). While numerous studies have 

addressed the association of folate with cervical dysplasia and cancer, none have 

addressed the association between folate and HPV persistence. The current prospective 

study was conducted to elucidate the role of nutrients involved in methylation, (i.e., 

folate, vitamin B12, vitamin Bg, methionine,) with HPV persistence. Dietary intake of 

folate, vitamin B12, vitamui Be and methionine as well as circulating concentrations of 
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folate and vitamin B12 were compared among women with HPV intermittent and 

persistent infections during a 9-month period. This study suggests that circulating 

vitamin B12 levels may be protective against HPV persistence after adjustment for 

potential confounders. No statistically significant reduction in HPV risk was observed 

for dietary intake of folate, vitamin Bt2, vitamin Be, methionine or circulating 

concentrations of folate. 

Most studies of diet with cervical dysplasia and cancer have utilized a retrospective 

design, and were therefore, unable to measure HPV persistence. No study has previously 

addressed the association of vitamin B12 with HPV persistence, although a few studies 

have measured circulating vitamin Bu levels in association with cervical dysplasia (86) 

or cancer (88). Goodman et al (86) reported no association between circulating vitamin 

Bi2 and atypical squamous cells of undetermined significance (ASCIIS), low-grade 

squamous intraepithelial lesion (LGSIL) and high-grade squamous mtraepithelial lesion 

(HGSIL). The racial distribution of that Hawaiian population included Japanese and 

Hawaiian in addition to Caucasians, which is very different fi:om our cohort including 

Hispanics the largest minority with primarily Caucasians. While these two cohorts likely 

consume very different diets, vitamin B12 metabolism may also be variable. In a nested 

case-control study (88), no association was observed with in situ or invasive cervical 

cancer, although a protective effect was observed for the highest versus the lowest tertile 

of serum B12 concentrations (OR=0.53,95% CI 0.16-1.75) after adjustment. That study, 

however assessed HPV-I6 antibody status at baseline, and therefore, could not assess 

other oncogenic HPV types. 
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Diminished vitamin Bu status may promote carcinogenesis though aberrant DNA 

methylation. Methionine synthase, a vitamin Bii-containing enzyme, is responsible for 

catalyzing the transfer of a methyl group from 5-methyl-tetrahydrofolate to 

homocysteine, thereby forming S-adenosyhnethionine, which is the primary methyl 

donor for the methylation of DNA (123). The transfer of one-carbon units is essential for 

a variety of biological reactions including DNA synthesis. DNA methylation is used to 

regulate the transcription of various DNA regions. HigWy methylated DNA regions are 

stable and prevent transcription, while hypomethylated areas are unstable, allowing 

transcription of the DNA region. DNA methylation plays a significant role in gene 

expression, DNA structural stability, and DNA damage and repair mechanisms (123, 

125), all of which are important in preventing carcinogenesis. Additionally, a decrease in 

HPV transcription has been shown in vitro when the regulatory upstream region is 

methylated (114,126) suggesting a role of methylation in the maintenance of HPV 

infection. An important step in the development of cervical carcinogenesis is the 

integration of HPV DNA into the host genome. In cell culture, integration of HPV type 

16 has been shown to coincide with a common fragile site within the genomic 

chromosome (129), unplying that methylation status and viral integration are related. 

This mechanism, while important for cervical neoplasia, probably is not involved in HPV 

persistence. 

Circulating B12 levels are determined by intake as well as body stores (103). The 

main dietary sources of vitamin B12 in this cohortincluded milk, beef, shellfish, cheese 

and Mexican dishes. The low correlation between dietary intake and plasma level was 
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increased slightly when the combined measure of diet and supplement was compared 

with plasma. Others have reported a poor correlation between dietary intake me^ured by 

FFQ including supplement users and serum vitamin Bu (r= 0.25) in a population of 

women age 16 to 19 (143), which is comparable to our correlation coefficient of 0.26 

when supplements were included. This may explain why the relationship for circulating 

levels but not dietary intake demonstrated a protective association. 

There are several strengths to consider when interpreting the results of this study. 

This study was conducted prospectively over a 9-raonth period with multiple measures of 

HPV infection used to define disease status. This study was able to measure both dietary 

intake and circulating measures of folate and vitamin Bu, within the same women. The 

database utilized to calculate folate nutrient values from the AFFQ was established to 

account for the addition of fortified grain products to the American diet, as determined by 

the completion date of the AFFQ. 

Potential limitations need to be considered when interpreting the results &om this 

study. Only 42% of women invited into the follow-up phase participated. Women who 

participated in the follow-up visits were more educated and less likely to be current 

smokers compared with women who were recruited and did not participate (138). While 

selection bias is possible, it is not likely to have occurred unless women with persistent 

HPV and having low nutrient status or women with intermittent infection and having 

high nutrient status to be less likely to participate, which is unlikely. 

The small number of participants limited the statistical power. While this study 

had statistical power to detect large differences in HPV status, more modest effects could 
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not be detected. In the dietary analyses (n=20l), the study was able to detect odds ratios 

of 0.4 or less with statistical power of 82%, compared to 75% power in the plasma 

analyses (n=l70). 

In this study type specific HPV persistence was not measured. Using the Hybrid 

Capture 11^, only the presence of any oncogenic type could be detected, therefore, only 

overall HPV persistence was measured. Although same type infection confers greater 

risk, the risk of cervical dysplasia has been shown to increase with either the same type or 

different type of oncogenic HPV persistence (7). Therefore, HPV persistence with an 

oncogenic type, as determined in our study, should provided a useful measure of 

subsequent cervical neoplasia risk. In addition, the Hybrid Capture IP' system is highly 

comparable to PCR (34,35,36) suggesting that the use of PCR in our study would have 

produced similar results. 

In conclusion, results from this study suggest that elevated circulating levels of 

vitamin Bu are protective in the development of HPV persistence possibly through its 

role in methylation. These finding suggest a role for vitamin B12 in preventing early 

events in the development of cervical carcinogenesis. 
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SUMMARY AND FUTURE DIRECTIONS 

Cervical cancer is the third leading cause of cancer among women worldwide, 

and is thus a major health concern among women (I). Evidence has demonstrated that 

the sexually acquired oncogenic human papillomavirus infection is the principal etiologic 

factor for cervical cancer (2). While HPV infection is often transient (8,9), oncogenic 

HPV types are more likely to establish a persistent infection (5). HPV persistence has 

been shown to increase the risk for cervical dysplasia (11). The relatively low rates of 

cervical dysplasia and cancer compared to the high rate of HPV infection suggests that 

other factors are essential for HPV infection to advance to neoplasia. Nutritional status 

of the host may contribute to the progression of HPV infection to neoplasia (13). 

While previous studies have addressed the association of nutrients with cervical 

dysplasia and cancer (13), data regarding the role of nutrients in HPV persistence have 

been limited (12). The purpose of this prospective study was to investigate the 

relationship of dietary and circulating concentrations of specific nutrients to HPV 

persistence. Nutrients assessed in this study included antioxidants and specific nutrients 

involved either directly or indirectly in the DNA methylation pathway. 

Collectively, the results firom this study suggest that women's nutritional status 

may be a modifiable component in the development of HPV persistence. Our results 

suggest that diets, rich in vitamin E and lutein, may be beneficial in the prevention of 

HPV persistence (Manuscript 1). In our cohort, the main sources of vitamin E included 

fortified cereals, Mexican Dishes (i.e., burritos), tomato sauce, pizza and bran cereal, 

whereas the main sources of lutein were spinach, Mexican Dishes, lettuce, dry cereal, and 



broccoli. A protective association was observed with increased dietary intake of 

vegetables. Protection was not observed when supplements were included with food 

sources. Using circulating measures, elevated levels of c/s-lycopene (Manuscript 2) and 

vitamin Bu (Manuscript 3) were inversely association with HPV persistence. 

The discrepancy between the results obtained when nutrient status was measured 

by dietary intake versus circulating levels was anticipated. While dietary intake 

measured the usual dietary consumption of various food; over the previous 3-months, 

circulating nutrient concentrations are influenced by absorption, metabolism and current 

nutrient stores in addition to foods consumed. Of interest, the main dietary sources of 

vitamin E included tomato sauce and pizza, which also contribute to lycopene. While no 

association was observed for dietary lycopene, a protective association was observed for 

circulating cw-lycopene concentrations. 

In our analyses, we estimated the risk of HPV persistence individually for each 

nutrient. In the body, nutrients are consumed from food sources that contain multiple 

nutrients. Nutrients do not function individually, but rather in concert with each other. 

For example, vitamin E is a lipid soluble antioxidant, which is recycled by the aqueous 

antioxidant, vitamin C. In our study we measured two groups of nutrients, each involved 

in a particular function (i.e., antioxidants, methylation pathway). Nutrients were chosen 

for our analyses based on the cervical neoplasia literature, biological plausibility, 

nutrients available in the databases, and available laboratory measurements. Other 

nutrients are also involved in these functions, which were not measured. While we 
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expect that the measured and unmeasured nutrients may function together, it is unclear 

how to measure the nutrients as a group except through food groups. 

While nutrients from food have been shown to be protective, supplements have 

consistently been shown in the literature not to be protective against cervical neoplasia, 

suggesting a possible threshold effect. Since most Americans consume a diet adequate in 

micronutrients, supplements may not be needed, whereas in a mahiourished population 

these finding may be different. 

This study was conducted prospectively over a 9'month period with multiple 

measures of HPV infection used to define disease status. In order to increase the number 

of women with an HPV infection, we over-sampled women with HPV DNA at baseline, 

which increased the internal validity of our study. Despite intensive efforts to recruit, 

only 42% of women invited mto the follow-up phase of this study participated. Women 

who were recruited but did not participate were comparable to the women who did 

participate in the follow-up visits based on age, race, marital status, age at first sexual 

intercourse, life-time number of sexual partners, number of live births, oral contraceptive 

use, and ever having had a Pap smear. Women who participated in the follow-up visits 

were more educated and less likely to be current smokers compared with women who 

were recruited and did not participate (138). While selection bias is possible, it is not 

likely to have occurred since this would require women with persistent HPV reporting 

low nutrient status or women with intermittent infection reporting high nutrient status to 

be less likely to participate. 
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Defining HPV persistence as an outcome variable was problematic. Definitions 

used in the literature have been inconsistent. In order to determine HPV persistence, 

multiple measures must be collected. Meaningful time intervals between screenings and 

the number of samples required for determining HPV persistent infection are unclear. 

Screening at baseline provided a prevalence measure of HPV infection. In HPV-positive 

participants at baseline, we did not know the previous duration of their infection the 

infection may have been persistent for several months or.may have just been acquired. 

Our analyses therefore, were conducted using different methods of HPV persistence with 

comparable results. 

Our study is the first to describe the relationships of nutrients measured by dietary 

intake as well as circulating carotenoid isomers, folate and vitamin B12, with HPV 

persistence, although previous research has focused on cervical dysplasia and cancer. In 

order to avoid the bias of nutritional intake measures and to allow for dietary 

recommendations, a randomized clinical trial using foods high in carotenoids to 

determine their role in HPV persistence would be a logical future study. Assuming a 

14.6 % HPV persistence rate over 3 years (Edwardo Franco, personal communication), 

approximately 1900 women would need to complete this study for adequate statistical 

power to observe a 30% reduction in HPV persistence. In addition to addressing the 

association of dietary food sources for carotenoids, this type of study would be able to 

address other research questions regarding the natural history of HPV infection. With an 

HPV vaccine imminent in the next several years, research of HPV persistence among the 

types not included in the vaccine and their relationship to nutrients needs to be addressed. 
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With data collected as part of the proposed clinical trial, this study, question could also be 

addressed. 

Several considerations of this type of study should be noted. This population of 

young women is difficult to retain however special incentives must be used. Dietary 

intervention of this type can not be blinded to the intervention group. Finally, the use of 

multiple measurements of HPV screenings will required considerable laboratory 

resources. 
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THE ASSOCIATIONS OF DIETARY ANTIOXIDANTS TO HPV PERSISTENCE 
AMONG A COHORT OF YOUNG WOMEN 

Sedjo RL', Roe DJ', Abrabamsen M', Harris R', Baldwin S^ Giuliano AR' 

' Arizona Cancer Center, University of Arizona, Tucson, Arizona, USA 
^Obstetrics and Gynecology, University of Arizona, Tucson, Arizona, USA 

INTRODUCTION. 

Cervical cancer is the third leading cause of cancer in women, comprising 9.8% of 

incident cancer cases worldwide (1). Recently, an international study conducted in 22 

countries reported the prevalence of HPV DNA among cervical samples from women 

with diagnosis confirmed uivasive cervical cancer as 99.7% (2,3) suggesting, most if not 

all, invasive cancers are associated with at least one Q'pe of HPV infection. Despite 

numerous types of HPV infections, the development of invasive cervical cancer has been 

associated with a few specific genital oncogenic types of HPV infection (2). While most 

HPV infections are transient (4,5), oncogenic HPV types are more inclined to establish a 

persistent infection (6,7,8). Among women with oncogenic HPV infections and normal 

cytology, 28% develop high-grade cervical intraepithelial neoplasia (CIN) by 24 months 

(9). Cervical dysplasia risk increases with detection of oncogenic HPV DNA at two 

occasions 6 months apart for either the same or different Q^pe infections (7). Persistent 

HPV infections appear to have a greater risk of developing CIN (10), suggesting that an 

early carcinogenic event is the establishment of apersistent HPV infection. While HPV 

infection is a necessary cause for cervical carcinogenesis, the high prevalence of HPV 
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infection relative to the low incidence of CIN and cervical cancer suggest that HPV 

infection alone may not be sufficient to produce disease. Other factors that may 

contribute to the progression of HPV infection to neoplasia include oral contraceptive 

use, cigarette smoking, infection with other sexually transmitted diseases, 

immunosuppression, and antioxidant nutrients (11). 

Previous case-control studies have reported protective associations between dietary 

antioxidant nutrient intakes, cervical dysplasia and cancej. Carotenoids, found in fruits 

and vegetables, have shown to be potentially protective in cancer prevention (12). A 

statistically significant inverse association between dietary lycopene and cervical 

dysplasia was reported (13). Additionally, a protective association for cervical dysplasia 

was observed between the lowest and highest tertile of dietary intake of a-carotene, 

lutein, lycopene, and vitamin E, although the results were not statistically significant in a 

small study (14). Higher dietary intake of vitamin E has been associated with lower rates 

of invasive cervical cancer (IS). Furthermore, statistically significant inverse 

associations have been observed between dietary vitamin C and CIN (16,17), carcinoma 

in-situ (CIS) (18) and invasive cervical cancer (15,19). 

While dietary measures have been used in numerous studies addressing the 

association of nutrients with cervical dysplasia and cancer (12), research examining the 

association of the early carcinogenic event, persistent HPV infection, and antioxidant 

nutrients has not been conducted using nutritional intake measures. Previously, we 

showed a decrease in serum levels of the antioxidants p-carotene, P-cryptoxanthin, lutein, 

a-tocopherol, and y-tocopherol associated with HPV persistence (20). In the current 
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study, we tested the hypothesis that higher dietary mtakes of antio»dant nutrients, a-

carotene, ^-carotene, lutein, lycopene, vitamin C and vitamin E were associated with 

decreased HPV persistence. 

MATERIALS AND METHODS. 

The Young Women's Health Study was a prospective cohort study designed to 

determine the association between tobacco use and risk for persistent HPV infection 

among healthy women receiving routine gynecological care at a reproductive health 

clinic in Southern Arizona. Enrolled women were followed for 9-months, with clinic 

visits at baseline, 3- and 9-months. Data were collected on cytology, HPV status, and 

risk factors at each visit. Approval for this study was obtained by The University of 

Arizona's Human Subjects Committee. Prior to entry, all participants signed an informed 

consent form. A full description of this cohort has been previously published (21). 

Subjects. From September 1996 to August 1999,1,950 healthy women receiving 

routine gynecological care at a Planned Parenthood Clinic in Tucson, Arizona were 

approached for study participation. One thousand five hundred forty-one (1,541) women 

met the eligibility criteria, and 1,342 women were enrolled in the baseline visit. The 

eligibility criteria mcluded women age 18 to 35 years, who were currently sexually active 

or seeking birth control, residents of Tucson, Arizona, had not received treatment for CIN 

within the last 18 months, had not experienced an abnormal Pap smear in the last 18 

months, had no history of chronic iUness, not currently pregnant and were more than 2 

months post partum, were still having menstrual periods (i.e., no hysterectomy), and had 

no relocation plans over the next 12 months. At the baseline visit, participants completed 
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extensive self-administered questionnaires regarding socio-demographics, cigarette 

smoking history and sexual behaviors. In addition, routine Pap smears were obtained, 

along with the collection of exfoliated cervical cells for the detection of HPV infection. 

Enrollment into the follow-up phases of this study was based on the women's 

HPV and smoking status at baseline. There was an emphasis on recruiting women who 

had an infection of any one of the thirteen oncogenic HPV types detected by Hybrid 

Capture™ II (Digene Corp, Beltsville, MD) and women yvho were current cigarette 

smokers at baseline into the 3 month study visit. Eight hundred twenty three (61%) 

women who completed the baseline visit were invited to participate in the follow up. 

Three hundred forty six women (42%) completed the 3-month study visit and 206 

women (2S%) completed the 9-month visit. Participants were monetarily compensated 

($50) for each of the follow up visits. As part of each follow up visit, cytology and HPV 

analyses were obtained at the gynecologic exams. Two short follow-up questionnaires 

were administered to update the baseline information in terms of recent changes in 

cigarette smoking and sexual practices. All data were collected between September 1996 

and June 2000. Women completing follow up visits were statistically significantly more 

educated and less likely to be current smokers than women completing the baseline visit 

only (21), however, there were no differences in age, race, marital status, age at first 

intercourse, number of sexual partners, number of live births, oral contraceptive use and 

ever having a Pap smear. 

GynecologiGal Examination. Gynecologic exams were conducted at all visits. 

During each exam, Pap smears were collected and exfoliated cervical cells were 
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suspended in transport media (Digene Corp., Beltsville, MD) for later HPV analysis. At 

the 3 and 9-month study visits, colposcopy of the vulva, vagina, and cervix was ' 

conducted with attention placed on identifying HPV related skin changes using standard 

procedures (22,23). At the 3-month study visit, biopsies were collected on lesions 

suggestive of CIN 2 or greater by colposcopy, to obtain histology and confirm diagnoses. 

At the 9-month study visit, biopsies were obtained to confirm diagnoses on any lesion or 

HPV related changes observed by colposcopy. 

HPV Analysis. HPV status at the baseline and follow-up visits was determmed 

using Hybrid Capture™ II (Digene Corp, Beltsville, MD), high-risk probe (Probe B) to 

detect high-risk HPV types 16,18,31,33,35,39,45,51,52,56, 58,59 and 68. This 

chemiluminescent detection method utilizes a signal amplified hybridization capture 

system within a microtiter plate. Positive samples were defined as a ratio of greater than 

1 relative light units (RLU) of sample divided by relative light units of a positive control. 

Repeat testing was conducted on samples with equivocal readings (range I RLU to 2 

RLU) with results of >1 RLU classified as positive. Samples with repeated values less 

than 1 RLU were analyzed a third time and classified based on the results of the two 

concordant results. Approximately, 1 pg of viral DNA per ml of sample can be detected 

by this method (24). 

Dietary Intake Analysis. Trained interviewers administered the Arizona Food 

Frequency Questionnaire (AFFQ) at the 3-month visit. The AFFQ is a modification of 

the dietary portion of the BlockNCI Health Habits and History Questionnaire 

(HHHQ)(Block 1986) and includes foods common to the southwest (i.e., salsa, burritos) 
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as well as low-fat food items. Vitamin supplement duration and dosage are also included, 

along with type and brand when possible. This optically scannable, semi-quantitative 

questionnaire measured participants' usual intake by asking questions regarding the 

fi:equency and portion size of 1S3 food items over the previous 3 months. The validity 

and reliability of this questionnaire have been investigated through comparisons with four 

24-hour food recalls, as well as repeated administration after I year of both AFFQ and 

four 24-hour recalls (25) or four dietary records (26) in two different prospective studies. 

Nutrient values were calculated &om the participants' reported dietary and 

supplement intake using the USDA's Continuing Survey of Food Intake of Individuals 

(CSFII-86) and National Food Consumption Survey (NFCA 87-88). Carotenoids were 

updated &om the USDA-NCC Carotenoid Database (1998). The dietary calculations 

used age-specific portion sizes for women. From these databases, nutrient values were 

obtained for vitamin A, carotenoids (a-, and P-carotene, lycopene, lutein + zeaxanthin), 

vitamin C, and vitamin E. 

Total dietary nutrients, total nutrient intake from both food and supplement 

sources, and individual food groups were treated as categorical variables. Due to the 

small sample size, tertiles were created for each nutrient and food group based on the 

frequency distribution in the intermittent HPV group. 

Statistical Analysis. Using the results from the Digene Hybrid Capture^ II 

System, the definition and distribution of HPV persistence status of participants included 

in this analysis are presented in Table 1. Since the^iypothesis of this study addressed the 

association of dietary antioxidant nutrients with HPV persistence, participants needed to 
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have had at least one HPV infection and follow up to determine whether or not the 

infection was persistent. 

HPV persistence was defined as women who were positive for any oncogenic type 

HPV infection at 2 or more consecutive time points. One hundred thirty one (38%) 

women had a persistent infection, of which 51 (15%) participants had a positive test at 3 

consecutive time points. Women who were positive for any oncogenic type infection at 

one or more nonconsecutive time points were classified ^ having intermittent infections. 

Seventy (20%) participants had an intermittent infection of which 56 (16%) were positive 

only at baseline. An exception to the intermittent definition was women who tested 

negative for HPV until the last time point, and then tested positive (n=24). These women, 

along with 121 women with no HPV infection were excluded firom the final analysis. 

The final analyses were conducted only with participants who had either HPV persistent 

or intermittent infections and a plasma sample available for nutrient analysis (n=201). 

To test the hypothesis that low dietary antioxidant intake are associated with HPV 

persistence two groups were compared: women with persistent infections and women 

with intermittent infections. Nutrient intake levels were analyzed by dividing the 

continuous measures into tertiles based on the distribution in the intermittent group. 

Baseline socio-demographic variables, cervical neoplasia risk factors determined in the 

literature, as well as energy and body mass index (BMI) were assessed using bivariate 

analysis. Chi-squared analyses were used for categorical variables while two-sample t-

tests or analysis of variances were used for continuous variables. Bivariate analyses were 

conducted for age, race, education, marital status, cigarette smoking history, age at first 
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intercourse, life-time number of sexual partners, number of live bi^, number of 

pregnancies, oral contraceptive use, Depo Provera use. Pap smear history, BMI, aiid total 

energy intake. Non-nutrient risk factors associated with both HPV persistence and any 

dietary or plasma nutrient at p ^ 0.2 were assessed in multivariate logistic models. To 

maximize statistical power, only those variables associated with both nutrient status and 

HPV persistence were retained as covariates using multivariate analysis. Backwards 

stepwise elimination was performed, and only significant variables, i.e., p < O.OS, were 

retained. Age at first intercourse, marital status, and BMI were retained in the final 

model as well as age to be consistent with the literature. Due to the high inter-correlation 

of the nutrients, the HPV persistence risk of each nutrient intake was estimated 

individually. Pearson correlation coefficients were estimated between the dietary 

nutrients using the log transformed nutrient values since they were highly skewed. 

Multivariate logistic regression was performed to obtain an estimate of the association, 

odds ratio (OR), and 93% confidence intervals (CI) of each nutrient and HPV persistence. 

Treating the categorical nutrient variables as continuous in multivariate logistic 

regression assessed linear trends. All statistical tests performed were two-sided. 

Statistical analyses were performed using Intercooled Stata Version 7.0 (Stata 

Corporation, College Station, TX). 

To assess the effect of potential misclassification of HPV persistence status, 

analyses were performed with and without those participants whose HPV status were 

baseline-positive, 3-months-negative, 9-months-positive (n=6) or baseline-negative, 3-

months-positive, 9-months-negative (n=8). As the inclusion of these participants did not 
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alter the study findings, these participants were included in the intermittent group in the 

final analyses. 

RESULTS. 

The socio-demographic and risk factor characteristics of participants with either 

intermittent or persistent HPV infection are presented in Table 2. The majority of 

participants were cunently not married, 22 years of age or older, white, with a BMI of 

23.4 or less, and had completed some college or more. About half of the participants 

reported smoking more than 100 cigarettes during their live-times. Approximately 69% 

of participants had 5 or more lifetime number of sexual partners and S3% had initiated 

sexual activities before 17 years of age. The majority of participants was current users of 

oral contraceptives (OC) or had used them in the past, and only 18% of participants had 

ever used Depo Provera. In this sexually active population, most participants had 

received a Pap smear. Seventy-seven percent of participants reported never having a live 

birth. 

The daily dietary intake characteristics are reported in Table 3. The most 

commonly consumed carotenoid was lycopene (mean, 4367.7 ^g/day), followed by P-

carotene (3614.0 ^g/day), lutein (2273.9 |ig/day), and a-carotene (630.S ^g/day). In this 

cohort, the mean daily reported dietary intake of vitamin E was 6.7 mg a-TE, which is 

below the estimated average requirement (EAR) of 12 mg a-tocopherol per day and the 

recommended daily average (RDA) of IS mg a-tocopherol per day for women age 19 to 

50 years (27). The mean daily vitamin C level was 214.9 mg, which is considerably 

higher than the EAR of 60 mg and RDA of 75 mg per day in women aged 19 to 50 years 
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(28). Furthermore, the mean daily vitamin A level was 7387.8 lU, which is higher than 

the RDA of2664 lU (800 RE) (29). Ninety-four (47%) women reported consummg at 

least one type of vitamin supplement. Among this group, mean intake &om the vitamin 

supplements was 4897 lU for vitamin A, 361 mg for vitamin C, and 106 lU for vitamin 

E. Only one participant reported specifically consuming ^-carotene supplements. 

Pearson correlation coefBcients of log transformed a-carotene, P-carotene, lutein, 

and lycopene dietary intake measures ranged between 0.41 to 0.84. The highest 

correlation was found between a- and P-carotene (r=0.84), which are found in similar 

food sources; the lowest correlation was observed between a- carotene and lycopene 

(r=0.41). 

The association between specific dietary nutrient intake and HPV persistence is 

reported in Table 4. Increased intake of dietary vitamin E was significantly inversely 

associated with HPV persistent infection in both unadjusted and adjusted models (p for 

trend, 0.033). Risk of HPV persistence was 0.40 (95% CI=0.18-0.91) among women 

consuming the highest level of vitamin E adjusting for potential confounding. Dietary 

lutein was inversely associated with HPV persistence although a lutein trend was 

marginally significant (p=0.054). A possible threshold effect was observed for lutein, 

with a decrease in risk of 50-63% in women consuming intakes of 1042.4 (ig/d or greater 

compared with women consuming less than 1042.4 |ag/d of lutein. Although not 

statistically significant, a modest decreased risk of HPV persistence was associated with 

vitamin C. In both unadjusted and adjusted models, vitamin A, a-carotene, P-carotene, 

and lycopene were not associated with HPV persistence. No association with HPV 
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persistence was observed between combined measures of dietary and supplement intake 

for vitamins A, C and E in either unadjusted or adjusted models (data not shown). 

The unadjusted and adjusted associations between fruit, vegetable, and juice 

intake and HPV persistence are reported in Table 5. While HPV persistence was less 

likely for higher consumption of fruit and juice consumption, vegetable consumption was 

inversely associated with HPV persistence (p for trend, 0.033). 

DISCUSSION. 

Infection with oncogenic HPV is the primary etiologic factor for the development 

of cervical cancer (30). While HPV is a necessary cause of cervical carcinogenesis, HPV 

infection alone may not be sufficient to produce disease, necessitating the presence of 

other cofactors for HPV infection to progress to neoplasia. The present study was 

conducted to elucidate the possible role of antioxidant nutrients as factors in the 

development of cervical dysplasia by investigating whether intake levels of specific 

dietary antioxidants were associated with HPV persistence. Over a 9-month period, the 

usual dietary intake levels of vitamin A, a-carotene, p-carotene, lutein, lycopene, and a-

tocopherol were compared between women with persistent HPV infection and women 

with intermittent HPV infection. After adjusting for potential confounders, our results 

suggest that increased dietary intake of vitamin E and lutein may be associated with 

decreased HPV persistence. 

Most studies of diet, cervical dysplasia and cancer utilized a retrospective design, 

and were unable to assess the association between-diet and HPV persistence. While no 

studies have addressed dietary measures and HPV persistence, one prospective study (20) 
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has addressed the associatioa of HPV persistence with circulating.antioxidant nutrient 

status and reported an increased risk of viral persistence with lower levels of a-

tocopherol. 

Studies investigating the associations of antioxidant nutrients and cervical 

neoplasia have yielded inconsistent results. A small case-control study, lacking statistical 

power, conducted in black women reported a protective nonsignificant association of 

vitamin E intake and CINI-CIS after adjustment for covariates including HPV infection 

(14). However, a nested case-control study showed a 50% reduction in SIL in the highest 

quintile among women who were HPV DNA at enrollment, although a lack of trend, 

HPV measured only at enrolhnent, and small numbers limits the interpretation of this 

study (31). A greater dietary intake of vitamin E, measured by FFQ, has been associated 

with lower rates of invasive cervical cancer in a case-control study (15). In contrast, this 

association was not observed in another case-control study (32), however, this study did 

not assess HPV status of the participants instead adjusted for other factors such as church 

attendance. 

Our results also suggest a possible inverse association between lutein and HPV 

persistence although this trend was not statistically significant. Since lutein is foimd in 

green vegetables, this result is consistent with our finding of an inverse association 

between HPV persistence and vegetable consumption. Numerous studies have 

investigated the role of dietary intake of fiuits and vegetables and cervical carcinogenesis 

(15,33,34,35). Despite inconsistencies in study results, overall dietary intake of fruits 

and vegetables appears to be protective against cervical neoplasia. Evidence of a 
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potential protective effect of &uits and vegetables has led to research exploring the role of 

individual carotenoids in cancer prevention. 

Until recently the dietary databases used to calculate daily intake values did not 

incorporate individual carotenoids except for p-carotene, however, only a few studies 

have examined dietary lutein levels. None of the prior studies reported an association 

between dietary (13,14) or circulating (13,14,36,37,38) lutein levels and the risk of 

cervical dysplasia and cancer. Several reasons may explain the potential protective effect 

observed with lutein in our study. Lutein may only be active in the early stage of 

carcinogenesis, HPV persistence, but not in more advanced disease states such as high-

grade squamous intraepithelial lesion (HgSIL) and cancer. These current results are 

consistent with our earlier study (20) addressing HPV persistence and serum lutein levels 

but inconsistent with the plasma nutrient values from this cohort (39). Furthermore, 

carotenoid consumption patterns may be different in various populations. In this 

Southwest cohort, the major sources of lutein were spinach, Mexican dishes, lettuce, dry 

cereal, and broccoli, foods that may not have been consumed as commonly in other study 

populations. Further investigation is necessary to elucidate the role of lutein and HPV 

persistence. 

The primary mechanism by which vitamin E and lutein could fimction in cancer 

prevention has been hypothesized through their role as lipid-soluble antioxidants. 

Antioxidants prevent damage due to oxidative stress caused by fixe radical molecules 

(40),(41) that produce a decrease in immune function (42) and an increase in viral 

replication (43). Antioxidant molecules scavenge highly reactive oxygen species, thus. 
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eliminating them fi:om circulation and preventing cellular damage. The overall 

antioxidant properties of lipids are the most pronounced for the tocopherols, and vitamin 

E (41), thus preventing cell membranes firom lipid peroxidation. 

Recent evidence indicates that firee radical reactive oxygen species (ROS) initiate a 

biological cascade resulting in the phosphorylation of transcriptional factors including 

AP-1 (44). This transcriptional factor is responsible for the expression of numerous 

genes that can modify cell growth and apoptosis (44). Antioxidants have been shown to 

modify the expression of the genes associated with the transcriptional AF-1 complex 

through their ability to quench free radicals and change the redox status of the cells. The 

AP-1 complex is a central transcription factor of the HPV oncogenic proteins E6 and E7 

(45). An in vitro study demonstrated the impedance of viral transcription in HPV type 

l6-immortalized keratinocytes treated with the antioxidant pyrrolidine-dithiocarbamate 

due to alteration of the AP-1 transcriptional complex (46). Antioxidants can possibly 

decrease viral load, thereby decreasing persistence and progression to disease. 

In our data, dietary vitamin E levels in the highest tertile (>8.S3 mg a-tocopherol 

equivalence per day) were associated with the greatest protection against HPV 

persistence. This intake level is below the EAR of 12-mg a-tocopherol per day and the 

RDA of 15-mg a-tocopherol per day for women age 19 to 50 years (27), and corresponds 

to consumption of about 4 Yz tablespoons of vegetable oil or margarine per day. Li our 

study population, the primary dietary sources of vitamin E were fortified cereals, 

Mexican dishes, tomato sauce, pizza, bran cereal well as salad dressing. In contrast to 

the observed protective association of dietary intakes of vitamin E, very high levels of 
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supplemental vitamin E did not confer protection. Dietary lutein levels of greater than or 

equal to 1,042.4 ^g per day were associated with protection. This intake corresponds to 

consumption of about SO g (% cup) of cooked spinach per day. 

The strengths and potential sources of bias need to be considered when 

interpreting the results from this study. This study was conducted prospectively over a 9-

month period with multiple measures of HPV infection used to define disease status. In 

order to increase the number of women with an HPV infection, we over-sampled women 

with HPV DNA at baseline which mcreased the internal validity of our study. Only 42% 

of women invited into the follow-up phase of this study participated. Women who were 

recruited but did not participate were comparable to the women who did participate in the 

follow-up phase based on age, race, marital status, age at first sexual intercourse, life

time number of sexual partners, number of live births, oral contraceptive use, and ever 

having had a pap smear. Women who participated in the follow-up visits were more 

educated and less likely to be current smokers compared with women who were recruited 

and did not participate (21). While selection bias is possible, it is not likely to have 

occurred since this would require women with persistent HPV reporting low nutrient 

status or women with intermittent infection reporting high nutrient status to be less likely 

to participate. 

The small number of participants limited the statistical power. While this study 

had appropriate power to detect large differences in HPV status, more modest effects 

could not be detected. This study was able to detect odds ratios of 0.4 or less with 
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statistical power of 82%. Even though vitamin E and lutein were shown to be protective, 

multiple comparisons were not conducted. 

Misclassification of both the exposure and outcome variables is possible. Dietary 

intake measures are prone to bias due to poor nutrient intake measurements. Considering 

HPV infection is often transient and the definition of HPV infection is dependent on the 

number of collective time pomts, misclassification may have been introduced into our 

definition of HPV persistence. Misclassification due to .our definition of HPV persistence 

or misreporting of dietary intake would have likely been nondifferential and thereby 

biased our results towards the null value. In order to reduce the potential effect of 

misclassification of our outcome measure, HPV persistence, analyses were conducted 

with and without women categorized as either -+- or +-+, over the 3 study visits. Since 

these analyses did not alter the estimated odds ratio, both HPV status groups were 

retained in the final analysis. 

Another limitation is the lack of type specific liPV persistence. In our study we were 

able to determme any oncogenic type HPV persistence. Previously, the risk of cervical 

dysplasia has been shown to increase with either the same type or different Q'pe of 

oncogenic HPV persistence (7). Therefore, HPV persistence with an oncogenic type as 

determined in our study, provided a useful measure of subsequent cervical neoplasia risk. 

In conclusion, results fiom this study support a role for specific antioxidant nutrients, 

notably vitamin E, and possibly lutein, and vegetable consumption in the development of 

persistent HPV infection. These associations should be assessed in larger prospective 

studies that include longer follow-up periods. 
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Table 1. Definition and distribution of HPV penistence status over a scheduled 9-nionth time 
period, n*346 

HPV results' 
(baseline, 3-mo. 9-mo) 

Percentage 

Persistent 
+ + + 
+ + -
.++ 
+ + 

Total 

51 
22 
6 

52 
131 

14.7 
6.4 
1.7 

15.0 
37.9 

Intermittent 
+ --

+ .+ 
+ . 

Total 

34 
8 
6 

22 
70 

9.8 
2J 
1.7 
6.4 

20.2 

Negative or incident' 

- + 

Total 

67 
12 
54 
12 

14S 
' Hybrid capture II™ results «t baseline, 3 monllu, and 9 months scheduled viiits, mpcclivdy. 
' Dropped from analyses. 

19.4 
3.5 

15.6 
3.5 

4L9 
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TaUe 2. Soci(Hicmognipliic and risk factor characteristics of study partfdpaats. 

a ' Percentage 
AgeC^ean) 

<32 95 47J6 
23.25 41 20.40 
 ̂ 65 3134 

Race 
White 160 79.60 
Hispattic 31 15.42 
Other to 4.98 

EdueadoH 
SH.Sy Vocational 57 28J6 
^me College 144 71.64 

MarittUSuuus 
Sincle 141 70.15 
Married 17 8.46 
Cohabitias 23 11.44 
Divorced/Separated 20 9^5 

Body Mm Indtx 
<21.46 80 39.40 
21.46-23.40 47 23J8 
>23.40 74 36.82 

C^areOe smoking 
Never 99 49.25 
Ever 102 50.75 

Age @ I' iiUercoMtse 
216 yean 63 3U 
17-18 years 80 39.8 
a9 years 58 28J 

Ufe-dme # sexual partners 
I 10 5.03 
2-4 51 25.63 
5-9 66 33.17 
210 72 36.18 

it ofW/t-bMu 
None 158 78.6 
1-6 43 21.4 

Oral coniracepttye use 
Never 29 14.43 
Current 83 41J9 
Past 89 44.28 

DepoFrovera 
Never 164 81.59 
Ever 37 18.41 

STD history 
Never 131 65.17 
Ever 61 30J5 
Unknown - 9 4.48 

Pap Smear 
Never 14 657 
Ever 187 93.03 
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Table 3. Daily dietary intake characteriitia of participanti in final analysis'. 

Mean SO Min Max 

Macromitrientt 
Total Energy (kcal) 2271.6 1124 J 38SJ 7180.4 
Total Fat (gnu) 7U 42J 7.4 282J 

% fat as total energy (%) 27.6 7.0 8.2 50.6 
Saturated Fat 27J 17.7 2.2 108.7 
Monounsaturated Fat 23.7 15.4 2.1 114.0 
Polyunsaturated Fat 20.2 10.8 3.1 60.1 

Protein (gms) 90.9 48J 17,1 289.9 
Carbohydrates (gms) 318.2 163.5 37J 1087.4 
Total Fiber (gms) 27.1 22J 2J 175.0 

lUicronulrieiUs 
Vitamin A (lU) 7387J 5877.7 664.6 29885.6 
P-carotcne(ixg) 3614.0 3997.6 196.6 36843.0 
a-carotene (pg) 630.5 1356.0 1.83 14555.5 
Lutein (^g) 2273.9 3020.0 16J 23637^ 
Lycopene (^g) 4367.7 4116.6 224.8 30682.5 
Vitamin C (mg) 214.9 164.0 18.9 12S5J 
Vitamin E (a-TE mgs) 6.7 3.7 1.1 21.6 

MicroHutrietttsfrom Supplementt' 
ViUminA(lU) 4897.0 1992.9 1000.0 8571.4 
Vitamin C (m^ 360J 465.7 25.7 2142.9 
Vitamin E (III) 106.5 238.7 6.4 1422^ 
n=201 unless otherwise stated 

' n=79.94 
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TaMe 4. Asiocialion between specific nutrient intaice and HPV penistencct n'ZOl. 

Intermittent 
n 

Persistent 
n 

Crude OR Adjusted OR'(95% CI) 

VUttMlHA(liJ) 
Low (<4074.4) 24 48 1.00 1.00 
Medium (4074.4-77rJ) 23 40 0J7 0.75(055-1.64) 
High (>7727J) 23 43 0.93 051 (0J8-1.72) 

p for trend 9.570 

fi-cttrounetfjg} 
Low(<1899.1) 24 52 1.00 1.00 
Medium (1899.l-a334J) 23 34 0.68 056(0JS-1.23) 
Higli(>3334J) 23 45 OJO 051 (059-1.71) 

pforlrtHd 0.567 

a<aroUHe(M  ̂
i.oo Low(<l55J) 24 45 i.oo 1.00 

Medium (19S344M) 23 41 0.95 056(0.45-2.06) 
Higli (>449.4) 23 45 1.04 050(0.42-150) 

p for trend 0.774 

Luteinffigf 
Low (<1042.4) 24 67 1.00 1.00 
Medium (1042.4-2377.2) 23 27 0.42 057(0.13452) 
High (>2377.2) 23 37 058 050(054-1.07) 

p for trend 0.054 

Lycopenefpg) 
Low(<1971.0) 24 35 1.00 150 
Medium (1971.04771.7) 23 54 1.61 157(0.63-257) 
Higli (>4771.7) 23 42 1J5 059(0.44-250) 

p for trend 0.9Si 

VWmdnCimg) 
Low (<128.1) 24 48 1.00 1.00 
Medium (128.1-264.9) 23 47 1.02 0.77(056-1.66) 
High (>264J) 23 36 0.78 0.64(059-1.43) 

p for trend 0.277 

Mtamtn E (mg OFTE) 
Low(<S.17) 24 56 1.00 1.00 
Medium (S.17-S.S3) 23 44 052 0.76(056-1.61) 
High (>853) 23 31 058 0.40(0.18-051) 

p for trend 0.033 
Adjusted for age, age at first intercourse, marital status, and BML 
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TaMe 5. Auociatfon between fruit, juice, veceliMe intilic and HPV persiitence. 

Intermittent 
n 

Persislent 
n 

Crude OR' Adjusted 0R'''(9SV. CI) 

fnito® 
Low (<64 J) 23 54 1.00 1.00 
Medium (64^204.6) 23 47 0.87 0.89 (0.42-1J7) 
High (>204.6) 23 29 051 0.S9(0.r-IJ0) 

p for trend 0.206 

Juica(g} 
Low (<t 10.4) 23 50 1.00 1.00 
Medium (110.4-(06.7) 23 44 OM 0J2(0J8-1.7S) 
High (>406.7) 22 29 0.67 0.46(0.19-1.06) 

p for trend ftOTT 

yegetableifgf 
Low(<ll7.0) 23 64 r.oo 1.00 
Medium (117.0-207.4) 23 30 0.47 0J8 (0.17-0 J4) 
High (>207.4) 23 37 OM 0.46(0.21-037) 

0 for trend 0.033 

'Adjusted for age, age at lint intercoune, marital status, and BML 
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^Craft Technologies, Inc., Wilson, North Carolina, USA 

^Obstetrics and Gynecology, University of Arizona, Tucson, Arizona, USA 

INTRODUCTION. 

Epidemiologic research has determined that the human papillomavirus (HPV) is the 

primary etiologic factor for cervical cancer (I). The prevalence of HPV DNA among 

cervical samples from women with diagnosis confirmed invasive cervical cancer has 

been reported to be 99.7% (2,3), suggesting most if not all, invasive cancers are 

associated with at least one type of HPV infection. While there are numerous types of 

HPV infections, the development of invasive cervical cancer has been primarily 

associated with a few oncogenic types of HPV infection (2). Recent reports from HPV 

natural history studies suggest that most HPV infections are transient (4,5), whereby 

oncogenic HPV infections are more likely to persist (6,7,8). These data implicate HPV 

persistence as an important early step in cervical carcinogenesis. 

Despite HPV infection being^ identified as a necessary cause for cervical 

carcinogenesis, the high prevalence of HPV infection relative to the low incidence of 

cervical intraepithelial neoplasia (CIN) and cervical cancer suggests that HPV infection 

alone may be insufficient to produce disease. Other factors may be required for HPV 

infection to progress to neoplasia. Epidemiologic research suggests that antioxidant 
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nutritional factors may play a role in the persistence of HPV infection (9) and 

development of CIN (10). 

The carotenoids and tocopherols have antioxidant properties that may influence HPV 

persistence by preventing damage due to oxidative stress caused by free radical 

molecules (11,12). Free radicals have been shown to produce a decrease in immune 

function (13) and an increase in viral load (14), which are important events in the 

establishment of a persistent HPV infection. Furthermore, antioxidants have been shown 

to produce a decrease in HPV viral transcription in vitro (1S). Therefore, antioxidants 

may play a role in clearing HPV infection. 

This cunent study was conducted to test the hypothesis that a higher circulating level 

of specific antioxidant carotenoids and tocopherols reduce the risk of HPV persistence. 

Previously, we (9) reported lower serum levels of the nutrient antioxidants p-carotene, P-

cryptoxanthin, lutein and a- and y-tocopherol associated with HPV persistence in 

nonsmoking low-income Hispanic women. This study was conducted in a larger cohort 

and included smokers and non-Hispanic women. In addition, the analytical system for 

measuring plasma carotenoids was expanded to include many isomers of carotenoids 

commonly found in humans. In this article, we determine whether certaui circulating 

antioxidant nutrients, a-, ̂ -carotene, cis-p-carotene, lutein, zeaxanthin, cis-zeaxanthin, 

a-, p-cryptoxanthin, lycopene, cis-lycopene, a- and y-tocopherol are associated with 

HPV persistence. 
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MATERIALS AND METHODS. 

The Young Women's Health Study was a prospective cohort study designed to 

determine the association between tobacco use and risk for persistent HPV infection 

among healthy women receiving routine gynecological care at a reproductive health 

clinic in Southern Arizona. Enrolled women were followed for 9-months with clinic 

visits at baseline, 3- and 9-months. Data were collected on cytology, HPV status, and 

risk factors at each visit. Approval for this study was obtained by The University of 

Arizona's Human Subjects Conmiittee. Prior to study entry, all participants signed an 

informed consent form. A full description of this cohort has been previously published 

(16). 

Subjects. From September 1996 to August 1999,1,950 healthy women receiving 

routine gynecological care at a Planned Parenthood Clinic in Tucson, Arizona were 

approached for study participation. One thousand forty one (1,541) women met the 

eligibility criteria, and 1,342 women were enrolled in the baseline visit. The eligibility 

criteria included women age 18 to 35 years, who were currently sexually active or 

seeking birth control, residents of Tucson, Arizona, had not received treatment for CIN 

within the last 18 months, had not experienced an abnormal Pap smear in the last 18 

months, had no history of chronic illness, not currently pregnant and were more than 2 

months post partum, were still having menstrual periods (i.e., no hysterectomy), and had 

no relocation plans over the next 12 months. At the baseline visit, participants completed 

extensive self-administered questionnaires regarding socio-demographics, cigarette 
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smoking history and sexual behaviors. In addition, routine Pap smears were obtained, 

along with the collection of exfoliated cervical cells for the detection of HPV infection. 

Enrollment into the follow-up phases of this study was based on the women's 

HPV and smoking status at baseline. There was an emphasis on recruiting women who 

had an infection of any one of the thirteen oncogenic HPV types detected by Hybrid 

Capture^ n (Digene Corp, Beltsville, MD) and women who were cunent cigarette 

smokers at baseline into the 3 month study visit. Eight hundred twenty three (61%) 

women who completed the baseline visit were invited to participate in the follow up. 

Three hundred forty six women (42%) completed the 3-month study visit and 206 

(26%) women completed the 9-month visit. Participants were monetarily compensated 

($50) for each of the follow up visits. As part of each follow up visit, cytology and HPV 

analyses were obtained at the gynecologic exams. Two short follow-up questionnaires 

were administered to update the baseline information in terms of recent changes in 

cigarette smoking and sexual practices. All data were collected between September 1996 

and June 2000. Women completing follow up visits were statistically significantly more 

educated and less likely to be current smokers than women completing the baseline visit 

only (16), however, there were no differences in age, race, marital status, age at first 

intercourse, number of sexual partners, number of live births, oral contraceptive use and 

ever having a Pap smear. 

Gynecological Examination. Gynecologic exams were conducted on all 

participants at baseline, 3 and 9 months. Pap smears were collected and exfoliated 

cervical cells were suspended in transport media (Digene Corp., Beltsville, MD) for later 
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HPV analysis. At the 3 and 9-month study visits, colposcopy of the vulva, vagina, and 

cervix was conducted with attention placed on identifying HPV related skin changes 

among participants using standard colpolscopy practice (17,18). At the 3-month study 

visit, biopsies were collected on lesions suggestive of CIN11 or greater by colposcopy, to 

obtain histology and confirm diagnoses. At the 9-month study visit, biopsies were 

obtained to confirm diagnoses on any lesion or HPV related changes observed by 

colposcopy. 

HPV Analysis. HPV status at the baseline and follow-up visits was determined 

using Hybrid Capture™ II (Digene Corp, Beltsville, MD), high-risk probe (Probe B) to 

detect high-risk HPV types 16,18,31,33,35, 39,45, 51,52,56,58,59 and 68. This 

chemiluminescent detection method utilizes a signal amplified hybridization capture 

system within a microtiter plate. Positive samples were defined as a ratio of greater than 

I relative light units (RLU) of sample divided by relative light units of a positive control. 

Repeat testing was conducted on samples with equivocal readings (range 1 RLU to 2 

RLU) with results of >1 RLU classified as positive. Samples with repeated values less 

than I RLU were analyzed a third time and classified based on the results of the two 

concordant results. Approximately 1 pg of viral DNA per ml of sample can be detected 

by this method (19). 

Circulating Antioxidant Measures. At the 3- month clinic visit, fasting blood 

samples were collected on participants for quantitative assessment of circulating nutrient 

values. Participants were advised to avoid eating after 10:00 PM the evening prior to the 

blood draw. Fasting blood samples were collected by venipuncture using Monoject 
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evacuated tubes containing EDTA (Sherwood Medical, St Louis, MO). All samples were 

processed within I hour of collection. After separation into plasma, O.S ml aliquots were 

obtained. Samples were stored at -SO^C until analyses were conducted. 

Plasma samples were obtained from 285 participants (82%) at the 3-month study 

visit. Plasma samples were not obtained on 61 participants, because the phlebotomist 

was unable to find a vein, or only a small amount of blood was obtained, or patient 

refusal. Participants with and without a sample were comparable on age, race, education, 

marital status, and cigarette smoking, but were significantly different based on BMI 

(finding a vein is more difGcult in women with excess adipose on their arms). 

Nutrient analysis was conducted using High Pressure Liquid Chromatography 

(HPLC) (Craft Technologies, Inc.,Wilson, NC). This assay provided a quantitative 

measure of circulating concentrations of retinol, 9 carotenoids (a-, P-carotene, cis-^-

carotene, lutein, zeaxanthin, a-, P-cryptoxanthin, lycopene, c<s-lycopene), 3 tocopherols 

(a-, 5- and y-tocopherol), and 2 vitamin A compounds (retinol, retinyl palmitate). The 

analysis is a modification of the procedure described by Craft (20) for reverse phase 

HPLC. Briefly, ISO ^L aliquots of plasma were diluted with ISO ^L of water. Samples 

were then deproteinated by vortexing each sample with 300 ^L of ethanol containing 

tocol as an internal standard. Samples were extracted twice with 1 mL of hexane and the 

combined supernatant was evaporated under nitrogen. The residue was dissolved in 3S 

^L of ethyl acetate with vortex-mixing, then diluted with 100 ^L of mobile phase and 

ultrasonically agitated for 15 s prior to placement in the autosampler. A15 txL volume 
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was injected into the chromatographic system for analysis. The relative standard 

deviation ranged firom 3-10%. 

Statistical Analysis. Using the results from the Digene Hybrid Capture™ II 

System, the definition and distribution of HPV persistence status of participants has been 

reported previously (21). Since the hypothesis of this study addressed the association of 

dietary antioxidant nutrients with HPV persistence, participants needed to have had at 

least one HPV infection and follow up to determine whether or not the infection was 

persistent. HPV persistence was defined as women who were positive for any oncogenic 

type HPV infection at 2 or more consecutive time points. One hundred one (36%) women 

had a persistent infection, of which 39 (14%) participants had a positive test at 3 

consecutive time points. Women who were positive for any oncogenic type infection at 

one or more nonconsecutive time points were classified as having intermittent infections. 

Fifty-eight (20%) participants had an intermittent infection, of which 45 were positive 

only at baseline. An exception to the intermittent definition was women who tested 

negative for HPV until the last time point, and then tested positive (n=22). These 

women, along with 110 women with no HPV infection were excluded ftom the final 

analysis. Of the participants excluded from the analysis, 55 (20 %) were HPV negative at 

all three time points. The final analyses were conducted only with participants who had 

either HPV persistent or intermittent infections and a plasma sample available for nutrient 

analysis (n=159). 

To test the hypothesis that lower circulating levels of carotenoids and tocopherols 

were associated with increased HPV persistence two groups were compared: women with 
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persistent infections (n=104) and women with intermittent infecti9ns (n=58). Nutrient 

plasma levels were analyzed by dividing the continuous measures into tertiles based on 

the distribution in the intermittent group. Baseline socio-demographic variables, cervical 

neoplasia risk factors determined in the literature, as well as energy and body mass index 

(BMI) were assessed using bivariate analysis. Chi-squared analyses were used for 

categorical variables while two-sample t-tests or analysis of variances were used for 

continuous variables. Bivariate analyses were conducted for age, race, education, marital 

status, cigarette smoking history, age at first intercourse, life-time mmiber of sexual 

partners, number of live births, number of pregnancies, oral contraceptive use, Depo 

Provera use. Pap smear history, BMI, and total energy intake. Non-nutrient risk factors 

associated with both HPV persistence and any dietary or plasma nutrient at p ^ 0.2 were 

assessed in multivariate logistic models. To maximize statistical power, only those 

variables associated with both nutrient status and HPV persistence were retained as 

covariates using multivariate analysis. Backwards stepwise elimination was performed, 

and only significant variables, i.e., p < O.OS, were retained. Race was retained in the fimd 

model as well as age and cigarette smoking (p=O.OS2) to be consistent with the literature. 

Due to the high correlation of the nutrients, the HPV persistence risk of each nutrient 

intake was estimated individually. Pearson correlation coefficients were estimated 

between the dietary nutrients using the log transformed nutrient values since they were 

highly skewed. Multivariate logistic regression was performed to obtain an estimate of 

the association, odds ratio (OR), and 95% confidence intervals (CI) of each nutrient and 

HPV persistence. Treating the categorical nutrient variables as continuous in multivariate 
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logistic regression assessed linear trends. All statistical tests performed were two-sided. 

Statistical analyses were performed using Intercooled Stata Version 7.0 (Stata 

Corporation, College Station, TX). 

To assess the effect of potential misclassification of HPV persistence status, 

analyses were performed with and without those participants whose HPV status were 

baseline-positive, 3-months-negative, 9-months-positive (n=6). As the inclusion of these 

participants did not alter the study findings, these participants were included in the 

intermittent group in the final analyses. 

RESULTS. 

The socio-demographic and risk factor characteristics of participants with either 

intermittent or persistent HPV infection are presented in Table 1. The majority of 

participants were single, 22 years of age or older, white, with a BMI of 23.4 or less, and 

had completed at least some college education. More than half the participants reported 

smoking at least 100 cigarettes during their live-times. Approximately 79% of the 

women had 5 or more lifetime number of sexual partners and S7% had initiated sexual 

activities before 17 years of age. The majority of participants was currently using oral 

contraceptives or had used them in the past, and only 6.5% of participants had used Depo 

Provera. In this sexually active population, most participants had received at least one 

Pap smear. Seventy-six percent of participants reported never having a live birth. 

Socio-demographic variables and cervical cancer risk factors between women 

recruited for follow up visits and those women who participated in the follow up visits 

have been reported previously (16). Briefly, no differences were observed between 
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women participating in the baseline visit only compared with women participating in 

follow up visits on age, race, marital status, age at first intercourse, number of sexual 

partners, number of live births, oral contraceptive use, or ever having a Pap smear. 

Participants in the follow up phases were, however, statistically significantly more 

educated, less likely to be current smokers, and less likely to self-report a history of 

physician diagnosed sexually transmitted diseases (STDs) or an unknown STD status 

compared with participants in the baseline visit only. 

Circulating concentrations of carotenoids and tocopherols among participants 

with either intermittent or persistent HPV infection are shown in Table 2. The most 

abundant circulating carotenoid was lycopene (mean, 0.425 |iM), followed by cis-

lycopene (0.399 |iM), p-carotene (0.291 ^M), lutein (0.186 ^M), p-cryptoxanthin (0.136 

HM), a-carotene (0.071 |iM), zeaxanthin (0.060 |aM), a-cryptoxanthin (0.047 ^iM) and 

cMT-P-cryptoxanthin (0.047 ^M). In this population, the tocopherol with the largest mean 

concentration was a-tocopherol (mean, 20.961 |iM) followed by y-tocopherol (4.394 (iM) 

and S-tocopherol (0.231 ^M). The carotenoids were significantly intercoirelated with 

Pearson correlation coefficients ranging firom O.IS for p-carotene and lycopene and 0.70 

for lycopene and m-lycopene. 

Unadjusted and multivariate adjusted associations between individual carotenoids 

and HPV persistence are reported in Table 3. Increased circulating levels of c/^-lycopene 

were associated with HPV persistent infection in both the unadjusted and adjusted 

measures (p for trend, 0.046). Neither the unadjusted nor the adjusted measures of 

plasma a-carotene, P-carotene, cu-P-carotene, a-cryptoxanthin, P-cryptoxanthin, lutein. 
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lycopene, and zeaxanthin were associated with HPV persistence in this study population 

of young women. Furthermore, no association with HPV persistence was observed 

between a-, 6- or y-tocopherols (Table 4). A non-significant increase in risk was 

observed with increased plasma S-tocopherol levels. 

DISCUSSION. 

The primary etiologic factor for the development of cervical cancer is infection with 

an oncogenic HPV (1,22,23). However, HPV infection alone is not sufficient to 

produce disease without additional cofactors such as oral contraceptive use, cigarette 

smoking, infection with other sexually transmitted diseases, immunosuppression, and 

nutrient status (24). This investigation was conducted to address the possible role of 

antioxidant nutrients, as cofactors in the development of cervical dysplasia, by 

investigating whether circulating levels of specific carotenoids and tocopherols are 

associated with HPV persistence. Plasma concentrations of 9 carotenoids (a-, P-

carotene, cu-P-carotene, lutein, zeaxanthin, a-, p-cryptoxanthin, lycopene, cu-lycopene), 

and 3 tocopherols (a-, 5-, and Y-tocopherol) were compared between women with 

persistent HPV infection versus women with intermittent HPV infection or infection that 

became undetectable. To our knowledge, this is the first study to measure circulating 

carotenoid isomers (cu-p-carotene and cif-lycopene) and their association to HPV 

persistence in young women. After adjusting for potential confounders, our results 

provide evidence that higher circulating levels of m-lycopene appears to be protective 

against HPV persistence (p for trend, 0.046). A reduction of 56% was observed for 

women in the highest tertile of circulating m-lycopene compared with women in the 
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lowest tertile. No association with HPV persistence was observed for circulating a-

carotene, P-carotene, cu-P-carotene a-cryptoxanthin, P-cryptoxanthin, lutein, lycopene, 

zeaxanthin, and a-, 5- or y-tocopherols. 

A protective effect of &uit and vegetable consumption has led researchers to explore 

the role of individual nutrients, in particular the carotenoids, in cancer prevention (25). 

While this study reported a protective association between cu-lycopene and HPV 

persistence, no association was observed for the other carotenoids. Previous researchers 

that measured circulating carotenoids and cervical neoplasia have reported protective 

associations for a-carotene (26,27), P-carotene (9,27,28), a-cryptoxanthin (29), p-

cryptoxanthin (9), cryptoxanthin (27), lycopene (26,30). Only one study reported the 

association between circulating carotenoids and HPV persistence, which reported 

signiiBcant associations with p-carotene, P- cryptoxanthin, and lutein (9). In aggregate, 

these data suggest that carotenoids as a group provide some protection against cervical 

neoplasia. 

Previous studies addressing HPV persistence did not report a protective 

association with lycopene (9,31). An analysis conducted in a randomized clinical trial of 

P-carotene revealed no association with plasma lycopene levels and HPV persistence, 

although this study included women with no detectable levels of HPV DNA in their 

analysis (31). Furthermore, a previous small prospective study assessing HPV 

persistence did not find an association with serum lycopene levels (9). This study 

defined HPV persistence based on two time points', three months apart, which led to 

different definition of HPV persistence than was used in this study. 



137 

Similar to our findings, a protective association between higher lycopene levels 

and cervical dysplasia has been reported previously (26,27,30). After adjustment for 

HPV infection and smoking, Nagata et al (26) reported a statistically significant trend in 

dysplasia with increasing serum lycopene levels in 152 dysplasia cases and 152 aged-

matched controls. A protective association between both dietary and serum levels of 

lycopene and cervical dysplasia was also observed in a case-control study conducted in 

Chicago, Illinois (30). Although HPV infection was not assessed, a nested-case control 

study suggested (p for trend, 0.08) that increased levels of serum lycopene may be 

protective for cervical cancer (27). hi contrast, other studies have not substantiated the 

protective association of elevated circulating lycopene levels with cervical dysplasia or 

cervical cancer (28,29,31,32). These studies assessed the association of lycopene with 

cervical dysplasia, a later carcinogenic event than HPV persistence. 

Of the previous publications measuring circulating levels of lycopene (9,26,27,28, 

29,30,31,32), none distinguished between the trans- and m-isomer forms of lycopene. 

The majority of the previous research of both dietary and circulating antioxidant nutrients 

has primarily focused on the association with cervical dysplasia and cancer (10) rather 

than HPV persistence. Furthermore, the majority of these studies were case-control 

studies that either did not, or inadequately measured HPV infection. Our study suggests 

that lycopene is protective at an early stage of carcinogenesis, HPV persistence. The 

inconsistent protective effect of lycopene may be due to varying case definitions that 

include more advance precancerous lesions. 
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In this population of young women, the most abundant carotenoid was trans-

lycopene followed by m-lycopene. The primary dietary sources of lycopene in this 

cohort are from tomato juice, tomato sauce, pizza, and vegetable soup. While lycopene is 

found primarily as rram-lycopene in food sources, the cis form of lycopene comprises 

approximately 50% of blood lycopene levels (33,34). For example, consumption of 

tomato juice, containing most lycopene in the trans isomer, has been shown to greatly 

increase plasma concentrations of c/j-lycopene (33). The role of the c/^-isomer of 

lycopene has not been elucidated (33), although the elevated percentage of cis isomer of 

lycopene in the blood compared to the diet suggests a physiological role for the cis 

isomer. 

Lycopene may influence HPV persistence through its role as an antioxidant. 

Antioxidant molecules quench highly reactive oxygen species, thus, eliminating them 

from circulation (11,12). Thereby, antioxidant molecules such as lycopene may avert the 

damage due to oxidative stress caused by free radicals that produce a decline in immune 

function (13) and an increase b viral replication (14). Lycopene is the most efficient 

single oxygen quencher of the naturally occurring carotenoids, with free radical 

quenching activity reported as lycopene> a-carotene > P-carotene >lutein>cryptoxanthin 

(12). 

Free radical reactive oxygen species (ROS) initiate a biological cascade resulting 

in the phosphorylation of transcriptional factors including AP-l (36). This 

transcriptional factor is responsible for the expression of numerous genes that can modify 

cell growth and apoptosis (36). Antioxidants have been shown to modify the expression 
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of the genes associated with the transcriptional AP-1 complex through their ability to 

quench free radicals and change the redox status of the cells. The AP-1 complex is a 

central transcription factor of the HPV oncogenic proteins E6 and E7 (37). An in vitro 

study demonstrated the unpedance of viral transcription in HPV type 16-immortalized 

keratinocytes treated with the antioxidant pynolidine-dithiocarbamate due to alteration of 

the AP-1 transcriptional complex (IS), suggesting that antioxidant compounds can reduce 

HPV oncoprotein synthesis. 

While epidemiologic studies using serologic measures of a-tocopherol have 

suggested that these nutrients play a role in the early stages of carcmogenesis (9,29,38, 

39), this study along with others (32) did not observe the previous reported protective 

association. Furthermore, a protective role for circulating a-tocopherol levels has not 

been demonstrated at later stages of carcinogenesis (27,28). This study is consistent with 

previous research on a lack of association between S- and y-tocopherol and cervical 

neoplasia (27,29,32). 

The strengths and potential sources of bias need to be considered when 

interpreting the results from this study. This study was conducted prospectively over a 9-

month period with multiple measures of HPV infection used to define disease status. In 

order to increase the number of women with an HPV infection, we over-sampled women 

with HPV DNA at baseline. Only 42% of women invited into the follow-up phase of this 

study participated. Furthermore, although women with available blood samples were 

comparable on age, race, education, marital status,-and cigarette smoking status to 

women without blood samples, participants without samples had higher BMI values 
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(likely due to the difficulties in visualizing and sticking a vein). While selection bias is 

possible, it is not likely to have occurred since this would requite women with persistent 

HPV reporting low nutrient status or women with intermittent infection reporting high 

nutrient status to be less likely to participate. 

The low participation rate reduced sample size, thus limiting our ability to detect 

statistically significant differences. While this study had appropriate power to detect 

large differences in HPV status (OR=0.33), more modest effects could not be detected. 

Since HPV infection is often transient and the definition of HPV infection is 

dependent on the number of collected time points, misclassification may have been 

introduced into our definition of HPV persistence. Misclassification would likely have 

been nondifierential and thereby biased our results towards the null value since all 

women in our analysts had a least one HPV infection. In order to reduce the potential 

effect of misclassification of our outcome measure, HPV persistence, analyses were 

conducted with and without women categorized as over the 3 study visits. Since the 

estimated odds ratios were not altered, this HPV status group was retained in the final 

analysis. 

Another limitation is the lack of type specific HPV persistence. In our study we were 

only able to determine any oncogenic type HPV persistence. Previously, the risk of 

cervical dysplasia has been shown to increase with either the same Q^e or different Qrpe 

of oncogenic HPV persistence (7). Therefore, HPV persistence with an oncogenic type 

as determined in our study, provided a useful measure of subsequent cervical neoplasia 
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risk. In addition. Hybrid Capture IP* system is highly comparably to PCR (40,41,42) 

suggesting that the use of PCR in our study would have produced similar results. 

In conclusion, results firom this study suggest that elevated circulating levels of cis-

lycopene are protective in the development of the early stage of cervical carcinogenesis, 

HPV infection persistence. m-Lycopene may influence HPV persistence dirough its role 

as an antioxidant, and prevent damage due to oxidative stress caused by free radical 

molecules that produce a decrease in immune fimction a(id an increase in viral load. 

These findings suggest a role of m-lycopene may play a role in HPV persistence, the 

early carcinogenic event. 
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TaMc I. SociiHlemoiraphic and risk factor characleriitfa of itndy partidpanls. 

0 Percentage 
AgeOreaa) 

£21 S2 32.7 
22-25 56 35.2 
 ̂ 51 32.1 

Race 
While, Non-Hbpanic 125 78.6 
Hispanic 27 17.0 
Other 7 4.4 

Eibtcatlon 
£H.&/Vocational 48 30.2 
2Some College '111 69.8 

MarltiU Status 
Single 108 613 
Married 12 7.6 
Cohabitfng 21 13.2 
Divorced/Separated 18 IIJ 

Botfy Moss liuUx 
<21.46 67 411 
21.46-23.40 38 23.9 
>23.40 54 34.0 

Cigarette smoking 
Never 74 46.5 
Ever 85 S3J 

Age® I' intereoune 
^16 yean 90 56.6 
17-18 years 43 WJt 
219 yean 26 16.4 

LifeHmeU sexual partntn 
1-4 49 31.2 
5-9 SO 31J 
210 58 36J 

# ofttve-btnhs 
None 121 76.1 
1-6 38 233 

Oral contracepttve use 
Never 22 13J1 
Current 66 41.5 
Past 71 44.7 

Dtpo Proven 
Never 130 93J 
Ever 9 65 

Pap Smear 
Never _ II 63 
Ever 148  ̂
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TaMc 2. Circulating conctnlraiiMU of carotcnoids and tocophcrob at 3-montb rollow-ap of (tarticipanb in final analysis, 
n-IS9. 

Mean SD Min Max 

CaroUiwiib (fM) 
a-caroienc 0.071 0.058 0JII5 0.469 
P-carotcnc 0J91 0JI8 0JIS6 IJ52 
dt-̂ -carolcnc 0.047 0.024 0.004 0.134 
a-cryploMnthin 0.047 0.018 0.018 0.107 
P-cryptoxanlhin 0.136 0.062 0.038 0.427 
Lutein 0.186 0.065 0.046 0.432 
Zcaunthin 0.060 0.021 0.012 0.118 
Lycopcnc 0.425 0.173 0.080 1.106 
cb-Lycopcnc 0J99 0.166 0.099 1J06 

Tocopherob (/M) 
a-tocophcroi 20J6I 6i72 0.000 59.198 
5-locophcrol 0.231 0.164 0.000 0J25 
Y-iocophcrol 4J94 2J02 OJNM 18.643 

yitairinA (fiM) 
Rctinol 1.045 0.499 1.025 3.434 
Rctinyl Palmitaic 0.115 0.029 0.000 0.178 
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TiMe 3. AsMciidoB between specific cfrcnlating carolenoids and HPV pcnitlencc, n"IS9. 

Nutrients (|iM) Intermittent 
n 

Persistent 
n 

Crude OR Adjusted OR'(95% CI) 

cMUotene 
Low (<0.(M5) 20 40 1.00 1.00 
Medium (0.045-0.066) 19 28 0.74 0.74(0J3-1.73) 
High (>0.066) 19 33 0J7 0^6(0.42-2.16) 

PfortrtHd am 

-̂carotene 
Low (<0.181) 20 37 1.00 1.00 
Medium (0.181-OJ25) 19 39 1.11 1.11 (0.49-2.49) 
High(>0J2S) 19 25 0.71 0.79(0J3-1J4) 

pfortrend 0LS99 

ds-P-caroUne • 

Low (<0.030) 20 27 1.00 1.00 
Medium (0.030-0.048) 19 31 1.21 1.21(032-2^3) 
High (>0.048) 19 43 1.68 138(036-435) 

Pfortnnd OLIOS 

cKtyptoxamhin 
Low (<0.038) 20 32 IJM 1.00 
Medium (0.038-0.050) 19 29 OJM 0.90(039-2.10) 
High(>O.OSO) 19 40 1J2 1.68(0.72-3.88) 

pfortrend 0.220 

P-cryptoxauMtt 
Low (<0.114) 20 42 1.00 1.00 
Medium (0.114-1.443) 19 23 0.58 035(036-2.03) 
High (>1.443) 19 36 0.90 137(0.77-5.02) 

pfortttnd 0il62 

Lutein 
Low (<0.152) 20 35 1.00 1.00 
Medium (0.152-0.194) 19 25 0.75 032(035-139) 

High ̂ .194) 19 41 1.23 138(031-3.12) 
pfortttnd 0.433 

Zeaxamhin 
Low (<0.0S0) 20 39 1.00 1.00 
Medium (0.050-0.0596) 19 19 031 033(036-131) 
High (>0.0596) 19 43 1.16 136(0.67-3.65) 

pfortttnd 0J04 

Lyeoptiie 
Low(<0J75) 20 46 1.00 130 
Medium (0J75-0.490) 19 24 035 030(032-1.14) 
High (>0.490) 19 31 0.71 0.79(035-1.77) 

pfortttnd 0,490 

ds-Lycopene 
Low(<0J57) 20 51 lilO 1.00 
Medium (0J57-O.468) 19 26 034 037(035-139) 
Highp>0.468) 19 24 030 0.44(0.19-1.01) 

p/drtttnd 0,046 
Adjusted for age, race (white vs. non-white), snoldng statns at baseline (never vs. ever) 
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TaMe4.Asiociil{oa bctwtca spcciflccirculatini (ocophcnila and HPV pcniiicace, a-lS9. 

Nutrients OtM) Intermittent 
n 

Persistent 
n 

Crude OR Adjusted 0R'(9S% CI) 

et4ocoph€nl 
Low (<|8 J44) 20 42 1.00 1.00 
Medium (I8AM-22.0I3) 19 24 0.60 0.S8(0JS-1J4) 
Hiclî 22J)l3) 19 3S 0J8 0^3(0.4^ .̂Q9) 

Pfortttnt OlM 

SUKophenl 
Low(<0.i44) 20 28 1.00 1.00 
Medium (O.I444)J58) 19 34 1.28 1.27(0.56-2^8) 
High(>0 )̂ 19 39 1.47 1J8(0.6I-3.10) 

Pfortnnd 0.442 

r4ocopktnt 
Low(<3J68) 20 33 1.00 1.00 
Medium (3.aiM )̂ 19 33 I.0S 0.96(0.41.2.15) 
Higli(>4J68) 19 35 1.12 1.06(0.47-2J6) 

pfortrtHd Ikt94 
Adjusted for age, race (white vs. aon>white), smoking status at baseline (never vs. ever) 
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INTRODUCTION. 

Cervical cancer is the third leading cause of cancer in women, comprising 9.8% of 

new cancer cases woridwide (1). Infection with oncogenic human papillomaviruses 

(HPV) has been shown to be the primary etiologic factor for cervical cancer (2,3,4) as 

well as its precursor lesion, cervical intraepithelial neoplasia (CIN) (5,6). HPV 

infections are often transient (7,8) but persistent infections, especially with oncogenic 

types, can further increase the risk of cervical dysplasia (5,6). While infection with the 

sexually transmitted human papillomavirus is essential for cervical cancer, not all women 

infected with the virus progress to invasive cervical cancer. Nutritional factors, such as 

folate status, may be a contributing factor to the progression of HPV infection to 

neoplasia (9). 

Recent in vitro evidence indicates that HPV DNA methylation patterns are associated 

Avith viral transcriptional activity^ (10), suggesting methylation may be important in HPV 

persistence. Methylation of the upstream regulatory region of HPV prevented 

transcription in vitro, suggesting that methylation consequently would decrease viral 

proliferation (11). Folate, as well as other nutrients, may function to prevent cervical 
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cancer through their role in DNA methylation. In this pathway, 10-

methylenetetrahydrofolate is ineversibly reduced to 5-methyltetrahydrofolate by 

methylenetetrahydrofolate reductase (MTHFR) (12). Further along in this pathway, the 

vitamin Bi2-dependent enzyme, methionine synthase catalyzes the transfer of a methyl 

group from homocysteine to methionine and the simultaneous demethylation of 5-

methyltetrahydrofolate to tetrahydrofolate (13). Subsequently, methionine is converted 

to S-adenosyhnethionine (SAM), which is the primary donor for the methylation of DNA 

and RNA (14). In a secondary pathway influencing the pathway involved in the 

formation of SAM, homocysteine is converted to cysteine, which requires vitamin Bg as 

pyridoxal phosphate. 

Although an early clinical trial demonstrated that folic acid supplementation led to 

cytologic improvement (15), epidemiologic smdies assessing dietary folate intake have 

not shown a protective effect (16,17,18,19,20,21). A protective association of folate 

and dysplasia was observed when dietary Intake was measured using 24 hour recalls (22), 

but was not observed by other investigators (16,17,18). No association has been 

observed between dietary folate and cervical in situ (CIS) (19) or invasive disease (20, 

21). 

Studies addressing the association between cervical neoplasia and circulating folate 

and vitamin B12 levels have also been inconclusive. While a significant inverse 

association between fasting red blood cell (RBC) folate and CINI-HI was reported, in 

this same study, the inverse associations with serum and dietary folate measures were not 

observed (16). In other investigations, neither red blood cell folate or serum folate were 
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protective against dysplasia (23,24) or invasive cancer (25). In one study (23) women 

were more likely to be HPV-16 positive if RBC folate levels were below the hi^est 

tertile (< 660nmol/L). Two reports assessed circulating vitamin B12 levels but failed to 

observe a significant association with cervical dysplasia (24) and cancer (26). 

No previous study has prospectively evaluated the association between these nutrients 

and the early carcinogenic events, such as HPV persistence. This study was conducted to 

test the hypothesis that increased dietary intake of folate, vitamin Bu, vitamin Ba, and 

methionine, as well as circulating levels of folate and vitamin B12, are associated with 

decreased HPV persistence. 

MATERIALS AND METHODS. 

The Young Women's Health Study was a prospective cohort study designed to 

determine the association between tobacco use and risk for persistent HPV infection 

among healthy women receiving routine gynecological care at a reproductive health 

clinic in Southem Arizona. Enrolled women were followed for 9-months with clinic 

visits at baseline, 3- and 9-months. Data were collected on cytology, HPV status, and 

risk factors at each visit. The University of Arizona's Human Subjects Committee 

approved this study protocol. Prior to study entry, all participants signed an informed 

consent form. A full description of this cohort has been previously published (27). 

Subjects. From September 1996 to August 1999,1,950 healthy women receiving 

routine gynecological care at a Planned Parenthood Clinic in Tucson, Arizona were 

approached for study participation. One thousand £ve hundred forty-one (1,541) women 

met the eligibility criteria, and 1,342 women were enrolled in the baseline visit. The 
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eligibility criteria included women age 18 to 35 years who were .currently sexually active 

or seeking birth control, residents of Tucson, Arizona, had not received treatment for CIN 

within the last 18 months, had not experienced an abnormal Pap smear in the last 18 

months, had no history of chronic illness, were not cunently pregnant and were more 

than 2 months post partum, were still having menstrual periods (i.e., no hysterectomy), 

and had no relocation plans over the next 12 months. At the baseline visit, participants 

completed extensive self-administered questionnaires regarding socio-demographics, 

cigarette smoking history and sexual behaviors. In addition, routine Pap smears were 

obtained, along with the collection of exfoliated cervical cells for the detection of HPV 

infection. 

Enrolhnent into the follow-up phases of this study was based on the women's 

HPV and smoking status at baseline. There was an emphasis on recruiting women who 

had an infection for any one of the thirteen oncogenic HPV types detected by Hybrid 

Capture™ II (Digene Corp, Beltsville, MD) and women who were current cigarette 

smokers at baseline into the 3 month study visit. Eight hundred twenty three (61%) 

women who completed the baseline visit were invited to participate in the follow up. 

Three hundred forty six women (42%) completed the 3-month study visit and 206 

women completed the 9-month visit. Participants were monetarily compensated ($50) for 

each of the follow up visits. As part of each follow up visit, cytology and HPV testing 

was performed as part of the gynecologic exams. Two short follow-up questionnaires 

were administered to update the baseUne information for recent changes in cigarette 

smoking and sexual practices. All data were collected between September 1996 and June 
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2000. Women completing follow up visits were statistically sigmficantly more educated 

and less likely to be current smokers than women completing the baseline visit only (27), 

however, there were no differences in age, race, marital status, age at first intercourse, 

number of sexual partners, number of live births, oral contraceptive use and ever having a 

Pap smear. 

Gynecological Examination. Gynecologic exams were conducted on all 

participants at baseline, 3 and 9 months. Pap smears were collected and exfoliated 

cervical cells were suspended in transport media (Digene Corp., Beltsville, MD) for later 

HPV analysis. At the 3 and 9-month study visits, colposcopy of the vulva, vagina, and 

cervix was conducted with attention placed on identifying HPV related skin changes 

among participants using standard colpolscopy practice (28,29). At the 3-month study 

visit, biopsies were collected on lesions suggestive of CIN II or greater by colposcopy, to 

obtain histology and confirm diagnoses. At the 9-month study visit, biopsies were 

obtained to confirm diagnoses on any lesion or HPV related changes observed by 

colposcopy. 

HPV Analysis. HPV status at the baseline and follow-up visits was determined 

using Hybrid Capture™ H (Digene Corp, Beltsville, MD), high-risk probe (Probe B) to 

detect high-risk HPV types 16,18,31,33,35,39,45,51,52,56,58,59 and 68. This 

chemiluminescent detection method utilizes a signal amplified hybridization capture 

system within a microliter plate. Positive samples were defined as a ratio of greater than 

1 relative light units (RLU) of sample divided by.relative light units of a positive control. 

Repeat testing was conducted on samples with equivocal readings (range I RLU to 2 
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RLU) with results of >1 RLU classified as positive. Samples with repeated values less 

than 1 RLU were analyzed a third time and classified based on the results of the two 

concordant results. Approximately, I pg of viral DNA per ml of sample can be detected 

by this method (30). 

Dietary Intake Analysis. Trained interviewers administered the Arizona Food 

Frequency Questionnaire (AFFQ) at the 3-month visit. The AFFQ is a modification of 

the dietary portion of the Block NCI Health Habits and. History Questionnaire 

(HHHQ)(31) and includes foods common to the southwest (i.e., salsa, burritos) as well as 

low-fat food items. Vitamin supplement duration and dosage are also included along with 

type and brand when possible. This optically scannable, semi-quantitative questionnaire 

measured participants' usual intake by asking questions regarding the frequency and 

portion size of 153 food items over the previous 3 months. The validity and reliability of 

this questionnaire have been investigated through comparisons with four 24-hour food 

recalls, as well as repeated administration after 1 year of both AFFQ and four 24-hour 

recalls (32) or four dietary records (33) in two different prospective studies. 

Nutrient values were calculated &om the participants' repotted dietary and 

supplement intake using a database derived from the 1994 USDA Food Composition 

Database, the USDA Continuing Survey of Food Intake of Individuals 1994-1996,1998 

(CSFII) and the Nutrient Database for Standard Reference (NDBSR) (version 11-13). hi 

order to capture the additional folate due to fortification of enriched grain products, 

mandated by the U.S. Food and E)rug Administration (FDA) as of January 1, 1998 (34), 

two databases were utilized. Questionnaires completed on or after January 1, 1998 were 
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analyzed from the database, which mcluded the fortified grain products, while 

questionnaires completed prior to this date were analyzed without the updated 

fortification values. One hundred forty (140) participants completed the AFFQ prior to 

January 1, 1998, while 206 participants completed the AFFQ after this date. All dietary 

calculations used age-specific portion sizes for women. From these databases, semi

quantitative nutrient intake values were obtained for folate, vitamin B12, vitamin 65, and 

methionine. 

Circulating Folate and Vitamin B12 Measures. At the 3-month clinic visit, 

fasting blood samples were eollected on participants for quantitative assessment of 

circulating nutrient values. Participants were advised to avoid eating fiom 10:00 PM the 

evening prior to the blood draw. Fasting blood samples were collected by venipuncture 

using Monoject evacuated tubes containing EDTA (Sherwood Medical, St Louis, MO). 

All samples were processed within I hour of collection. After separation into plasma, 0.S 

ml aliquots were obtained and stored at -80°C until analyses were conducted. 

Plasma samples were obtained from 285 participants (82%) at the 3-month study 

visit and 180 participants (87%) who completed the 9-month visit Twenty women 

completed both the 3 and 9-month visits, but blood was obtained only at the 9-month 

visit The most common reasons for not obtaining blood were because the phlebotomist 

was unable to find a vein, only a small amount of blood was obtained, or the patient 

refiised. One hundred seventy (170) participants were analyzed for vitamin B12 while 

only 169 participants were analyzed for folate due to an madequate sample. Participants 
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with and without samples were comparable on age, race, education, marital status, 

cigarette smoking, and body mass mdex (BMI). 

The quantitative analyses of circulating plasma folate and vitamin B[2 were 

conducted using the Quantaphase II Bu and Folate Radioassay (Bio-Rad Laboratories, 

Inc., Hercules, CA) and conducted in duplicates. Plasma samples were filtered using 

serum filter columns (Image Molding, Denver, CO) prior to the RIA process. Briefly, 1 

ml of radiolabeled vitamin B12 and folate combined with dithiothreitaol (DTT) and 

cyanide was added to the standards and patient samples. Samples were placed in boiling 

water for 30 minutes to inactivate the endogenous binding proteins and to convert the 

various forms of vitamin Bt2 to cyanocobalamin. After the mixtures were cooled, 100 ^l 

of Microbead Reagent, consisting of immobilized, affinity-purified porcine intrinsic 

factor and folate binding protein were added to each sample. Samples were then 

incubated for 1 hour after which the samples were centrifuged and the supernatant 

discarded. The pellets, containing the bound vitamins, were measured using a gamma 

counter. Quantitative determinations of the vitamins were based on standard curves. 

Based on repeated measurements of a pooled plasma sample, the interassay coefficient of 

variation was 13%. 

Statistical Anafysis. Definitions of HPV status were determined based on the 

results fix)m the Digene Hybrid Capture^ II System as described previously (3S). Since 

the hypothesis of this study addressed the association of nutrients involved in methylation 

with HPV persistence, participants needed at least-one HPV infection and follow up to 

determine whether or not the infection was persistent. HPV persistence was defined as 
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women who were positive for any oncogenic HPV infection at 2 or more consecutive 

time points, while women who were positive for any oncogenic type infection at one or 

more nonconsecutive time points were classified as having intermittent infections. An 

exception to this definition was women who tested negative for HPV until the last time 

point, and then tested positive. These women, along with women who were consistently 

negative, were excluded firom the analyses. 

To test the hypothesis that low dietary intake levels of nutrients involved in the 

methylation pathway are associated with HPV persistence, two groups were compared: 

women with persistent infections and women with intermittent infections. Nutrient intake 

and plasma levels were analyzed by dividing the continuous measures into tertiles based 

on the distribution in the intermittent group. Baseline socio-demographic variables, 

cervical neoplasia risk factors determined in the literature, as well as energy and body 

mass index (BMI) were compared between exposure groups using bivariate analysis. Chi-

squared analyses were used for categorical variables while two-sample t-tests or analysis 

of variances were used for continuous variables. Bivariate analyses were conducted for 

age, race, education, marital status, cigarette smoking history, age at first intercourse, 

life-time number of sexual partners, number of live births, number of pregnancies, oral 

contraceptive use, Depo Provera use. Pap smear history, BMI, and total energy intake. 

Non-nutrient risk factors associated with both HPV persistence and any dietary or plasma 

nutrient at p < 0.2 were assessed in multivariate logistic models. To maximize statistical 

power, only those variables associated with both nutrient status and HPV persistence 

were retained as covariates using multivariate analysis. Backwards stepwise elimination 
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was perfonned, and only significant variables, i.e., p < O.OS, were retained. Age at first 

intercourse, marital status, race, and BMI were retained in the final model as well as age 

and cigarette smoking (p=0.052) in order to be consistent with the literature. Due to the 

high correlation of the nutrients, the HPV persistence risk of each nutrient intake was 

estimated individually. Pearson correlation coefGcients were estimated between 

circulating and dietary nutrients, using the log transformed nutrient values since they 

were highly skewed. Multivariate logistic regression was performed to obtain an 

estimate of the association, odds ratio (OR), and 95% confidence intervals (CI) of each 

nutrient and HPV persistence. Treating the categorical nutrient variables as continuous in 

multivariate logistic regression assessed linear trends. All statistical tests performed were 

two-sided and were performed using Intercooled Stata Version 7.0 (Stata Corporation, 

College Station, TX). 

RESULTS. 

The daily dietary intake and circulating nutrient concentrations of participants are 

reported in Table 1. The most commonly consumed B vitamin was vitamin Be (mean, 

2.2 mg/day), followed by folate (416.1 fxg/day), and vitamin Bti (4.7 |ig/day). The daily 

mean values for the B-vitamins were all above the estimated average requirement (EAR) 

of l.l mg, 320 |ig, and 2 |ig, respectively for women age 19 to 30 years as well as the 

recommended daily average (RDA) of 1.3 mg, 400 pg and 2.4 fig, respectively (36). 

The mean daily reported dietary intake of methionine was 1.7 gms in this cohort. Among 

study participants, the distribution of socio-demographic and risk factor characteristics by 
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tertiles of dietary intake and circulating measures are reported in Table 2. This cohort 

was comprised of primarily young single white women with some college education. 

Dietary folate, vitamin Bu, vitamin Eg, and methionine intakes were highly inter-

correlated. The lowest correlation observed was between vitamin B12 and folate (r=0.71), 

and the highest correlation observed was between vitamin Be and folate (r=0.92). The 

high correlation coefficients are likely due to simultaneous fortification of all these 

nutrients simultaneously in enriched grain products. Eighty-three (41%) women 

consumed vitamin supplements of folate, vitamin Be and Bt2. Among this group, mean 

daily intake firom the vitamin supplements was 433.8 mg for folate, 23.7 |jg for vitamin 

Bi2, and 8.0 |ig for vitamin Be. The correlation between circulating levels of folate and 

vitamin B12 was r=0.23. In this cohort, the correlation coefficients between diet and 

circulating folate and vitamin B12 were very low; r=0.11 for folate and r=0.15 for vitamin 

Bi2. 

The crude and adjusted odds ratios between specific dietary nutrients and HPV 

persistence are reported in Table 3. Although not statistically significant, an inverse 

association was observed between intake of dietary folate and HPV persistent infection in 

both unadjusted and adjusted models. Among women consuming the highest level of 

folate, risk of HPV persistence was 0.52 (95% CI=0.23-1.18). No associations were 

observed between HPV persistence and vitamins B12, Be and methionine. Furthermore, 

no association with PIPV persistence was observed between combined measures of 

dietary and vitamui supplement intake for folate, vitamin Be or vitamin B12 (data not 

shown). 
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The crude and adjusted odds ratios between circiilating nutrients and HPV 

persistence are presented in Table 4. While no association was observed for folate, a 

statistically significant association was observed with vitamin Ba. After adjustment, 

dietary vitamin B12 remained inversely associated with HPV persistence (p for trend, 

0.037). Women with circulating levels in the highest tertile (>493.2 pg/ml) of vitamin 

Bi2 were significantly less likely to have a persistent infection (OR=0.40,95% CI=0.17-

0.96). 

DISCUSSION. 

Infection with HPV is the major risk factor for dysplasia and cancer (2,4,37) 

with increased risk associated with a persistent oncogenic HPV infection (38). Folate, 

carotenoids, vitamin C, vitamin E, and retinols have been investigated as potential 

modifiers of cervical dysplasia and cancer risk (9). While numerous studies have 

addressed the association of folate with cervical dysplasia and cancer, none have 

addressed the association between folate and HPV persistence. The current prospective 

study was conducted to elucidate the role of nutrients involved in methylation, (i.e., 

folate, vitamin Bu, vitamin Be, methionine,) with HPV persistence. Dietary intake of 

folate, vitamin B12, vitamin Bg and methionine as well as circulating concentrations of 

folate and vitamin B12 were compared among women with HPV intermittent and 

persistent infections during a 9-month period. This study suggests that circulating 

vitamin B12 levels may be protective against HPV persistence after adjustment for 

potential confounders. No statistically significant reduction in HPV risk was observed 
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for dietary intake of folate, vitamin B12, vitamin Be, methionine or circulating 

concentrations of folate. 

Most studies of diet with cervical dysplasia and cancer have utilized a retrospective 

design, and were therefore, unable to measure HPV persistence. No study has previously 

addressed the association of vitamin B12 with HPV persistence, although a few studies 

have measured circulating vitamin B12 levels in association with cervical dysplasia (24) 

ft 
or cancer (26). Goodman et al (24) reported no association between circulating vitamin 

Bi2 and apical squamous cells of undetermined significance (ASCUS), low-grade 

squamous intraepithelial lesion (LGSIL) and high-grade squamous intraepithelial lesion 

(HGSIL). The racial distribution of that Hawaiian population included Japanese and 

Hawaiian in addition to Caucasians, which is very different &om our cohort including 

Hispam'cs the largest minority with primarily Caucasians. While these two cohorts likely 

consume very different diets, vitamin Bt2 metabolism may also be variable. In a nested 

case-control study (26), no association was observed with in situ or invasive cervical 

cancer, although a protective effect was observed for the highest versus the lowest tertile 

of serum Bu concentrations (OR=0.53,95% CI 0.16-1.75) after adjustment. That study, 

however assessed HPV-16 antibody status at baseline, and therefore, could not assess 

other oncogenic HPV types. 

Diminished vitamin B12 status may promote carcinogenesis through aberrant DNA 

methylation. Methionine synthase, a vitamin Bi2-containing enzyme, is responsible for 

catalyzing the transfer of a methyl group firom 5-methyl-tetrahydrofolate to 

homocysteine, thereby forming S-adenosylmethionine, which is the primary methyl 
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donor for the methylation of DNA (13). The transfer of one-carton units is essential for 

a variety of biological reactions including DNA synthesis. DNA methylation is used to 

regulate the transcription of various DNA regions. Highly methylated DNA regions are 

stable and prevent transcription, while hypomethylated areas are unstable, allowing 

transcription of the DNA region. DNA methylation plays a significant role in gene 

expression, DNA structural stability, and DNA damage and repair mechanisms (13,39), 

all of which are important in preventing carcinogenesis. Additionally, a decrease in HPV 

transcription has been shown in vitro when the regulatory upstream region is methylated 

(10,11) suggesting a role of methylation in the maintenance of HPV infection. An 

important step in the development of cervical carcinogenesis is the integration of HPV 

DNA into the host genome. In cell culture, integration of HPV type 16 has been shown 

to coincide with a common fragile site within the genomic chromosome (40), implying 

that methylation status and viral integration are related. This mechanism, while important 

for cervical neoplasia, probably is not involved in HPV persistence. 

Circulating B12 levels are determined by intake as well as body stores (36). The main 

dietary sources of vitamin B12 in this cohort included milk, beef, shellfish, cheese and 

Mexican dishes. The low correlation between dietary intake and plasma level was 

increased slightly when the combined measure of diet and supplement was compared 

with plasma. Others have reported a poor correlation between dietary intake measured by 

FFQ including supplement users and serum vitamin Bq (r^^ 0.25) in a population of 

women age 16 to 19 (41), which is comparable to our correlation coefBcient of 0.26 



166 

when supplements were included. This may explain why the relationship for circulating 

levels but not dietary intake demonstrated a protective association. 

There are several strengths to consider when interpreting the results of this study. 

This study was conducted prospectively over a 9-month period with multiple measures of 

HPV infection used to define disease status. This study was able to measure both dietary 

intake and circulating measures of folate and vitamin B12, within the same women. The 

database utilized to calculate folate nutrient values firom the AFFQ was established to 

account for the addition of fortified grain products to the American diet, as determined by 

the completion date of the AFFQ. 

Potential limitations need to be considered when interpreting the results firom this 

study. Only 42% of women invited into the follow-up phase participated. Women who 

participated in the follow-up visits were more educated and less likely to be current 

smokers compared with women who were recruited and did not participate (27). While 

selection bias is possible, it is not likely to have occurred unless women with persistent 

HPV and having low nutrient status or women with intermittent infection and having 

high nutrient status to be less likely to participate, which is unlikely. 

The small number of participants limited the statistical power. While this study 

had statistical power to detect large differences in HPV status, more modest effects could 

not be detected. In the dietary analyses (n==201), the study was able to detect odds ratios 

of 0.4 or less with statistical power of 82%, compared to 75% power in the plasma 

analyses (n=170). 
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In this study Qpe specific HPV persistence was not measured. Using the Hybrid 

Capture IP*, only the presence of any oncogenic type could be detected, therefore, only 

overall HPV persistence was meastired. Although same Q'pe infection confers greater 

risk, the risk of cervical dysplasia has been shown to increase with either the same type or 

different type of oncogenic HPV persistence (5). Therefore, HPV persistence with an 

oncogenic type, as determined in our study, should provided a useM measure of 

subsequent cervical neoplasia risk. In addition, the Hybrid Capture IF" system is highly 

comparable to PCR (42,43,44) suggesting that the use of PCR in our study would have 

produced similar results. 

In conclusion, results from this study suggest that elevated circulating levels of 

vitamin B12 are protective in the development of HPV persistence possibly through its 

role in methylation. These finding suggest a role for vitamin B12 in preventing early 

events in the development of cervical carcinogenesis. 



T>Ue I. Daily dietary intake and circulating nutrient leveit of ttudy participanti. 

Mean SD Min Max 

Dieuuy liuatefiomfiodi 
Micromtiriaiv 

Folate ((ig) 41<!.l 264.6 63.7 2126.5 
Vitamin Bii(^ 4.7 2S OJ 15.8 
Mcthioaittc(gni) 1.7 1.0 01 5.8 
Vitamin B( (mg) 2.2 IJ OJ 13 

Supptemau Intake  ̂
Folate (^g) 433J 179.8 107.1 935.7 
Vitamin Bit ((ig) 23.7 65.0 U 571.5 
Vitamin Bt (mg) 8.0 11.7 OS 53.4 

PliamaLevtb 
Folate (ng/ml)' 8.4 .3-6 2.1 20.2 
Vitamin Bii(Dc/mn' 417.6 17U 155.2 1165J 

'n=83 
^B-169 
*n-l70 



Table 2. DUtribulion of (ocio-deniognipbic and ritb factor characteristics by tertiles of dietary intake and circulating measures among study participants. 

Dietary Inlalte Plasma Levels 

Tertita 
Folate (|ig/ day) 
1 2 3 

Vitamin Bu(|ig/day) 
1 2 3 

Folate (ng/mL) 
1 2 3 

Vitamin Bu(pg/mL) 
1 2 3 

N 77 66 58 65 78 58 50 52 67 74 51 45 

Age (years), mean (SD) 24(4) 25(4) 23(4) 24(4) 24(4) 23(4) 23(4) 25(5) 24(5) 25(4) 24(5) 23(5) 

Itace {%) 
While 
Hispanic 
Oihier 

85.7 
9.1 
5.2 

84.9 
10.6 
4.6 

65.5 
29.3 
5.1 

86.2 
7.7 
6.2 

79.5 
16.7 
3.9 

72.4 
22.4 

5.2 

72.0 
22.0 
60 

84.6 
11.5 
3.9 

80.6 
16.4 
3.0 

87.8 
9.5 
2.7 

68.6 
23.5 
7.8 

77.8 
20.0 
2.2 

Educalion, (% iSome College) 70.1 68.2 77.6 73.9 71.8 69.0 66.0 67.3 77.6 74,3 29.4 33,3 

Martial Slants 
Single 
Married 
Cohabiting 
Divorced/Separated 

64.9 
11.7 
7.8 

IS.6 

72.7 
7,6 

12.1 
7.6 

74.1 
5.2 

15.5 
5.2 

64.6 
10.8 
10.8 
13.9 

74.4 
11.5 
7.7 
6.4 

70.7 
1.7 

17.2 
10.3 

60.0 
14.0 
14.0 
12.0 

67.3 
7.7 

13.5 
11.5 

73.1 
4.5 

11.9 
10.5 

66.2 
10,8 
14,9 
8,1 

70.6 
5.9 

13.7 
9.8 

66.7 
6.7 
8.9 

17.8 

Body Mass Imlex, mean (SD) 23.8 
(5.5) 

23.6 
(5.2) 

22.8 
(4.5) 

23.5 
(5.2) 

23.6 
(5.1) 

23.1 
(5.3) 

24.3 
(61) 

23.3 
(4.2) 

22.9 
(5.6) 

23,3 
(5.1) 

24.0 
(6,4) 

23.1 
(4,5) 

Total energy (kcal), mean (SD) 1221 
(531) 

2127 
(717) 

3095 
(1278) 

1248 
(624) 

1933 
(704) 

3138 
(1257) 

2322 
(1312) 

2091 
(1401) 

1879 
(856) 

2041 
(956) 

1959 
(983) 

224 
(1668) 

Cigarette smoking (% Ever) 48.1 50.0 55.2 52.3 43.6 58.6 48.0 55.8 53.7 54,1 51,0 53,3 

Age @ 1' intercourse (yrs), mean (SD) >7(3) 17(3) 17(2) 17(3) 17(3) 16(2) 17(2) 17(4) 16(2) 17(3) 17(4) 16(2) 

Lifetime H sexual partners, mean (SD) 9(8) 10(10) 9(7) 10(9) 9(8) 10(9) 8(9) 11(11) 10(7) 11(9) 9(11) 9(7) 

Ho/lne-hlrths, (9ianyJ 27.3 21.2 13.8 30.7 15.4 19.0 28.0 30.8 15.0 23.0 23.5 24:4 

Oral contraceptive use 
Never 
Current 
Past 

14.3 
47.8 
39.0 

10.6 
36.4 
53.0 

19.0 
39.7 
41.4 

16.9 
47.7 
35.3 

6.4 
41.0 
52.6 

22.4 
34.5 
43.1 

22.0 
42.0 
36.0 

11.5 
46.2 
42.3 

7.5 
41.8 
50.8 

9,5 
56,8 
33,8 

13.7 
43.1 
43.1 

17,8 
20,0 
62,2 

Depo Provera. (% Ever) 23.4 24.2 5.7 20.0 16.7 19.0 20.0 21.1 13.4 16.2 I7.I 20,0 
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TaUe 3. Associatfon between spetifle dietary nytrient intake and HPV peniftenee, n«201. • 

Intermittent 
n' 

Persistent 
n 

Cmde 
OR 

Adjusted OR'(95*/< CI) 

Folme(t4) 
Low (<30l.6) 24 S3 1.00 1.00 
Medium (301.64SI.6) 23 43 0JI5 0.63 (0.29-1^8) 
High (>481.6) 23 35 0.69 0^2(0.23-1.18) 

p for trend &m 

Low (<23) 24 41 1.00 1.00 
Medium (2 J^.O) 23 SS t.40 1.47(0.68-3.19) 
Higli(>6.0) 23 35 0.89 0.68(0J0-1.S4) 

p for trend 0.439 

VUamtn A (mgi 
Low (<I.Q 24 44 IJH) 1.00 
Medium (1.6-2.7) 23 S3 1.26 0.92(0.43-2.00) 
High (>2.7) 23 34 OJI 0.61 (0.27-1 J9) 

p for trend 0.2U 

llfelhionine(g) 
Low (<1.2) 24 34 1.00 1.00 
Medium (U-IJ) 23 55 1.69 1.29(0.58-2.86) 
High(>IJ)) 23 42 IJ9 1.25(056-2^0) 

pfortrend 0.590 pfortreHd 
' Adjusted for agt. age at lirst intcrcoanc, marital status, ngarette smoking status, race, and BMI. 



171 

Table4. Asnciilioii between circulatinc nutrienti and HPV persistence. 

Intermittent 
n 

Penistent 
n 

Crude OR Adjusted OR'(^%CD 

Folate 
Low (<(.48) 20 30 1.00 1.00 
Medium (6.48-8JI0) 20 32 1.07 0^5(039-209) 
Higli(>MO) 20 47 1.57 1 JO (0.51-2.78) 

p for trend 0.662 

Utamin Bu (pgM  ̂
Low (<357.7) 20 54 1.00 \M 
Medium (357.7.493.2) 20 31 0.57 0.57(0.24-132) 
High (>493.2) 20 25 0.46 0.40 (0.17-0J6) 

Bfortreiul aoi7 
' Adjusted Tor age, age at llrst intercourse, marital status, cigarette smoking status, race, and BMI. 
'n-l69 
'n-l70 
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Table 1. Comparison ofSocio^cmograpliic and risk factor variables between participants. 

Baseline (n»477) ^ I foHow-up (n-346> p-value' 
Age (yean), mem (SD) 23.7 (4.5) 24J (4.Q 0.09* 

Race, n(%) 
White, Non-Hispanic 352 (73J) 273 (78.9) 0.06 
Hispanic 81 (17.0) 56 (I6J) 
Other 44 (9.2) 17 (4.9) 

Education, n(%) 

^H.S7 Vocational 171 (36.0) 102 (29J) 0.05 
^ome College 304 (64.0) 244 (70J) 

Martiai Suaus, n(%) 
Single 325 (63.1) 232 (67.1) 0.67 
Married 60 (12.6) 39 (92) 
Cohabiting 45 (9.4) 32 (9J) 
Divorced/Separated/Widowed 47 (9.9) 43 (12.4) 

Age ® /" intenoun ,̂ n(%) 
<16years 155 (32.6) 111 (32.2) 0.99 
16-17 years 183 (38.5) 134 (38.8) 
^8 years 137 (28J) 100 (29.0) 

itsexuitipartnen*, n(%) 
1-4 196 (41.4) 125 (36.6) 0.21 
5-9 ISO (31.7) 107 (31J) 
^0 127 (26.9) 110 (32J) 

# afUve-birtks, n (%) 
None 360 (75^ 268 (77.5) OJl 
1-6 117 (245) 78 (225) 

Cigarette smoking, h(%) 
Never 190 (39.8) 175 (50.6) <0.01 
Occasional 236 (495) 127 (36.7) 
Former 51 (10.7) 44 (12.7) 

Oral contraceptive use, n(%) 
Never 89 (18.7) 57 (165) 0.69 
Current 198 (415) 144 (41.6) 
Past 190 (39.8) 145 (41.9) 

Pap Smear, h(H) 
Never 48 (10.1) 28 (81) 0J4 
Ever 429 (89J1 318 (91J) 
Chi square test of associalion 

'Two sample t4est widi naequal variance 
'Three women were virgiiis at study entry and excluded 
* Eight women were excluded, 3 women were viigins at study entry and 5 women did not respond 
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Table 2: Pearson correlation coefficients of log transformed dietary intake and plasma 
carotenoid levels, n»IS9. 

Plasma (Phase 2) Dietary, correlation coefficient (p-value) 
a-carotene B^rotene Lutein Lvcopene 

a-carotene 0.43(<0.01) 0.34 (<0.01) 0.32(<0.0l) -0.01 (0.86) 
P-carotene 024 (<0.0 i) 0.24(<0.01) 027 (<0.01) 0.00 (0.98) 
cis-P-carotene 0.08 (0.30) 0.11 (0.17) 0.14(0.07) 0.06(0.50) 
Lutein 0.21 (0.01) 029(<0.01) 0j7(<0.01) 0.08 (0 JO) 
Lycopene 0.12 (0.12) 0.17 (0.03) 0.19(0.02) 0.18(0.03) 
cis-lycopene 0.12 (0.12) 0.17 (0.03) 023 (<0.01) 0.16(0.04) 

Table 3: Pearson correlation coefficients of log transformed dietary intake and plasma 
tocopherol levels. 

Plasma (Phase 2) Dietary, correlation coefficient (ihvalue) 

a-tocopherol 
S-tocopherol 
y-tocopherol 

Vitamin E. food onlv Vitamin E. food suonlements 
-0.05(0.57) 022 (<0.01) 
0.18(0.03) 0.09 (027) 
0.10(021) -0.10 (0.22) 
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Table 4. Associations of antioxidant dietary and supplement intake and HPV persistence, 
n-201. 

Intermittent 
n 

Penistent 
n 

Crude OR Adjusted OR' 
(95% CI) 

VUttmiuAaV) 
Uw(<5708.4) 24 47 1.00 1.00 
Medium (5708.4-10202.0) 23 35 0.78 0.88(0.41-1.87) 
High (>10202.0) 23 49 1.09 1.03(0.50-2.13) 

p for trend 0.947 

yitamin C (mg) 
Low(<211.2) 24 64 1.00 1.00 
Medium (21I.2-36I.6) 23 28 6.46 049(0.18-0.84) 
High (>361.6) 23 39 0.64 0.61 (0.29-1.28) 

p for trend 0.151 

Vitamin E(mg ot-TE) 
Low (<7.2) 24 49 1.00 1.00 
Medium (7.2-21.6) 23 37 0.77 0.69(043-1.47) 
High (>21.6) 23 45 0.98 1.07(0.51-2.24) 

p for trend 0.911 
Adjusted for age, age at first intercourse, and marital status 
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Table S. Associations between dietary nutrient from food and supplements combined and HPV 
persistence, n^ZOl. 

Intermittent 
n 

Penistent 
n 

Crude OR Adjusted OR' 
(95% CI) 

Folate (fjg} 
Low (<301.6) 24 49 1.00 1.00 
Medium (301.6-481.6) 23 33 0.70 0.80(0J8-1.69) 
High (>481.6) 23 49 1.05 1.16(0.56-2J9) 

p for trend 0.686 

Vitamin Biz (ftg) 
Low (<2.9) 24 48 . 1.00 1.00 
Medium (2.9-6.0) 23 46 1.00 1.11 (0.53-2 Jl) 
High (>6.0) 23 37 0.80 0.96(0.46-2.03) 

p for trend 0.933 

Vitamn Bg (mg) 
Low (<2 J2) 24 51 1.00 1.00 
Medium (2.32-4.18) 23 45 0.92 1.03(0.50-2.13) 
High (>4.18) 23 35 0.72 0.83(0J9-1.79) 

p for trend 0.647 
Adjusted for age, age at first intercourse, cigarette status, race, marital status, and BMI. 
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ID# 

HEALTH QUESTIONNAIRE 

With your assistance the University of Arizona is conducting a research study in order to 
learn more about the health of women living in your communis. The information gained 
&om this study will be used to better serve you and the community. We appreciate your 
willingness to participate m this project. 

All of the information you provide for us is strictly confidential, and your name will 
never be used in reports. 

*P!ease read each questions and checks orfills in the answer that bests Jits your 
situation. If you have any questions feelfree to ask the project interviewer. 

Version V-9/17/96 
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Date: ' / / 
mo / day / year 

What is the reaMn that you came to this clinic today? {Check all that apply) 

Family planning advice 
Initial Exam 
Annual exam (Pap) 
Birth control prescription/refill 
Suspected STD 
Pregnancy testing 
Menstrual abnormalities 
Infertility 
Other: ' 

Current Height ft in or cm 

Current Weight lbs or kilos 

For each of the following medical conditions, please check whether a doctor ever 
told you that you have the condition, and the age you were first told you had the 
condition: 

History Age Diagnosed 

a. High blood pressure Yes _No Age 
b. Diabetes Yes No Age 
c. Gallbladder disease Yes No Age 
d. Cold sores or fever blisters Yes No Age 
e. Thyroid disease ^Yes _No Age 
f. Cancen Specify Yes No Age 

Are you currently taking any prescribed medication regularly, other than birth 
control pills? Yes No (If no, skip to Ques 7) 

a. Are you currently taking estrogen for the change of life? 

Yes No If Yes, for how long? Months 

b. Are you taking hormones to regulate your period? 

Yes No - If Yes, for how long? Months 

c. Other medication you are currently taking (please specify): 
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7. Have you taken any antibiotics within the last 30 days? Yes No 

8. Has anyone in your im mediate Tamily (your parents, brothers, sisters, granî mrents, 
aunts or uncies) ever been diagnosed as having cancer? 

Yes If Yes: Who Type of Cancer 
No 
Don't know 

9. Has anyone in your immediate family had cervical cancer? 

Yes 
No (Skip to Ques II) 
Don't know (Skip to Ques II) 

10. What was her relationship to you? (Check as many as apply. If more than one 
sister and/or maternal/paternal aunt has had cervical cancer, write the number 
affected in the line provided on the right) 

# affected 
Mother Sister 
Maternal grandmother Maternal aunt 
Paternal grandmother Paternal aunt 

11. During your entire life, have you smoked at least 100 cigarettes, that is about 5 
packs of cigarettes? 

Yes 
No (Skip to Ques 20) 

12. How old were you when you first started smoking cigarettes? 
Age (years) 

13. Do you smoke cigarettes now? 
If Yes, About how many cigarettes did 

Yes you smoke in the last 3 days? cigarettes 

No If No, How old were you 
when you last smoked? Age (years) 

14. About how many years were you/have you been a smoker? (Do not include times you 
stayed off cigarettes) 

years 
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15. How many cigarettes on the average do you/did you smoke per day? (1 pack=20 
cigarettes) 

cigarettes/day or Less than one per day 

16. Did/Do you usually inhale smoke into: 

Your mouth only? 
Your chest? 

17. Please record each brand of cigarette that you have smoked, including information 
on the type, years started and stopped, and the number of cigarettes smoked per 
day. 

Brand Filter Menthol Age Age # Smoked 
Y/N Y/N Started Stopped per/day 

1 

2 

3 

4 
5 

6 

7 
8 

18. Usually, how much of each cigarette did/do you smoke? Would you say: 

All of it 
One half 
Less than one half 

19. Before age 20, what was the average number of cigarettes you smoked per day? 

Number of cigarettes/day 
Less than one/day 
Not applicable. Did not smoke before age 20. 

20. Have you ever used smokeless tobacco (Chewing tobacco, snaff)"! 

Yes 
No (Skip to Ques 22) 
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21. Do you currently use smokeless tobacco? 

Yes 
No 

22. Did your mother smoke cigarettes during your infancy/childhood? 
(Check all that apply) 

Yes, when she was pregnant with me 
Yes, when I was a child younger than 10 years old 
Yes, when I was older than 10 years old 
No, my mother did not smoke cigarettes during my infancy/childhood 
Don't remember 

23. In the past month, what was the approximate number of hours per day you were 
exposed to other people's cigarette smoke in each of the following places (a-d): 

If less than I hour, round to the nearest quarter hour (15, 30, 45 minutes) 

a. Inside your home with someone who was smoking tobacco? 

None Hrs/day Min/day 

b. At work with someone who was smoking tobacco? 

None Hrs/day Min/day 

c. In a car, bus, van or other enclosed location with someone who was smoking 
tobacco? 

None Hrs/day Min/day 

d. In any other indoor or enclosed location with someone who was smoking 
tobacco? 

None Hrs/day Min/day 

24. In the past three days, what was the approximate number of hours per day you 
were exposed to other people's cigarette smoke in an enclosed location? (Your 
house, a vehicle, another space) 

If less than I hour, round to the nearest quarter hour (15, 30, 45 minutes) 

None Hrs/day Min/day 
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25. Have you ever had a Pap smear done before? 

Yes If Yes, how long ago did you have your 
No (Skip to Ques 28) last Pap smear? months 
Don't Know (Skip to Ques 28) Don't 

Know 

26. How often do you usually have a Pap smear done? 

Every year 
Every 2-3 years 
Every 4-5 years 
Less than every 5 years 

27. How old were you when you had your fint Pap smear? 

years old Don't Know 

28. Have you ever had a sexually transmitted disease or any type of vaginal infection? 

Yes 
No 
Don't Know 

29. Has a doctor or health care provider ever diagnosed you with any of the following: 

a. Genital warts Yes No Don't know 
b. Genital herpes Yes No Don't know 
c. Chlamydia Yes No Don't know 
d. Gonorrhea Yes No ^Don't know 
e. Syphilis Yes No Don't know 
f. Vaginal yeast infection Yes No Don't know 
& Trichomonas infection Yes No Don't know 
h. Pelvic Inflammatory Disease Yes No Dont know 
L Hepatitis B Yes No Dont know 

If you have answered Yra to any of the above, please answer the following: 

Type of infection Age at 1st time No. Times 
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30. Have you ever been pregnant? 

Yes 
No (Sk  ̂to Ques 33) 

31. How many times have you been pregnant? pregnancies 

32. Can you tell me what happened with each pregnancy mentioned in Question 31? 
(Please JUl in the table below by placing an "X" in the appropriate box) 

l"Preg 2"'PreR 3"'Preg 4'"Preg' 5®Preg d^Preg T^Preg 
Live Birth/ 
Normal Birth 
Induced 
Abortion 
Miscarriage 
<20wks 
Still Birth >28 
days 
Neonatal death 
<28 days 
Ectopic 
(Tubal) E*reg. 

33. At what age did you first begin menstruating? years old 

34. Have you used birth control in the past? 

Yes 
No (Skip to Ques 36) 
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35. What type of birth control method have you ever used in the past? 
(Check (a many as apply) 

Oral contraceptive ("the pill") 
Diaphragm 
lUD 
Condoms 
Foam, cream, jelly, suppositories 
Depo Provera shots 
Norplant 
Sponge 
Rhythm method 
Sterilization (tubes tied) 
Sterilization of sex partner (vasectomy) 
Withdrawal 

36. Are you using birth control method now? 

Yes 
No (Skip io Ques 38) 

What type of birth control method are you using now? (Check as many as apply) 

Oral contraceptive ("the pill") 
Diaphragm 
[UD 
Condoms 
Foam, cream, jelly, suppositories 
Depo Provera shots 
Norplant 
Sponge 
EUiythm method 
Sterilization (tubes tied) 
Sterilization of sex partner (vasectomy) 
Withdrawal 
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38. If you use/used oral contraceDtives ("the pill"), please fill In the following 
information for each of the different times in your life you used "the nill"! 

^Never used "the pill" (Sk  ̂to Ques 39 if you have never takenthe Bill) 

First time 
Aee started 

vears 
Duration 

or months 
Second time vears or months 
Third time vears or months 
Fourth time vears or months 
Fifth time vears or months 
Currently using vears or months 

39. If you use/used Deno Provera shots, please fill in the following information for each 
of the different times in your life you used Deno Provera; 

Never used Depo Provera (Skip to Ques 40 if you have never used Deoo Provera 
shots) 

Aee started Duration 
First time 

Aee started 
vears or months 

Second time vears or months 
Third time vears or months 
Fourth time vears or months 
Fifth time vears or months 
Currently using vears or months 

40. If you use/used Norplant, please fill in the following information for each of the 
different times in your life you used Norplant; 

Never used Norplant (Skip to Ques 41 if you have never used Norplant) 

First time 
Aee started 

vears 
Duration 

or months 
Second time vears or months 
Third time vears or months 
Fourth time vears or months 
Fifth time vears or months 
Currently using vears or months 
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41. If you use/used an lUD. please fill in the following information for each of the 
different times in your life you used an lUD; 

Never used an lUD (Skip to Ques 42 if you have never used an WD) 

First time 
Aee started 

years 
Duration 

or months 
Second time years or months 
Third time years or months 
Fourth time years or months 
Fifth time years or months 
Currently using years or months 

42. If you use/used a diaphragm, please fill in the following information for each of the 
different times in your life you used a diaphragm! 

Never used a diaphragm (Skip to Ques 43 if you have never used a diaphragm) 

First time 
Aze started 

years 
Duration 

or months 
Second time years or months 
Third time years or months 
Fourth time years or months 
Fifth time years or months 
Currently using years or months 

43. For the following forms of contraception, please check whether or not you 
have/have not used them. If you check ''Yes," please answer how long you used 
that specific type of contraceptive: 

# Months Used As 
Ever Used Method of Birth Control 

Foam, jelly, cream, suppositories No Yes <lmonth or months 
(without diaphragm) 

Condoms, ruhben No Yes <lmonth or months 
Sponge No Yes <lmonth or months 

44. How old were you when you first had sexual intercourse? 

years old never had sex (Skip to Ques 52) 

45. Do you currently have sex with: 

Men Women Both 
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46. Throughout your life, what is the number of men with whom you have had sexual 
intercourse? 

men (If only 1, Sk  ̂to Ques 51) 

47. How many different male sexual partners have you had in the last 3 months? 

men 
47A. How many new male sexual partners have you had in the last 3 months? 

new men 
48. Have you ever exchanged sex for: a. Money Yes No 

b. Drugs Yes No 

49. At each of the following ages, specify how many male sexual partners you had: 

Before age 16 
From age 16 to 19 
In your 20's 
InyourSO's 
In your 40's 

50. Of the men you had sexual intercourse with, how many were you with for 3 months 
or longer? Please specify at each of the following ages: 

Before age 16 
From age 16 to 19 
InyourlO's 
Inyour30's 
Inyour40's 

51. In the past 3 months, how often on the average did you have sexual intercourse with 
a man? Choose onlv one. (Please give us an avenge only.) 

Times/week Times/month 

52. Have you ever douched? 

Yes 
No (Skip to Ques 55) 

53. How frequently have you douched in the past year? 

Never 
Less than I/month 
1-2 times/month 
3-4 times/month 
> 4 times/month 
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54. What have you used to douche with? (Check all that apply)' 

Store bought preparation other than water and vinegar, or water 
and baking soda 

Water 
Water and vinegar 
Water and balcing soda 
Other: specify 

55. Which of these best describes your race or ethnic bacicground? 

White (Skip to Ques 62) 
Hispanic (White Origin) 
Blacic (Skip to Ques 62) 
Hispanic (Blacic Origin) 
Yaqui and other Native American (Skip to Qites 62) 
Asian (Skip to Ques 62) 
Other: (Skip to Ques 62) 

56. How do you identify yourself? That is, what is your ethnic identification? 

Mexican 
Mexican American 
Chicana 
Spanish American, Latin American, Hispanic American 
Othen 

57. I speak: 
Spanish only 
Spanish better than English 
Both Spanish and English equally well 
English better than Spanish 
Only English 

58. I read: 
Spanish only 
Spanish better than English 
Both Spanish and English equally well 
English better than Spanish 
Only English 
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59. My early life (childhood to teenage yean) was spent: 

Only in Latin America (Mexico, Central or South 
America) or the Caribbean (Cuba, Puerto Rico, etc.) 

Mostly in Latin America or the Caribbean 
Equally in Latin America/the Caribbean and in the US 
Mainly in the US and some time in Latin America/the 

Caribbean 
Only in US 

60. Currently my circle of friends are: 

Almost exclusively Hispanics/Latinos (Chicanos/Mexican 
Americans, Puerto Ricans, Cubans, Colombians, Dominicans) 

Mainly Hispanic/Latinos 
Equally Hispanics/Latinos and Americans from the US (Anglo 

Americans, African Americans, Asians/Pacific Islanders, etc.) 
Mainly Americans from the US 
Almost entirely Americans from the US 

61. In relation to having a Latino/Hispanic background, I feel: 

Very proud 
Proud 
Somewhat proud 
Little pride 
No pride 

62. Date of Birth: I / 
mo day yr 

63. Where were you bom (City, State, Country)? 

City State Country 

64. If not bom in the US, how many years have you lived in the US? years 

65. Where have you lived most of your life? 

Town/City State 

66. How long have you lived in the city or town you are currently living in? 

months or years 
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67. What is your current marital status? 

Single, never married 
Married 
Cohabiting, living together 
Divorced/Separated 
Widowed 

68. How many years of school did you complete? (Check only one answer) 

Some primary 
Primary completed 
Some junior high/middle school 
Completed junior high/middle school 
Some high school 
Completed high school 
Some college 
Completed college 
Vocational training after high school 
Post-graduate training 
Other: 

69. What is your total household income per month before taxes? 

$ Don't Know 

70. How many family members are supported by this income (include wage earner and 
head of householdil 

71. Are you currently employed? 

Yes 
No 

72. What is your occupation? 

73. Have you worked on any dusty jobs? 

Yes 

No 

I/Ya, for how many total years? years 
How intense was the exposure? 

mild moderate severe 
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74. Have you ever been exposed to gas or fumes in your work? 

Yes If Yes, for how many total years? years • 
How intense was the exposure? 

No mild moderate severe 

As part of your participation in this study we will send you the results of your HPV test, and 
reconunendations for future gynecological examinations. To do this, we need your name, 
address, and telephone number. Again, thank you for participating in this study. 

Name: 
First Name / Last Name 

Addrm: 

zip code 

Phone: Home Message Work_ 

YOUR CONTRIBUTION IS VERY IMPORTANT TO OUR STUDY. YOU ARE 
HELPING US TO PLAN FOR BETTER HEALTH CARE IN YOUR COMMUNITY. 

THANK YOU VERY MUCH FOR YOUR COOPERATION. 

DO NOT WRITE BELOW THIS LINE 

Reviewed by: Coded by: Entered by: 
initials date initials date initials date 
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m#: 

PHASE n QUESTIONNAIRE 
ARIZONA 

Most of the questions on this form pertain to activities within the last 3 months or since 
vour last interview. 
The information gained from this study will be used to better serve you and the 
community. 
Ail of the information you provide for us is strictly confidential, and your name will 
never be used in reports. 

*Please read each question and check the answer that best fits your situation. If you 
have any questions feei free to ask the project interviewer. 

Version n-10/03/97 
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1. Date: / / 
mo / day / year 

2. Time you last drank or ate anything other than water AM or PM 

3. During the last 3 months, or since your last interview, have you smoked any 
cigarettes? 

Yes 
No (If No, skip to Quest. 13) 

4. Do you currently smoke cigarettes? 

Yes 
No 

If Yes, About how many cigarettes did 
you smoke in the last 3 davs? cigarettes 

5. During the last 3 months, or since your last interview, how many cigarettes on the 
average do you/did you smoke per day? (1 pack=20 cigarettes) 

cigarettes/day or less than one per day 

6. Did/Do you usually inhale smoke into: 

Your mouth only? 
Your chest? 

7. Has the brand, and the amount of cigarettes you smoke changed in the last 
3 months or since your last interview? 

Yes 
No 

If yes, please record the brand of cigarette(s) that you have changed to, and 
indicate how many cigarettes you have usually smoked per day in the last 
3 months, or since your last interview. 

Brand Filter Menthol # Smoked 
Y/N Y/N per day 

1 
2 
3 
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8. Usually, how much ofeach cigarette do you smoke? Would you say: 

All of it 
One half 
Less than one half 

9. In the last 3 months, or since your last interview, have you attempted to quit any 
form of tobacco? 

^Yes 
No (Skip to question 13) 

10. In the last 3 months, or since your last interview, how many times have you quit for 
at least one day? 

Times 

11. What are/were the reasons that you attempted to quit? (Choose all that apply) 

High price of cigarettes 
Disapproval of friends/relatives 
Hospitalization 
Restricted smoking laws 
It is not the thing to do anymore 
Unable to exercise 
Health problems. Please Specify: 
Concern over health of others in household 
Concern about future health risks 
Other; 

12. During the last 3 months or since your last interview have you used any forms of 
nicotine replacement? patches, nicotine gum, etc.) 

Yes What kind? 
_ No 

13. During the last 3 months.or since your last interview, have you used 
smokeless tobacco? 

Yes 
No 
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14. In the oast month, what was the approximate number of hours per dav you were 
exposed to other people's cigarette smoke in each of the following places (a-d): 

If less than I hour, round to the nearest quarter hour (15, 30, 45 minutes) 

a. Inside your home with someone who was smoldng tobacco? 

None Hrs/day Min/day 

b. At work with someone who was smoking tobacco? 

None Hrs/day Min/day 

c. In a car, bus, van or other enclosed location with someone who was smoking 
tobacco? 

None Hrs/day Min/day 

d. In any other indoor or enclosed location with someone who was smoking 
tobacco? 

None Hrs/day Min/day 

15. In the past three davs. what was the approximate number of hours ner dav you were 
exposed to other people's cigarette smoke in an enclosed location? (Your house, a 
vehicle, another space) 

If less than I hour, round to the nearest quarter hour (15, 30, 45 minutes) 

None Hrs/day Min/day 

16. For each of the following medical conditions, please check whether a doctor during 
the lasts months, or since your last interview, told you that you have the condition. 

History 

a. High blood pressure _Yes _No 
b. Diabetes _Yes _No 
c. Gallbladder disease Yes _No 
d. Cold sores or fever blisters Yes _No 
e. Thyroid disease Yes _No 
f. Cancer Soecifv Yes No 
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17. Are you currently taidng any prescribed medication regularly, other than 
birth control nilla? 

Yes No (Skip to question 18) 

a. Are you currently taidng estrogen for the change of life? 
Yes No 

If Yes, for how long? Months 

b. Are you taking hormones to regulate your period? 
Yes No 

If Yes, for how long? Months 

Other medication you are currently taidng (please specify): 

18. Have you taken any antibiotics within the last 30 days? Yes No 

19. During the last 3 months, or since your last interview, have you had a 
sexually transmitted disease or any type of vaginal infection? 

Yes 
No 
Don't Know 

20. During the last 3 months, or since your last interview, has a doctor or health care 
provider diagnosed you with any of the following: 

a. Genital warts Yes No Don't know 
b. Genital herpes ^Yes No ^Don't know 
c. Chlamydia Yes No Don't know 
d. Gonorrhea ^Yes No Don't know 
e. Syphilis Yes No Don't know 
f. Vaginal yeast infection Yes No Dont know 
g- Trichomonas infection Yes No Don't know 
h. Pelvic Inflammatory Disease Yes No ^Don't know 
i. Hepatitis B Yes No Don't know 

If you have answered Yra to any of the above, please answer the following: 

Type of infection No. Times 
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21. During the last 3 months, or since your last interview, have you been pregnant? 

^Yes 
No (Skip to question 23) 

22. What was the outcome of the pregnancy? 

Currently pregnant 
Induced abortion 
^Miscarriage 
Ectopic Pregnancy 

23. When was your first day of last menstruation? 

24. Have you used any type of birth control method in the past 3 montha. or since your 
last interview? 

Yes 
No 

25. What type of birth control method have you used in the past 3 montha. or since 
your last interview? (Check as many as apply) 

Oral contraceptive ("the pill") 
Diaphragm 
lUD 
Condoms 
Foam, cream, jelly, suppositories 
Depo Provera shots 
Norpliant 
Sponge 
Rhythm method 
Sterilization (tubes tied) 
Sterilization of sex partner (vasectomy) 
Withdrawal 

26. Are you using a birth control method now? 

Yes 
No 
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27. What type of birth control method are you using now? (Check as many as 
apply) 

Oral contraceptive ("the pill") 
Diaphragm 
lUD 
Condoms 
Foam, cream, jelly, suppositories 
Depo Provera shots 
Norplant 
Sponge 
Rhythm method 
Sterilization (tubes tied) 
Sterilization of sex partner (vasectomy) 
Withdrawal 

28. Has your method of birth control changed in the last 3 months, or since your 
last interview? 

Yes 
^No 

If yes, what kind of birth control method have you changed from? 

29. In the last 3 months, or since your last interview, have you had sex with: 

Men Women Both 

30. How many different male sexual partners have you had in the last 3 months, or 
since your last interview? 

Men 

31. During the last 3 months, or since your last interview, how many of these men 
were new partnen ? 

No new partners (Skip to question 34) 
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32. If you have had a new sexual partner in the last 3 months, or since your last 
interview, what is the age of the most recent new partner? 

Years Don't know 

33. How long did you know this partner before having sexual relationship? 

< 1 day or days or ^weeks or months or years 

34. During the last 3 months, or since your last interview, have you exchanged sex for: 

a. Money ^Ves b. Drugs Yes 
No No 

35. In the past 3 months, or since your last interview, how often on the average did you 
have sexual intercourse with a man? Choose only ona 
(Please give us an average only.) 

Tin\es/week Times/month 
or 

36. Have you douched in the last 3 months, or since your last interview? 

Yes 
No 

If yes, what have you used to douche with? (Check all that apply) 

Store bought preparation other than water and vinegar, 
or water and baking soda 
Water 
Water and vinegar 
Water and baking soda 
Other, specify 

37. What is your current marital status? 

Single, never married 
Married 
Cohabiting, living together 
Divorced/Separated 
Widowed 
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38. Are you currently employed? 

Yes 
No 

39. What is your occupation? 

Name: 
First Name / Last Name 

Please fill this out if there has been a change of address since your last interview: 

Zip code 

Name and phone number of contact person: 

YOUR CONTRIBUTION IS VERY IMPORTANT TO OUR STUDY. YOU ARE 
HELPING US TO PLAN FOR BETTER HEALTH CARE IN YOUR 

COMMUNITY. 

THANK YOU VERY MUCH FOR YOUR COOPERATION. 



208 

m#: 

PHASE ffl QUESTIONNAIRE 
ARIZONA 

Most of the questions on this form relate to activities within the last 6 months or since 
your last interview. 
The information gained firom this study will be used to better serve you and the 
community. 
All of the information you provide for us is strictly confidential, and your name will 
never be used in reports. 

*Please read each question and check the answer that best fits your situation. If you 
have any questions feelfree to ask the project interviewer. 

Version VI-10/03/97 
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1. Date: / / 
mo / day I year 

2. Time you last drank or ate anything other than water AM or ^PM 

3. During the last 6 months, or since your last interview, have you smoked anv 
cigarettes? 

Yes 
No (If No, skip to Quest. 13) 

4. Do you currently smoke cigarettes? 

Yes 
No 

If Yes, About how many cigarettes did 
you smoke in the last 3 davs? cigarettes 

5. During the last 6 months, or since your last interview, how many cigarettes on the 
average do you/did you smoke per day? (1 pack=20 cigarettes) 

cigarettes/day or less than one per day 

6. Did/Do you usually inhale smoke into: 

Your mouth only? 
Your chest? 

7. Has the brand of cigarettes you smoke changed in the last 6 months 
or since your last interview? 

Yes 
No 

If yes, please record the brand of cigarette(s) that you have changed to, and 
indicate how many cigarettes you have usually smoked per day in the last 
6 months, or since your but interview. 

Brand FUter 
Y/N 

Menthol 
Y/N 

# Smoked 
per day 

1 
2 
3 -
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8. Usually, how much ofeach cigarette do you smoke? Would you say: 

All of it 
One half 
Less than one half 

9. In the last 6 months, or since your last interview, have you attempted to quit any 
form oC tobacco? 

^Yes 
No (Skip to question 13) 

10. In the last 6 months, or since your last interview, how many times have you quit for 
at least one day? 

Times 

11. What are/were the reasons that you attempted to quit? (Choose all that apply) 

High price of cigarettes 
Disapproval of fKends/relatives 
Hospitalization 
Restricted smoking laws 
It is not the thing to do anymore 
Unable to exercise 
Health problems. Please Specify: 
Concern over health of others in household 
Concern about future health risks 
Other: 

12. During the last 6 months or since your last interview have you used any forms of 
nicotine replacement? (Patches, nicotine gum, etc.) 

Yes What kind? 
No 

13. During the last 6 months.or since your last interview, have you used smokeless 
tobacco? 

^Yes 
No 
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In the past month, what was the approximate number of hours ner dav you were 
exposed to other people's cigarette smoke in each of the following phices (a-d): 

If less than 1 hour, round to the nearest quarter hour (15, 30, 45 minutes) 

a. Inside your home with someone who was smoking tobacco? 

None Hrs/day Min/day 

b. At work with someone who was smoking tobacco? 

None Hrs/day Min/day 

c. In a car, bus, van or other enclosed location with someone who was smoking 
tobacco? 

None Hrs/day Min/day 

d. In any other indoor or enclosed location with someone who was smoking 
tobacco? 

None Hrs/day Min/day 

In the past three davs. what was the approximate number of hours per dav you 
were exposed to other people's cigarette smoke in an enclosed location? (Your 
house, a vehicle, another space) 

If less than 1 hour, round to the nearest quarter hour (15, 30, 45 minutes) 

None Hrs/day Min/day 

For each of the following medical conditions, please check whether a doctor during 
the last 6 months, or since your last interview, told you that you have the condition. 

History 

a. High blood pressure _Yes _No 
b. Diabetes Yes _No 
c. Gallbladder disease Yes _No 
d. Cold sores or fever blisters _Yes _No 
e. Thyroid disease ^Yes _No 
f. Cancer Specify ^Yes No 
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17. Are you currently taking any prescribed medication regulariy, other than 
birth control nills? 

^Yes _No (Skip to question 18) 

a. Are you currently taking estrogen for the change of life? 
^Yes No 

If Yes, for how long? Months 

b. Are you taking hormones to regulate your period? 
^Yes No 

If Yes, for how long? Months 

Other medication you are currently taking (please specify): 

18. Have you taken any antibiotics within the last 30 days? Yes No 

19. During the last 6 months, or since your last interview, have you had a 
sexually transmitted disease or any type of vaginal infection? 

Yes 
No 
Don't Know 

20. During the last 6 months, or since your last interview, has a doctor or health care 
provider diagnosed you with any of the following: 

a. Genital warts ^Yes No Dont know 
b. Genital herpes Yes No ^Don't know 
c. Chlamydia Yes No Don't know 
d. Gonorrhea Yes No Don't know 
e. Syphilis Yes No Don't know 
f. Vaginal yeast infection Yes No Don't know 
g- Trichomonas infection Yes No Don't know 
h. Pelvic Inflammatory Disease Yes No Don't know 
i. Hepatitis B Yes No Don't know 

If you have answered Yes to any of the above, please answer the following: 

Type of infection No. Times 
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21. During the last 6 months, or since your last interview, have'you been pregnant? 

Yes 
No (Skip to question 23) 

22. What was the outcome of the pregnancy? 

Currently pregnant 
Induced atortion 
Miscarriage 
Ectopic Pregnancy 

23. When was your first day of your last menstruatioh? 

24. Have you used any type of birth control method in the past 6 months, or since your 
last interview? 

Yes 
No 

2S. What type of birth control method have you used in the past 6 months, or since 
your last interview? (Check as many as apply) 

Oral contraceptive ("the pill") 
Diaphragm 
lUD 
Condoms 
Foam, cream, jelly, suppositories 
Depo Provera shots 
Norplant 
Sponge 
Rhythm method 
Sterilization (tubes tied) 
Sterilization ofsex partner (vasectomy) 
Withdrawal 

26. Are you using a birth control method now? 

Yes 
No 
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27. What type of birth control method are you using now? (Check as many as apply) 

Oral contraceptive ("the pill") 
Diaphragm 
lUD 
Condoms 
Foam, cream, jelly, suppositories 
Depo Provera shots 
Norplant 
Sponge 
Rhythm method 
Sterilization (tubes tied) 
Sterilization of sex partner (vasectomy) 
Withdrawal 

28. Has your method of birth control changed in the last 6 months, or since your 
last interview? 

Yes 
No 

If yes, what Idnd of birth control method have you changed from? 

29. In the last 6 months, or since your last interview, have you had sex with: 

Men Women Both 

30. How many different male sexual partners have you had in the last 6 months. 
or since your last interview? 

Men 

31. Of these men, how many have you had a sexual relationship with for more than 3 
months? 

Men 

32. During the last 6 months, or since your last interview, how many of these men 
were new partners? 

No new partners (Skip to question 35) 
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33. If you have had a new sexual partner in the last 6 months, or since your hist -
interview, what is the age of the most recent new partner? 

Years Don't know 

34. How long did you know this partner before having sexual rekitionship? 

< I day or days or weeks or months or years 

35. During the last 6 months, or since your last interview, have you exchanged sex for: 

a. Money ^Yes b. Drugs ^Yes 
No No 

36. In the past 6 months, or since your last interview, how often on the average did you 
have sexual intercourse with a man? Choose only one. 
(Please give us an average only.) 

Times/week Times/month 
or 

37. Have you douched in the last 6 months, or since your last interview? 

Yes 
No 

If yes, what have you used to douche with? (Check all that apply) 

Store bought preparation other than water and vinegar, 
or water and baking soda 
Water 
Water and vinegar 
Water and baking soda 
Other specify 
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38. What is your current marital status? 

Single, never married 
Married 
Cohabiting, living together 
Divorced/Separated 
Widowed 

39. Are you currently employed? 

Yes 
No 

40. What is your occupation? 

Name: 
First Name / Last Name 

Please fill this out if there has been a change of address since your last interview: 

Zip code 

Name and phone number of contact person: 

YOUR CONTRIBUTION IS VERY IMPORTANT TO OUR STUDY. YOU ARE 
HELPING US TO PLAN FOR BETTER HEALTH CARE IN YOUR 

COMMUNITY. 

THANK YOU VERY MUCH FOR YOUR COOPERATION. 

Entered by: Date: ~ Rec #: 

Version FT-10/1/96 
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DIRECnONS EXAMPLES 

• USE NO. 2 PENCIL ONLY. CORRECT MARK 
• DO NOT USE INK OR BALLPOINT PEN. • 
• MAKE NO STRAY MARKS. INCORRECT MARKS 
• FILL THE CIRCLES COMPLETELY. 

FOOD HABITS 
Please answer the following questions according to your eating habits during the period of time you were 
asked to consider. 

1. When you ate chiciien or turkey, how 
often did you eat the skin? 
O Did not eat chicken or turkey 
O Almost fdways 
O-ScimeiSnti^^" " 
O Rarely/Never 

2. When you ate beef or pork, how often 
did you eat the fat? 
O Did not eat beef or pork 
,0 Almost always 
O Sonietimes 
O Rarely/Never 

3. When you ate hamburger or other ground 
meat, what type did you usually eat? 
;>'0 : l5i3 not eat bamburger or other ground meat 
O Regular 

O Extra lean 
fj O  D o n ' t  I m o w  v  : .  

4. When you ate canned tuna, what type did you 
usually eat? 
f!Q. Did not eat caimed tuna 

0,_ Water-packed 
: O'Oil-packect ' ' 
O Don't know 

5. When you ate fruit, was it usually... 
Almost Some- Rarely/ 
Always times Never 

a)B:esb,.Kozen O O 0 
b} Camied in natural juices 0 0 0 
c] Canned in light syrup 0 0 0 
d)C^ed in heavy syrup O O 0 

6. When you drank milk or milk beverages (not 
including milk used on cereal or in coffee or 
tea), what type did you usually drink? 
O Did not drink milk 
O Whole milk 
0 2% milk 
O l%milk 
O Nonfat or Skim milk 
O Soy milk 

7. When you used milk, cream or creamer on 
cereal, what type did you usually use? 
(May have two answers) 
O Did not use milk, cream or creamer on cereal 
O Cream or Half and half 
O Whole milk 
0 2% milk 
O l%milk ; r 
O Nonfat or Skim milk 
O Soy milk •?; 
O Non-dairy creamer 

8. When you used milk, cream or creamer in 
coffee or tea, what did you usually use? 
(May have two answers) 
0 Did not use milk, cream or creamer in coffee or tea 
O Cream or Half and half 
OWholemilk 
O 2% milk 
O l%milk 
O Nonfat or Skim milk 
O Evaporated milk 
O Soy milk 
O Non-dairy creamer 

9. When you used salad dressing, what type did 
you usually use? 
O Did not use salad dressing 
O Regular 
O Low Fat or Reduced C^orie 
O Fat-Free 

PLEASEDONOTWIlHRJSTHISiWA 



220 

FOOD HABITS (continued) 

10. When you used mayonnaise, what type did you 
usually use? 
O Did not use mayonnaise 
0 Regular 
O. Low Fat or Reduced Calorie 
O Fat-Ftee 

11. When you ate popcorn, how was it prepared? 
O Did not eat popcorn 
0 Popped in oil orpre-popped 
0 Regular microwave 
0 Light microwave 

. 0 Air-popped 

12. How often did you use fat or oil in cooking? 
^0 3 or more times a day 
0 1 to 2 times a day 
0 4 to 6 times a w^ 
O 2 to 3 times a week 
"OOpceaweek 
O 1 to 3 times a month 

^0 :Less than once a month . 
b Rarely/Never 

13. When you used butter or margarine, what 
type did you usually use? 
Q^eg^ar 
O Low Fat 
O Fat-Free 

14. What kind of fat did you usually use to deep fry, 
pan fry, or saat^ foods? (May have two answers) 
IS ]D>id not deep fiy, pan fiy, or saut£ foods 

. .O^Margarine 
rOlButter 
d Shortening (Crisco®, lard, bacon fat or 
._ '̂ppings, salt pork, bam bock) 

rOiQiive or Canola oil 
JDj^eroQs (vegeuble, ram, peanut, safDower) 
TQlNfen-stick spray (Pam®) 

15. What kind of fat did you usually add to your 
foods at the table? 
O Did not add ftt to foods at the table 
O Margarine 
O Butter 

16. What kind of fat did you usually use when i 
cooking beans, rice, vegetables and potatoes? • 
(May have two answers) • 
O Did not use fat when cooking < 
O Margarine • 
O Butter • 
O Shortening (Crisco®, lard, bacon fat < 

or drippings, salt pork, bam hock) < 
O Olive or Cwola oil • 
O Other oils (vegetable, ram, peanut, saSlower) < 
O Non-stick spray (Pam®) • 

17. Are you currently on a special diet? 
(May have two answers) 
O No 
O Yes, Weight Loss 
O Yes, Weight Gain 
O Yes, Vegetarian 
O Yes, Low Salt 
O Yes, Low Cholesterol 
O Yes, For Medical Condition 

(Specify: ) 

18. Have you gained or lost at least Rve pounds in 
the p^ year? (May have two answers) 
O No 
O Lost 5-15 lbs 
O Lost more than IS lbs 
O Gained 5-15 lbs 
O Gained more than 15 lbs 

19. Please describe your cigarette smoking bchavion 
O Neversmoked 
O Don't smoke now, quit in the last 6 months 
O Don't smoke now, quit between 6 months 

and 5 years ago 
O Don't smoke now, quit more than 5 years ago 
O Smoke less than 10 cigarettes per day 
O Smoke 1/2 to 1 pack of cigarettes per day 
O Smoke more than 1 pack and up to 2 packs 

of cigarettes per day 
O Smote more than 2 packs of cigarettes per day 

20. Please describe other tobacco use: 
O Do not use other tobacco products 
O Smoke a pipe 
O Smoke a agar 
O Chew tobacco or Use snuff 
O Other tobacco products 

PtUW DO NOT WMTC M tM ANt* 
••oaouooMOOMooooooooo 26218 
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- INSTRUCTIONS 

Please do not fold, cut, staple, punch, or separate pages. 

This questionnaire asks about your USUAL eating habits. Think back over the past 
few months, or over the period of time you have been asked to review, and ask 
yourself how often you usually ate the foods listed on the next several pages. 

Look at the example on the bottom of this page while reading the following 
instructions. 

1) Fill in the circle that describes your AVERAGE SERVING SIZE for each food 
listed as compared to other people your same age and gender. You may choose 
Small (S), Medium (M), or Large (L). 

2) Some lines include several foods (for example, "bread, rolls, bagels, etc."). 
For the serving size, fill in the circle corresponding to the food vou ate most often. 

3) Fill in the circle that describes your AVERAGE USE. If you rarely or never ate the 
food, fill in the circle under Rarely/Never. 

**Remember, TWO CIRCLES MUST BE FILLED IN FOR EACH FOOD LINE. 
However, when you select the RARELY/NEVER response, no serving size is necessary. 
DO NOT SKIP LINES. 

^ BREADS AND GRAIN PRODUCTS 

Whole Grain Cereals (such as Chcertos*, Shiedded 
Wheal) 

Highly Fortilied Cereals (such as Product 19*, Total*) 

SERVING AVERAGE USE 

s. 
If 

PLEASE DO NOT WBIteCStTBISiKftA 
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BREADS AND GRAIN PRODUCTS 

ON THE AVERAGE, HOW OFTEN DD) YOU EAT 
BREADS AND GRAIN PRODUCTS? 
White Bicadt, including Rolls, Bagels, Flour Tortillas, 
EngliA Mufllns 
Da)rk Breads, incfaidlDg RoOi, Bagds, Floar Itartillas, 
Eiigliib Mnfflns (nich as Whole Wtot, Rye, etc.) 

Com Tortillas, Com Bread, Com Mufllns 
t *. ' • 

Oat Bran Muflins, Wheat Bran MulBns 

Other Mufllns, (such as Blueberry, Cranberry) 

Eow!lAi PDp-Tkrts*^ Bicakfiut Bars, and 
GraiiqIaBm 

Pop-lhrts*, Breakfast Bars, Granola Bars 

Blscul^ Croissants, Scones 

Pancakes, Waffles, French Toast 

100% Wheat Bran Cereals (such as AII>Bran*, 
Pier One*) 

Other Bran Cereals (such as Raisin Bran, Cora Bran) 

Whole Grain Cereals (such as Checriosf, 
Shredded Whnt) 

Highly Fortillcd Cereals (such as Product 19*, Total*) 

Low FM Granola Cereals 
(such u KeOogg's Low Fat Granola*) 
Grano^i^ Cereals Containing Nuts (such as 
Quaktt 100% Natural*, Basic 4*) 
Othw CoM Coeals (sudi as Com Flakes, 
RiceKrispics*) 

Oatmeal, Other Cooked Cereals 

IF YOU ATC COLD CEREAL, WHAT KIND DID 
YOU EAT MOST OFTEN? 

SERVING 
SIZE AVERAGE USE 

o 

0 

0 

0 

0 

0 

•• t  

I i 
KIMCaONOrWMTEMTM*«atA 

••olOMoopiooiBOOooooooo 26218 
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SERVING^ 
ST7.P. AVERAGE USE 

L / 
nk 

L L /I 1 S*is .UIEI  I 

FRUITS AND FRUIT JUICES 
nk •/*l c t  

r  ft* 

/s| 
/|s 7|i 

III  o  
/I 
s  

ON THE AVERAGE, HOW OFTEN DH) YOU EAT 
FRUETS AND DRINK FRUIT JUICES? 0 © 0 0 © 0 © © 
Apples, Ptan 0 © 0 0 © 0 0 0 0 © © 
Appknuce - © © 0 0 © 0 0 0 0 © © 
Bammas 0 © 0 0 © 0 o 0 0 © © 
Peachcs, Apricots, Ncctarincc 0 © 0 0 © 0 0 0 0 © © 
Oranges, Tangcriiics 0 0 0 0 © 0 o 0 0 © © 
Grapelhiit © © 0 0 © 0 0 0 0 © © 
Grapes © © 0 0 © 0 0 0 0 © © 
Cantaloupe © © 0 0 © 0 0 © 0 © © 
Watermelon © © 0 0 © 0 0 0 0 © © 
Honeydew © © 0 0 © 0 0 0 0 © © 
Kiwi © © 0 0 © 0 o 0 0 © © 
Strawberries ^ © © 0 0 © 0 0 0 0 © © 
Blueberries, Cranberries © © 0 0 © 0 0 © 0 © © 
Otlm Berries (inch as Raspberries, Blackberries) 

T.'V: ,. f ,  '- :  ..• % , -• -""v tv - . - © © 0 0 © o 0 © 0 © © 
Raisins, Prunes © © 0 0 © o 0 © o © © 
Dried Bananas © © 0 0 © 0 0 © 0 © © 
Other Dried Fruits (such as Apples, Apricots) © © 0 0 © 0 0 0 0 © © 

;OnngeJutoe - © © 0 0 © o 0 © 0 © © 
Grapefruit Juice © © 0 0 0 0 0 0 0 © © 
Grapejuice © © 0 0 0 0 0 0 0 © © 
Other Fruit Juices © © 0 0 0 0 0 0 0 © © 
ANY OTHER FRUITS OR FRUIT JUICES, PLEASE USE THE LINE BELOW: 

2. © © ©|o © 0 0 0 0 © 0 

3 tS32 ' - PtEASEDONOTWtrBKlSCTHISAtefc 
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SERVING' 
SIZE 

VEGETABLES AND 
VEGETABLE JUICES 

AVERAGE USE 

ii$m miiii 
-/-I 

ONTHE AVERAGE, HOW OFTEN DID YOU EAT VEGETABLES 
AND DRINK VEGETABLE JUICES? (NOT INCLUDING POTATOES) 

Broccoli 0 0 0 
CUTDIS' ' 
i. Srt • ' -

0 0 0 
Caulinower, Bnunls Sprouts O 0 0 
Suing Beans 0 0 0 
Com 0 0 0 
Ffefls 0 0 0 
Summer Squash, Zuccliini 0 0 0 
Winter Squasii 0 0 0 
Green Peppers, Green Clines, Jalapefios 0 0 0 
Red FCppen, Yeilow Peppers, Red Chiles 0 0 0 
Onions, Garlic 0 0 0 
Cucumbers 0 0 0 
Mixed Vegetables (containing Carrots) 0 0 0 
Other Mix^ Vegetables , 0 0 0 
Cabbage, Cole Slaw 0 0 0 
Mustard Greens,'Rimlp Greens^ CoUards (Cooked) 0 0 0 
Spinach (Cooked) 0 0 0 
Raw Spinach, Dark Green Leafy Lettuce 0 0 0 
Iceberg Lettuce, Celery 0 0 0 
Tomatoes, Tbmato Based Juice, V-8* 0 0 0 
Carrot Based Juice 0 0 0 
Other Vegetable Juices (not Carrot or Tomato Based) 0 0 0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

ANY OTHER VEGETABLES OR VEGETABLE JUICES, PLEASE USE THE LINE BELOW: 

0 0 o|o 0 0 0 0 0 3. 

PLEMKOO NOT WMTCM TMt AlltA 
•aOBOBBOOBIOOBBOOOOOOOOO 
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SERVING! 
SIZE AVERAGE VSE 

SIDE DISHES wliSmfl 
?*/ ® h* 

Low Fat Rcfried Beans 

RefHcdBcant: 

Lentil 
Pinto, Kidney, Lima) 

as Garbanco, Balced, 

French Fries, Fried Potatoes, Hash Browns 

Other Potatoes (include Boiled, Baked, Mashed) 
rw- : •• •• 

. Sweet Potatqes^ Yams 

Brown Rice, Wild Rice 
( I • * ' ~ • 
WhiteRice 

© © 
© Q 

© © 
© © 
© © 
© © 
© © 
© © 

© 
© 
© 
© 
© 
© 
© 
© 
© 

o 
o 
o 
o 
o 
o 
o 
o 
o 

MEAT, POULTRY, FISH, AND MIXED DISHES 

; ON THE AVERAGE, HOW OFTEN DID YOU EAT MEAT, 
POULTRY. FISH. AND MIXED DISHES? 0 © 0 0 © 0 © © 
Beef Steaks, Roasts © © 0 0 © 0 0 © 0 © 0 

. 'Vi" . • '.-r' * • 
Hraburgenh Qieeseburgers, MntLoaf © © © 0 © 0 0 © 0 © © 
Pork (Oiops, Roasts) 

rBacon, Pork Sausage 
• " • 

© 
© 

© 
© 

© 
© 

0 
0 

© 
© 

0 
0 

o 
0 

© 
© 

0 
0 

© 
© 

© 
© 

Chicken, Ibrkey (Baked, Stewed, Broiled) © © © 0 © 0 0 © 0 © © 
:]M^pricken © © © 0 © 0 0 © 0 © © 

Liver (Beet^ Pork, Chicken) 

Baked or BroOed Fish (inch as Halibut, iSole, 
Salmon, Itana) 
Shell Fish such as Shrimp, Lobster, Crab, Oysters 
(notfHed) 

© 
0 
© 

© 
© 
© 

© 
© 
© 

0 
0 
0 

© 
© 
© 

0 
0 
0 

0 
0 
0 

© 
© 
© 

0 
0 
0 

© 
© 
© 

© 
© 
© 

F^ Fbh, Fish Sandwich, Fried Shell Fish © © © 0 © 0 0 © 0 © © 
E|g Substitutes © © © 0 © 0 0 © 0 © © 
E|gs © © © 0 © 0 0 © 0 © © 

3 9 PLEASE DO NOT WUlSCKTHISiltEil 
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^ MEAT, POULTRY, nSH AND 
MIXED DISHES (continued) 

SERVING 
IZE AVERAGE USE 

ll h li li I II I! = t 
Si^, Italia Salad, E|g Salad 0 0 0 0 0 0 0 0 O 0 0 

Lnn Lunchincats (such as Ham, "nirkey, 
Chid^ Low Fat Hot Dogs) 0 0 0 O 0 0 0 0 0 0 0 
Liuidmicala (luch as Bologna, Sabunl, Spam*) 0 0 0 0 0 0 0 0 0 0 0 
Hot Dogs (Regular), Polish Sausage, Bratwurst 0 0 0 0 0 O 0 0 0 0 0 
Meat Substitates (such as Ibfii, Veggie Burgers) 0 0 0 0 0 O 0 0 0 0 0 
Plna 0 0 0 0 0 O 0 0 0 0 0 
S^hetti, Other Pasta with Ibmato Sauce (no Meat) 

i f-r,- . - - 0 0 0 0 0 O 0 0 O 0 0 
Spaghetti, Other Pasta with Meat Sauce 0 0 0 0 0 0 0 0 0 0 0 

bishn with Cheese, Cream Sauce, or Pesto 
Sauce (such as Macaroni and Cheese, f^sagna, 
FettucueAlfredo) 0 0 0 0 0 0 0 0 0 0 0 
Stews, Pot Pies, Casseroles containing Meat, 
Pouli^,orFish 0 0 0 0 0 0 0 0 0 0 0 
Vii^tai^n Chili 0 0 0 0 0 0 0 0 0 0 0 
Chili with Meat 0 0 0 0 0 o 0 0 0 0 0 
M^canD^hes 0 0 0 0 0 0 0 0 0 0 0 
Chinese Dishes 0 0 0 0 0 o 0 0 0 0 0 

•",!' ' y . r  

Vegetable Soups, Mincstrodle, Ibmato Soup 0 0 0 0 O o 0 0 o 0 0 
Cream Soups (such as Potato, Broccoli, Qam 
Chowder) 0 0 0 0 0 o 0 0 0 0 0 
Otiier Straps (such as Ttarkey Noodle, Chicken 
and Rice) 0 0 0 0 0 0 0 0 0 0 0 

mimiiHi 
"B 

. I 

• j; PLEASE DO NOT WRITE IN THIS AREA 
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SPREADS AND SAUCES 

\ SERVING I 
\ SIZE I AVERAGE USE 

/l k r 
/la /§s 

II 
c/l 
7 ' 11 i 

'M kl o 
II 
s 

0 © © 0 © 0 0 0 O 0 0 
0 © © 0 © 0 0 0 0 0 0 
Q 0 © 0 © 0 0 0 o 0 0 
0 © © 0 © 0 0 0 0 0 0 

0 © © 0 © 0 0 0 0 0 0 
0 © © 0 © 0 0 0 0 0 0 
0 © © 0 © 0 0 0 0 0 0 

O 0 © 0 © 0 0 0 0 0 0 

0 0 © 0 © 0 0 0 0 0 0 
0 0 © 0 © 0 0 0 o 0 0 

© 0 © 0 © 0 0 0 0 0 0 

© 0 © 0 © 0 0 0 0 0 0 

© 0 © 0 © 0 0 0 0 0 0 

© 0 © 0 © 0 0 0 0 0 0 

, Low Fat Peanut Butter 

Peanut Butter 

Low Sugar Jams, Jellies, Syrup 

Jams, Jellies, Syrup, Honey 

Sugar, Brown Sugar 

Artificial Sweeteners 

Buttw, Margarine 

Mayonnaise, Sandwicli Spread 

Reduced Fat Sour Cream 

Sour Cream (Regular) 

' S^ii Dressings (All lypes) 

White Sauce, Gravies made with Meat Drippings 

' Guacamole, Avocados 

Salsa, DIGO Sauce, Barbcque Sauce 

^ DAIRY PRODUCTS 

ON THE AVERAGE, HOW OFTEN DH) YOU EAT 
, OR DRINK DAIRYPRODUCTS? 0 © 0 0 0 0 0 0 
Mak(Aniypes) © 0 © 0 © 0 o 0 0 0 0 

^Nonfat Cheeses (such as Alpine Lace*, Healthy' 
Choice*, Nonfat Cream Chcoc, No^t and Low Fat-
Cottage Cheese) © 0 © 0 © 0 0 0 0 0 0 
Low FatCheeses (such as Mozzarella, Low Fat 
Cream Cheese) © 0 © 0 © 0 0 0 0 0 0 
Ricotta, Cottage Cheese (Regular) © 0 © 0 © 0 0 0 0 0 0 
Other Cheeses (such as Cheddar, Swiss, 
Monterey Jack, Regular Cream Cheese) 
Low Fat Chem Spreads (such as Reduced Fat 
CheezWhiz*) 

© 
© 

0 
0 

© 
© 

0 
0 

0 
© 

0 
0 

0 
o 

0 
0 

0 
0 

0 
0 

0 
0 

Cheese Spreads (such as CheezWhiz*, Veiveeta*) © 0 © 0 © 0 0 0 0 0 0 
Nonbtand Low FatYognrt (not Frozen) © 0 © 0 © 0 0 0 0 0 0 
Other Yogurt (not Frozen) © 0 © 0 © 0 0 0 0 0 0 

3-.r: 
KEAKOO NOrwwmMTHK AMA 

•BOBoaBodaaooMOOooooooo 
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\ SERVING 
\ SIZE AVERAGE USE" 

L 

/l 

/ »  Sx 
7I| 
fir* ii 

L 
Norm average USE 

@ BEVERAGES D^^fmoMTHE /l hs ps b" /if o< 

Sx 
7I| 
fir* ii 

m 
/"" 

/ I ,  PREVIOUS SECTIONS 1 
m 
/"" s 

Water:,.;, 0 0 0 0 o 0 0 0 0 0 0 © 
Soft Drinks without CafTcine (such as Sprite*, 
Root Beer, Caffeine Free Coca-Cola*) © 0 0 0 o o 0 0 0 0 0 © 
Soft Drinks wi A Caffeine (such as Ffepsi*, 
MiratainDew^ 0 0 0 0 0 0 0 0 o 0 0 0 
Diet Soft Drinks without Caffeine 0 0 0 o 0 0 0 0 o 0 0 0 
Diet Soft Drinks with Caffeine 0 0 0 0 0 0 0 0 0 0 0 0 
Non-Carbonated Fniit and Tea Drinks (such as 
Snapple*, Gatorade*, Kool-Aid*, Lemonade) 0 0 0 0 0 0 0 0 o © 0 0 

0 0 0 0 0 0 0 o 0 © 0 0 
Beer 0 0 0 0 o 0 0 0 0 © 0 0 
VITine 0 0 0 0 0 0 0 0 0 © 0 0 
Liquor 0 0 0 0 0 0 0 0 0 © 0 0 
Coffee (Decaffeinated) 0 0 0 0 0 0 0 0 0 © 0 © 
Coffee (Regular) 0 0 0 0 0 0 0 0 0 © 0 © 
Hot Tea (Decaffeinated or Herltal) 0 0 0 o 0 0 0 0 o © 0 © 
Hot Ite (Regular) 0 0 0 0 0 0 0 0 o © 0 © 
IcedTtea (Decaffeinated) 0 0 0 0 0 0 0 o o © 0 © 
Iced Tea (Regular) 0 0 0 0 o 0 0 o o © 0 © 
Milk, Cream, Creamer in Coffee or 0 0 0 0 0 0 0 0 0 © 0 © 

PLEASE DO NOT WRITE IN THIS AREA 
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\ SERVING \ 
\ SIZE 1 AVERAGE USE 

L L / 
Bl 

L. 
NOTE: AVERAGE USE 

^ SNACKS AND CHOICES ARE 
<9B DESSERTS DIFFERENT FROM THE 

PREVIOUS SECTIONS 
/I 

ISi. ./=» 
7B2 

F 
jll Bl ill i 

/l 
Low Fat or Fat Free Potato Cbip& Ibrtilla Chios, 
Prctzelf, and Crackers (nich as uked Tostita«*, 
Siiltines, Harvest Crbps^ © 0 0 0 0 0 0 0 0 0 0 0 
Potato Chips, Com Chips, Tortilla Chips, Crackers 
(such as Fiitos*, Doritos*, Wheat Thins*) © 0 0 0 0 0 0 0 0 0 0 0 
Popcorn 0 0 0 0 0 0 0 0 0 0 0 0 
Shelletl Nuts (include Peanuts) 0 0 0 0 0 0 0 0 0 0 0 0 
Reduced Fat Ice Cream, Ice Milk, Frozen Yogurt, 
Sbcrhet 0 0 0 0 0 0 0 0 0 0 o 0 
Ice Cream 0 0 0 0 0 0 0 0 0 0 o 0 
R^uced FatPuddfaigs and.Custards 0 0 0 0 0 0 0 0 0 0 0 0 
Custards, Puddings, Flan 0 0 0 0 0 0 0 0 0 0 0 0 
Rniuced Fat DUces, Pastries, and Doughnuts (su^ 
as Ai^ Food Cake, SponeeCake, Entenmann's* 
Lp^at Pastries) 0 0 0 0 0 0 0 0 0 0 0 0 
Cakes, Pastries, Doughnuts 0 0 0 0 0 0 0 0 0 0 0 0 
l^uoed Fat Cookies (such as Vanilla Wafers, 
Grahm Crackers, Sn^Weil's* Cookies, Fig Bars) 0 0 0 0 0 0 0 0 0 0 o 0 
Cookies 0 0 0 0 0 0 0 0 0 0 o 0 
Pumpkin PL^ Sweet Potato Pic 0 0 0 0 o o 0 0 0 0 o 0 
Other Pies 0 0 0 0 0 0 0 0 0 0 0 0 
:Ctocolate (^ndy and Candy Bars 0 0 0 0 0 0 0 0 0 0 o 0 
Other Candv (such as Jellv Beans, 
SweeTDirts*, Life Savers*) 0 0 0 0 0 0 0 0 0 0 o 0 

<•) -

®®®®®®®®®® 
®®®®®®®®®® 
4b) 
.®o®®®®®®®® 
®®®®®®®®®® 
®®®®®®®®®® 
4c) 
®®®®®®®®®® 
®®®®®®®®®® 
®®®®®®®®®® 
4d) 
©©©©(SAi)®®®® 
®©®©®©©®®® 
®Q®®®®®®®® 

FOROFnCEUSE 

®^©®®®®®®®® (^0®®®®®®®® 
®©®®®®®0®® ®®®®®®®®®® 
®®®®®®®®®® ®®®®®®®®®® 

®©®©®®®®®® (^©®®®®®®®® 
®®©®®®®®®® ®®®®®©®®®® 
®®®®®®®®®® ®®®®®®®®®® 
4g) 4k) 
(3®®®®®®®®® ®©®®®®®®®® 
®©®®®®®®®® ®©®®®®®®®® 
®®®®®®®®®® ®®®®®®®®®® 
4h) 41) 
®©®©®®®®®® ©©©®®®®®®® 
®®®®®®®®®® ®©®®®®®®®® 
®®®®®®®®®® ®Q®®®®®®®® 

4m) 
®0®®®®®®®® 
®®®®®®®®®® 
®0®®®®®®®® 
4ll) 
®®®®®®®®®® 
®0®®®®®®®® 
®0®®®®®®®® 
4o) 
®®®®®©®®®® 
®®®®®®®®®® 
®®®®®®®®®® 

PIEMC 00 NOT WMTC M TMt um 
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ADDITIONAL FOODS 
Are Iberc my foodi not Itited on the questionnaire that 
you ate at least once a month? The Additional Foods 
List has been provided to help prompt your memory. 
Write these foods in the spaces proWded. Fill in the 
drdes indicating Uie serving site and avenge use for 
each food. You are not limited to the foods on this list. 

\ SERVING \ 
\ SIZE I AVERAGE USE \ I ADDITIONAL FOODS 

Are Iberc my foodi not Itited on the questionnaire that 
you ate at least once a month? The Additional Foods 
List has been provided to help prompt your memory. 
Write these foods in the spaces proWded. Fill in the 
drdes indicating Uie serving site and avenge use for 
each food. You are not limited to the foods on this list. 

i 
< /I 

/|i k BS /ll 
c  §> w 11 fd 11 1 

s 
jlj 

© 0 0 O 0 0 0 0 0 0 0 -

B. . . _ _ O 0 0 0 0 0 0 0 0 0 0 -

0 0 0 0 0 0 0 0 0 0 0 -

D, .... ... 0 0 0 0 0 0 0 0 0 0 0 -

K. - , _ , 0 0 0 o 0 0 0 0 o 0 0 -

E 0 0 0 0 0 0 0 0 0 0 0 -

«J V . 0 0 0 0 0 0 0 0 0 0 0 -

n 0 0 0 0 0 0 o 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 -

J.. 0 0 0 o 0 0 0 0 o 0 0 -

0 0 0 0 © 0 o 0 0 0 0 -

t 0 0 0 0 0 0 0 0 0 0 0 -

0 0 0 o © 0 0 0 0 0 0 -

0 0 0 o © o o 0 o 0 0 -
0 0 0 o © 0 o 0 0 0 0 -

Fitftioiiia Foods List 

Fast* 

V j^V 
Lamb 

Lemons, Lemon Juice Rice Cakes 
Mangoes 
Milkshakes 
Papayas 
Parmesan Cheese 
Pineapple 
Plums 

Sauerkraut 
Seeds 
Supplemental Beverages (e.g^ Ensure*) 
Tortillas (Low Fat) 
Veal 

. ^ 
S ̂  £ 3 '2 - ' PLEASE DO NOT WJUTB IN THIS AREA 
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FOR OFFICE USE 
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1) ' 2) 3) 
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VITAMIN AND MINERAL SUPPLEMENTS 
1. Fill in the drcle next to any multiple vitamins or individual supplements consumed. 

2. Write in the BRAND NAME and the NUMBER OF PILLS PER WEEK for each 
MULTIPLE VITAMIN. 

3. Write in the DQSA£E and the NUMPER OF TIMES PER WEEK for each INDmniJAL 
SUPPLEMENT. 

PREPARATION 

Multiple Vitamin 

a. O Multi ̂ tamin with Minerals 

b. O Multi Vitamin without Minerals 

c. O Therapeutic, Stress or High 
Potency Formula 

d. O B-Complex 

Individual Supplements 

e. O Beta-Carotene 

f. O \^taminA 

g; P \^tamin C 

h. 0 Vitamin E 

i. d, N^tamin Bfi 

j. 0 Calcium - type (e.g. oyster 
shell) 

k. P Zinc ' 

1. 0 Seiem'um 

m. .O iron 

n. O Other 
type 

-o. 0 Other 
. -type 

p. 0 Other 
type 

THANK YOU FOR COMPLETING 
TfflS QUESTIONNAIRE. PLEASE TAKE A MOMENT TO 

FBklSH ANY QUESTIONS YOU MAY HAVE SKIPPED. 

PLEASE DO NOT WRITE WTHIS AREA 

BRAND NAME FREQUENCY 
# pills / week 

DOSAGE times/week 
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