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Abstract 

Although cell and animal studies support an association between nonmelanoma 

skin cancer and dietary fat, few studies have assessed this relationship among humans. 

This study assessed the relationship among participants in a five-year chemoprevention 

trial completed at the Arizona Cancer Center. This design allowed efficient investigation 

into the association of dietary fat with development of skin basal (BCC) and squamous 

cell carcinoma (SCC) among high risk individuals. Three manuscripts were written to 

examine the dietary characteristics of the study population, factors associated with basal 

and squamous cell skin cancer occurrence, and the association of dietary fat and other 

dietary components with skin cancer incidence. The hypothesis was that dietary fat. and 

linoleic acid in particular, would increase the risk of SCC occurrence. 

Using a semi-quantitative food frequency questionnaire, usual dietar>' intake of 

the volunteers, aged 51 to 85 years, was generally consistent with intakes reported by 

other studies. However, more than half of the participants consumed less than the 

recommended levels of vitamin D, folate, calcium, and dairy and grain foods. 

Among participants randomly assigned to the control intervention with no prior 

history of skin cancer, the incidence of BCC and SCC was 3629 and 2671 per 100.000 

person-years, respectively. Only age independently predicted BCC incidence, while male 

gender, naturally red hair color, years of residency in Arizona as an adult, and age 

predicted SCC incidence. 
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Dietary fat was not associated with the development of BCC among these high 

risk individuals. Estimated daily intake of total fat and oleic acid were weakly associated 

with SCC occurrence (p = 0.09 and p = 0.06) and linoleic acid was not associated. 

Neither total dietary fat nor any specific fatty acid were associated with reduction in time 

to first occurrence or total number of skin cancers. Dietary vitamin C and vitamin E. 

antioxidants that could potentially reduce cellular protein damage from the oxidative 

compounds formed by ultraviolet penetration, were also not associated with BCC or SCC 

development. 
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INTRODUCTION 

Explanation of the Problem and Its Context 

Overview 

Nonmelanoma skin cancer (NMSC) has an incidence rate higher than tliat all 

other types of cancer combined (Baron 2000, Frieling et al. 2000, Strom et al. 1997. 

Black et al. 1997, Karagas et al. 1995, Frost et al. 1994). While older individuals are at 

higher risk for NMSC, increases in incidence over the past 25 years are greater than can 

be accounted for by aging of the United States population alone (Karagas et al. 1999. 

Frost et al. 1994. Preston et al. 1992. Urbach 1991). 

The primary causal agent of NMSC is ultraviolet radiation (UVR) (Armstrong et 

al. 1996. Armstrong et al. 1995, Corona 1996, Elwood et al. 1997. English et al. 1998). 

Fat and its metabolism are directly involved in three of the mechanisms by which 

ultraviolet radiation leads to skin carcinogenesis: immunity, inflammatory response, and 

the integrity of cellular membranes (Strom et al. 1997, Naylor 1997. Black et al. 1997. 

Kraemer 1997. Ley et al. 1997, Frost et al. 1994). Cell and animal models of skin cancer 

indicate that the amount and type of fat consumed are associated with increased tumor 

incidence and burden; however, few studies have assessed this association in human 

populations (van Dam et al. 2000, Jaax et al. 1997, Black et al. 1995. Black et al. 1994. 

Hunter et al. 1990). One clinical trial showed significant reduction in precancerous 

lesions and basal cell carcinoma (BCC) among participants randomized to an isocaloric. 

reduced-fat diet (Black 1998, Jaax et al. 1997, Black et al. 1995. Black et al. 1994). 
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Continued investigation into the epidemiologic association of dietary fat and NMSC is 

needed. 

The Arizona Cancer Center completed a comprehensive five-year intervention 

trial, investigating the efficacy of retinoids in skin cancer prevention (Moon et al. 1997. 

Moon et al. 1995). In addition to collecting extensive risk factor information and 

requiring pathologic verification of all incident NMSC, the trial assessed usual dietary 

intake using standardized, semiquantitative food frequency questionnaires. This baseline 

dietar>' assessment and NMSC ascertainment can be used to evaluate the potential 

association of dietary fat and skin carcinogenesis. Development of a prospective cohort 

from the completed intervention trial is an efficient approach to investigate the lipid and 

malignancy relationship within a population at high risk for skin cancer. 

Hypothesis and Specific Aims 

The overall aim of this study was to investigate, among a population of high risk 

study participants, the association between development of nonmelanoma skin cancer and 

usual dietary fat intake. Cell and animal models of cancer have suggested that dietary fat 

could act as a tumor promoter, possibly through modifications in cellular immunity. 

Alternatively, or in conjunction with changes in cellular immunity, the amount and type 

of dietary lipids could affect integrity and fluidity of cell membranes and inflammatory 

response. Investigation of the potential association of dietary lipids with development of 

cutaneous basal and squamous cell carcinoma would be incomplete, however, if potential 

confounding factors were not considered in the analysis. 
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Primary' Hypotheses: 

• Higher levels of dietary fat are significantly associated with increased risk of skin 

squamous cell carcinoma development. 

• Linoleic acid, the major dietary polyunsaturated acid, is associated with increased risk 

of skin squamous cell carcinoma development. 

• BCC development is not associated with total dietary fat or any dietary fat 

component. 

In order to evaluate the primary study hypotheses, several specific aims were set: 

Specific Aim #1. Characterize the usual dietary intake of the study population and 

determine congruence with nutrient intake for the general United States population and to 

compare to recommended levels of dietary and nutrient intakes (Manuscript # 1). 

Specific Aim #2. Examine factors (other than diet) that independently predict 

incidence of skin basal cell or squamous cell carcinoma within the study population of 

persons with multiple actinic keratoses but no prior history of skin cancer (Manuscript # 

2). 

Specific Aim #3. Determine if lower daily intake of dietary fat is independently 

associated with decreased risk of cutaneous basal or squamous cell cancer over 5 years of 

follow-up among the study population at high risk for development of NMSC. 

Specific Aim #4. Determine if a higher daily intake of linoleic acid, the 

predominant polyunsaturated fatty acid in the US diet, is independently associated with 

increased incidence of skin basal or squamous cell carcinoma within the study 

population. 
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Background and Literature Review 

PART 1: OVERVIEW OF NONMELANOMA SKIN CANCER 

Skin Cancer is an Increasing Concern 

Non-melanoma skin cancer (NMSC) is the most common of all cancers with an 

estimate of over 1,000,000 new cases diagnosed in the United States each year (Salasche 

2000. Black et al. 1997). The incidence of cutaneous cancer is similar to the total 

incidence of all other cancers combined, and increases over the last 25 years are higher 

than can simply be accounted for by the aging of the population (Baron 2000. Frieling et 

al. 2000. Strom et al. 1997. Karagas et al. 1995, Frost et ai. 1994. Urbach 1991). 

Incidence of NMSC is expected to increase as the protective ozone layer surrounding the 

earth is depleted, subsequently allowing additional amounts of ionizing radiation to reach 

the earth's surface (Strom et al. 1997, Urbach 1997, Henriksen el al. 1990. Urbach et al. 

1980. Fears et al. 1977). 

Non-melanoma skin cancer occurs as two specific types, basal cell carcinoma and 

squamous cell carcinoma of the skin. Basal cell carcinoma (BCC) is considered the most 

common type of skin cancer, usually accounting for up to 70% of all skin cancers 

(Karagas et al. 1995, Preston et al. 1992, Marks et al. 1988). BCC develops slowly from 

basal keratinocytes in the epidermis, is not likely to metastasize, and is considered to be 

99% curable if treated. Squamous cell carcinomas of the skin arise from epidermal 

squamous keratinocytes, tend to be more aggressive than BCCs, and if left untreated will 

spread to adjacent tissue (Salasche 2000, Strom et al. 1997, Karagas et al. 1995. Kricker 



et al. 1991). Cutaneous SCC, responsible for up to 3000 deaths yearly in the United 

States, is considered 95% curable. Even with treatment, however, BCC and SCC may 

cause disfigurement and functional loss, contribute significantly to health care costs for 

diagnoses and treatment (Salasche 2000, Dinehart 2000, Frieling et al. 2000. Strom et al. 

1997. Black et al. 1997, Urbach 1991). 

Ultraviolet Radiation Effect on Epidermal Cells 

The skin is a protective organ with mechanisms for reacting to potential insult. 

Exposure to ultraviolet radiation (UVR) causes thickening of the homy layer of the 

epidermis and production of melanin (Urbach 1997). These reactions limit the penetration 

of UVR primarily to the proliferative basal layer. However, these protective mechanisms 

are not equally efficient or available among all individuals. Genetics and ethnicity 

determine potential for pigmentation and epidermal thickening. Wavelength, dose, and 

e.xposure time determine the effect of UVR on epidermis. 

Long wavelengths of radiation are not readily absorbed by genetic material. UVC 

and UVB are absorbed by DNA and, as such, are considered the most carcinogenically 

active wavelengths (Black et al. 1997, de Gruijl et al. 1994). UVR can be thought as 

adding energy into molecules, causing a brief, hyper-energy or excited state. The excited 

pyrimidine bases of the DNA, thymine and cytosine, react with the water environment of 

the nucleus forming abnormal connections within the genetic material. Cross-links within 

the DNA protein called dimers are the typical UVR-induced DNA defect (Rauth 1992). 

UVA. however, does not directly damage DNA. The longer wavelengths of the UVA 
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range are absorbed by molecules other than DNA, creating reactive oxygen species or 

other photochemical products. 

In humans and mouse models of photocarcinogenesis. the relationship of UVR 

dose to NMSC incidence is complex. Protective mechanisms such as epidermal 

thickening, pigmentation, immune response, and induction of tumor suppressor genes 

within the epidermis alter dose effectiveness. 

Although the majority of UVR damage to skin is believed to typically occur 

within the first two decades of life, the significance of the life-period during which an 

individual receives exposure is controversial. An Australian case-control study reported 

intermittent sun exposure was associated with BCC incidence (Kricker et al. 1995). A 

handful of studies indicate prolonged sun exposure during the first two decades of life 

sometimes assessed as the number of severe sunburns, is associated with both BCC and 

see incidence (van Dam et al. 1999, English et al. 1998, English et al. 1998. Grodstein 

et al. 1995. Hunter et al. 1990). Other studies using models that simultaneously adjust for 

multiple risk factors indicate no independent association with sun e.xposure as a child or 

youth. 

Sunlight is a Complete Carcinogen 

Sunlight, both acute doses and cumulative exposure, is the primary- causal agent 

of NMSC (Karagas et al. 1999, Kraemer 1997, Strom et al. 1997. Franceschi et al. 1996. 

Karagas et al. 1995, Preston et al. 1992. Magnus 1991, Henriksen et al. 1990, Vitasa et al. 

1990, Weinstock 1989, Holmanetal. 1984, Urbachetal. 1980, Fears etal. 1977). 
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Arizona has a NMSC per capita incidence second only to Australia (Harris et al. 1999. 

Salasche 2000, Schreiber et al. 1971). Two factors present in each of these regions 

increase skin cancer risk. Both regions have predominantly fair-skirmed, Caucasian-

ancestry population. Additionally, both regions are geographically close to the equator. 

The amount of UVR that reaches the earth's surface, known as the effective radiation, is 

highest among the lowest latitudes and the effective UVR increases with higher altitudes 

in which air is thinner (Baron 2000, Weinstock 1995, Magnus 1991. Henriksen et al. 

1991. Engle et al. 1988). A survey of NMSC incidence among five regions in the United 

States, concluded that both closeness to the equator and increases in altitude greater than 

400 feet above sea level were significantly associated with increased risk (Weinstock 

1995, Engle et al. 1988). Arizona is both close to the equator and has a median altitude of 

over 2450 feet above sea level. 

UVR consists of a spectrum of wavelengths shown to have varying significance to 

carcinogenesis (Stem 1999, Henriksen et al. 1990, Engle et al. 1988, Urbach et al. 1980, 

Fears et al. 1977). The longest wavelengths (320 - 400 nm) form the UVA range; UVB 

includes the middle range at 290 - 320 nm, and wavelengths of 200 - 280 nm are referred 

to as UVC (Strom 1997. Urbach 1997). The ozone atmospheric level currently protects 

the earth's surface and inhabitants from wavelengths that would cause the most biological 

damage, those shorter them 290 tun (UVC). However, man-made environmental 

alterations are depleting that protective layer (Urbach 1997, Henriksen et al. 1990. 

Urbach et al. 1980, Fears et al. 1977). One study estimated that NMSC incidence will 

increase 2% - 4% for every 1% decrement in the ozone layer and will disproportionately 
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increase SCC (Strom et al. 1997). There is no protective layer, however, against the 

longer ultraviolet wavelengths. UVB is the primary cause of sunburn, which indicates 

damage to the epidermal skin layer. Wavelengths greater than 320 nm. or UVA. penetrate 

deeper into the dermis. UVA is suspected of being an important risk factor for melanoma, 

while UVB is the primary component of sunlight linked to NMSC development (Strom 

1997. Urbach 1997. Henriksen et al. 1990, Urbach et al. 1980, Fears et al. 1977). 

Animal models of skin cancer have shown that UVR is a complete carcinogen, 

acting both as an initiator and as a promoter (Black et al. 1992. Birt et al. 1992. Black et 

al. 1985. Black et al. 1983, Baumann et al. 1939). As an initiator, UVR damages 

deoxyribonucleic acids (DNA), altering the strands by causing the formation of dimers. 

When protective excision-repair mechanisms within the cells are compromised, the 

genetic damage is propagated. UVR also promotes the carcinogenic process. Animal 

models have indicated that UVR increases the number of suppresser T-cells (Aubry et al. 

1985. Vitale et al. 1981). The consequence ofT-cell suppression is decreased cell-

mediated immunity and the subsequent inability to regulate the growth of initiated, 

mutated cells or to repair damaged DNA (Selgrade et al. 1997. Nishigori et al. 1996. 

Vitale et al. 1981). This increase in T-cell suppression, however, may not be the only 

mechanism, nor the most important mechanism, by which UVR is promoting cutaneous 

cancers. 

.A.ctinic Keratoses: Neoplastic Markers of Sun Damage 

Actinic keratoses (AK) are dysplastic epidermal lesions and markers of 
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individuals at high risk for NMSC development (Saiasche 2000, Glogau 2000. Frost et al. 

1994, Marks 1995, Sober etal. 1995, Krickeretal. 1991, Marks etal. 1988). AKs. 

sometimes called solar or senile keratoses, are rough, scaly, dry, reddish or brown 

colored palpable patches, typically 1 to 3 millimeters in size (Saiasche 2000. Sober et al. 

1995, Frost et al. 1994, Kricker et al. 1991, Marks 1990). Although commonly called 

"premalignant" lesions, this labeling of AKs is not entirely accurate (Cockrell 2000. 

Lefell 2000). AKs do not possess metastatic potential, but are the result of initiation by a 

carcinogen, such as solar or non-solar radiation or exposure to aromatic hydrocarbons 

(Frost et al. 1994, Callen 2000). Mutations of the p53 suppressor gene, which should 

recognize and halt growth of tumor cells if working properly, have been identified in up 

to 60% of samples of AK lesions being assessed for this deficit (Lefell 2000. Einspahr et 

al. 1997. Harris 1996). Some genetic syndromes and immunologic deficiencies cause 

individuals to be particularly susceptible to epidermal cell initiation, resulting in a 

profusion of AKs (Sober et al. 1995, Frost et al. 1994). Such situations, however, are 

fortunately rare and not typical of the epidemiology of solar keratoses. 

Older age, male gender, low latitude of residence, fair skin, and high amounts of 

cumulative sun exposure are considered risk factors for actinic lesions (Saiasche 2000. 

Glogau 2000. Frost et al. 1994. Marks 1995, Sober et al. 1995. Weinstock 1995. Kricker 

et al. 1991. Vitasa et al. 1990. Rogers et al. 1990, Marks et al. 1988. Engle et al. 1988). 

AKs typically arise and are most numerous on sun exposed skin surfaces. There is 

evidence that a proportion of these lesions may spontaneously regress or involute 

(Thompson et al. 1993, Marks 1990). AKs are precursor lesions for the majority of sun-
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induced SCCs and estimates of the rate at which a specific AK can undergo malignant 

transformation to a SCC range from 0.025% to 16% in a single year (Glogau 2000. 

Marks 1995. Kricker et al. 1991, Rogers et al. 1990, Marks 1990, Aubry et al. 1985). 

BCCs are not typically thought to arise from AKs, however, the presence of AKs denotes 

that the skin is sufficiently exposed for NMSC development. As such, the presence of 

actinic lesions is a strong predictor of both BCC and SCC incidence (Strom et al. 1997, 

Sober et al. 1995, Kricker et al. 1995, Karagas et al. 1995). 

Although AKs have been studied, often histological verification is not obtained 

and clinical assessment may not always be accurate (Glogau 2000, Holman et al. 1984. 

Frost and Green 1994, Marks et al. 1988). Determination of risk factors for AKs and 

NMSC is further plagued by potential error in measuring chronic and current sunlight 

exposure and reliability of the reporting of sunburn history (Fox 1998, Cress et al. 1995, 

Engel et al. 1988, Holman 1984, Jones 1984). The estimated prevalence of having at least 

one actinic lesion was 18% to 37% among US adult (18 years of age or older) Caucasian 

males and females respectively in the National Health Assessment and Nutritional 

Examination Survey (NHANES) (Engel et al. 1988). The estimated prevalence of one or 

more AKs is 40% to 50% among Australian adults (Frost et al. 1994, Marks et al. 1988). 

Basal Cell Carcinoma Risk Factors 

Basal cell carcinoma of the skin is the most common type of NMSC (Karagas et 

al. 1995. Preston et al. 1992, Marks et al. 1988). BCCs arise from basal keratinocytes 

and can be categorized into histologic subtypes: nodular ulcerative, superficial. 



morpheaform, infiltrating, and pigmented. BCCs may grow quite slowly; however, if 

untreated, these malignancies will form very large lesions. The nodular subtype is the 

most commonly diagnosed BCC, followed by the superficial type. Although superficial 

BCC are more corrunon on the trunk than the sun exposed head and neck regions, there is 

evidence that the proportion of this BCC subtype increases in regions with more sunlight 

(Lear et al. 1997. McCormack et al. 1997, Pearson et al. 1999. Kricker et al. 1994. 

Magnus 1991). The mean age of individuals diagnosed with the superficial type of BCC 

are significantly younger than persons with other BCC types (McCormack et al. 1997). 

Australian studies have reported no gender differences in proportions of the subtypes of 

BCC or distribution by anatomic sites (Pearson et al. 1999, Kricker et al. 1994). One 

study of BCC tumors treated at a university medical center in Tennessee indicated 

significantly more women were diagnosed with superficial BCCs and a greater 

proportion of the tumors were located on the lower limbs (McCormack et al. 1997. 

Pearson et aL 1999, Kricker et al. 1994). Anatomic site information from the 

Southeastern Arizona Skin Cancer Registry was more consistent with reports from 

Australia indicating more than 70% of BCCs among both men and women were found on 

the head or neck (Harris et al. 1999). 

Nearly all BCCs have abnormal levels of p53 protein, although mutations of the 

p53 gene are identified in only half of the tumors (Brash et al. 1996). The p53 mutation is 

less common among BCC lesions, as compared to mutation rates of 60% or higher 

among AK and SCC lesions. Additionally, frequently a single p53 allele is inactivated 

among BCC tumors, whereas both p53 alleles are non-fiinctional in other epithelial 
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tumors (Grossman 1997). Inactivation of a single p53 allele in BCCs compared to both 

alleles in SCC may explain the difference in metastatic potential (Grossman 1997. Brash 

et al. 1996, Lear et al. 1996). In contrast to SCC and its precursor lesion, the most 

frequent DNA mutation identified among BCC tumors is loss of an allele of chromosome 

9q (Grossman 1997, Lear et al. 1996). Reduced DNA repair capacity, due to genetics, 

disease, or aging, is considered a primary factor in BCC development. Additionally, 

genetic polymorhphisms in those genes involved in DNA repair and detoxification, 

namely glutathione S-transferase and cytochrome p450, are associated with increases in 

BCC occurrence (Lear et al. 1997, Grossman 1997, Brash et al. 1996, Preston et al. 

1992). 

SCC and premalignant tumors arise in mice exposed to LFVR. while BCC tumors 

do not. UVR alone does not appear sufficient for BCC development (Brash et al. 1996. 

Preston et al. 1992). There are currently no animal models for BCC, although human 

tumors have been successfully transplanted into immimosuppressed mice (Brash et al. 

1996. Preston et al. 1992). 

Despite clear differences in the etiology of BCC compared to AK or SCC. several 

pigmentary and behavioral risk factors in common. As for SCC, older age. male gender, 

poor tanning ability, Caucasian ancestry (especially Celtic or Northern European), and 

cumulative sun exposure are associated with BCC incidence (Kricker et al. 1995. Kricker 

et al. 1991. Karagas et al. 1995, Magnus 1991, Strom etal. 1997. Hunter etal. 1990. Van 

Dam et al. 1999, Engel et al. 1988). In some studies, light or red hair color, and blue, 

green, or hazel eye colors, independently predict BCC occurrence, although these 
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variables may be explaining the same component as ancestry and propensity to sunburn 

(Holman et al. 1984). An Australian case-control study found BCC risk highest among 

fair-skinned individuals who received sporadic bouts of intense sun exposure (such as by 

weekend recreation) compared to similar individuals in whom the same amount of sun 

exposure occurred more continuously over the study period (Kricker et al. 1995). Higher 

BCC incidence associated with intense, intermittent solar exposure rather than chronic 

sun exposure is also suggested by results from the Nurses' and Physicians' Health Studies. 

These studies reported significant dose-response relationships for lifetime number of 

severe, blistering sunburns and BCC incidence (Hunter et al. 1990. Van Dam et al. 1999). 

Squamous Cell Carcinoma Risk Factors 

see differs from BCCs in several ways (Strom et al. 1997. Kxicker et al. 1994. 

Preston et al. 1992, Marks et al. 1988). Sun exposure, especially chronic exposure, is 

likely a greater component to the pathogenesis of SCC than for BCC. Geographical 

regions distant from the equator report low SCC prevalence, whereas SCCs contribute 

substantially to NMSC incidence in populations closer to the equator (Weinstock 1995. 

Henriksen et al. 1990). TTie prevalence of SCC in the US may be much higher than 

estimated because destructive eradication procedures used on small or early lesions 

preclude histologic diagnoses and therefore such lesions do not appear in prevalence 

estimates (Cohn 1998). A comparison of five Nordic countries indicated BCC to SCC 

ratios that ranged from 9:1 to 6:1 (Magnus 1991). In contrast, the American Academy of 
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Dermatology reports SCCs account for almost 30% of all NMSC (Rigel et al. 1996, 

Miller etal, 1994). 

SCC lesions also differ from BCC lesions in that they can arise quickly, are more 

aggressive, and have an increased likelihood of metastasizing (Salasche 2000, Marks 

1995. Preston et al. 1992). The incidence of SCC rises more dramatically with age than 

BCC. Tumors are primarily located on the sun-exposed areas of the body with less than 

10% of SCCs occurring on the trunk (Harris et al. 1999, Rogers et al. 1990. Marks et al. 

1988). The Southeastern Arizona Skin Cancer Registry reports more than 10% of SCCs 

in women occurred on the legs and only 3% on the legs in men (Harris et al. 1999). A 

Minnesota study indicates similar SCC anatomic and gender distribution, although 

reporting significantly lower rates of SCC (Gray et al. 1997). 

SCC of the skin was the first cancer proven to arise from chemical carcinogen 

exposure (Hsueh et al. 1997. Preston et al. 1992, Weinstock 1989, Aubrey 1985). 

Chimney soot, coal, arsenic, and xrays are all considered causal agents of SCC (Hsueh et 

al. 1997, Preston et al. 1992, Weinstock 1989, Aubrey 1985). More recent work has 

suggested smoking, human papillomavirus infection (especially subtypes 5 and 8). and 

immunosuppression after use of anti-rejection drugs following organ transplantation as 

causal or potent risk factors for SCC (Sober et al. 1995, Preston et al. 1992). 

Immune recognition cells in the skin, called Langerhans cells, reduced as much as 

60% among persons receiving immunosuppressive agents, and decline with age (Rogers 

et al. 1990). The epidermis is a protective organ and SCCs are antigenic tumors which 

should be recognized by the immune system (Nishigori et al. 1996. Selgrade et al. 1997). 
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Immune integrity of the skin is a primary factor in UVR damage. It is not clear however, 

if the skin's immunity is being altered through a direct response to a dose of UVR. 

reactivity to DNA damage caused by UVR, age, or disease related immunomodulation. or 

a combination of these factors (Belgrade et al. 1997, Nishigori et al. 1996, Preston et al. 

1992. Rogers et al. 1990). 

It is generally accepted that there is biologic progression from AK to UVR-

induced SCC, although not all AKs progress and not all SCC lesions are UVR-induced 

(Marks 1995, Frost et al. 1994, Rogers et al. 1990). A histologic continuum exists from 

AKs with cellular atypia to SCCs exhibiting evidence of neoplastic cells invading the 

reticular dermis. Discussions in the dermatological literature indicate that there is 

subjectivity for the degree of true "invasion" definitive for carcinoma (Jones 1984). 

Notwithstanding, early SCCs, known as SCCs-in situ or Bowen's disease are not 

expected to regress and require treatment and follow-up (Jones 1984). In addition, 

individuals presenting with Bowen's disease have been found to be at higher risk for 

other invasive cancers (Chuang et al. 1990). 

Mutation of the p53 gene is found in more than 90% of SCCs (Leffell 2000. 

English et al. 1998). In the mouse model, mutations in two protease genes have been 

identified (Bowden et al. 1995). The involvement of these genes in proteolytic activation 

may be the process by which the SCC is able to brejik down the cell basal lamina in its 

efforts to invade. 

Skin sensitivity to sunlight, older age, male gender, degree of freckling, light eye 

color, light hair color, numbering of blistering sunburns, extended residency in an area of 
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high effective sunlight, clinically assessable sun damage (solar elastosis of the neck, 

telangiectsia of the face, and AKs), Northern European ancestry, smoking, and 

occupational sun exposure have all been associated with increased risk of SCC (Strom et 

al. 1997, Karagas et al. 1995, English et al. 1998, Grodstein et al. 1995. Preston et al. 

1992. Aubryetal. 1985). 

Summary: Sunlight-Induced Nonmelanoma Skin Cancer 

At primary risk for NMSC are those within the population whose skin is 

genetically predisposed to be easily damaged by UV intensity and cumulative sun 

exposure (Sober et al. 1995). This population, typically Caucasian, includes skin types 

which demonstrate poor ability to tan and bum readily when exposed to sunlight, have 

blue or light-colored eyes, have red, blonde or light brown hair color, tend to freckle, and 

are of Celtic (Northern European) ancestry (Grodstein et al. 1995. Kricker et al. 1991. 

Engle et al. 1988, Fears et al. 1977). Additionally, older age and male gender 

significantly increase NMSC risk (Harris et al. 1999. Rogers et al. 1990). 

Although AK, BCC, and SCC share many factors in common, each lesion has 

distinguishing characteristics. AK is a precursor lesion on the pathway to the malignant 

cancer, SCC. Inactivation of both alleles of the p53 genes, the mutation found frequently 

in AK and in almost all SCC, is not typical genotypic damage for BCC. Inactivation of 

single alleles of the p53 gene is reported among 50% of BCCs along with loss of an allele 

of chromosome 9q. Solar-induced AK and SCC occur on sun-exposed body locations. 
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whereas a significant proportion of BCCs do not occur on frequently exposed anatomy. 

Table 1 contrasts the epidemiology of AK, BCC, and SCC. 

NMSC incidence is substantially greater for the population older than 50 years of 

age (Harris et al. 1999, Karagas et al. 1999, Hannuksela-Svahn et al. 1999, Franceschi et 

al. 1991). The risk of a second NMSC is also greatly increased (Jaeger et al. 1999. Frisch 

et al. 1995, Karagas et al. 1992, Chuang et al. 1990, Robinson 1987). Additionally, the 

diagnosis of NMSC incidence increases likelihood of other sunsequent cancers 

(Wassberg et al. 1999, Kahn et al. 1998, Levi et al. 1997, Levi et al. 1998, Frisch et al. 

1995). Persons who have had a NMSC are at significantly higher risk for cancers such as 

lung, pharynx, salivary glands, lips, breast, prostate, testis, Hodgkins and non-Hodgkins 

lymphoma. 
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1 Comparison of epidemiological and cellular characteristics of actinic keratoses 

basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) of skin. 

Typical Features Actinic Keratoses Basal Cell Carcinoma Squamous Cell 
Carcinoma 

Initiators solar, non-solar radiation, 
aromatic hydrocarbons 

solar radiation, genetic 
polymorphisms in DNA-

repair genes and 
detoxification 

solar radiation, chimney 
soot, coal tar, arsenic, 

HPV type 5 & 8. 
immunosuppression 

Metastatic potential none minimal little to aggressive 

Genetic mutation mutations in both alleles 
of p53 in up to 60% of 

lesions 

mutation of a single allele 
of p53 in 50% lesions, 

loss of allele of 
chromosone 9q 

mutations in both alleles 
of p53, 2 mutations in 

protease genes identified 
in mouse models 

Histological features rough, scaly, dry, reddish 
or brown appearance, may 

spontaneously regress 

develops slowly, several 
histologic subtypes, 

develop from basal layer 
of epidermis 

arise from epidermal 
squamous keratinocytes, 

can crust and bleed 

Prevalence estimated 18-37% 
among US white adult 

population, 40-50% 
among Australian adults 

up to 70%ofaIINMSC 
are BCCs, estimtated 
liftetime risk is 1 in 6 

up to 30% of all NMSCs 
according to national 

estimates that may not be 
accurate for high sun 

exposure areas 
Anatomical 
distribution 

primarily sun-exposed 
surfaces 

up to 70% on head and 
neck but some subtypes 
more prevalent on trunk 

primarily sun exposed 
areas 

Gender differences US - more in males but 
Australia reports minimal 

gender differences 

More may incur on trunk 
in males compared to 
more on legs in females 

overall higher in males 

Skin type fair skin fair skin, prone to sunburn increased among fair 
skinned 

Sun exposure cumulative, chronic most 
important, evidence that 
some AKs may regress if 

skin is not being 
chronically exposed to 

UVR 

Incidence is increased 
among high UV areas but 
several studies have now 
indicated that intermittent 
sun exposure (# of severe 

sunburns) predict BCC 

cumulative, chronic sun 
exposure believed most 
important in UV-related 

SCC 

Animal model benign papillomas in 
rodent models of UV 

carcinogenesis are similar 
to AKs 

no rodent model 
human BCC tumors have 

been successfully 
transplanted into 

immunosuppressed mice 

well described rodent 
model 

Treatability virtually 100% treatable, 
lesions may 

spontaneously regress 

considered 99% curable 
due to extremely small 
likelihood of metastases 

up to 95% treatable, small 
proportion of tumors are 

highly aggressive and 
metastatic accounts for up 
to 3000 deaths in US per 

year 
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PART 2: DIETARY FAT 

Overview of Higher Fat Diets and Cancer 

Internationally, a wide range of variability exists in the amount and type of fat in 

the diet of various populations (Trichopoulou et al. 1997, Buchanan 1992). Citizens of 

industrialized nations generally consume higher levels of dietary fat and a greater 

proponion as saturated fat from animal products. This diet, with substantial amounts of 

daily energy coming from fat (and especially animal-derived fat, is often referred to as a 

"Western" diet (Trichopoulou et al. 1997, Buchanan 1992). International comparisons 

associate the western diet with increased mortality from colorectal, ovarian, endometrial, 

breast and prostate cancers (Kuller 1997, Weisburger 1997. Henderson et al. 1992. 

Hursting et al. 1990). 

Few epidemiological studies have been conducted however, to investigate the 

association between dietary fat and NMSC risk, however. Two factors may be 

responsible for this information deficit. First, NMSC is primarily a treatable condition 

with low mortality, such that mortality cannot be used as an estimator of NMSC 

incidence(Salasche 2000. Stem 1999. Strom 1997). Second. NMSC is not routinely 

included in cancer registries in the U.S. or other nations (Karagas et al. 1999. Weinstock 

1995. Mangus 1991, Vitasa et al. 1990). True indicators of worldwide incidence are 

lacking. In the U.S., periodic surveys, typically completed in areas in which incidence is 

relatively low, have been used to estimate NMSC incidence rates for the entire nation 

(Strom 1997, Weinstock 1994, Karagas et al. 1995). 
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The focus of ecological studies of NMSC incidence has concentrated on risk 

factors related to sun exposure and its biological effects as described previously. Despite 

experimental evidence that lipids may influence UV carcinogenesis risk, ecological and 

clinical investigation of the effects of lipids have been minimal. 

Lipids: Definitions. Features and Functions 

Lipids are a class of hydrophobic compounds, that share common building blocks, 

fatty acids. Whether structurally classified as simple, compound or derived, the chemical 

and physical properties of any lipid are dependent upon its fatty acids that comprise it. 

Fatty acids that contain no double bonds between carbon atoms, saturated fatty acids, are 

solid at room temperature and their melting points increase as the length of their carbon 

chains increase. The carbon chains of the saturated fatty acids form a relatively straight, 

zigzag pattern (figure 1). Unsaturated fatty acids contain double bonds between one or 

more carbon atoms. The melting point of unsaturated fatty acids decreases as the number 

of double bonds increases. As such, polyunsaturated fatty acids (PUFAs) are liquid at 

room temperature. In most naturally occurring PUFAs, the double bond leads to a bend in 

the carbon chain of the unsaturated fatty acid. Multiple double bonds can lead to highly 

"kinked" fatty acids and this geometry influences the properties of the fatty acids in vivo. 

The bend of the carbon chain is due to the electron attraction of the hydrogen atoms being 

oriented on the same side of the double bond, called a cis orientation. Digestive bacteria 

in some animals can cause orientation of the hydrogen atoms or acyl groups on the 

opposite sides of the double bond, called a trans orientation. The majority of the dietary 



/ram-fatty acids, however, are intentional results of food processing. Trans-PUFAs 

maintain a straight chain shape, more like a saturated fatty acid, as there is balance in 

electronic attraction around the carbon atoms that flank the double bond. 

Nutritionally, lipids provide high-density energy, influence food properties to 

enhance satiety and texture, provide a means for absorption of fat-soluble vitamins. 

Specific types of fatty acids are essential. Physiologically, lipids function in ever>' part of 

the organism. Lipids provide insulation and cushioning protection for internal organs and 

transport vehicles for circulation, act as structural components of membranes, serve as 

precursors for hormonal secretions, allow compact, efficient storage of energy, and 

enhance nerve-impulse transmission. 



Figure 1. Structure of fatty acids 
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Historical Variation in Amount and Type of Fat in Diet 

Intake of dietary fat has varied over time. Although it is believed that early man 

may have consumed large quantities of animal fat in single or consecutive meals, this 

pattern of intake would have been sporadic, occurring only after a successful hunt (Gam 

1997. Lichtenstein 1999). Examination of traditional customs among Alaskan natives 

provides twentieth century ethnographic evidence for the type of sporadic intake of large 

quantities of dietary fat thought to be common among early humans. 

Consumption of plant-based foods increased during the agricultural revolution 

with successful cultivation and marketing of plant crops (Lichtenstein 1999). Wear 

patterns on the teeth of persons who lived during the agronomy period are consistent with 

low intake of animal products, with plant-based fat intake estimated up to 90% of daily 

energy (Lichtenstein 1999, Eaton et al. 1997). The industrial revolution however, allowed 

preservation, storage, and extensive transport of food products, particularly animal-

derived foods (Gam 1997, Lichtenstein 1999). Concomitantly, industrial development 

shifted the economic resources of a substantial segment of the population. This "middle 

class" of citizens was relicint on commercially available foods and companies began to 

focus on food for profit rather than provision. 

Food consumption surveys that estimate individuals from per capita amounts of 

food that disappear from the marketplace, indicate that the steady rise in proportion of 

total energy contributed by dietary fat. The percentage of daily energy as dietar\' fat 

peaked above 40% by 1940 (Gam 1997, Lichtenstein 1999). Data for European countries 

and the U.S. indicate 44% to 46% of daily energy coming from lipids by the mid-1940's 
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although the estimate may be inflated through the use of animal fats and plant oils for 

machinery and power rather than consumption. Results of the first United States 

Department of Agriculture (USDA) survey in 1965, indicated approximately 43% of 

daily energy intake was from fat (Kennedy et al. 1999). 

Dietary Fat Consumption of 20th Century US Adults 

The USDA has been conducting dietary surveys since 1965. In the first survey 

assessment using 24-hour recalls, 44% of the daily energy was consumed as fat among 

US men. and women reported intakes of 42% fat (Kennedy et al. 1999). A modest 

reduction in dietary fat intake to 41% of the diet of US adults was reported in the 1977 -

1978 survey (Kennedy et al. 1999). Multiple assessments between 1985 to 1995 indicate 

further reduction in proportion of daily energy consumed as fat from 37% to 33%. 

Figures 2 and 3 summarize the decrease in the proportion of dietary energy consumed as 

fat for American males and females. 
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Figure 2 Variation in mean percentage of daily energy consumed as fat and grams of fat 

among US males over time. 
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Figure 3 Variation in mean percentage of daily energy consumed as fat and grams of fat 

among US females over time. 
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The percentage of dietary energy coming from fat does not represent the entire 

picture. The amount of dietary fat in grams is also shown in Figures 2 and 3 (Kennedy et 

al. 1999). Little change is evident in the actual amount of fat US adults consumed daily 

and total daily energy intake has progressively increased. Energy intakes, however, as 

reported in some of these national surveys are substantially below estimated 

requirements, leading some researchers to question the frequency of underreporting that 

may be occurring (Beaton et al. 1997). Lipids now account for a smaller relative 

proportion of daily energy intake, although the actual gram amount of dietary fat is 

virtually unchanged. US adults typically ingest 65 - 100 grams of fat daily (depending on 

gender), accounting for approximately 33% of the total daily energy intake. 

Recognition of the role of fats, especially saturated fats, in cardiovascular disease 

is considered a major factor in changes in the primary types of lipids consumed by US 

adults (Schaefer 1997. ICritchevsky 1998, Ernst et al. 1997. Kermedy et al. 1999). 

Comparisons of the three NHANES surveys, from the early 1970's to the mid-1990's. 

indicate a modest decline in saturated fat intake and an increase in plant-based PUFA 

consumption (Kennedy et al. 1999). Although the reduction in saturated fat. in favor of 

increased PUFA intake, is beneficial for cardiovascular risk. PUFAs demonstrate strong 

promotional effects in animal models of various cancers (Kavanaugh et al. 1999. Mouat 

et al. 1998. Weisburger 1997, Black et al. 1992, Fischer et al. 1992). 

Changes in dietary fat consumption may have implications for cancer risk. 

Potential mechanisms of influence will be discussed after delineating the steps by which 

the body processes, stores, and uses lipids. 
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Brief Summary of Lipid Metabolism 

Mechanical and enzymatic processes, mastication, gastric contractions, churning, 

and lipases liquefy and emulsify dietary fats (Murray et al. 1993). Figure 4 summarizes 

the digestive pathway for dietary fat. Digestion of lipids begins at the time of controlled 

emptying into the duodenum. Smaller particles, glyceride backbones, and short chain 

fatty acids can diffuse through the enterocytes into the circulation and into the portal 

vein. The long chain fatty acids, however, require some packaging to enter into the 

circulation. 

Bile salts stabilize and tuck the larger lipids into the centers of dynamic particles 

called micelles (Mayes 1993). Micelles transport the fatty acids into the enterocyte where 

the lipids are then taken up by the mitochondria. After repackaging with a small amount 

of protein, coating with phospholipids and collecting an apolipoprotein address tag, the 

particle becomes a chylomicron. Chylomicrons and the other lipoproteins transport 

hydrophobic lipids around the aqueous body environment. Chylomicrons enter into and 

travel through the lymphatic system, entering the blood stream at the junction with the 

jugular vein. 

Size, density, and varying ratios of triacyglycerides. cholesterol and protein 

distinguish the four primary lipoproteins. Specific apolipoproteins act as identity tags and 

activate cellular lipoprotein lipases, allowing cells to recognize the lipoprotein and extract 

the lipid contents. 



Figure 4 Cartoon summarizing lipid digestion 
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Lipid Transport and Utilization 

As chylomicrons circulate in the blood, fats are removed by lipoprotein lipases in 

blood vessel walls, especially of the liver, skeletal muscle and adipose tissue. Free fatty 

acids (FFAs) and glycerol are released and used for metabolic processes. Chylomicron 

remnants return to the liver and are repackaged to make other transport particles. Very 

low density lipoproteins (VLDLs) released from the liver circulate through the body 

providing triacylglerides (TGs) to tissues. Removal of TG. along with some of the 

apolipoprotein tag, results in denser, cholesterol-rich particles. These low density 

lipoproteins (LDLs), which display an apo B-lOO tag, transport cholesterol to cells for 

use as membrane components or synthesis of metabolites such as steroid hormones. Apo 

B-IOO receptors sites on peripheral and liver cells clear cholesterol from circulation, 

(severe hyperlipidemia) Figure 5 summarizes lipid transport. 

High density lipoproteins (HDL) are excreted by the liver in a non-active form. 

This disk-shaped compound is covered with lecithin cholesterol acyltransferase (LCAT) 

and apo-Al receptor that allows the HDL to pick up free cholesterol. Cholesterol esters 

and lysolecithin products from the cholesterol and phospholipid combination migrate into 

the hydrophobic core of the HDL, that becomes more round as more cholesterol is picked 

up from the blood and tissues. HDL circulates back to the liver, where a heparin-

releasable hepatic lipase (HRHL) allows liver uptake of cholesterol and remainder (non-

cholesterol portion) of HDL particle. This cycle of HDL. removing cholesterol from the 

tissues, is called reverse cholesterol transport. 



Figure 5 Cartoon summarizing lipid transport 
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The activity of the primary compounds of lipid transport and reverse cholesterol 

transpon, LDL and HDL, along with the prevalence and activity of the various receptors 

are influenced by genetics, hormone levels, age, gender, smoking, exercise training, and 

diet. The liver excretes, collects, and repackages, serving as a hub for lipid transport. As 

the transport scheme indicates, fatty acids are both broken down and synthesized in vivo. 

In both degradation and synthesis, pairs of carbon atoms are added onto the fatty acid 

chain through a series of steps. 

Two unsaturated fatty acids, linoleic and alpha-linolenic. are essential fatty acids 

(EFAs) and must be supplied by the diet. Metabolic processes in plants are able to 

introduce double bonds very late in the fatty acids chains (carbons 12 and 15), while most 

animals, including man, are unable to introduce double bonds beyond the ninth carbon. 

The EFAs have double bonds beyond the ninth carbon and serve as precursors to 

arachidonic acid (AA). AA is necessary for eicosanoid production, which includes 

prostanglandins, thromboxanes, and leukotrienes, highly physiologically active 

compounds, which act as local hormones. Although AA is available directly from dietary 

sources, linoleic and alpha-linolenic fatty acids at amounts approximating 1 - 2% of the 

total energy requirement will provide adequate AA through conversion. 

Membrane and Subcutaneous Fat Metabolism 

Cellular membranes are the primary structural components in living organisms. 

Alterations in the properties of these bilayers of lipids will affect water balance and ion 

flux and can alter actions of associated enzymes and other proteins (Murray et al. 1993). 
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The specific types of dietary lipids are reflected in membrane composition and 

membranes such as those of erythrocytes can be used as biomarkers of dietary fat intake 

(Lands 1995. Giulieino et al. 19 ). 

Like cells in the rest of the body, cells of the epidermis have a bilayer lipid 

membrane that can be affected by dietary fat intake (Murray et al. 1993). Additionally, 

many types of lipids are present in the epidermis. In healthy skin, lipids are most 

abundant within the granular layer. Alterations in epidermal lipid distribution and 

clinically apparent changes in the skin typically signal conditions such as essential fatty 

acid deficiency (Murray et al. 1993). 

Part 3: POTENTIAL MECHANISMS FOR DIETARY FAT ROLE IN SKIN 

CANCER .A.ND PRIOR STUDIES 

Introduction to Potential Mechanisms of Dietary Fat 

While ultraviolet radiation is the primary causal agent in skin carcinogenesis, fat 

is directly involved in three of the mechanisms by which this ionizing radiation causes 

and promotes epidermal lesions (Naylor 1997, Phirmey 1996. Preston et al. 1992. Fischer 

et al. 1992. Black et al. 1992. Mathews-Roth et al. 1987. Karmali 1986. Mathews-Roth et 

al. 1985. Black etal. 1985. Black etal. 1983, Vitale et al. 1981). UVR penetration into 

the epidermal layer results in increased amounts of highly reactive free radical 

compounds. Free radicals can cause cascades of lipid pero.xidation and damage cellular 

proteins including DNA. Generation of these potentially harmful, highly reactive species 
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is considered the primary mechanism by which UVR initiates DNA damage. A higher fat 

diet may increase susceptibility to UVR damage by the following described mechanisms. 

Dietary Lipids Affect Immunity 

On a systemic level, a high fat diet increases cholesterol synthesis and total body 

cholesterol pools. An increased cholesterol concentration within scavenger macrophages 

inhibits phagocytotic processes that protect cells from insult, such as from bacteria, 

viruses, or debris (Black et al. 1995). 

In vitro investigations have shown that the immunological responsiveness of cell 

membranes can be decreased by altering the fatty acid composition of the membrane, 

which would include membranes of important immunologic cells such as lymphocytes 

(FCraemer 1997. Mayes 1993, Erickson 1986, Black et al. 1985). Changing the 

lymphocyte membrane composition can aher receptor site configurations which will 

affect the ability of these cells to bind to biologic compounds (Kraemer 1997. Vitale et al. 

1981). Also, many important signaling pathways are located within cell membranes. 

Changes in the cell membranes can alter the concentration of signaling compounds such 

as cyclic adenosine monophosphate (cAMP), which can affect antigen-lymphocne 

interaction (Erickson 1986, Vitale etal. 1981). 

Dietary Lipids Affect Inflammatory Response 

High levels of dietary lipids, especially of linoleic and arachidonic acids, have 

been shown to increase the arachidonic acid content of cell membranes (Naylor 1997. 
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Vitale et al. 1981). UVR exposure has been shown to activate a specific phospholipase 

(A2) that releases arachidonic acid from epidermal cell membranes. The released 

arachidonic acid is acted upon by cyclooxygenases, resulting in the formation of oxygen 

radicals and elevated levels of prostaglandins (Phirmey 1996, Marks et al. 1991. Karmali 

1986). As such. UVR exposure induces an inflammatory response with associated 

increased epidermal levels of prostaglandins (Johnson et al. 1997. Mayes 1993. Marks et 

al. 1991, Erickson 1986). This UVR-induced inflammatory response is evidence of 

epidermal damage, appears clinically as sunburn, and has been shown to be an important 

step in the carcinogenic process (Phinney 1996, Mayes 1993, Black et al. 1992. Marks et 

al. 1991. Karmali 1986). 

Dietary Lipids Alter Cell Membrane Fluidity 

Cell membranes are composed of a bimolecular layer of lipids (Mayes 1993. 

Vitale et al. 1981) The composition of fatty acids present in this membrane can be altered 

by changing the fat composition of one's diet (Schaefer 1997. Erickson 1986). Increases 

in PUFAs. leads to a more fluid membrane. A more fluid membrane has been shov\Ti to 

be more susceptible to oxidation. The oxidative, free radical compounds formed by UVR 

can initiate chain reactions of lipid peroxidation, damaging membranes and allowing 

access to DNA (Schaefer 1997, Kris-Etherton 1997, Erickson 1986, Vitale et al. 1981). 

UVR causes dimer formation in DNA and mutations that, if not excised or repaired, can 

lead to NMSCs. 
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Linoieic acid is the predominant PUFA in the western diet. National surveys 

indicate that the level of PUFAs in the typical U.S. diet is increasing, even as the overall 

proportion of dietary fat decreases slightly (Kuller 1997, Weisburger 1997). Although 

increasing PUFA consumption, in exchange for saturated fatty acids, is desirable for 

cardiovascular disease risk, this dietary alteration may result in increased risk of NMSC 

and possibly other cancers. High levels of linoieic acid have been shown to increase 

cellular membrane fluidity which is linked to increased susceptibility to the oxidative 

damage of UVR (Kuller 1997, Weisburger 1997, Johnson et al. 1997) As such, higher 

dietary levels of linoieic acid may be associated with increased risk of NMSC. 

Cell .And Animal Studies of Fat In Ultraviolet Carcinogenesis 

In the 1930"s. animal models of skin cancer provided the initial experimental 

evidence that dietary fat promotes tumorigenesis (Baumann et al. 1939. Watson et al. 

1930). Numerous studies followed that investigated the role of the dietary fat and cancer. 

Higher total caloric intake, regardless of fat to carbohydrate ratio, was shown to be 

positively associated with tumor production (Kritchevsky 1996. Black et al. 1983. 

Watson et al. 1930). Subsequently, higher levels of dietary fat were shown to increase 

tumor incidence, independent of caloric intake (Kritchevsky et al. 1996. Mathews-Roth et 

al. 1984. Black et al. 1983, Tannebaum 1945, Watson et al. 1930). The specific type of 

fat was shown to differentially influence tumorigenesis (Black et al. 1992. Fischer et al. 

1992. Bursting et al. 1990. Black et al. 1983). Higher levels of saturated fat in the diet 

were not associated with enhanced tumor production, whereas a maximal carcinogenic 
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response was shown when polyunsaturated fatty acids composed at least 4% of the 

rodents' diet (Kritchevsky 1996. Black et al. 1992. Boutwell 1992. Mathews-Roth et al. 

1984. Black et al. 1983. Tannebaum 1945). Further study showed high levels of dietar\' 

linoleic acid were associated with both accelerated time to tumor appearance and 

increased tumor burden (Phinney 1996, Fischer et al. 1992, Karmali 1986). 

Although higher levels of dietary fat were significantly associated with increased 

cutaneous cancer in rodent models, the association between dietary fat and cancer in man 

has focused primarily on cancers other than NMSC. Cellular studies demonstrated that 

UVR induces oxidative damage in membranes and genetic material (Krinsky 1989. 

Mathews-Roth et al. 1987, Mathews-Roth et al. 1983). This mechanism may e.xplain the 

focus on antioxidant nutrients and skin cancer among human populations. 

Epidemiological Studies of Dietary Fat and Skin Cancer 

While few epidemiological studies evaluated the association between diet and 

NMSC. far fewer looked at dietary fat. Within the U.S., researchers recently published a 

report investigating diet and BCC risk among women who are participating in the 

Nurse's Health Study (Grodstein et al. 1995. Hunter et al. 1992. Hunter et al. 1990) 

.A.mong this cohort. 771 self-reported cases of BCC occurred among the 73.366 women 

with over 4 years of follow-up. The relative risk of BCC associated with each nutrient 

was calculated, adjusted for age, sunscreen use, hair color, sunburn history, and body 

mass index. Only energy showed a slight association with BCC incidence. No clear 

association was observed with the following dietary components: all carotenoids. retinol. 
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Vitamin C. Vitamin E, Vitamin D, cholesterol, saturated fat, monounsaturated fat, or 

polyunsaturated fat. 

A recent report of BCC incidence among men in the Health Professionals' 

FoIIovv-up Study found that higher levels of total fat associated with reduced risk (highest 

versus lowest quintile of intake) (van Dam et al. 2000). Further analysis of the data 

indicated that the significant effect of total fat was primarily related to monounsaturated 

fat intake, they also suggested increased levels of both dietary and supplemental folate 

was associated with higher BCC incidence (van Dam et al. 2000). All data for this 

cohort, including BCC occurrence was self-reported. In an effort to verify the validity of 

self-reported NMSC among the population, the authors examined medical records and 

confirmed only 76 of 109 diagnoses selected for endpoint verification (van Dam et al. 

2000). 

At least eight case-control studies have investigated dietar>' associations with 

NMSC. although the focus was on antioxidant micronutrients (Breslow et al. 1995. 

Karagas et al. 1992. Kune et al. 1992, Comstock etal. 1991. Knekt et al. 1988. Wald et 

al. 1986. Clark et al. 1984. Graham et al. 1983). Graham found no association between 

fats, vitamin C. retinoids, or cruciferous vegetables and total BCC and SCC incidence 

within a New York population (Graham et al. 1983). An Australian study of male NMSC 

patients reported a high intake of vegetables, including cruciferous, beta-carotene and 

vitamin C-containing foods, and a high intake of fish were protective for both BCC and 

SCC (Kune et al. 1992). In case-control studies, with micronutrient levels assayed in 

serum or plasma, no significant association was found between risk of BCC and SCC and 
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prediagnostic levels of retinol, beta-carotene, lycopene, and alpha-tocopherol (Karagas et 

al. 1992. Kune et al. 1992, Comstock et al. 1991, Knekt et al. 1988, Wald et al. 1986). 

Selenium levels were, however, associated with decreased risk (Breslow et al. 1995. 

Karagas et al. 1992) One other case-control and a cohort study have shown selenium 

levels may be associated with decreased NMSC risk (Clark et al. 1996. Clark et al. 1984). 

Intervention Trials of Dietary Fat and Nonmelanoma Skin Cancer 

Intervention studies of potential dietary associations with NMSC have also 

focused primarily on antioxidant micronutrients. Large, randomized, placebo-controlled, 

clinical trials of beta-carotene and selenium have not shown associated decreases in 

NMSC risk among individuals with prior NMSC (Greenberg et al. 1990. Greenberg et al. 

1989). Retinoid trials have shown benefit for those at high risk for NMSC. but not for 

those individuals with multiple prior skin cancers (Moon et al. 1997. Tangrea et al. 1992). 

After more than two decades of demonstrating significant associations between 

dietar>' fat and skin carcinogenesis in rodent models. Black and colleagues teamed up 

with colleagues experienced in dietary modification studies and conducted a clinical trial 

(Black 1998. Jaax et al. 1997, Black et al. 1995, Black et al. 1994. Black et al. 1992). 

This group recently published results of a dietary intervention in which 101 participants, 

with at least one but no more than two previous skin cancers, were randomly assigned to 

an isocalorically reduced fat diet (<21% total calories as fat or usual intake > 37%). After 

20 months of follow-up were sufficient to achieve a significant reduction in the incidence 

of AKs and BCCs was shown for the diet-intervention group compared to the usual diet 
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(mean fat intake as 37% of total calories) (Black et al. 1995). In the study, AK lesions 

were treated every four months during the followup period. This aggressive treatment of 

AKs is the probable reason that only six verified SCC lesions were diagnosed. With this 

sample size, the potential effect of a lower fat diet on SCC could not be examined (Black 

etal. 1995, Black 1998). 

Summary of Previous Studies of Dietary Fat and Nonmelanoma Skin Cancer 

There has been few epidemiological investigations into the association of dietary 

fat and NMSC risk. Those studies that investigated the association of NMSC with other 

dietar>' nutrients, such as selenium and retinoids, did not include markers of fat intake. 

While the Nurses" Health Study provided a potential prospective focus of potential 

dietary associations with NMSC, women were at lower risk for NMSC. Furthermore 

these investigations were conducted among U.S. populations living in geographical 

regions not typically considered high risk for the development of NMSC. The one 

isocalorically reduced fat intervention trial was conducted in a higher risk area. Texas, 

and showed significant reductions in AK and BCC incidence associated with decreased 

fat intake. 

Caloric deficiency has been shown to inhibit tumor growth (Kuller et al. 1997. 

Birt et al. 1992. Bauman et al. 1939). Animal studies have been designed such that 

differences in tumor yield and burden could be attributed to dietary fat differences among 

diets which had the same total calories (Black et al. 1992. Black et al. 1983. Baumann et 

al. 1930). The dietary component of the Black intervention trial was designed to ensure 
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the intervention diet reduced the fat content, without reducing total caloric intake. This 

would allow the effect of dietary lipid and not total energy on NMSC to be investigated 

(Jaax et al. 1997. Black et al. 1995, Black et al. 1994). This study indicated no significant 

differences in body weight or total daily caloric estimates in the reduced-fat diet group 

compared to the controls. Furthermore, analogous to results of the animal work, a 

significant reduction in AKs and BCCs was found among the lower fat diet group. The 

dietar\- fat association with NMSC was apparently independent from the influence of 

energy. 

PART 4: ASSESSMENT OF DIETARY FAT 

Introduction to Dietary Assessment 

Dietary assessment offers unique challenges; no single methodology is considered 

"ideal" (Kohlmeier 1994, Liu 1994 ). The accuracy of dietary assessment is routinely 

challenged in epidemiological studies of disease association. Inherent in the collection of 

any self-reported behavior are problems of memory, pressure or perceived pressure to 

report socially-desireable behavior, recall bias, and resistance to specific inquiries. 

Primary challenges of dietary assessment include instrumentation, administration, and 

interpretation. 

Dietary Assessment Instruments 

The primary assessment instruments used among individuals in studies of diet and 

disease risk are diet recalls, diet records, and food frequency questionnaires (FFQs) 
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(Kohlmeier 1994, Liu 1994). The diet recall is administered by an interviewer requesting 

consumption information for the past 24-hour time period. Diet records require that an 

individual record all intake information on designated days. FFQs requests usual intake 

information for longer periods of time such as the past month or year and may be either 

interviewer or self-administered (Lazarus 1995, Thompson et al 1994. Kohlmeier 1994. 

Liu 1994. Willett 1994). 

Advantages and disadvantages are inherent in each of the assessment instruments 

(Kushi 1994, Liu et al 1994, Kohlmeier 1994). Food intake varies both by season and day 

of the week (MacDonald 1991, Willett 1990). Instruments capturing single days of 

intake, recalls and records, should be repeated in different seasons and for multiple days 

if usual intake is the aim of the dietary assessment. However, single 24-hour or 2-days of 

recalls have been used in national assessments in which the aim is dietary assessment of 

the population and population subgroups rather than of an individual. Nutrients that are 

not well distributed among food items (only contained within a small number of foods 

such as vitamin A) may not be represented or over-represented depending on the day or 

season chosen. Nutrient intake of an individual may be misclassified if based on only a 

single day or too few days of assessment. Multiple days of assessment chosen throughout 

the year minimizes the within person variability in nutrient intake and provides an 

acceptable estimate of average intake for individuals. The number of days needed for 

reliable nutrient intake levels are dependent upon the coefficient of variability of the 

nutrient (Beaton et al 1979, Willett et al 1985). Many more days of intake data are 

needed to achieve a reasonable estimate of a nutrient for an individual if the nutrient has a 
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high coefficient of variability like vitamin A compared to dietary components that do not 

demonstrate a wide range of daily variation like total energy intake. Assessments 

covering longer time periods as is done using FFQs, minimize daily and seasonal 

variation in nutrient intake and provide usual dietary intake information. 

The 24-hour recall and FFQs can both be called "memory methods" as each 

depends on the ability of the interviewee to recall the past day or usual intake. National 

assessments have typically used 24-hour recalls as cost-efficient methods of collecting 

dietar>' intake data from a representative sampling of the population. By collecting 

information from a large sample, the variability in mean nutrient intake is reduced 

(Willett 1990). While the single day of intake data will provide a good estimate of mean 

intake of a nutrient, the variance of the estimate will be inflated. The proportion of the 

population below or above specific nutrient intake levels cannot be determined. By 

collecting a second day of intake data the individual variability in intake of nutrients can 

be estimated and the precision of the mean nutrient intake estimate improved. Refinement 

to ensure similar administration of the recall to every individual can lead to tedious 

avenues of prompting for specific ingredients, added condiments, and preparation 

methods for each food item recalled. Reliability of the dietary intake assessment can be 

effected by repeated administration among individuals who remember the insistent 

prompting and choose to not report items to minimize the time and effort involved with 

the dietary assessment. Although FFQs also depend on memory of intake, well-designed 

and comprehensive lists for the population being assessed can aid in completeness of 

dietary information collected. 
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Food records can be problematic for several reasons. The act of recording all 

intake and knowledge that someone else will be viewing the record can alter food intake 

behavior. Recording all food intake is labor-intensive. Respondents are often asked to 

measure all portions before consumption and to accurately record all ingredients. 

Measurement is tedious and not realistic when eating away from home and ingredients of 

mi.xed food items may be difficult to determine or quantitate. Since days to record are 

usually randomly selected and not consecutive, individuals must remember or be 

reminded to record intake and carry the food diary. 

Unlike food recalls and records in which an individual is recalling or recording all 

food items consumed, FFQs are a list of food items. The person is requested to indicate 

the typical portion size, frequency of consumption, and number of portions consumed at 

that frequency for each food item listed. The ability to estimate the usual portion size and 

calculate the frequency of consumption may be difficult for some individuals. Although 

portion sizes may be listed in common measurement units such as V2 cup. many 

individuals have limited experience with such units and have difficulty estimating portion 

sizes accurately. Drawings and pictures have been included in some FFQs to aid in 

portion size estimation. As an alternative to the FFQ list, some investigations have used 

picture cards of all the food items, requesting that the individual sort the cards into bins 

indicating how frequently the food is consumed. This alternative FFQ may be useful in 

low literacy populations or among children. For all FFQs. it is critical that the food list 

be comprehensive and appropriate for the individual or population group if estimation of 

usual intake is desired. Whether interviewer-administered or self-administered, the food 
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list is the primary prompt for collecting the dietary intake data. If the food list of the FFQ 

does not list all the foods that an individual consumes and the person does not think of or 

remember to list other foods that are eaten that were not included on the questionnaire, 

then nutrient consumption may be missed. FFQs have been developed and validated for 

specific populations such as Native Americans and Hispanics. Food items that have 

similar nutrient composition are grouped together on a single food item line on the FFQ. 

The grouping may make it more difficult to estimate usual intake of the "item" since the 

item may actually list two or more foods. The groups are typically ordered with the most 

frequently consumed food in the food group according to national surveys, listed first 

with other items following in descending frequency of consumption. While this grouping 

system reduces the number of lines of requested information, it is impossible to 

determine specifically which of the foods of a given group are being consumed. Mixed 

dishes may be especially problematic. Typical recipes used for composition information 

may not account for regional or other differences in ingredients and preparation methods. 

FFQs are not the ideal assessment method for collecting nutrient information on nutrients 

which may vary depending on the formulation of the food item since the composition will 

be appropriate only for the most frequently consumed type of that food item. Balancing 

the elements of a comprehensive food list and cumbersome questionnaire completion in 

the face of a continually changing food supply is a premiere challenge for FFQ dietary 

assessment. 

All three methods for assessing dietary intake among individuals are dependent 

upon appropriate, accurate (as possible), and current food composition databases. 
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Composition information for food items on the FFQ is generally that of the most 

commonly consumed brand or type of that item or weighted based on the most commonly 

consumed types. The most commonly consumed type can change or the formulation of 

the food product can change and the composition database must manage to incorporate 

such changes. Twenty-four hour recalls and food records request brand names such that 

the appropriate composition for the item consumed can be provided. Again, if the 

formulation of the food item changes, the database should be appropriate for the 

composition of the food item for the time at which the item was consumed. Food 

availability and the food supply has changed over time. Long term studies must find ways 

to account for new products which may be consumed along with continued updating of 

the composition of foods available. Although entering brand names of a food item should 

not significantly alter the estimated nutrient composition, there is regional and brand 

variability. Reasonable estimates of specific nutrients, such as specific dietary fatty acids, 

are better obtained from composition databases that require brand name and specific 

preparation methods for each food item. Since recalls and records request brand names of 

food items consumed, these are the preferred methods for assessing nutrients that could 

var>- widely among brand of food items such as the individual fatty acids. FFQs. 

however, can also be reliably designed to assess levels of a specific nutrient in usual diet 

rather than aimed at comprehensive coverage of the entire diet. 

The dietary method selected should be chosen based on the specific aims of the 

investigation. In an intervention trial of vitamin A in which the aim of dietary assessment 

is to characterize the population and possibly control confounding effects of dietary 
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intake, a FFQ is an appropriate assessment tool. Although FFQs are not considered the 

ideal method to accurately assess the intake of the specific types of dietary fat, FFQs 

provide acceptable information for the more abundant dietary fatty acids: oleic (the most 

common monounsaturated fatty acid), linoleic (the primary dietary polyunsaturated fatty 

acid), and total saturated fatty acids (Kohlmeier 1994, Liu 1994, Willett 1994). FFQs are 

the preferred methodology for assessing usual dietary intake over time and association 

with disease risk (Beaton et al. 1997, Lazarus 1995, Kohlmeier 1994. Willett 1994. Lyon 

et al. 1983). Pathological changes responsible for many conditions, such as cancer, can 

occur months or years prior to the clinical diagnosis. Using FFQs, intake information can 

be collected for the time period prior to clinical diagnosis to determine if specific dietary 

patterns are associated with increased risk of the condition (Kohlmeier 1994. Kushi 1994. 

Caan et al. 1991). The FFQ requests the subject to provide food choice, frequency of 

consumption, and usual portion size for food items that are grouped into categories, such 

as breakfast foods, meat, fish and poultry, dairy products, fruits and juices. (Beaton 

1997. Lazarus 1995, Kohlmeier 1994, Kushi 1994. Liu 1994. Willettt 1994. Block et al. 

1986). Validated FFQs typically assess 60 to 131 food items (Ritenbaugh et al. 1997. 

Thompson et al. 1994, Block et al, 1992). 

The Arizona Food Frequency Questionnaire 

The Arizona skin cancer chemoprevention trial was among the first studies to use 

a nationally available FFQ (Block et al. 1986). The first version of the Arizona Food 

Frequency Questionnaire (AFFQ) was the dietary portion of the validated National 
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Cancer Institute or Block Health Habits and History Questionnaire (Block et al. 1986). 

The AFFQ consisted of 98 food items, grouped into 9 categories of foods. Pictures and 

reference measurements of commonly used portion sizes for food items were used to 

assist questionnaire completion. Information was sought regarding preparation methods 

and commonly used ingredients. This information modified the nutrient composition 

analysis to account for food preparation choices. 

The AFFQ has an extensive and comprehensive food composition database that is 

updated and maintained to ensure current and accurate nutrient information (Giuliano et 

al. 2000). The United States Department of Agriculture (USDA) food composition 

database is used and enhanced with nutrient data from the Nationwide Food Consumption 

Survey and other sources as available (USDA 1993, USDA 1985). Modifications include 

the addition of commonly-eaten Southwestem foods and increased detail for fiber-

containing foods (Giuliano et al. 2000). 

Similar to the other dietary assessment instruments. FFQs including the AFFQ 

have continued to develop and improve. Newer versions used by the Arizona Cancer 

Center are scannable to eliminate data entry errors, feature different groupings of foods to 

better prompt individuals completing the questionnaire and improve assessment of 

specific nutrients, and include food items and modifications of food items that did not 

e.xist when the original AFFQ was administered. Versions of the AFFQ have been 

developed specifically to assess usual intake among Native American and Hispanic 

individuals (Teufel et al 199_. Taren et al 1994). Continued innovations in FFQ 

development are reported in the dietary assessment literature including FFQs developed 



62 

for other specific populations such as children or low literacy adults and pictures to 

improve portion size information. 

Administration of the Arizona Food Frequency Questionnaire 

FFQs can be both interviewer-administered or self-administered reliably (Kushi 

1994, Liu 1994). The key factors for reliable self-administered FFQs include sufficient 

literacy of the population and complete, understandable instructions. Two pages of 

instructions guiding questionnaire completion, and food drawings and food sizes are 

provided with the AFFQ. Typically, participants also receive verbal introduction to the 

AFFQ by study staff. 

Interpretation of Dietary Information 

Interpretation is the area for which all dietary assessment methods offer the 

largest challenge (Beaton et al. 1997, Kushi 1994, Liu 1994, Willett 1994). Typically, 

epidemiological investigations have examined the risk of a specific disease associated 

with the ranking of consumption of a specific nutrient rather than exact quantities. This 

interpretation circumvents some of the acknowledged problems of FFQ data: tendency of 

obese individuals to underestimate consumption, tendency of underweight individuals to 

over-estimate consumption, lack of agreement when FFQ caloric totals are compared 

with measured or estimated metabolic requirements among weight-stable individuals 

(Kohlmeier 1994, Kushi 1994. Liu 1994, Willett 1994). The determination of specific 

quantitative nutrient levels, which are associated with disease-risk, may not be 
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appropriate if age, gender, physical activity, and other behavioral choices act as effect 

modifiers of the association. 

Summary; The Arizona Food Freaucncv Questionnaire 

The AFFQ, requests that subjects indicate food choices and related information 

over the past year (Ritenbaugh et al. 1997, Ritenbaugh et al. 1996. Thompson et al. 

1994). It has been employed as a screening tool, and is able to rank individuals based on 

specific nutrients of interest. Baseline AFFQs completed prior to NMSC diagnosis, will 

allow investigation of the association between dietary fat ranking and NMSC risk over 

the 5-ye£u- follow-up period. A baseline FFQ collected on participants who were then 

prospectively followed for 5 years to collect verified NMSC endpoints allows 

examination of the association of dietary fat and NMSC risk. This investigation is 

consistent with the aims of nutritional epidemiological studies that focus on elucidating 

dietar>' factors that may be associated with increased risk of specific disease, such as 

NMSC. 

PART S: DISSERTATION FORMAT 

Explanation of the Dissertation Format 

The Graduate Interdisciplinary Program at the University of Arizona allows 

published and publishable papers to constitute a substantial portion of the dissertation. 

Three such papers compose this dissertation, the following paragraph describes my 

contribution to the research. 
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In the early 1980's, Arizona Cancer Center researchers. Dr. Thomas Moon and 

Dr. Norman Levine were first authors on collaborative proposals to the National Cancer 

Institute (NCI). In 1984 and 1985, NCI funded the two, phase III clinical trials to 

determine the efficacy of retinoids in the skin cancer prevention, commonly referred to as 

SKICAP (Grant # CA34256 and Grant # CA27502). Procedures were consistent between 

the jointly administered trials. Only subject population (sun damaged individuals with 

minimal NMSC history versus individuals with history of multiple prior NMSC) and 

intervention modalities (retinol or placebo, versus retinol placebo or I3-cis isotretinoin) 

distinguished the two clinical trials. The present work utilized information from the skin 

cancer prevention trial in moderate risk subjects (sun damaged with minimal NMSC 

history) comparing retinol versus placebo, known as the SFGCAP-AK Study. 

I became involved with the skin cancer prevention studies in 1990 as coordinator 

of the Phoenix Clinic. I was responsible for all aspects of trial participation for Phoeni.x 

area volunteers, from accrual to study completion. At the main office in Phoenix and 

clinics in Mesa and Sun City, I interviewed and obtained blood samples from 

participants, trained and managed research assistants in completion of clinical 

procedures, and worked extensively on the final data cleanup and quality assurance. 

Analyses and publications of the chemoprevention trial focused on the efficacy of 

retinol in skin carcinogenesis and assessment of potential adverse effects (Moon et al. 

1995. Moon et al. 1997. Cartmel et al. 1999, Cartmel et al 1992). As Program 

Coordinator for one of the trial clinical sites, I realized that several other interesting 

questions could be explored. With the support of my committee and Dr. David Alberts, 



65 

who directs the Chemoprevention group of the Arizona Cancer Center. I submitted an 

analysis proposal to the Small Grant Program for Cancer Epidemiology of the National 

Cancer Institute. With this funding (Grant # CA78192), I completed all analyses, 

summarized results, and drafted papers for journal submission. Dr. Denise Roe. who 

directs the Biometry Unit for the Arizona Cancer Center, provided statistical consultation 

and Dr. Anna Giuliano and Dr. Robin Harris edited manuscript drafts, assisted in 

focusing interpretation of results, and suggested additional analyses. Dr. Harris and Dr. 

Giuliano also provided suggestions and support for a poster presentation: "Evaluation of 

diets among seniors: food pyramid versus RDA". This poster abstract was accepted for 

presentation at the International Life Sciences Institute's Third International Conference 

on Nutrition and Aging (Showa Women's University in Tokyo, Japan. September 21 - 22, 

1999). It was also presented at the University of Arizona's 7th Armual Graduate and 

Professional Student Showcase (November 5-6, 1999) and the Faculty Science Fair of 

the Arizona Cancer Center (June 3, 1999). 
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PRESENT STUDY 

Introduction 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation as Appendices A - C. Following is a brief summary of the 

study population and description of diet and skin cancer variables, methods of statistical 

analyses, and a summary of the primary findings each paper. 

Methods 

Population 

A placebo-controlled, randomized, five-year clinical intervention trial of the 

efficacy of oral retinol (25.000 I.U. daily) in nonmelanoma skin cancer prevention 

provided the study population. The target trial population was at risk for nonmelanoma 

skin cancer with risk defined as; evidence of moderate sun-damage, and minimal history 

of prior skin cancers. Recruitment began in Tucson in late 1985, expanded into central 

Phoenix in 1986 and continued at all sites, including satellite clinics in Yuma and San 

Diego (California) through 1989. Participants completed end of study procedures, 

including final full-body dermatological exams, in 1991 and 1992. 

All 2297 randomized participants to the chemoprevention trial were potential 

participants in the current study. Eligibility requirements for the trial included: presence 

of at least ten clinically apparent precursor lesions (actinic keratoses) on forearms, history 

of no more than two previous non-melanoma skin cancers, no other cancer or treatment 

for cancer within the past 5 years, no supplementation of vitamin A exceeding 10,000 
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I.U. daily (> 2 times US RDA), and blood assessment values (SMA-20) within normal 

limits. 

More than 87% of the skin chemoprevention trial volunteers were recruited using 

newspaper and radio advertisements, with the remaining 13% recruited through local 

dermatologists or by word of mouth. The original consent form for the intervention trial 

requested a three-year commitment from study participants. As the trial progressed and 

funding was assured for the full five years, not all participants were willing to extend 

their obligation to continue the trial medication and clinic visits. A portion of the 

participants did discontinue study intervention (randomized retinol or placebo) and 

regular clinic visits following the three-year commitment. However, almost all 

participants who had not died (71 or 3.6%), not been lost to follow-up (15 or 0.8%). 

participated in final study procedures. The followup time period ended at the date of last 

contact for the 15 participants lost to followup and at the date of death for the 71 

deceased individuals. The study population was predominantly male (70%) and had a 

mean age of 61 years. Further description of the subject population is provided in the 

appended papers. 

Acquisition and Management of Dietary Data 

The initial step for all analyses was identification of chemoprevention trial 

participants for whom information, including dietary assessment, was complete and 

reasonable. The skin chemoprevention trial was among the first studies at the Arizona 

Cancer Center to utilize a developed, validated comprehensive food frequency 
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questionnaire. The Arizona Cancer Center semi-quantitative Food Frequency 

Questionnaire (AFFQ) was the dietary portion of the National Cancer Institute Health 

Habits and History Questionnaire (HHHQ), also known as the Block FFQ (Block et al. 

1986). A copy of the questionnaire is provided in Appendix D. The questionnaire was 

designed to assess usual dietary intake. 

The coded AFFQ data were entered and checked prior to completion of the 

original chemoprevention trial. Quality" assurance was particularly important as this was a 

non-scannable form and computer software was changed during the trial. An output data 

file in ASCII format was used for composition analysis, and nutrient results for all 

participants were determined using the same version of the composition database to 

ensure comparability. The nutrient composition database founded on USDA and NFCS 

information is continually enhanced, as reliable nutrient values are available. The 

composition analysis was completed in spring 1992, using options selected by one of the 

trial principal investigators, Brenda Cartmel, PhD. The original data from the AFFQ form 

("intake data" i.e. the four digit code for each food item line along with the heading and 

modification questions) and the compiled nutrient analyses were given to Mr. Steve 

Rodney, data manager for the SKICAP chemoprevention trials who retrieved ail files 

from SAS archived data sets. 

The dataset was further restricted to only those randomized participants for whom 

endpoint information would have been collected. AFFQ information was missing for 221 

(9.6%) of the original 2297 randomized chemoprevention trial participants. Another 27 

(1.2%) participants had more than two NMSC diagnosed prior to randomization and were 
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then also excluded. Individuals with incomplete AFFQs, defined as more than 4 items left 

blank, were excluded, n = 33 (1.4%) participants. Estimated daily energy requirements 

were calculated, using the World Health Organization equations for estimating daily 

energy expenditure, and the participants' self-reported height, weight, and age (WHO). 

Thirteen (0.6%) participants reported daily energy intakes exceeding 200% of their 

estimated daily energy requirements and 9 (0.4%) participants reported intakes less than 

half of their daily estimated requirements. Reported weight changes and activity levels 

did not account for these extreme variations from estimated energy requirements and this 

information was excluded. 

Complete dietary information was then available for 1994 participants. 

Demographic characteristics of the participants without complete dietary information 

were compared to those with complete diet data. Results from chi-square and Student's t 

tests determined there were no significant differences between the groups included and 

excluded from the analyses. 

Additional AFFO Analyses; Estimating Micronutrients and Food Servings 

The AFFQ requests portion size, frequency of consumption, and number of 

servings for 98 groups of food items. The nutrient content is similar among food items 

grouped on a single line. A four-digit code represented the selections for each food item 

line. The first digit of the 4-digit code was a 1, 2, 3 or 9 dependent on whether small, 

medium, large or no portion size was selected. The second digit of the AFFQ code 

corresponded to the selected frequency with which the item was consumed (I. 2. 3. 4. 
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5,or 9 for day, week, month, year, rarely/never, or not selected). The final 2 digits of the 

4-digit corresponded to the typical number of servings of the food item consumed of that 

size and frequency. The response for number of servings could range from 01 to 99. 

E.xamination of gram amounts used for the AFFQ composition analysis indicated small 

servings are approximately one-half of a medium portion and large servings equal one 

and one-half of the medium portion. Using this relationship and the intake information of 

the AFFQ (4-digit code of information for each food group item), daily estimated 

amounts of a medium serving for each of the 98 listed food items were calculated for 

each individual. 

The first food listed on each line of the AFFQ is the food item within that group 

most frequently consumed among US adults, according to data from the USDA 

Continuing Survey of Food Intakes. A medium serving of that representative food in each 

AFFQ food group line was entered into the NDS-R (Nutrient data System - research 

version 4.01 1998). By entering all 98 food items as a diet, the resulting output became a 

composition data file that could be used to estimate amounts of dietary nutrients 

(vitamins Be, B12, and D and magnesium and copper) which were not available in the 

SAS files. 

The daily estimated amounts of the medium serving of the 98 AFFQ food items 

was also used to estimate each participant's daily food servings from the Food Guide 

Pyramid five food groups (USDA 1994). The specified medium portion sizes for all food 

items were identical to the Food Guide Pyramid food group servings, except for bread 

and meat items. Daily estimated amounts of bread and meat items from the AFFQ were 
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doubled to account for Pyramid serving sizes that were half of the medium portion on the 

AFFQ. Daily servings of foods of the five food guide food groups were summarized for 

each individual by adding up the daily estimated amounts of all food items that would fall 

into each specific food group. Food items that were not major contributors to one of the 

five food groups, such as sugar, coffee, butter, catsup, and soda, were not included. This 

method of estimating daily servings was consistent with other studies that incorporate all 

food amounts contributing to at least a fourth of a serving (Ryan et al. 1992, Millen et al. 

1996, Bartholomew et al. 1990). The USDA developed a food-grouping program that 

disaggregated mi.xed food items and added the small amounts into the estimated daily 

servings of each food group, such as the contribution of catsup into the daily ser\'ings of 

vegetables (Cleveland et al. 1997, Subar et al. 1998). Estimating daily servings based on 

primary contributions rather than constituent parts would underestimate servings within 

the five Food Guide Pyramid groups. However, as the Food Guide Pyramid was aimed at 

providing guidance for food selection to the general public, the method based on the 

primary contributions of each food would appear consistent with goals of dietary 

guidance (Welsh 1992. USDA Dietary Guidelines 1995 and 2000). 

Vitamin and Mineral Supplement Information 

The study population was a cohort developed from a trial investigating the 

efficacy of oral retinol in preventing skin cancer. Assessment of vitamin and mineral 

supplement use was critical to the study design and collected as part of study eligibility 

information rather than with the dietary assessment. Supplement use questions requested 
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brand names and this information was used to code nutrient amounts. A copy of the Skin 

Cancer Prevention Study Vitamin and Mineral Intake Form is provided in Appendix D. 

While coding of the supplements was completed at the end of the intervention, the data 

were entered as part of this dissertation project. Mr. Jose Guillen of the Biometry Unit 

developed a Foxpro Visual Basic program for data entry and Ms. Margaret Williams, a 

student, assisted in data entry. A computer program then calculated the corresponding 

nutrient amounts and built a database containing participant identification code, any use 

of a supplement, and nutrient level for each supplement. This file was merged with the 

dietary database. 

Paper 1: Older Adults Need Guidance to Meet Nutritional Recommendations 

The proportion of U.S. adults over the age of fifty is expected to encompass at 

least 25% of the population by the year 2030. Information regarding current dietary 

practices among this population has not always clearly separated the eating patterns of 

healthy, free-living seniors from older adults whose patterns may be altered by chronic 

disease, disabilities, or institutionalization. The majority, 85%. of the inter\'ention trial 

participants was older than 50 years of age, making this a useful population to assess 

usual food patterns. 

Several publications have recommended fiirther definition and refinement of the 

Recommended Daily Allowances (RDAs) for older adults (Hegsted 1989, Russell et al. 

1993. Feldman 1993, Blumberg 1997, Ryanet al. 1992). The previous Recommended 

Dietar>' Allowances (RDAs) stated recommended nutrient levels by gender for all adults 
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older than 50 years of age (National Research Council 1989). Dietary Reference Intakes 

(DRIs) are now being developed that specify nutrient recommendations by gender for 

two older age groups: 51-70 years of age and older than 70 years of age (Food and 

Nutrition Board 2000. Food and Nutrition Board 1998, Food and Nutrition Board 1997. 

Yates et al. 1998). The Food Guide Pyramid is another method of providing nutritional 

recommendations and a Modified Food Guide Pyramid for adults older than seventy 

years of age has been developed to improve guidance provided to older adults (Russell et 

al. 1999). 

Dietary information reported in the literature for older adults has either been 

based on one or two-day diet recalls or not clearly from a population of healthy and non-

institutional ized individuals. Information from a group of (1740) healthy, free-living 

adults between 51 to 85 years of age would enhance the available nutritional information 

for older adults. Comparisons of the usual dietary intake of these older adults with 

recently developed nutritional recommendations for similarly-aged adults, using the RDIs 

and Modified Food Guide Pyramid were done. 

Primary Findings of Paner 1 

The following paragraphs summarize the primary findings of the dietary 

comparison of the older study participants. The detailed article, submitted to the Journal 

of the American College of Nutrition, is provided in Appendix A. 

The purpose of this study was to compare the diet of healthy, free-living senior 

volunteers to the dietary reference intakes (DRIs) and Food Guide Pyramid 
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recommendations. This study was a cross-sectional assessment of dietary habits, as 

measured using a standardized food frequency questionnaire, among 1740 healthy 

Southwestern U.S. adults, aged 51 to 85 years. Assessment of independently-living 

volunteers to chemoprevention trials provides an efficient mechanism to profile typical 

dietary habits among the growing older adult population. 

Daily estimated macronutrient intakes exceeded recommended proportions of 

protein and fat. In contrast, more than 60% of this senior population reported dietary 

vitamin D, vitamin E, folate, and calcium intakes below estimated average requirements 

(EAR). Based on the Food Guide Pyramid recommendations, less than 10% of the older 

adults consumed the recommended daily dairy and grain servings. More females than 

males consumed recommended vegetable (49% versus 40%) and fruit (53% versus 48%) 

servings (p<0.05). More males consumed recommended grain (11% versus 7%) and 

protein (78% versus 73%) servings (p<0.05) than females. 

Mean micronutrient intakes compared well with DRIs although less than one-half 

of these older adults consumed recommended levels for vitamin D, vitamin E, folate, and 

calcium or daily food servings of dairy, grains, vegetables or fruits. Since the beneficial 

aspects of foods are not limited to essential nutrients, nutrition recommendations to older 

adults may be improved by emphasizing daily servings of nutrient-dense choices within 

the Food Pyramid. 

Introduction to Paper 2: Skin Cancer Risk Factors 

Examination of the dietary fat association with NMSC required both dietary 

information and knowledge of dermatological endpoints (skin cancer diagnosis). The 
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second paper utilized the dermatologicai and pathological database to examine the 

epidemiology of BCC and SCC among a unique population subgroup, individuals with 

multiple actinic keratoses but no history of prior skin cancer. Further description of 

ascertainment of NMSC endpoints are given in succeeding paragraphs followed by a 

summary of primary findings. 

Endpoint Ascertainment; Pathological Diagnoses of Nonmelanoma Skin Cancer 

Several methods were utilized during the clinical trial to ensure completeness of 

dermatologicai information. All suspicious lesions noted by the study dermatologist at the 

eligibility e.xamination were biopsied for pathological diagnosis prior to study entry. 

Participants came to the study clinic every 6 months throughout the intervention trial and. 

at each clinic visit, completed questionnaires and interviews inquiring about dermatologic 

treatments. Between visits, contact postcards often prompted telephone calls to report 

dermatologicai treatment. Yearly visits included an examination by a study dermatologist 

to ensure that all volunteers were receiving periodic dermatologicai assessments. 

Additionally, chart reviews were completed in the offices of all physicians from whom 

the participant reported receiving treatment. Chart reviews were completed by mail for 

participants reporting treatment from physicians outside of Arizona. For participants with 

a biopsy or lesion removal, pathology reports and slide were obtained. A single study 

dermatopathologist reviewed all available slides to provide the final diagnoses. This 

centralized diagnosis was available in more than 92.6% of the cases (4,675 of 5.105 
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specimen diagnoses). For the specimens not reviewed, the community diagnosis was 

used. 

Pathology Database Acquisition 

The quality-assured database of all pathology data was acquired from Mr. Steve 

Rodney. This database offered management challenges to organize the data into time-

ordered information with one record per participant. The reorganized pathology data file 

was appended onto the database of other information for randomized participants. 

Programs written using SAS software created variables for counting BCC and SCC 

occurrence prior to and after the participant's specific randomization date (SAS version 

7.0). To check that diagnoses were correctly counted in the programs, pathology case 

counts from the reorganized file were compared with results of a similar count completed 

by Mr. Rodney. Following this assurance, information from 27 participants (1.2%) was 

excluded from all analyses. These participants were found to have had more than two 

NMSC prior to randomization and would not be eligible according to the original entry 

criteria. 

Histopathologic Diagnosis of Nonmelanoma Skin Cancer: Agreement of Community 

and Centralized Reviewers 

A comparison of diagnoses made by community pathologists to the centralized 

diagnoses of the study dermatopathologist, Dr Jerry Bangert, was performed. Of the 

5.105 specimen diagnoses collected for the eligible study participants. Dr. Bangert was 
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also the community pathologist for 409 (8.0%) of these lesions. Specimen slides could 

not be obtained for central review for an additional 430 (8.4%). 

The kappa statistical test can be used to examine the agreement between raters 

such as pathologists. The kappa test statistic is a "measure of the degree of nonrandom 

agreement between observers or measurements of the same categorical variable (Last 

1995). Kappa scores can range from -1 (perfect disagreement) to +1 or perfect agreement. 

Kappas are often presented as percent agreement in which under 20% is considered 

negligible agreement, 20% to 40% minimal agreement, 40% to 60% fair agreement. 60% 

to 80% good agreement and 80% or above considered as excellent agreement. The kappa 

statistic is calculated much like the chi square and, similarly, all cells must have 

observable results for the appropriate calculation. The study dermatopathologist did not 

categorize any of the 3643 lesions as "Bowen's disease". To calculate the kappa statistic, 

the options for diagnosis must be equal between the observers (no empty cells) (Jekel et 

al. 1996). Since the dermatological literature refers to "Bowenoid SCC" or "Bowen's 

SCC" as specific subtypes of SCC lesions, these lesions were classified as SCCs for the 

overall agreement analyses (Chuang et al. 1990, Frisch et al. 1995). 

Analyses compared overall agreement by specific diagnosis (i.e. BCC. SCC. 

BCC/SCC mixed, actinic keratoses, melanoma, or other). Additional analyses then 

compared community and centralized diagnoses in simple two-by-two tables: BCC lesion 

or not, and SCC or not. Table 3 summarizes the agreement between pathological 

diagnosis of specimens reviewed by a community pathologist to the diagnoses of the 

centralized study dermatopathologist. Overall agreement of the lesion diagnoses was 
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good (kappa = 0.67). Additional two-by-two tables indicated agreement on diagnoses of 

BCC was excellent (kappa = 0.90), whereas agreement on diagnoses of SCC could only 

be rated as fair. The kappa for agreement was only slightly improved by using a wide 

definition of SCC. 

Table 2 Agreement between diagnosis of skin lesion specimens by a community 

pathologist compared to the centralized review for the Skin Cancer Prevention Trial. 

Analysis Kappa Rating 

Overall agreement 0.67 good 

BCC or not 0.90 e.xcellent 

SCC or not 0.56 fair 

SCC group or not* 0.65 good 

* SCC group includes: Bowen's, SCC -in situ, and keratoacanthoma along with SCC 

Predictors For Cutaneous Basal And Squamous Cell Carcinoma Among Actinically-

Damaged Adults 

Several studies have examined the influence of dietary factors in nomelanoma 

skin cancer. The populations selected for the examinations and the designs of the studies 

have been quite variable. Table 3 summarizes previous studies of dietar>' fat and 

nonmelanoma skin cancer. 
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Table 3 Sununary of previous investigations of dietary fat and factors in nonmelanoma 

skin cancer 
Smdy Fopwlaioa kiikfar 

NMSC 
Onv HypaAot Skis Ctmttt 

Type 
mmtfl 

iacMidia 
—twit 

CaacWw 

BlKfcctal 1994 
Btack A Al 199S 
Black tCAl 199S 

r? da NMSC 

101 
NMSC 
133^ 
NMSC 

Madnif->2 
NMSC** 
NMSC •SwidLw 

•Ml«« 

<2IHm> 
ITHfairiU 
lateaNMSC 

bo* BCC* 
see 

N«-iHCilanc 
•idy 

AKkiMy lAk 

INMSC 

INMSC 

Kuoca 1992 SICMCIAU 
coBgoii*afl 
maks 

*NMSC 

OH-COMrOl iMptaMM 

akMnlaid 
MNMSCriA 

MBCCA 
see 

NolMMlMd-
•Mdpaiiil 
fniliM 

Bik. 
««iaablii, 
OHCilanai 

faatimmmtt 

NMSCii* 
Htmlcrcl al 
1990 •moof 73,366 

taanlfnuk 
popiiliKiaa. > 
9tH«IUKracc 
Nokouty ika 

proipsMivv 
cohanftoa 
Ivgcfcanl 
cainnMudy 

diaaqr kt 
atociaadwitt 
BCCiKidncc 

•df-npan 
BCC 

ya,IUllJI 
(lin-IJO) 

FFQ) 

•nmpbic 
fcwim. 

areCCMk 
taogy-

onM^ 
COEWSZT 

van Dam clal 
2000 

3190 cucs 
30«.07l 
pcnoB-yMn 

gukhnak 
pnftuaoaib 
>97K«feiM 
m 
Nokiflocyikai 

IHutpacmc 
cohonftam 
•vgcgoMnl 
cokotf laidy 

WKMMBOf 

fOBOllolltt. 
BCCiMc 

Klfnpoit 
BCC IHU-

•diuMdkaiaa 

ittdr 

MMlte 
solar. MB 
mngamft 

pfeywii 
•HnyMv 

hl^h 
adht""'""' 
riik.k^ 
falattiaab 
liifc-asatar 

Prcacsifludy 427caics 
BCC. 331 
caiciSCC 
amofig 1994 
petidpiBO 

ki(kri* 
KOSwfriv 
NMSC,]«0 
owpriv 
NMSCWKM 
pmrMISC 

cainn feia 
pmrcaiioa Bill 

dioay bi 

ofsoc;'"* 
powftlyBCC 

putatagcaUy 
KoiTiadNMSC 
kyconl 
nnifw 

*»>yp«. 
NMSCkiWfy, 

MiMaiar 
cliiiaiaM 

•a^ilioMly 
iBcitaHdka* 
acc*scc 
riri[,Maflaa 
affclMt.ioal 

Hakim (tat 
2000 

301finiSCC 
cttcs»267 
CQOBOltCM 
kifloiy 
NMSC) 

HMri* 
(aboMluirM 
AK») 

CMCII—el«f 
iKidMSCC 

kcvdafa-i 
•idndoaara-

nkatXC 

wiliid 
iipon(6aa 
iitMy)buiaB 
conlnadiH 

oaftyankc. 
kiaanrof 
•Otitf* 



80 

Study participants with no history of skin cancer prior and randomized to the 

placebo intervention group were selected for the analysis of predictors of BCC and SCC. 

This analysis included 918 participants. To account for variation in the follow-up time 

period among study participants, the Cox Proportional Hazard model was used to 

estimate relative risk. Separate models assessed predictors for each outcome: BCC or 

SCC incidence. 

Primary Findings of Paper 2 

The following paragraph summarizes the primary findings in the examination of 

risk factors for BCC compared to SCC among persons with a history of multiple actinic 

keratoses. The complete manuscript is provided in Appendix B. 

Risk factors for nonmelanoma skin cancer among populations with 

evidence of precursor damage are not well described. This study examined and compared 

risk factors associated with development of cutaneous basal cell (BCC) or squamous cell 

cancers (SCC) among a group of 918 adults with significant sun damage (>10 clinically 

assessable actinic keratoses) but no prior history of skin cancer. These adults were 

participants in a 5-year skin chemoprevention trial between 1985 to 1992, who had been 

randomized to the placebo group and followed for occurrence of skin cancer. During the 

study, a total of 129 incident SCC and 164 first BCC cancers were diagnosed. The age-

adjusted BCC and SCC incidence was 3629 and 2671 per 100,000 person-years, 

respectively. Different constitutional and exposure factors were independently associated 

with BCC compared to SCC. Only increased age independently predicted BCC 



occurrence among this population. In contrast, older age along with male gender. 

naturally red hair color and adult residency in Arizona for 10 or more years continued to 

independently predict SCC occurrence. The substantial incidence of skin cancer found 

among this population confirms the need for active dermatologic monitoring among 

individuals with 10 or more visible actinic lesions. 

Introduction to Paper 3 - Dietary Fat Association With Nonmelanoma Skin Cancer 

The independent association of lower levels of dietary fat with reduced risk of 

pathology-confirmed BCC or SCC was evaluated among individuals with no prior history 

of skin cancer and for whom complete dietary information. A total of 1704 participants 

were included in the analysis. Initial crude analyses compared the mean level of dietary 

fat among participants who incurred a BCC and SCC with study subjects who remained 

skin cancer-free throughout the follow-up period. The Cox Proportional Hazard model 

was then used to evaluate the role of dietary fat in predicting BCC or SCC occurrence 

simultaneously adjusting for confounders. Differences in the lime to BCC or SCC 

occurrence was tested using Kaplan Meier survival estimates and the log rank test. 

Poisson regression analyses were next used to test the association of dietary fat with total 

number of skin cancers among the study population. The primary findings in the 

evaluation of dietary factors as independent predictors of BCC and SCC are summarized 

in the following paragraph. The complete manuscript is located in Appendix C. 

Primary Findings of PanerS: Dietary Fat and Nonmelanoma Skin Cancer 
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Based on results of cell and animal studies of ultraviolet radiation-induced 

tumors, dietary factors are expected to be associated with nonmelanoma skin cancer 

(NMSC). This study was designed to investigate the association of dietary factors with 

development of skin basal cell and squamous cell carcinoma, using 1605 participants in a 

5-year skin cancer chemoprevention trial. All participants had at least 10 clinically 

apparent actinic keratoses (premalignant lesions) on the forearms but no history of 

NMSC. Usual dietary intake was assessed at baseline using a validated semi-quantitative 

food frequency questionnaire and participants were followed for approximately 5 years 

for NMSC incidence. Chart reviews and central review of pathological samples verified 

reported NMSC cases. No dietary factors were significantly associated with BCC 

occurrence in univariate or adjusted models. However. SCC risk appeared to increase 

slightly with higher levels of intake of total fat and oleic acid (p = 0.09 and 0.06. 

respectively). Investigations of dietary factors associated with increased risk of NMSC 

have been limited and completed among populations of varying skin cancer risk. Further 

study of potentially mitigating dietary factors in NMSC is needed. 
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OLDER ADULTS NEED GUIDANCE TO MEET NUTRITIONAL 

RECOMMENDATIONS 

Janet A. Foote, Anna R. Giuliano, Robin B. Harris 

The purpose of this study was to compare the diet of healthy, free-
living senior volunteers to the dietary reference intakes (DRIs) and Food 
Guide Pyramid recommendations. 

This study was a cross-sectional assessment of dietary habits, as 
measured using a standardized food frequency questionnaire, among 1740 
healthy Southwestern U.S. adults, aged 51 to 85 years. Assessment of 
independently-living volunteers to chemoprevention trials provides an 
efficient mechanism to profile typical dietary habits among the growing 
older adult population. 

Daily estimated macronutrient intakes exceeded recommended 
proportions of protein and fat. In contrast, more than 60% of this senior 
population reported dietary vitamin D, vitamin E, folate, and calcium 
intakes below estimated average requirements (EAR). Based on the Food 
Guide Pyramid recommendations, less than 10% of the older adults 
consumed the recommended daily dairy and grain servings. More females 
than males consumed recommended vegetable (49% versus 40%) and fruit 
(53% versus 48%) servings (p<0.05). More males consumed 
recommended grain (11% versus 7%) and protein (78% versus 73%) 
servings (p<0.05) than females. 

Mean micronutrient intakes compared well with DRIs although 
less than one-half of these older adults consumed recommended levels for 
vitamin D, vitamin E, folate, and calcium or daily food servings of dairy, 
grains, vegetables or fruits. Since the beneficial aspects of foods are not 
limited to essential nutrients, nutrition recommendations to older adults 
may be improved by emphasizing daily servings of nutrient-dense choices 
within the Food Pyramid. 

Supported by funds from the National Cancer Institute (CA78192, CA27502). 
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INTRODUCTION 

The United States' population is aging, with the Census Bureau predicting that the 
number of citizens over the age of 65 years will increase from 34.6 million in 2000 to 
69.4 million in the year 2030 (1). One of every five Americans will be among this group 
for whom nutrition standards continue to be a subject of discussion (2-5). Studies of 
current dietary practices have not always separated the eating patterns of healthy, free-
living senior adults from older adults whose patterns may be altered by chronic disease, 
disabilities, or institutionalization (1,2,5,6). While institutionalized or diseased 
populations are an important focus, research which describes the dietary needs of the 
free-living, healthy older population is essential to understanding nutrition challenges for 
the next century (7-13). 

The Recommended Dietary Allowances (RDAs) and the Food Guide Pyramid 
provide two distinct approaches to evaluating dietary adequacy (14,15). Several scholars 
have suggested that specific RDA levels of essential nutrients need to be modified for 
males and females over the age of 50 years (2-5,7); a change which is occurring as the 
Dietary Reference Intakes (DRJs) are developed (16-19). Development of the DRls 
includes review of data that link nutrient needs to physiological changes and protection 
against specific age-related chronic diseases or conditions, and provide a broader 
framework for counseling individuals or groups with specific diseases or disease-risks 
(16-19). A modified Food Guide Pyramid was also recently developed to meet the needs 
of older individuals whose total energy intakes may be diminishing (20). Comparison of 
actual dietary practices with the Food Guide Pyramid recommendations might be 
particularly useful for older population groups, since there appears to be a reliance on 
nutritional supplements to meet vitamin and mineral requirements in this population (21 -
26). Use of supplements enhances the apparent specific nutrient density of diets without 
increasing the level of other food components whose beneficial roles are just begiruiing to 
be appreciated (9, 27, 28). 

In this paper we present an analysis of the dietary intake of men and women aged 
51 years and older who participated in a large, phase III chemoprevention trial of persons 
at risk for skin cancer (29, 30). The typical dietary intake of these healthy adults, as 
assessed by food frequency questionnaires, was compared to standards for evaluating 
dietary adequacy. Use of dietary data collected at baseline in such large trials, is an 
economical and efficient source of data for healthy, free-living older adults. 

METHODS 
Population: Moderately sun-damaged, healthy adults living in Arizona who were 
between the ages of 21 and 85 were eligible for the double-blind trial of the efficacy of 
oral vitamin A (25.000 I.U. daily) versus placebo as a skin chemopreventive agent. In this 
study moderate sun damage was defined as having ten or more clinically apparent 
precursor lesions on the forearms. Approval for the trial was received by the University 
of Arizona Human Subjects Committee. The design and results of this trial have been 
previously published (29, 30). Exclusion criteria included: insufficient number (less than 
ten) of clinically apparent pre-cursor lesions (actinic keratoses) on forearms, greater than 
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two previous non-melanoma skin cancers, any other cancer or treatment for cancer within 
the past 5 years, supplementation of vitamin A exceeding 10,000 I.U. daily (> 2 x the 
RDA). and blood assessment values outside of normal limits. Between 1985 through 
1989, 1955 participants aged 51 years and older were randomized into the 5-year study. 
This report focuses on the 1740 men and women who completed the baseline dietary 
questionnaire, 89% of the eligible older participants. 

Participants were excluded from this analysis if baseline food frequencies were 
not completed (9.2%), multiple items on the questionnaire were skipped (1.2%). or 
reported daily energy levels were greater than 200% or less than 50% of estimated energy 
expenditure (0.6%), based on the World Health Organization equations for daily energy 
needs (31). Reported daily energy intake compared to estimated daily requirement has 
been used by other studies to assess the appropriateness of dietary information (32, 33). 
There were no differences between those persons included in the analyses and those 
e.xcluded for age, level of education, gender, smoking history, supplement use, physical 
activity, or body mass index (BMI - kg/ m^). 
Diet assessment: Shortly after recruitment, study staff provided verbal, in-person 
introduction of the Arizona Cancer Center semi-quantitative food frequency 
questionnaire (AFFQ) to each study participant. Participants were given the choice of 
completing the questionnaire at the clinic or taking it home and returning it at their next 
clinic visit. The questionnaire was designed to be self-administered. Returned 
questionnaires were reviewed by study staff for completeness or clarification, if 
necessary. 

The AFFQ was the dietary assessment portion of the Block Health Habits and 
Histor>' Questionnaire (HHHQ) (34). The precision, accuracy, and validity of this 
questionnaire has been examined through comparison with four-day food records and 
repeated administration (34 - 37). Since its validation, the questionnaire has been used in 
numerous regional and National assessments of dietary intakes. The AFFQ consists of 98 
food items grouped into 9 categories of foods. Pictures and reference measurements of 
commonly used portion sizes for food items were used to assist questionnaire completion. 
Information was sought regarding preparation methods and commonly used ingredients. 
This information modified the nutrient composition analysis to account for food 
preparation choices. 

The AFFQ has an extensive £md comprehensive food composition database that is 
updated and maintained to ensure current and accurate nutrient information (38). The 
United States Department of Agriculture (USDA) composition database is used and 
enhanced with nutrient data from the National Food Consumption Survey and other 
sources as available (39. 40). Modifications include the addition of commonly eaten 
Southwestern foods and increased detail for fiber-containing foods (38). 

Baseline assessments also included demographic and medical history 
questionnaires that assessed supplement use. Brand name information was used to code 
vitamin and mineral supplement intake. 
Analysis: Estimated daily nutrient intakes from diet alone and diet plus supplements 
were summarized for each participant. Mean micronutrient intakes were calculated along 
with the proportion consuming less than the recommended level. Recommended levels of 
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micronutrients were the Estimated Average Requiremem (EAR) or Average Intake (AI) 
according to DRI definitions of intake values to assess nutrient adequacy among 
population groups (16, 17, 19). Unlike RDA levels that are set at values above that 
required for most persons, the EAR levels are nutrient intakes that should meet 
requirement levels for half of the healthy individuals in a group (16,17, 19). Using this 
definition, it is expected that reported intakes of 50% of the population will be above the 
DRI level and 50% will be below. If more than 50% of a population report consuming a 
specific nutrient in amounts below the recommended level that nutrient is at risk for 
inadequate intake and considered a cause for concern. Having more than 50% of the 
population report intakes below the EAR is equivalent to having two-thirds of the 
population report intake levels below the RDA. Two-thirds of the (1989) RDA level was 
used as the recommended level for nutrients for which no DRJs were available (14). 

Using the frequency and serving size information, each subject's number of daily 
Food Guide servings was calculated. The daily food servings of the five Food Guide 
Pyramid Food groups were then estimated by combining the number of servings of all 
items included in the specific major food group. Food items such as sugar, butter, coffee, 
tea, and diet drinks, were not primary contributors to any major food group, and did not 
add to the daily serving intake. Mi.xed food items such as spaghetti, pizza, or macaroni 
and cheese contributed to each food group category for which the item added one-fourth 
of a serving amount or more. This method of summarizing food servings based on 
obvious classifications is consistent with other studies (7, 9, 41). This method however, 
underestimates servings compared to assessments using the USD A food grouping system 
which includes small amounts extracted from disaggregated food mixtures such as adding 
the amount of nonfat milk solids found in hamburger buns into dairy servings rather than 
simply considering the entire bun into the grain servings (43, 44). Age and gender 
specific daily recommended servings of each food group were from the USDA 
documentation of the derivation of the Healthy Eating Index (42). Each participant's daily 
food servings were energy adjusted to minimize confounding. The USDA reference male 
and female older than 50 years of age, is light to moderately active and consumes 2300 
and 1900 kilocalories daily, respectively. Adjusted daily servings equaled daily ser\'ings 
multiplied by the ratio of caloric intake to caloric intake of the appropriate reference (i.e. 
adjusted fruit servings for 2 male participant = estimated daily fruit servings * daily 
caloric intake / 2300 daily kcals of reference male). 

Daily food servings were also compared to recommended levels of the modified 
Food Guide Pyramid, developed for adults older than 70 years of age (20). The 
recommended daily servings of the Modified Food Guide Pyramid were not gender 
specific. These recommendations were based on minimal servings of nutrient-dense 
foods within the five food groups to ensure adequacy when daily energy intake was 1200 
to 1600 kilocalories (20). 

Participant characteristics were smnmarized from the demographic and medical 
history questionnaires. Demographic information of study participants was self-reported 
including the weight and height data that were utilized to calculate body mass index 
(BMI = kg/m~). The validity of self-reported weights and heights has been shown in 
previous studies. (45) 
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Mean macronutrient, micronutrient and daily food servings for the Food Guide 
Pyramid were calculated by gender for two age groups: 51 to 70 and 71 to 85 years of 
age. Macronutrient intake was compared to the RDAs for energy and protein, and 
Healthy People 2000 which specifies levels of carbohydrate, total and saturated fat. and 
dietary fiber (14, 46). Also, the percentage of individuals consuming a specific nutrient or 
food group below recommended levels was determined by age and gender. 

The SAS Statistical software program, version 6.12, was used for all statistical 
analyses (47). The Student's T test was used to examine BMI differences by gender. 
Mean nutrient levels were tested for age and gender differences using the general linear 
model procedure for unequal group size. Chi square analysis was used to test the 
difference in distribution of percentage of participants consuming less than nutrient DEU 
levels or Food Guide Pyramid recommended servings between age groups and gender. A 
P value of less than 0.05 was considered significant. 

RESULTS 
As shown in table 1, this Southwestern population of volunteers in a 

chemoprevention trial was highly educated and reported low current smoking but high 
previous tobacco use. More than two-thirds reported use of dietary supplements. 
Significantly more males were married (89% versus 64%), engaged in active sports (7% 
versus 3%). and were current or former smokers (66% versus 48%) compared to 
females. Females reported more daily supplement use than males (58% versus 43%). The 
mean body mass index (BMI + sem) was 25.7 + 0.1 and 24.8 + 0.2 for males and 
females, respectively. Among males, BMI decreased significantly with age (p < 0.00002) 
whereas no difference with age was observed among females (data not shown). 

Mean energy and macronutrient intakes of study participants are provided by age 
and gender and compared with recommendations (Table 2). The RDAs recommend daily 
energy intakes of 2300 and 1900 kilocalories for males and females older than 50 years 
of age including 63 grams and 50 grams of protein daily (14). Healthy People 2000 
recommends that no more than 30% of daily energy should be consumed as fat of which 
a maximum of one-third should be saturated fat (46). The objectives include increased 
consumption (up to 60% of daily energy) of complex carbohydrates, specifically 
vegetables, fruits, and grains including a minimum of 10 grams of dietary fiber per 1000 
kilocalories of daily energy (46). Mean protein and fat intakes among the older aduhs 
were above recommendations for all gender and age strata while reported energy, 
carbohydrate and fiber intakes were substantially below current goals. Males aged 51 to 
70 years reported significantly higher intakes of daily energy, protein, total and saturated 
fat compared to males aged 71 to 85 years. 

Table 3 presents results of diet alone and diet plus any supplemental amounts for 
the entire study population. As noted in Table 1. 73% of the study subjects took 
supplements which significantly increased the mean intake of all nutrients except the 
rarely supplemented vitamin K. Mean dietary intake of all vitamins except vitamin D. 
vitamin E. and folate met recommended levels. However, the percentage of persons with 
low^ intake, as recommended by the EAR, varied. Incorporating supplement use into the 
assessment generally decreased the proportion with low intake. For vitamins A. K. and 
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B|2, less than 10% reported intakes below recommended levels. In contrast, over 90% of 
the older adults reported dietary vitamin D intake below EAR levels, over 73% reported 
low vitamin E intakes, and over 50% reported folate intakes below EAR. The mean level 
of niacin intake among the study population was substantially increased from 
supplementation by 45% and 53% of the older males and females, respectively. 
Supplemental niacin amounts reached or exceeded DRI tolerable upper limits (ULs) 
among 35% of the older adults. 

Mineral intake from diet alone and diet plus any supplemental amounts for the 
entire study population are given in Table 4. Mean dietary intakes of all minerals, except 
calcium, met recommendations. Supplement use slightly decreased the percentage 
reporting low intakes, however fewer older adults reported taking mineral supplements 
compared to vitamins. Phosphorus and iron were the only minerals for which less than 
10% of the population reported intakes below the EARs. More than 80% of the older men 
and women reported calcium intakes below recommended levels. Dietary magnesium 
intake was below recommendations for more than 55% of older adult males although the 
majority of females met EAR intake levels. Supplementation only minimally reduced the 
proportion of males with intakes below EAR levels. More than 23% of the older adults 
reported supplemental intakes of magnesium (not including dietary amounts) at levels 
which met or were above the tolerable upper limits (ULs) as recommended by the DRIs. 

Table 5 compares daily energy-adjusted food group servings to recommendations 
of the traditional Food Guide Pyramid and mean daily food servings (not energy-
adjusted) to the Modified Food Pyramid for older adults. Regardless of the standard used 
for food group assessment, men and women of this Southwestern population reported 
daily grain and dairy servings substantially less than the recommended level. Ten percent 
or fewer of the older adults consumed the recommended daily servings of grain and dair>' 
foods. Mean daily servings of vegetables and fruits approximated the recommended 
levels although less than 50% of the study population met daily vegetable intake 
recommendations and only slightly more met daily fhiit serving recommendations. 
Significantly more women than men consumed the recommended daily servings of 
vegetables (49% versus 40%) and fruits (53% versus 48%, p<0.05). Both men and 
women on average exceeded recommended levels for daily servings of meats/proteins. 

DISCUSSION 
This cross-sectional assessment of dietary habits among healthy, free-living. 

aging volunteers compared usual nutrient intake information among older adults to two 
primarv- standards of intake: DRIs and Food Guide Pyramid recommendations. Although 
participants were from a specific geographical region, the observed levels and age-related 
reductions in total energy and macronutrients in these Southwestern senior adults 
compared well with results from other studies, including NHANES III (7. 11. 41. 48 -
52). Typical daily energy intakes approximating 2000 kcals and 1600 kcals for older 
males and females respectively, are reported in studies despite differences in assessment 
methods that range from a single 24-hour recall used in NHANES III to multiple-day 
recalls, food records, and FFQs (7, 11, 23, 58 - 50, 52). The less than recommended level 
of energy intake and nutrients at risk for low consumption seen in this study and others. 
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provide evidence that nutritional guidance to older citizens should emphasize selection of 
more nutrient-dense foods to ensure recommended nutrient levels are met in spite of the 
age-related reduction in intake. 

Vitamin D was inadequately consumed by more than 90% of older participants 
and calcium intakes were substandard for more than 80%. Less than 5% of study 
participants consumed the recommended daily dairy servings, foods that are rich sources 
of calcium and vitamin D. Other studies have reported recent declines in dairy 
consumption, suggesting that the public health emphasis to decrease dietary fat also 
diminished consumption of dairy products (10, 53). This decreased intake of vitamin D 
may be a particular problem among the elderly who are concerned with skin cancer and 
who purposefully limit their ultraviolet light exposure, another important mechanism for 
maintaining vitamin D status. Increasing consumption of lower fat dairy products would 
provide seniors with a high quality protein source along with concentrated sources of 
calcium and vitamin D. The new DRJs for vitamin D and calcium are above the 
previously recommended levels of intake. Failure to maintain bone mineralization with 
aging and the need to reduce the growing prevalence of osteoporosis among the aging 
factored into the higher standards (2-5, 17, 18). Previous studies in which inadequate 
intakes were defined as intake levels at less than 2/3'^''^ of the RDA reported inadequate 
intakes of viteunin D among 31 % to 74 % and of calcium in 13% to 54% of older adults 
(11,21, 52). The critical need for improvement in nutrients associated with bone health is 
apparent with the finding that more than four out of every five older adults reported 
inadequate intakes of vitamin D, calcium, and dairy foods. 

More than half of study participants reported low dietary folate intakes. Intakes of 
dietary folate at levels below 2/3rds of the RDA are reported among 28% to 84% of other 
older adult populations (11, 21, 23, 52). Leafy vegetables, yeast, legumes, and some fruits 
are rich folate sources, although folate is prone to destruction during food preparation and 
storage. In this study, more than half of senior participants consumed inadequate servings 
of vegetables and fruits. Increased consumption of daily servings of uncooked vegetables 
and fruits would substantially increase the observed low dietary folate intakes. 
Recommended levels for folate, are higher in the current DRJs to reflect evidence that 
folate intake can lower the atherogenic rise in plasma homocysteine associated with aging 
(14, 16. 18). Eating in accord with recommendations from the Food Guide Pyramid 
would not only reverse low dietary folate levels, but could also provide additional 
benefits. Fruits and vegetables are low fat sources of essential micronutrients. 
phytoestrogens, and fiber, and increased consiunption is associated with reductions in 
coronary mortality and cancer incidence (27, 54, 55). Other studies have also reported 
low daily consumption of these important food groups (7, 9. 22, 25). Significantly more 
women than men consumed the minimal daily vegetable and fruit servings of the 
Modified Food Guide Pyramid. 

Dietary vitamin E intakes were below the EAR for more than 70% of the older 
adults. Previous studies have reported 17% to 48 % of older adults with vitamin E intakes 
at levels below 2/3rds of the RDAs (7, 23, 52). Vegetable oils, nuts, peanut butter, and 
wheat germ are good dietary sources of vitamin E along with whole grains. In this study, 
older adults reported eating less than half of the recommended daily servings of grains. 
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Whole or unrefined grains provide fiber and other non-nutritive components, and are 
associated with reduced risk of cardiovascular disease, diverticulosis, other chronic 
diseases, and some cancers (9,20, 56, 57). In addition to being a rich source of fiber, older 
adults should be encouraged to select whole grain, enriched and fortified grain foods to 
provide additional sources of B vitamins and improve intake of vitamin E and fiber. 
Enriched and fortified grains are recommended due to uncertainty in the physiological 
availability of vitamin B12 and the ease with which folate can be destroyed during food 
preparation (16. 18). 

The high use of supplements within this population, 73%. was above the use 
reported in other studies of older adults (11, 17, 23 - 26). Almost half of the study 
participants reported daily use of vitamin and/or mineral supplements, while another 25% 
reported regular use but not on a daily basis. Other studies have noted an association 
between education and supplement use (26). Supplementation levels may be higher in 
this study due to the fact that participants were volunteers to an intervention trial of an 
oral agent, which purposefully selected adults who can consistently take pills. Although 
most participants reported use of some supplements, substantial proportions still did not 
meet some of the recommended DRI for all nutrients. Recommended levels of vitamins 
Bi2, and folate stated in the DRIs assume intake of fortified or supplemental forms to 
ensure bioavailability among older adults. The Modified Food Guide Pyramid also 
recommends that adults over seventy years of age consume vitamin D, B12, and calcium 
supplements. In general, results from this population of older adults supports these 
recommendations for supplements. Only one-fifth of the older adults reported adequate 
intake levels of vitamin D and calcium. Although dietary vitamin B12 intakes were at 
acceptable levels poor absorption prevalent among older individuals in contrast to the 
potential for neurologic benenfit suggests supplementation may be advantageous (16. 18). 
Broadspread supplementation of micronutrients, however, should be discouraged. More 
than 20% of the older adults assessed in this study population consumed supplemental 
magnesium at levels which reached or exceeded the Tolerable Upper Limit (UL) levels of 
the DRIs. More than one-third of the older adults reported supplemental niacin intake that 
met or exceeded ULs. It is possible that a proportion of the high niacin supplementation 
was pharmacologic use for lowering serum cholesterol. While supplementation may play 
an important role in achieving physiological or preventative levels of specific 
micronutrients, supplements do not contribute other beneficial dietary components, such 
as fiber (7,22, 21). Although dietary levels of vitamin C met recommendations, increased 
fruit and vegetable consumption would also increase fiber intake that was at only half the 
recommended levels. 

Comparison of dietary intake with the Food Guide Pyramid recommendations 
highlights the food groups at risk for critically low intakes in the diet of older individuals. 
High protein and meat intake reported here suggests latitude for dietary improvement. In 
this population reported intake exceeded all the protein recommendations, whether 
assessed as proportion of macronutrient intake or daily servings of foods from the meat 
and protein group. In contrast to studies of aging adults living in care facilities, studies of 
community-dwelling older adults and NHANES III report protein intakes at or above 
recommended levels. Mean daily grams of protein intake among older adults range from 
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67 grams to 85 grams for males and 52 grams to 68 grams daily for females in these 
previous reports (7, 11, 23, 48, 49, 52). The relatively high meat consumption among 
these Southwestern seniors ensured that vitamin B12 intakes were also above 
recommended levels, in contrast to studies that identified vitamin B12 as a problem 
nutrient for older adults (11,21). However, a substantial proportion of the excessive 
dietary fat intake among these older adults was a consequence of the protein 
consumption. The selection of leaner protein sources and increased intake of fish would 
simultaneously decrease fat intake while allowing consumption of more grain, vegetable, 
fruit, and nonfat dairy products within the same total energy intake. 

As with any dietary survey, this study's findings are based on an estimate of 
intake which may not reflect tissue levels or variations in nutrient absorption. Although 
the dietary assessment occurred during baseline of a five-year chemoprevention trial, 
energy, macronutrient and micronutrient levels within the study population are consistent 
with results of other studies of older adults including NHANES III (7, 11,21 - 23,41,48 
- 52). Most of the previous studies, however, assessed the dietary intake using 3-day 
food records or a 24-hour recall (7, 11, 48 - 50). Food frequency questionnaires have 
been used reliably among older adults in previous studies (41, 51, 59). FFQs are 
considered prone to both overestimates and underestimates of true intake, depending on 
both the cognitive ability of the population being sampled and the inclusiveness of the 
food list (60. 61). Few FFQs among this older volunteer population were e.xcluded due to 
being incomplete (1.2%) or reporting energy intakes in e.xtreme excess or deficiency 
compared to estimated daily energy requirements (0.6%). However, FFQs are designed to 
assess the nutrient intake over a longer, more representative time period (e.g. 1 year). 
Since determination of usual dietary habits among healthy, free-living, older adults was a 
primary goal of this study, the completion of dietary assessments using AFFQs should be 
viewed as a strength. FFQs, however, are list-based assessments and may inadequately 
prompt for items not listed resulting in reports of fewer foods and nutrients than truly 
consumed. The food group serving method used in this study classified foods simply by 
obvious food group classifications which could also reduce reported food serving intake. 
Despite the potential for low food group serving counts compared to actual intake, results 
of the present study indicating inadequate consimiption of dairy, vegetable, fruit, and 
grain foods among older adults, are consistent with food groups found to be at risk for 
low consumption in previous research (7, 41, 48 - 51, 56. 58). Inadequate dair>' food 
consumption was a primary finding among studies assessing the diets of older adults (7, 
41. 62). Results the Behavioral Risk Factor Surveillance System (BRFSS) and NHANES 
III indicate less than one-third of older Americans are consuming the recommended 5 or 
more fruits and vegetables daily (58. 63). Two National dietary surveys indicated grain 
intake among older adults "needs improvement" with more whole grain foods encouraged 
(58, 62). The protein intake found among older Americans in NHANES III raised 
concern as higher intakes are associated with increased urinary calcium e.xcretion and 
potential fracture risk (58). Similar to the food group results, nutrients found at risk for 
low intake among the Southwestern older adults, vitamin D, vitamin E. folate, and 
calcium, have been found to be at risk for low intake in other studies of older adults (7, 
11,23.41,53). 
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The study population may not be reflective of all older individuals since the 
clinical trial included only participants who were considered at moderate risk for skin 
cancer as determined by a dermatological screening. As the occurrence of sun-induced 
premalignant lesions and risk of skin cancer are greater among males compared to 
females, the recruited study population was predominantly male (70%). Volunteers to 
prevention studies are typically healthy, educated, above poverty level in socioeconomic 
status, and may express greater interest in their health, and belief of being able to 
positively effect their well-being compared to the general population. Additionally, it is 
well accepted that there is geographical variation in dietary intake; fruits and vegetables 
are more readily available in a temperate climate, and seasonal differences in 
consumption are minimized. 

Despite the aforementioned limitations, the age-related reductions in 
macronutrient intake, mean micronutrient intakes which approximated DRI levels, and 
problem micronutrients among the study participants were similar to other studies of 
older adults. Vitamins D, E, folate, and calcium were at critically high risk for low intake 
and remained so even after including additional amounts from the high prevalence of 
supplementation. The similarity in the dietary habits of the study participants with other 
nutritional studies of older adults suggests that prevention trial subjects can provide a rich 
and cost-effective resource to characterize and monitor nutritional needs and trends for 
this growing segment of the U.S. population. 
The lower levels of energy intake reported among this and other populations of older 
adults indicate several nutritional challenges. More daily servings of dairy, grain, fhiit 
and vegetable foods are needed although on average, these senior do not report weight 
loss associated with negative energy balance. Fifty eight percent of these older adults 
reported maintaining a constant weight while 21% report gaining 5 pounds or more over 
the past year. More than 27% of the study population reported BMIs above 27; more than 
half of the older adults had BMIs above 25. A recent report from the Centers for Disease 
Control and Prevention estimates that 47% to 63 % of adults older than 55 years are 
overweight and an increasing prevalence of overweight among older adults was specified 
as a public health concern in the NHANES 111 report (58, 63). Less than one-third of the 
healthy older volunteers reported regular exercise and less than 6% reported that such 
exercise could be considered "active" exercise such as playing tennis. Healthy People 
2000 objectives include increasing the proportion of adults who engage in physical 
activity to at least 85%, increasing the proportion of adults who engage in vigorous 
activity to 20% and decreasing total dietary fat intake to 30% of daily energy (46). The 
addition of physical activity along with decreasing the 10% of daily energy from sweets 
and the 38% from dietary fat would allow these older adults to select the needed 
increased servings of dairy, whole grain and fiber-rich vegetables and fruits while 
maintaining energy balance. More than 30% of the men and almost 60% of the study 
women reported daily energy intakes below 1600 kilocalories. Nutrition messages aimed 
at older adults need to focus on the selection of nutrient-dense foods from the various 
food groups to ensure nutrient adequacy at these lower daily energy levels. 
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CONCLUSIONS 
The typical dietary results reported in this assessment of healthy. Southwestern 

seniors were consistent with nationally representative samples of adults aged 50 and 
older. Despite high levels of supplement use, more than half of the older adults were at 
risk for inadequate levels of vitamin D, vitamin E, folate, and calcium. The majority of 
the older adults reported BMls above 25 despite energy intakes which appear "reduced" 
in comparison to younger or more active adults. Dietary components however, indicate 
viable options for improvement. The selection of fewer daily servings of higher quality 
protein foods from the meat and protein group would allow the replacement of excessive 
dietary fat and protein with dairy and grain foods. Fiber and micronutrient levels 
associated with reductions in age-related disease risks could be improved through the 
selection of fortified and whole grain foods and fruit and vegetable intake. Only half of 
the surveyed older adults were meeting "5-a-day" recommendations for fruit and 
vegetable servings. 

The results of this study, comparing nutrient and food group intakes among 
healthy, free-living older adults, suggest guidance and encouragement in the selection of 
nutrient-dense foods from the five food groups of the Food Guide Pyramid may provide 
specific, yet tangible tools to improve dietary intake among the growing older adult. 
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Table 1: Demographic characteristics of the heaUlby, older free-living Study population, by 
gender. 
Charactacteristic Males Females p value* 

number (%) number (%) 
Age group 

0.097 51 - 70 years 976 (78.6) 409 (82.1) 0.097 
71 - 85 years 266 (21.4) 89 (17.9) 

Marital status 
Single, never married 27 (2.2) 19 (3.8) 0.001 
Married 1103 (88.8) 321 (64.5) 
Widowed 45 (3.6) 104 (20.9) 
Divorced/separated 67 (5.4) 54 (10.8) 

Education 
Less than high school 92 (7.4) 33 (6.6) 0.009 
High school graduate 2105 (16.5) 110 (22.1) 
Some post-high school 412 (33.2) 182 (36.6) 
College graduate 245 (19.7) 80 (16.1) 
Graduate school 288 (23.2) 93 (18.7) 

How often do you engage in physical exercise? 
Often 357 (28.7) 153 (30.7) 0.292 
Sometimes 492 (39.6) 210 (42.2) 
Never 387 (31.2) 1382 (26.5) 
no response 6 (0.5) 3 (0.6) 

How often do you engage in active sports? 
Often 91 (7.3) 15 (3.0) 0.001 
Sometimes 141 (11.4) 31 (6.2) 
Never 1000 (80.5) 446 (89.6) 
no response 10 (0.8) 6 (1.2) 

Smoking status 
Current smoker 134 (10.8) 55 (11.0) 0.001 
Former smoker 690 (55.6) 182 (36.6) 
Never smoker 418 (33.7) 261 (52.4) 

Do you take vitamin or mineral supplements? 
Yes, daily 536 (43.2) 290 (58.2) 0.001 
Yes, sometimes yii (26.3) 118 (23.7) 
No, never ^19 (30.5) 90 (18.1) 

Mean BMI kg/m' (sem) 25.7 (0.1) 24.8 (0.2) 0.0002 

* The Chi square test was used to detcnnine gender diiTerences in categorical distribution of characteristics, the 
Student's t lest was used to determine geiKier difTefcnces in mean values. 
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Table 2: Estimated daily dietary energy and macronutrient levels of older free-living seniors by 
gender and compared to dietary recommendations. 

Males 

Energy (kcals) 
51 -70  yr  
71  -85yr  

mean + sem 

2001+21.4* 
1863 ± 37.4 

% 
goal* 

87.0 
81.0 

mean +sem 

1571 +29.3 
1555 + 63.2 

% 
goal* 

82.7 
81.8 

Protein (grams) 
51 -70yr  
71 -85yr  

76 + 0.9* 
71 + 1.5 

120.6 
112.7 

63 + 1.3 
60 + 2.7 

126.0 
120.0 

Carbohydrate (grams) 
51 -70yr  
71 -85yr  

210 + 2.3 
202 + 4.3 

60.9 
58.6 

171+3.6  
172 + 7.6 

60.0 
60.4 

Total fat (grams) 
51 - 70 yr 
71  -85yr  

87 + 1.2* 
79 + 2.1 

113.4 
103.0 

67 + 2.1 
66 + 3.3 

105.9 
104.3 

Saturated fat (grams) 
51 -70yr  
71 -85yr  

30 + 0.4* 
27 + 0.8 

117.2  
105.5 

22 + 0.6 
22+1.3  

104.3 
104.3 

Dietary fiber (grams) 
51 -70yr  
7 l -85yr  

16 + 0.2 
17 ± 0.4 

69.6 
73.9 

15 + 0.4 
15 + 0.7 

79.0 
79.0 

Males: 51-70 years, n = 976; 71 - 85 years, n = 266 
Females: 51-70 years, n = 409; 71 - 85 years, n = 89 
*Goal levels of daily energy and protein are based on the RDAs (14). Goal levels of 
carbohydrate, total and saturated fat, and dietary fiber are based on the Healthy People 2000 (46). 
a = significant difference between age groups. p< 0.05 



Table 3: Esiiniaied mean daily micionuirient intake from diet alone and diet plus nutritional 
supplements with compaiisons to the recommended levels among healthy, &ee-living senior 
volunteers (n • 1740). 

PiCtlfY llllfcc alanc Pit nlui iunnl<mMH 
<100% <100% 

Micronutrient funiO mean ±sem EAR/AJ meow EAR/Al 
A' (R£) 

Males 
51 - 59 yr 1459.9 + 24.3 8.9» 3931.3 * 126.0 4.9 
7I-85yr 1505.2^47.2 5J* 4076.1 i 279.0 4.1 

Females 
51 - 70 yr 
71 -85yr 

1237.1 i3l.6 
1238.4 ^72.5 

7.1» 
6.7* 

4240.8 + 220.7 
4378.0 *497J 

4.7 
3.4 

KtroMin D (ugms) 
Males 
51 -70yr 
71 -85yr 

5.9 + 0.12 
5.9 + 0.26 

88.5' 
96.6 

10.2+ 0J4* 
10.4+0.54 

56.7' 
81.2 

Females 
51 -70yr 
71 -85yr 

5.4 + 0J2 
5.0 + 0.42 

90.2' 
97.8 

11.4 + 0.54* 
lOJ+0.71 

52.1' 
85.4 

KiMate£(TE) 
Males 
51 -70yr 
71 -85yr 

10.0 + 0.14 
10.1 +0J7 

72.6 
75.9 

120.7 + 8.08 
92J + 11J6 

35.9 
38.4 

Females 
51 -70yr 
71 -85yr 

8.3+0.19 
8.5+0.40 

85.6 
79.8 

137.2 + 12.71 
128.4+26.70 

36.4 
31.5 

yiiamiH K (ugm)' 
Males 
51 -70yr 
71 -8Syr 

134.2 + 2.48 
132 J+4.61 

9.0*' 
7.9* 

134J + 2.48 
132.3+4.61 

9.0* 
7.9 

Females 
51 - 70 yr 
71 -85yr 

141.9 + 3.78 
I58.I +11.25 

3.2* 
4.5* 

141.9 + 3.78 
158.1 + 11.25 

3.2 
4.5 

Thiamin (mg) 
Males 
51 - 70 yr 
71 -85yT 

1.3+0.02 
1.3+0.03 

20.5' 
24.4 

5.8+0.95 
4.2+0.57 

11.6-' 
15.4 

Females 
51 -70 yr 
71 .85yr 

1.1 +0.02 
1.1 +0.04 

48.9 
40.5 

5.8*0.79 
7.9 + 2.51 

22.7 
19.1 

Mikoflmftm (mg) 
Males 
51 -70yr 
71 -85yr 

2.0 + 0.03 
1.9 + 0.05 

11.8 
13.2 

4.7+0.30 
4.4+0.41 

5.4 
7.9 

Females 
51 -70 yr 
71 - 85 yr 

1.7 + 0.04 
1.7 + 0.09 

15.4 
12.4 

6.1+0.41 
6.0+1.07 

6.9 
7.9 



Tabic 3: Eitimncd mean daily microauoieni intake from diet alone and diet plus nuiiiiioiial 
supplemenu with companions lo the fecammended levels among healthy, free-living senior 
volunieen (n > 1740). 

nto.rv aloa* PhlBiM MBPllMWM 
<100% <100% 

Micronulrient (unit) wean * sem EAR/AI mean ± ttm EAS/Al 

NUdm (mgNE) 
Males 
51-70yr 20.2i0J4* 11.4* 
71-SSyr 18.9 £0.44 IS.O 

3S.7il.«4 
33.4>I.5« 

6.1» 
9.4 

Females 
51 -70yr 
71 -«5yr 

15.7 £0J2 
15.1 £0.59 

22J 
23.6 

33.6 £1.50 
37.1 £3.59 

9.> 
10.1 

Falau (ugm) 
Males 
51 -70yr 
71 . 85 yr 

329.4 £4.66 
333.0 £9.98 

54.5' 
S4.9 

504.7 £9.02 
524.7 £22J 

31.9 
33.5 

Female* 
51 -70yT 
71 -85yr 

282.1 £6.9 
Z84.3 £ 12.9 

71.9 
70.8 

504J £ 14.93 
S07J£29J7 

33.0 
32.6 

yUmmlm Bt (ugm) 
Male* 
51 -70yr 
71 - 85 yr 

2.0 £0.02 
2.1 £0.06 

56J 
55.3 

5.2£0J5 
9.0 £3.86 

12.2 
14.3 

Females 
51 -70 yr 
71 -85 yr 

1.9 £0.04 
1.9 £0.08 

38.1 
37.1 

7.5 £1.06 
6.4 £1.08 

12.2 
12.4 

VUmmim Bu (ugm) 
Males 
51 -70yT 
71 -85 yr 

5.9 £0.12 
5.7 + 0.27 

5.8 
6.0 

15.1 £1.66 
12.0 £0.94 

4.6 
5.6 

Females 
51 -70yr 
71 -85yr 

5,5 £0.19 
5.1 £0.51 

8.8 
14.6 

21.2 £2.97 
24.8 £6.85 

5.6 
9.0 

yitamim C(mg) 
Males 
51 -70yr 
71 -8Syr 

155.3 £3.28 
159.2 £4.71 

15.0 
12.0 

424.1 £21-31 
356.4 £ 33.00 

8.2 
5.6 

Females 
51 - 70 yr 
71 -85 yr 

155.2 £5.66 
162.6 £11.12 

8.1 
10.1 

487.5 £31.76 
444.6 £ 44.68 

3.2 
1.1 

a -The total Vitamia A estimate takes into account both preformed retinol and assumed 
additional retinol formed in the metabolism of alpha-, beta-carotene, and cryptoxanthin. 
b - Recommended levels are the 2/3 of the ROA level for adults over SO years of age for 
micronuthents for which no ORI has been set. 
c - Vitamin K is not typically included in multivitamin and/or mineral supplements, nor did any 
of the participants report taking supplements enriched with phylloquinones or menaquinones. 
• =» means across age groups within gender differ significantly, p < 0.05 
t » percentage not meeting goal amount (100% EAR/AI or 2/3 RDM) differ significantly across 
age groups within gender, p <0.05 
t - percentage not meeting goal amount (100% EAR/AI or 2/3 RDAJ differ significantly by 
gender, p < 0.05 



Table 4: Estimated mean daily mineral intake from diet alone and diet plus nutritional 
supplements with comparisons to the dietary reference intakes among all healthy, free-living 
senior volunteers (n ~ 1740). 

Dt<t«nr alone PitI BImI ItQglmWU 
<100% <100% 

Micronutrient (unit) mean -n sem EAR/AI mean ±sem EAR/AJ 
Calcium (mg) 
Males 

51 -70yr 
71 - SSyr 

875.4 i 14.05 
851.6^26.34 

82.7 
83.8 

964.0 + 15.86 
937.6 + 30J7 

75.7' 
77.8 

Females 
51 -70yr 
71 -85yr 

814.5125.07 
814.4 r61-S2 

84.6 
88.8 

1131.0 + 34.76 
1142.4 + 85.25 

65.0 
66J 

Phosphorus (mg) 
Males 
51 -70yr 
71 -85yr 

1342.9+15.69* 
1276.5 £28.11 

2.6* 
3.4 

1351.7 + 15.72 
1283.6 + 28.11 

2.5« 
3.4 

Females 
51 -70yr 
71-SSyr 

1145.0+ 25.99 
1113.0 + 57.51 

6.4 
9.0 

1163.6 + 25.99 
1128.9 + 57.28 

5.4 
9.0 

Magneslium (mg) 
Males 
51 -70yr 
71 - SSyr 

344.8 + 3.98 
347.6 + 7.86 

56.5-
55.3 

370.5+4.54 
371.0 + 8.34 

50.1' 
47.4 

Females 
51 -70yr 
71 - SSyr 

329.9 + 7.48 
326.2+ 14.29 

38.1 
37.1 

365.1 +8J6 
359.5 + 15.67 

28.6 
31.5 

Iron (mg) 
Males 

51 -70yr 
71 - SSyr 

14J+0.18 
13.8+ 0J5 

3.0« 
3.8* 

20.7 + 0.40 
19.7+0.80 

1.6'-
3.8 

Females 
51 -70yr 
71 -85yT 

11.4 + 0.25 
11.1 +0.46 

9.8* 
10.1* 

21.5 + 1.33 
19.5 + 1.40 

6.6 
5.6 

Zinc (mg) 
Males 
51 -70yr 
71 - SSyr 

101.3+0.14 
11.7 + 0.32 

42.6'* 
4I.r 

17.7+0.67 
18.0 + 1.06 

29.7* 

32.0 

Females 
51 -70yr 
71 - SSyr 

10.0 + 0.21 
10.1+0.49 

35.2* 
39.3* 

17.0 + 0.77 
17.2+1.45 

23.0 
29.2 

Copper (mg) 
Males 
51 -70yr 
71 - SSyr 

1.5 + 0.02 
1.5 + 0.04 

22.8"* 
22.2* 

2.0 + 0.04 
2.0 + 0.07 

18.2 
19.6 

Females 
51 .70yr 
71 - 85 VT 

1.4 + 0.04 
1.5 + 0.07 

29.1* 
24.7* 

2.1 +0.07 
2.1+0.13 

21.0 
19.1 

a - recommended levels are 2/3 of the ROA levels (or Estimated Safe and Adequate Intakes) for 
all micronuirienis for which no DRl haa been set. 
" - means across age groups within gender differ significantly, p < O.OS 
t " percentage not meeting goal amount (100% EARJAI or 2/3 KDA) differ significantly across 
age groups within gender, p < O.OS 
t - percentage not meeting goal amount (100% EAJ{/AI or 2/3 HDA) differ significantly by 
gender, p < 0.05 
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Tabic 5: Comparison of the diclafy intake ofheallhy free-living senior volunteers to food serving recommendations of the USDA 
Food Guide Pyramid and Uie Modified Food Guide Pyramid for older adults. 

Food group 
USDA 

rccommcadcd 
daily 

serviwts* 

adjasled 
daily 

servings' 
mean± sem 

perceat 
achieviag 

rccommcBdcd 
level 

Modified Food 
Pyramid 

recomaicadcd 
serviags' 

aaadjasied 
daily 

serviags 
mean + sem 

perceat 
achieviag 

recomaicaded 
level 

Grains 
Males 

51 -70yr 
71 -85 yr 

Females 
51 -70yr 
71 -85 yr 

Vegetables 
Males 

51 -70yr 
71 -85yT 

Females 
51 -70yr 
71 -85yr 

Fruits 
Males 

51 -70 yr 
71-85yr 

Female 
51 - 70 yr 

71 -85yr 

Milk/Dairy 
Males 

51 - 70 yr 
71 -85yr 

Females 
51 -70yr 
71 -85yr 

Meats/ProleiH 
Males 

51 - 70 yr 
71 -gSyr 

Females 
51 -70yr 
71 -85 vr 

9.1 
9.1 

7.4 
7.4 

4.2 
4.2 

3.5 

2.5 

2.5 

2.0 
2.0 

2.0 
2.0 

2.5 
2.5 

2.2 
2.2 

3.9 + 0.13 
4.2 + 0J2 

3.3+0.14 
4J+0J9 

3.5 + 0.05 
3.6 + 0.12 

4.3+ 0.11 
4.1 +0.22 

2.6 + 0.58 
3.1 +0.10 

3.0 + 0.09 

3.3+0.22 

1.2 + 0.03 
1.3 + 0.06 

1.0 ±0.04* 
lJ + 0.10 

3.9 + 0.06 
3.9 + 0.10 

3.8 + 0.10 
3.5+0.15 

3.2 
3.0 

3.2' 
7.9 

27.0 
25.6 

57.2 
56.2 

27.0' 
41.4 

54.8 

60.7 

13.9' 
21.8 

9.3 
13.5 

79.6 
79.3 

85.1' 
76.4 

3.4 + 0.12 
3J+0.19 

2.8 ±0.14* 
3.5 + 0J5 

2.9 ±0.04 
2.8 + 0.09 

3.3 ±0.08 
3J + 0.21 

2.1 ±0.05 
2.4 ±0.08 

2.3+0.08 

2.5+0.15 

0.5 ±0.02 
0.5 ±0.04 

0j±0.03 
0.7±0.12 

3 J ±0.06 
3.1 +0.09 

3.0 + 0.09 
2.7 ±0.13 

I0.6» 
11.7 

6.4 
12.4 

41.6' 
34.6 

50.4 
41.6 

44.8" 
57.5 

51.8 

56.2 

0.5 
I.l 

0.7' 
3.4 

78.6 
75.6 

73.8 
70.8 

a -The gender specific recommended daily servings for adults aged 51 years and older are Uiosc provided by the USDA Center for 
Nutrition Policy and Promotion in the development of the Healthy Eating Index (42). 
b - The estimated servings per day for study participants are adjusted to the energy intake of the gender-specific USDA reference 
individual, older than 50 years of a^ (2300 and 1900 kilocalories for males and females, respectively). 
c - The modi fled food guide pyramid for people over seventy years of age provides recomm^ed servings for older adults in whom 
daily energy intake may be below the minimum of the USDA Food Guide Pyramid (20). 
* ~ estimated mean servings differ significantly among age groups within gender, p < 0.05 
t = percentage achieving 100% differ significantly among age groups within gender, p < 0.05 
J = percentage achieving IOffii differ significantly by gender, p < 0.05 
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Bl. Body of paper 

PREDICTORS FOR CUTANEOUS BASAL 
AND SQUAMOUS CELL CARCINOMA AMONG ACTINICALLY-

DAMAGED ADULTS 

Janet A. Foote, Robin B. Harris. Anna R. Giuliano, Denise Roe. Thomas E. Moon. 
Brenda CartmeL and David S. Alberts, 

Risk factors for nonmelanoma skin cancer among populations with 
evidence of precursor damage are not well described. This study examined 
and compared risk factors associated with development of cutaneous basal 
cell (BCC) or squamous cell cancers (SCC) among a group of 918 adults 
with significant sun damage (> ten clinically assessable actinic keratoses) 
but no prior history of skin cancer. These adults were participants in a 
five-year skin chemoprevention trial between 1985 to 1992, who had been 
randomized to the placebo group and followed for occurrence of skin 
cancer. During the study, a total of 129 first SCC and 164 first BCC 
lesions were diagnosed. The age-adjusted BCC and SCC incidence was 
3629 and 2671 per 100.000 person-years, respectively. Different 
constitutional and e.xposure factors were independently associated with 
BCC compared to SCC. Only increased age independently predicted BCC 
occurrence among this population. In contrast, older age along with male 
gender, naturally red hair color and adult residency in Arizona for 10 or 
more years independently predicted SCC occurrence. The substantial 
incidence of skin cancer found among this population confirms the need 
for active dermatologic monitoring among individuals with multiple 
visible actinic lesions. 

Introduction 
High rates of basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) 

incidence have been documented among light-skinned populations residing in lower 
latitude locations, such as Australia and the Southwestern United States (Harris et al. 
1999, Stem 1999, Gafa et al. 1991, Schreiber et al. 1972, Schrieber et al. 1971). Data 
from several countries suggest the incidence of these nonmelanoma skin cancers (NMSC) 
is increasing, although the relative rate of change of BCC compared with SCC differs by 
country (Stem et al. 1999, Glass et al. 1989). The risk of NMSC is much higher after an 
incident skin cancer (Strom et al. 1997, Karagas et al. 1992). BCC and SCC are not 
typically associated vsith mortality, however, increases in cancer mortality and incidence 
of other invasive cancers following NMSC have been reported. (Kahn et al. 1998, 
Wassberg et al. 1999,Levi et al. 1997, Frisch et al. 1995, Chuang et al. 1990). In addition. 
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increased health care burden and morbidity have been associated with the incidence of 
NMSC (Strom et al. 1997, Karagas et al. 1992, Jaeger et al. 1999, Levi et al. 1998. 
Robinson 1987, Weinstock 1989). 

Actinic keratoses (AKs), premalignant lesions which are indicative of photo 
damage, are highly associated with an increased risk of both BCC and SCC (Sober et al. 
1995, Frost et al. 1994, Preston et al. 1992, Marks 1990, Marks et al. 1988a). AKs, 
however, are considered precursors, or an early form of the lesion, only for SCC 
(Salasche 2000, Moy 2000, Cockereil 2000, Glogau 2000, Frost et al. 1994, Preston et al. 
1992, Marks et al. 1988a, Marks et al. 1988b). Estimations of the rate at which specific 
AK lesions may progress to a SCC vary from 0.025% to 16% per year (Glogau 2000. 
Marks et al. 1988b). Actinic keratoses on sun exposed body surfaces indicate previous 
exposure to sufficient ultraviolet radiation to initiate epidermal cells (Urbach 1991. 
Preston et al. 1992). The prevalence of AKs, just as for BCC and SCC. are increased in 
sun intensive regions (Sober et al. 1995, Frost et al. 1994, Preston et al. 1992. Marks 
1990. Marks et al. 1988a). Currently, the factors that are associated with AK progression 
to SCC are not known. 

A recently completed phase III vitamin A chemoprevention trial provides a 
unique opportunity to investigate and compare factors associated with development of the 
first BCC or SCC among persons with multiple AKs but no prior history of skin cancer 
(Moon et al. 1997, Moon et al. 1995). The present analysis identifies and compares 
factors associated with an incident BCC or SCC among participants randomized to the 
placebo arm of the trial. 

Methods 
Subjects 

Healthy adults (ages 21-85 years) living in Arizona were eligible for the 5-year 
double-blind trial of the efficacy of oral vitamin A (25,000 I.U. daily) versus placebo as a 
NMSC chemopreventive agent. The design and results of this trial have been previously 
published (Moon et al. 1997, Moon et al. 1995). At baseline, study dermatologists 
determined if potential participants qualified as "moderately sun damaged", defined as 
having 10 or more actinic keratoses on the forearms. Exclusion criteria included: less 
than ten clinically diagnosed actinic keratoses on the forearms, more than two prior non-
melanoma skin cancers, any other cancer or treatment for cancer within the past five 
years, supplementation of vitamin A exceeding 10,000 I.U. daily (> twice the United 
States recommended dietary allowances [US RDA]), and blood assessment values (SMA-
20) outside of normal limits. 

Between 1985 through 1989, 2297 participants were randomized into the 5-year 
study. The current analyses were limited to those eligible volunteers with no prior 
history of a skin cancer who were randomized to the placebo-control group, a total of 918 
participants. The study volunteers were followed for 57 + 12.7 months (mean + sd) for 
NMSC occurrence. 
Initial andfollow-up dermatologic Information 

Clinical assessments by study dermatologists determined eligibility and the 
presence of lesions requiring pathologic diagnoses. Chart reviews verified the 
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participants' reports of dermatologic treatments. For participants with a biopsy or lesion 
removal, pathology reports and slides were obtained. A single study dermatopathologist 
reviewed all available slides to provide the final diagnoses. This centralized diagnosis 
was available in more than 93% of the cases. For the specimens not reviewed, the 
diagnosis of the community pathologist was used. 

Several methods were used to ensure completeness of the dermatologic endpoints. 
At the six-month clinic visits, participants completed questionnaires and interviews about 
dermatologic treatments. Between visits, contact postcards prompted event reports. 
Yearly clinic visits included an assessment by the study dermatologist regardless of 
whether the individual was being followed by a private dermatologist. Finally, chart 
reviews were done in the offices of all physicians from whom the participant reported 
receiving dermatologic treatment or were completed by mail for those participants who 
lived outside the region. 
Other measurements 

Extensive questionnaires collected information about participant characteristics, 
skin cancer risk factors, and medical history. This background included self-report of 
weight and height data that were utilized to calculate body mass index (BMl = kg/m"). 
Analyses 

Data management included extensive quality assurance procedures throughout the 
study. The indirect method was used to estimate age-adjusted skin cancer incidence rates 
within the study population. Age-adjusted rates of BCC and SCC were the weighted-sum 
of the age group specific NMSC rates. Since the length of follow-up time varied among 
participants, the Cox Proportional Hazards model was used to model the hazard of 
development of a skin cancer (Cox 1972, Andersen 1991). This approach adjusted for 
staggered entry into the study and variable follow-up periods. Separate models were run 
for each outcome: the diagnosis of the first skin BCC and diagnosis of first skin SCC. 
Participants were right-censored at the time of the first NMSC, study attrition (illness, 
death or lost to follow-up), or at the end of the trial duration. For cases who developed 
both a BCC and SCC during the follow-up period (n = 48), the participant was included 
as an event for the analysis of the first NMSC and censored from the analysis of the other 
type of NMSC. Twenty persons were censored from the BCC model at the date of SCC 
diagnosis and 23 persons were censored in the SCC model at the date of their first BCC. 
Five individuals were diagnosed with both a BCC and SCC on the same date and were 
counted as an occurrence for each model. Analyses were also run where all subjects were 
included and not censored if the different type of skin cancer occurred first. Neither the 
fit of the models nor the factors independently associated with BCC or SCC differed for 
the uncensored model compared to the censored model. 

Univariate and age-adjusted proportional hazard analyses with each potential risk 
factor were completed separately for BCC and SCC incidence. Age was entered as a 
continuous variable for the age-adjusted models. Categorical variables included current 
(asked at study baseline) skin reaction to sun exposure (rarely/never bum, bum 
moderately, bum minimally, always/usually bum), eye color (brown, blue/green/grey), 
natural hair color as a young adult (dark brown/black, blond/light brown, red), self-
reported count of current moles (0, 1, or > 2) or freckles (0, 1 - 4, 5 - 9. > 10). reported 
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usual sun exposure (0 - 5, 6 - 10, 11 - 20, >21 hours/week), any history of occupational 
arsenic exposure (no, yes), any history of x-ray treatment for skin ailments (no. yes), and 
quartiles of BMl. Categorical variables were created to examine youth and adult solar 
exposure. Participants who reported spending at least one decade in their first 20 years in 
Arizona were considered to have high youth exposure. Participants who reported residing 
in Arizona 10 years or longer after the age of 30 years were considered to have high adult 
solar exposure. Linear trends for continuous variables were examined. Stepwise, 
backwards interative modeling followed. Likelihood ratio tests were used to evaluate 
two-factor interactions. The fit of each model was assessed by examining the Cox-Snell 
residuals, the deviance residuals, and testing the assumption that the hazard ratio was 
constant over time. 

Results 
The majority of the adults participating in the study were male. 69% (n = 629 of 

918) (Table 1). This Southwestern population was primarily married and well educated 
with a mean (+ sem) age of 60.5 + 0.3 years. Significantly more of the males were 
married compared to females (86% versus 65%) and length of follow-up time was longer 
for female compared to male study participants, 58.2 ± 0.7 versus 57.0 + 0.5 months. 
There were no other gender differences in sociodemographic characteristics. 

A total of 164 first BCC cases were diagnosed in the five years and 129 first skin 
SCCs. The age-adjusted incidence of BCC and SCC among this cohort of individuals 
with substantial photo-damage was 3,629 and 2,671 per 100.000 person-years with the 
incidence of both BCC and SCC higher for men than women (Table 2). BCC incidence 
increased with age for both males and females (p = 0.06 and p = 0.04 respectively), while 
SCC incidence significantly increased with age only among study males (p = 0.004). In 
general, the ratio of BCC to SCC incidence decreased with age among males and 
females. However, SCC incidence was disproportionately high among females aged 50 to 
59 years. 

Different factors were associated with the development of BCC compared to SCC 
in this sample (Table 3). After adjustment for age, no additional variables were 
significant predictors of BCC. In contrast, SCC incidence was associated with residence 
in Arizona for 10 or more years after the age of 30 and increased BMI. Participants who 
reported residency in Arizona for 10 or more years after the age of 30 were almost 1.9 
times more likely to develop a SCC compared to participants reporting fewer years of 
residency in Arizona. However, adult residency in Arizona did not significantly influence 
the likelihood of developing a BCC. 

In the simultaneous examination of multiple risk factors, only age was 
independently associated with both BCC and SCC incidence (Table 4). After adjustment 
for multiple risk factors, each year of life was associated with an increased risk of 2% and 
4% for BCC and SCC, respectively. Male gender, having naturally red hair and living 10 
or more recent adult years in Arizona independently predicted SCC incidence in this 
sample. 
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Discussion 
In this cohort of participants with ten or more actinic keratoses, the age-adjusted 

incidence rates for cutaneous basal and squamous cell carcinoma are among the highest 
rates of cancers ref>orted. There is considerable worldwide variability in NMSC rates 
among populations at increased risk (e.g. a white population with high ultraviolet 
radiation exposure). The highest NMSC rates are associated with lower latitude regions, 
such as Arizona and Australia (Harris et al. 1999, Buettner et al. 1998). These areas 
report rates more than forty-fold those reported in higher latitude regions, such as Finland 
(Hannuksela-Svahn et al. 1999). The high incidence rates of NMSC found among this 
actinically-damaged population verify reports that UV-induced AK lesions are indicative 
of an epidermis promoted for skin cancer (Salasche 2000, Sober et al. 1995, Frost et al. 
1994, Preston et al. 1992, Urbach 1991). 

High incidence rates for both BCC and SCC were expected among these sun-
damaged adults. However, based on general population estimates a greater differential 
between the two skin cancer types would have been expected. The ratio of BCC to SCC 
among our study participants was 1.3 compared to population-based estimates of 3.2 and 
3.4 among Anglos in Albuquerque, New Mexico and Southeastern Arizona (Scotto et al. 
1983, Harris et al. 1999). T^e ratio of BCC to SCC incidence worldwide varies from 1.5 
to more than 10 with the lowest ratios found in the higher NMSC incidence areas (Stem 
1999, Yiarmias et al. 1988). The low BCC to SCC ratio indicates that the study 
population was at higher risk for SCC compared to the general population residing in the 
same geographical location. Furthermore, this low ratio suggests multiple AKs explain a 
greater proportion of SCC incidence than BCC incidence. 

BCCs are not thought to arise from AKs, whereas AKs can be an early form of 
SCC (Salasche 2000, Moy 2000, Cockerell 2000, Frost et al. 1994. Marks 1990. Marks et 
al. 1988b). Estimations of the rate per annum at which a specific AK lesion may become a 
SCC var\- from 0.025% to 16%. As evident in the worldwide variability in SCC 
incidence, solar exposure along with cutaneous and genetic differences may be important 
factors in the wide range of estimated rates of lesion progression. 

This investigation highlights important epidemiological differences in 
development of basal and squamous cell carcinoma of the skin. The only variable that 
predicted both NMSC types was increasing age, with year of age associated with a 2% 
and 4% rise in the hazard of developing BCC and SCC, respectively. No other variables 
significantly predicted BCC occurrence. However, prolonged adulthood residency in a 
region of high ultraviolet radiation levels, male gender and red hair also independently 
predicted SCC incidence. Unlike findings from other studies, prolonged sun exposure 
during the first two decades of life was not significantly associated with BCC or SCC 
incidence among our participant population (van Dam et al. 1999, English et al. 1998a. 
English et al. 1998b, Grodstein et al. 1995, Hunter et al. 1990). 

These analyses examined associations among a highly promoted subgroup of the 
general population. Trial participants were selected for presence of NMSC risk factors 
and evidence of prior skin carcinogenesis promotion, i.e. multiple AK lesions. Study 
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eligibility required at least ten clinically assessable lesions; however since actual 
enumeration of the forearm AKs was not done, the number may have been higher. Study 
participants disproportionately reported light eye and hair color, skin types that bumed 
with sun exposure, and having at least one parent of Northern European ancestry (Moon 
et al. 1995). Hence, the study was designed to capture high incidence rates of both BCC 
and see, and represents the portion of the general population known to be at higher risk. 
Future chemoprevention studies should be focused on this unusually high risk population. 
Of note, none of the usual risk factors for NMSC continued to significantly predict BCC 
occurrence and males were not at significantly higher risk for BCC. 

Missing information limited the analyses. Mole and freckle count surveys, 
administered separately from other study questionnaires, were not completed by 26% of 
the participants. Additionally, although questions were included with baseline habit 
surveys, almost 10% of women and 14% of men did not respond to questions regarding 
sunscreen use. The questions also did not ask for seasonal use or repeated applications of 
sunscreen. Past and recent use, skin type, sun exposure hours, and sun protection ability 
may confound the potential effect of sunscreen (Koh et al. 1997, Holman et al. 1984). A 
more thorough assessment of sunscreen use would allow examination of the independent 
association with prevention or risk of BCC or SCC. 

Additionally, the present study was not designed to quantify AK lesions and 
cellular factors associated with transformation to SCC skin cancer. Histopathological 
verification of the qualifying actinic lesions and procurement of epithelial tissue samples 
for examination of cellular alterations would have been highly informative. 

Extremely high rates of both BCC and SCC incidence (3629 and 2671 per 
100,000 person-years respectively) among adults with current multiple actinic keratoses 
indicates that these lesions aie important predictors of skin carcinogenesis. However. 
even among adults with substantial evidence of sun damage, other factors continued to 
confer an increased risk of nonmelanoma skin cancer, although basal and squamous cell 
skin cancers did not share identical sets of risk factors. Older age independently predicted 
BCC and SCC occurrence, while gender was significantly related only to development of 
SCC but not BCC. Persons at highest risk for SCC were older, male, red-headed, and 
with reported prolonged residency as an adult in a sunny region. 

Further research is needed to understand the significance of multiple AKs for 
subsequent BCC and SCC incidence. The high incidence of SCCs among adults with 
numerous AKs suggests periodic monitoring and treatment is important v\ithin this 
population subgroup. Adult years of residency in Arizona independently predicted SCC 
incidence, a finding that warrants further exploration and suggests that sun exposure 
behavior as an adult can significantly affect skin cancer occurrence. The potential for 
prevention during the years in which one is at increasing risk for discernible NMSC 
should be investigated along with examination of age cohort differences in NMSC 
incidence. 
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Table 1 Baseline sociodemographic characteristics of the study population, by gender. 

Characteristic Overall Males Females 
n = 918 n = 629 n ~ 289 

number (%) number (%) number (%) 
Age categories 

<50 years 143 (15.6) 88 (14.0) 55 (19.0) 
50 - 59 years 220 (24.0) 148 (23.5) 72 (24.9) 
60 - 69 years 374 (40.7) 265 (42.1) 109 (37.7) 
> 70 years 181 (19.7) 128 (20.4) 53 (18.3) 

Marital status 

Single, never married 39 (4.3) 23 (3.7) 16 (5.5) 
Married 732 (79.7) 543 (86.3) 189 (65.4) 
Widowed/divorced 147 (16.0) 63 (10.0) 84 (29.1) 

Education 

Less than high school 55 (6.0) 40 (6.4) 15 (5.2) 
High school graduate 160 (17.4) 103 (16.4) 57 (19.7) 
Some post-high school 310 (33.8) 202 (32.1) 108 (37.4) 
College graduate 188 (20.5) 139 (22.1) 49 (17.0) 
Graduate school 205 (22.3) 145 (23.1) 60 (20.8) 

FoUow-up period 
Months (± sd) 57.4(12.7) 57.0(13.1) 58.2 (11.8) 



Table 2 Incidcnce per 100,000 person-years, of skin basal cell carcinoma and squamous cell carcinoma among persons with multiple 
actinic keratoses but no skin cancer history. 

n 

n 
BCC 
cases 

BCC 
incidence 

rale RR* (95% C.I.) 

n 
see 
cases 

see 
incidence 

rate RR* (95% C.I.) BCC/see 
Age-adjusted rates 

Overall 918 164 3,629.0 129 2,670.7 1.36 
Males 629 120 4,449.8 95 3,491.6 1.27 
Females 289 44 3,391.4 34 2,588.7 1.31 

Age-group specinc rates 
Males 

< 50 years 88 14 3,352.9 1.00 4 931.3 1.00 3.60 
50 - 59 years 148 24 3,744.0 1.06 (0.55 - 2.09) 18 2,754.7 3.97 (1.16-13.62) 1.36 
60 - 69 years 265 49 4,393.9 1.11 (0.60 - 2.05) 44 3,899.1 4.77 (1.47- 15.55) 1.13 
> 70 years 128 33 6,310.0 1.61 (0.84 - 3.08) 29 5,692.3 7.18 (2.15-24.02) 1 1 1  
p for trend p =0.06 p=0.004 

Females 
< 50 years 55 6 2,446.5 1.00 3 1,207.6 1.00 2.03 
50 - 59 years 72 9 2,608.9 0.94 (0.32 - 2.69) 13 3,881.6 8.27 (1.07 - 64.04) 0.67 
60 - 69 years 109 18 3,726.6 1.44 (0.57- 3.65) 11 2,211.9 3.97 (0.50-31.78) 1.68 
> 70 years 53 11 4,906.6 1.77 (0.64- 4.87) 7 3,007.9 6.37 (0.77 - 52.87) 1.63 
p for trend p = 0.04 P = 0.58 

* RR estimated from hazard ratio with age entered as a covariate 
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Table 3 Age-adjiuled rclalive risk (RR) for incident basal ccll and squamous cell carcinoma by potenlial skin cancer risk radon. 

FiHtgr 
BCC 
cases .abb: 

see 
-£U£I_ ARB* 

Gciider 
remales 
males 

289 
629 

Body mass index quaniles 
<23.3 
23.3 - 25.7 
25.7 - 28.5 
>28.5 
p for trend 

Eye color 
brown 
bluc/green/grey 

Natural hair color 
dark brown/black 
blond/light brown 
red 

221 
223 
222 
252 

202 
715 

240 
523 
103 

n (%) 

41 (I4J) 
103 (16.4) 

31 (14.0) 
42 (18.8) 
38 (17.1) 
33 (13.1) 

28 (13.9) 
116 (16.2) 

46 (15.8) 
84 (I6.I) 
14 (13.6) 

1.00 
1.18 (0.82- 1.69) 

1.00 
1.43 (0.90 - 2.27) 
IJ2 (0.82-2.13) 
1.01 (0.62-1.66) 
p=0.73 

1.00 
1.18 

1.00 
0.99 
0.91 

(0.78- 1.78) 

(0.69-1.42) 
(0.50-1.67) 

Skin Reaction lo flm 30 to 45 minutes or exposure to summer sun 
rarely bum 
bum minimally 
bum moderately 
always bum 

70 
87 

376 
384 

8 (11.4) 
9 (lOJ) 

69 (18.4) 
58 (15.1) 

1.00 
1.02 
1.91 
1.62 

(0.39 - 2.64) 
(0.92 - 3.98) 
(0.77-3.41) 

• (V.) 

26 
80 

15 (6.8) 
24 (10.8) 
30 (13.5) 
37 (14.7) 

24 (11.9) 
82 (11.5) 

32 (II.O) 
57 (10.9) 
17 (16.5) 

7 (10.0) 
13 (14.9) 
43 (11.4) 
43 (11.2) 

1.00 
1.40 

1.00 
1.70 
2.14 
2.64 

(0.90-2.19) 

(0.89 • 3.24) 
(1.15-3.98) 
(1.45-4.83) 

p= 0.004 

1.00 
0.99 

1.00 
1.00 
1.79 

1.00 
1.77 
1.40 
1.50 

(0.63- IJ7) 

(0.65 - 1J5) 
(0.99 - 3.24) 

(0.70 - 4.43) 
(0.63-3.11) 
(0.67 - 3.36) 

Total palpable moles (n <= 681) 
0 448 71 (15.9) 
1 118 20(17.0) 
2ormore 115 22 (19.1) 
p for trend 

Total non-palpable moles (n = 681) 
0 
I -4 
5 - 9  
10 + 

p for trend 

192 
192 
125 
172 

Usual sun hours / week 
0-5 154 
6 - 10 208 
11 - 20 267 
21 + 289 
p for trend 

Smoking history 
never 
former 
current 

352 
458 
108 

Take supplements? 
daily 392 
sometimes 268 
never 258 

Lived in Arizona as a youth? 
no 761 
yes 157 

31 (16.2) 
31 (16.2) 
22 (17.6) 
29 (16.9) 

26 (16.9) 
26 (12.5) 
49 (18.4) 
43 (14.9) 

64 (18.2) 
66 (14.4) 
14 (13.0) 

65 (16.6) 
I (11.6) 

48 (18.6) 

123 (16.2) 
21 (13.4) 

1.00 
1.16 (0.71-1.90) 
1.18 (0.73- 1.90) 
p « 0.82 

1.00 
1.03 (0.62-1.70) 
1.05 (0.60-1.84) 
0.96 (0J7-I.63) 
p =» 0.9S 

1.00 
0.71 (0.41-1.23) 
1.11 (0.69-1.79) 
0.87 (0.54-1.42) 
p = 0.29 

1.00 
0.77 (0.55-1.09) 
0.74 (0.41 - IJ2) 

1.00 
0.71 (0.46-1.09) 
1.13 (0.78- 1.64) 

1.00 
0.92 (0.56-1.50) 

50 (11.2) 
16 (13.6) 
10 (8.7) 

16 (8.3) 
22 (11.5) 
13 (10.4) 
25 (14.5) 

n (7.1) 
29 (13.9) 
30 (11.2) 
36 (12.5) 

38 (10.8) 
54 (11.8) 
14 (13.0) 

48 (12.2) 
26 (9.7) 
32 (12.4) 

90 (11.8) 
16 (10.2) 

1.00 
1J3 (0.75-2.33) 
0.77 (0J9-1J2) 
p = 0.6S 

1.00 
1J9 (0.67-2.49) 
1.10 (0.52-2.30) 
1.40 (0.73 - 2.70) 

p == 0.J3 

1.00 
1.91 (0.96-3.83) 
1.60 (0.80 - 3.19) 
1.69 (0.86-3.32) 
p = 0.10 

1.00 
1.08 (0.711 -1.636) 
IJ3 (0.718-2.468) 

1.00 
0.88 (0.S4-1.42) 
1.02 (0.65-1.00) 

1.00 
1.26 (0.72-2.21) 
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Table 3 Age-adjusted reialive rifk (RR) for incideM batal cell and Miuamou* cell carcinoma by potcMial (kin canccr riik lacKm. 

Flttar JL 
BCC 
flKl 
• (%) 

Adults years (aAer age 30) in Arizona? 
<10 years 3SS 63(17.8) 
10 ormore years 563 81 (14.4) 
p for trend 

Ever had severe sunburn that blistered? 
no 401 S9 (14.7) 
yes 508 

Do you have a year-around tan? 
no 193 
yes 612 

83 (I6J) 

31 (16.1) 
100 (I6J) 

How regularly do you use sunscreen? (n ' 804) 
don't use 166 24 (14.5) 
< hairthe time 236 49 (20.8) 
> hair the time 206 32 (IS.5) 
always 196 25 (12.8) 

How oAen do you physically exercise? 
never 258 43 (16.7) 
sometimes 389 59 (15.2) 
often 266 42 (15.8) 

.abb: 

1.00 
0.81 (0.59-1.13) 
p = 0.12 

1.00 
1.26 

1.00 
1.23 

I.OO 
0.92 
1.14 
1.55 

1.00 
0.95 
0.96 

(0.90- 1.77) 

(0.85-1.76) 

(0.52-1.61) 
(0.67-1.95) 
(0.94 - 2.54) 

(0.64-1.41) 
(0.63- 1.48) 

Average number otalcoholic beverages (beer, wine, and liquor) per week 
none 
Less than I/week 
I - 2 per week 
3 or more 
p for trend 

196 
78 

305 
337 

22 (11.2) 
II (14.1) 
56 (18.4) 
55 (16.3) 

1.00 
1.23 (0.60 - 2.54) 
1.70 (1.04 - 2.78) 
1.47 (0.90 - 2.41) 

p = 0.52 

see 
tMa 
• (*) 

28 (7.9) 
78 (13.9) 

53 (13.2) 
50 (9.8) 

24 (12.4) 
71 (11.6) 

18 (10.8) 
32 (13.6) 
23 (11.2) 
22 (11.2) 

29 (11.2) 
39 (10.0) 
37 (13.9) 

19 (9.7) 
4 (5.1) 

40 (13.1) 
43 (12.8) 

-abb: 

1.00 
1.87 (1.21-2.87) 
p - 0.001 

1.00 
0.86 

1.00 
1.10 

1.00 
1.18 

1.23 
1.42 

1.00 
1.01 
1.40 

1.00 
0.51 
IJ5 
IJI 

(0.58- 1J7) 

(0.72-1.67) 

(0.63 - 2JI) 
(0.66 - 2.29) 
(0.79 - 2.55) 

(0.62-1.65) 
(0.86 • 2.29) 

(0.17- 1.50) 
(0.78 - 2.33) 
(0.76 - 2.25) 

p = 0.44 

Has either or your biological parents ever been told by a doctor that he/she has skin cancer? 

no 760 121 (15.9) 1.00 87 (11.5) 1.00 
yes 158 23 (14.6) 0.95 (0.60-1.50) 19 (12.0) 1.25 (0.75 - 2.07) 

* ARR - Age adjusted relative risk 



Table 4 Independent predictors of incident skin basal cell carcinoma and squamous cell carcinoma among adults with a history of 
actinic keratoses. 

Prediclors BCC SCC 
RR (9S% C.I.) RR (9S% C.I.) 

Age 1.02 (1.00- 1.04) 1.04 (1.02- 1.07) 

Gender 
female N.S. 1.00 
male 1.63 (1.04-2.5S) 

Hair color 
dark brown/black N.S. 1.00 
light brown blond 0.97 (0.63 - 1 .SO) 
red 1.82 (1.01-3.31) 

Adult residency in Arizona (yrs afler age 30) N.S. 
< 1 0  y e a r s  1 . 0 0  
lOormoreyears 1.96 (1.27 - 3.04) 

u* 
vO 
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CI. Body of paper 

DIETARY RISKS IN SKIN BASAL AND SQUAMOUS CELL CARCINOMA 

Janet A. Foote. Anna R. Giuliano, Robin B. Harris, Cher>i Ritenbaugh. 
Denise Roe, and David S. Alberts 

Based on results of cell and animal studies of ultraviolet radiation-
induced tumors, dietary factors are expected to be associated with 
nonmelanoma skin cancer (NMSC). This study was designed to 
investigate the association of dietary factors with development of skin 
basal cell and squamous cell carcinoma, using 1605 participants in a 5-
year skin cancer chemoprevention trial. All participants had at least 10 
clinically apparent actinic keratoses (premalignant lesions) on the 
forearms but no history of NMSC. Usual dietary intake was assessed at 
baseline using a validated semi-quantitative food frequency questionnaire 
and participants were followed for approximately 5 years for NMSC 
incidence. Chart reviews and central review of pathological samples 
verified reported NMSC cases. No dietary factors were significantly 
associated with BCC occurrence in univariate or adjusted models. 
However, SCC risk appeared to increase slightly with higher levels of 
intake of total fat and oleic acid (p = 0.09 and 0.06. respectively). 
Investigations of dietary factors associated with increased risk of NMSC 
have been limited and completed among populations of varying skin 
cancer risk. Further study of potentially mitigating dietary factors in 
NMSC is needed. 

Introduction 
Nonmelanoma skin cancer (NMSC) is the most prevalent of all cancers but is 

fortunately associated with low mortality (Baron 2000, Frieling et al 2000, Strom et al 
1997, Black et al 1997). Ultraviolet radiation (UVR) is the predominant cause of the two 
primary skin cancer types, basal cell carcinoma (BCC) and squamous cell carcinoma 
(SCC) (Stem 1999, Urbach 1997, Strom et al 1997, Preston et al 1992). In animal 
carcinogenesis models, diet appears to also play a role in the development of SCC (Brash 
et ai 1996. Preston et al 1992, Baumann et al 1939, Watson et al 1930). 

As early as the 1930's and 40's. higher levels of dietary fat were associated with 
significant increases in benign papilloma and SCC incidence in rodents (Baumann et al 
1939, Watson et al 1930, Tannebaum 1945). Although lower energy was also associated 
with reductions in cancer incidence, dietary fat was found to influence tumor promotion 
independently of caloric intake (Kritchevsky 1996, Mathew-Roth et al 1984, Black 
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1983). In these models, higher levels of energy intake were associated with increases in 
tumor initiation, while dietary fat enhanced tumor promotion (Kritchevsky 1996, Black et 
al 1983. Watson et al 1930). Furthermore linoleic acid, the primary dietary 
polyunsaturated fatty acid, was shown to be a more potent promoter of photo-
carcinogenesis than was saturated fat (Phinney et al 1996, Fischer et al 1992, Hursting et 
al 1990, Karmali 1986). This observation was potentially due to the fact that ultraviolet 
radiation (UVR) increases the intracellular concentrations of free radical compounds 
which cause lipid peroxidation resulting in DNA and protein damage (Epstein 1997, 
Kxinsky 1989, Mathews-Roth et al 1987, Mathews-Roth et al 1983). Compounds that 
could break free radical chain reactions, such as antioxidant nutrients, were shown to 
decrease tumor formation in animal models (Krinsky 1989, Breslow et al 1995, Karagas 
et al 1992. Kune et al 1992, Comstock et al 1991, Knekt et al 1988, Wald et al 1986, 
Clark et al 1984, Graham et al 1983). 

Although roles for both dietary fat and antioxidants in photo-carcinogenesis have 
been established by cell and animal studies, investigations among humans have reported 
conflicting results. Graham and colleagues found no association between fats, vitamin C, 
retinoids, or cruciferous vegetables and total combined BCC and SCC incidence among a 
New York population (Graham et al. 1983). An Australian study of male NMSC patients 
reported that a high intake of vegetables, including cruciferous, beta-carotene and vitamin 
C-containing foods, and a high intake of fish were protective for both BCC and SCC 
(Kune et al. 1992). In case-control studies, with micronutrient levels assayed in serum or 
plasma, no significant association was found between risk of BCC and SCC and 
prediagnostic levels of retinol, beta-carotene, lycopene, and alpha-tocopherol (Karagas et 
al. 1992, Kune et al. 1992, Comstock et al. 1991, Knekt et al. 1988, Wald et al. 1986). 
Selenium levels were, however, associated with decreased risk (Breslow et al. 1995. 
Karagas et al. 1992, Clark et al 1984). 

Randomized, placebo-controlled intervention trials of dietary nutrients have 
demonstrated protective effects of the retinoids and a diet low in fat (Moon et al 1997. 
Black et al 1996, Black et al 1998). No reductions have been observed when beta-
carotene, or selenium have been tested (Greenberg et al. 1990, Greenberg et al. 1989, 
Clark et al 1996). Retinoid trials have shown benefit for those at high risk for NMSC. but 
not for those individuals with multiple prior skin cancers (Moon et al. 1997. Tangrea et 
al. 1992). 

In a randomized trial of the efficacy of vitamin A (25.000 lU) in skin 
carcinogenesis among participants with greater than ten actinic keratoses but fewer than 
three prior NMSCs, Moon et al (1997) demonstrated a 26% reduction in SCC occurrence 
but no difference in BCC occurrence. This clinical trial provides the opportunity to also 
examine the influence of other dietary factors on NMSC risk using food frequency data 
collected at baseline. Here we report the association of dietary fat and other dietary 
factors to NMSC risk from the Chemoprevention of Skin Cancer bv Retinoids: Patients 
with Actinic Keratoses Study. 
Methods 

Between 1985 and 1990, moderately sun-damaged healthy adults were 
randomized to a double-blind, placebo-controlled clinical trial of the efficacy of retinol 



143 

for skin cancer prevention. Moderate sun damage was defined as 10 or more actinic 
keratoses on forearms. Insufficient sun damage, more than two prior skin cancers, any 
cancer or treatment for cancer within the past 5 years, SMA-20 blood levels outside of 
normal limits, or taking vitamin A supplements at levels equivalent to twice the U.S. 
RDA or greater (> 10,000 I.U. daily) excluded potential participants. This trial was 
approved by the human subjects committee of the University of Arizona. The design and 
results of this trial have been previously published (Moon et al 1997, Moon et al 1995). 

A total of 2297 volunteers were randomized to the 5-year clinical trial. Of those, 
823 men and 334 women were randomized to the intervention arm of the study and 795 
men and 345 women to the placebo group. Participants completed extensive baseline 
questionnaires that assessed known and potential risk factors for NMSC including sun 
exposure, occupational and medical history, and usual dietary intake. Trial regimen 
included clinic visits every 6 months throughout the follow-up period. Postcards were 
sent between study visits to maintain contact with participants. All participants were 
followed for development of a NMSC for approximately 5 years. The present analysis 
examined potential associations of dietary factors with incident BCC and SCC cases; 
therefore, study participants with prior NMSCs (20% of the trial participants) were 
excluded from this analysis. 
Dermatologic eligibility andfollow-up 

Study dermatologists determined participant eligibility. Chart reviews verified 
participants' reports of prior treatment and skin cancer history. Pathology reports and 
specimen slides were obtained for indicated biopsies or lesions removed. A single 
dermatopathologist reviewed all available slides to provide a central diagnosis. A 
centralized diagnosis was completed for more than 93% of the study cases. The diagnoses 
of the community pathologist was used for specimens that could not be reviewed (7%). 

Several methods were utilized to ensure completeness of study NMSC endpoint 
information. At each clinic visit, participants completed questiormaires and interviews 
about dermatologic treatments. The annual clinic visit included examination by a study 
dermatologist. Contact postcards often prompted telephone calls to report dermatologic 
treatment. Chart reviews were completed in the offices of all physicians from whom the 
participant reported receiving treatment and by mail for participants reporting treatment 
from physicians outside of Arizona. 
Dietary assessment 

Usual dietary intake was assessed using the Arizona Cancer Center semi
quantitative Food Frequency Questionnaire (AFFQ) that was the dietary portion of the 
original Block Health Habits and History Questiormaire (HHHQ) (Block et al 1986). 
Four-day food records and repeated administration have been used to examine the 
precision, accuracy, and validity of this questionnaire (Block et al 1986, Hartman et al 
1996, Block et al 1992, Block et al 1992). The AFFQ listed 100 items grouped in 9 
categories and provided additional pages with pictures and reference measurements to aid 
questionnaire completion. A series of questions requested usual preparation methods and 
ingredient information that was used to modify the nutrient composition results. Nutrient 
information was determined using a food composition database developed from the 
United States Department of Agriculture (USDA), National Food Consumption Survey 
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(NFCS), and other sources as nutrient information has become available (USDA 1985, 
USDA 1993). Composition analysis of all questionnaires was completed using the same 
version of the nutrient database. 

Since high levels of vitamin A supplements (> 10,000 I.U. daily) would exclude 
potential study participants, vitamin and mineral supplement information was collected as 
eligibility information, separate from the dietary intake data. Brand name information 
was used to appropriately code multivitamin or other combination supplements. For this 
paper, supplement totals were added to the dietary information. 

During the baseline, placebo run-in period of the clinical trial, each participant 
received verbal instructions to complete the AFFQ for usual dietary intake for the past 
year. The volunteers could choose to complete the AFFQ at the clinic or take it home and 
bring it back to the next clinic visit. Dietary information was not obtained for 9.6% (221) 
of the trial participants. 

Estimated daily energy intake for each participant was compared to estimated 
daily energy requirements calculated from World Health Organization (WHO) equations 
(WHO 1985). Adults reporting energy intakes that exceeded 200% or were below 50% of 
estimated requirements and could not be explained by activity levels or reported weight 
changes were excluded (n = 22). This approach has been previously used to assess the 
appropriateness of dietary data (Briefel et al 1997, Breifel et al 1995). Of the 22 (1.0%) 
exclusions. 13 (0.6%) reported extremely high and 9 (0.4%) reported extremely low daily 
energy intakes. The nutrient composition database for the AFFQ included a variable that 
counts missing responses. Questionnaires with 5 or more missing responses were 
e.xcluded (n = 33). 
Analysis 

Demographic, skin cancer endpoint, and dietary information of the study 
population were summarized from quality-assured databases using SAS software (version 
7.0). Daily macro and micronutrients were summarized along with reported weekly 
consumption of vegetables, vegetables not including potatoes, dark yellow and green 
vegetables, fruits, and citrus fruits. Nutrients were categorized into quartiles of intake 
levels based on the 25th, 50th, and 75th percentile of the intake distribution of the 
nutrient. 

The Cox Proportional Hazards model was used to estimate relative risk and 
evaluate the role of dietary factors in separate models for BCC and SCC incidence while 
accounting for staggered study entry and varied time of follow-up. Participants were 
right-censored at the time of the first NMSC, study attrition (illness, death or lost to 
follow-up), or at the end of the trial duration. STATA version 6.0 was used for the 
Proportional Hazards modeling. Among all participants in the chemoprevention trial, the 
retinol intervention (25,000 lU daily) was associated with a 26% reduced risk (hazard 
ratio = 0.74, 95% CI 0.56 - 0.99, p = 0.04) of an incident or subsequent SCC among the 
intervention trial participants but was not associated with risk of BCC (hazard ratio = 
1.06. 95% CI 0.86 - 1.32, p = 0.36). Treatment assignment was included in the adjusted 
model of SCC. In a previous analysis of factors associated with BCC or SCC among 
these actinically-damaged participants with no history of skin cancer, only age was 
significantly associated with BCC occurrence. As such, the BCC model includes simply 
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age-adjustment. Age, gender, natural hair color, and living in Arizona for ten years or 
more as an adult (a surrogate variable for high sun exposure in adulthood) independently 
predicted SCC occurrence in the previous analysis. Adjustment was made for these 
factors along with treatment assignment in the dietary fat and SCC analysis. 

Daily estimated energy intake was examined and found not to alter the risk of 
BCC and SCC. Dietary fat per 1000 kilocalories of energy was also not associated with 
NMSC risk, and therefore energy was not included as an additional variable in the 
models. The effect of dietary fat intake on the individual types of fatty acids (linoleic and 
oleic) and on vitamin E was also examined. Again, the inclusion of total dietary fat did 
not alter the association of any of the fatty acids or vitamin E with BCC or SCC 
occurrence. The interaction between vitamin E intake and linoleic acid was not 
significantly associated with occurrence of either type of NMSC. There were no 
significant two-way interactions between gender, smoking history, or age and any of the 
nutrients. 

Results 
A brief description of the study population is provided in Table 1. Typical of a 

population at moderate risk for skin cancer, the study group was primarily male (69%) 
and older (mean age of 61 years). Over 81% of the participants were married and 77% 
had more than a high school education. A substantial proportion (73%) reported regular 
use of vitamin and mineral supplements and 61% reported previous or current tobacco 
use. Mean body mass index of study participants was 25.4 ±3.7 (sd) based on self-
reported weights and heights. 

Reported baseline usual intake of macronutrients and other dietary components 
are summarized in Table 2. The mean daily energy intake of 1872 ±15.1 kilocalories was 
approximately 16% protein, 42% carbohydrate, 38% fat, and 4% alcohol. Nutrient intake 
levels at the 25"^, 50 , and 75"^ percentile are also provided. Mean dietary vitamin C 
intake among the study population met recommended levels although both daily dietary 
vitamin E and folate were below recommended levels. After including the micronutrients 
from the supplement use within this population, mean intake of all three nutrients were 
above recommended levels. 

Univariate and multivariate-adjusted proportional hazards for dietary factors in 
models of BCC and SCC incidence are presented in Table 3. Factors previously 
associated with NMSC among this population were adjusted for in the separate models 
for each NMSC type (age adjustment in the BCC model and age. gender, natural hair 
color, adult residency in Arizona and treatment assignment in the SCC occurrence 
model). Daily estimated intake of total dietary fat and oleic acid were weakly associated 
with SCC occurrence (p = 0.09 and 0.06, respectively). BCC and SCC risk however, was 
not significantly associated with energy, total fat, fat components nor any of the other 
nutrients as indicated in Table 3. Using more specific composition information for the 
four lines of the FFQ assessment that would be the primary contributors of n-3 fatty 
acids, we examined the association of n-3 fatty acids and skin cancer risk. Total grams of 
n-3 fatty acids were not significantly associated with reductions of risk in either BCC 
(HR 0.94, 95% CI 0.60 - 1.49) or SCC occurrence (HR 0.65, 95% CI 0.34 - 1.26). 
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Discussion 
Similar to other observational and epidemiological studies we did not observe a 

significant association between dietary fat intake and NMSC risk. Many factors could 
contribute to the inconsistency of results seen in the literature. Variation in risk for BCC 
or see among the populations studied make comparisons between studies difficult. Risks 
for both BCC and SCC have been shown to be greatly erihanced after an initial 
occurrence of that tumor type. Variation in risk for tumor development may explain some 
of the differences in findings for photo-induced cancer between animal models and 
humans. In the animal models, both UV-initiation and UV-promotion can be controlled 
along with dietary components, and tumors develop rapidly. Human studies have 
typically used a population with at least one prior NMSC. Epidemiological studies of 
NMSC report substantially higher risk of a subsequent tumor after an initial NMSC 
(Karagas et al 1994, Strom et al 1997). The appearance of the initial NMSC may indicate 
a more advanced position in the carcinogenic pathway compared to animal models that 
are recently initiated. Factors, including dietary components, may contribute benefit or 
risk for tumor development depending on the stage of the carcinogenic process. 

Variation in dietary assessment methodology could also contribute to differences 
in associations of NMSC risk and dietary factors. Collection of dietary intake data is 
problematic, e.xclusion or over-report of a few food items can greatly effect reported 
levels of specific micronutrients. Although food records and staff-administered recalls are 
considered better tools for ascertaining accurate levels of specific food components or 
micronutrients, the advantage can be lost if an inadequate number of days are sampled to 
ensure that diet information represents typical intake. Food frequencies are considered 
better tools for assessing dietary intake over longer time periods and reflecting usual 
consumption, although this methodology must balance the juxtapose elements of 
comprehensive food lists and cumbersome questiormaire completion. 

We were not able to examine the effect of dietar>' fat intake at the levels found to 
significantly reduce NMSC occurrence in the intervention trial. Only 39 of the 1605 
participants within our study population reported 31% or less of daily energy intake was 
consumed as fat. As such, the reference category for examinations of risk for NMSC was 
above both the recommended intake level of 30%, and the 21% of total daily energy as 
fat that was associated with reductions in NMSC risk in the intervention trial (USDA -
Dietary Guidelines, Black et al 1995). With insufficient numbers of individuals 
consuming the specific nutrient at levels associated with risk or benefit, risk differences 
associated with those intake levels can not be determined. 

Along with differences in dietary assessment, NMSC ascertainment has varied 
among studies. Most studies have relied on self-reported NMSC endpoints. In the present 
study a central reviewer examined lesions and the variability in diagnoses was examined. 
Agreement for specimens identified as BCCs was good (kappa = 0.90); however 
agreement for reported SCC lesions could only be rated as "fair" (kappa = 0.56). 
Although 43% of our study participants were college graduates or held advanced degrees, 
in our experience the acquisition of pathology reports was necessary to correctly identify 
lesion diagnoses. It is possible that some of the variation was due to reporting 
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information shortly after biopsies occurred and the participant may not yet have received 
notification of the pathological diagnosis of the lesion. 

In this study, NMSC development was not associated with dietary vitamin C or E 
intake. Although inclusion of additional amounts of micronutrients from supplements 
created a wide range of micronutrient intakes this addition did not change the 
associations observed. Unlike Kune and colleagues (1992) but similar to Graham (1983) 
and van Dam (2000), dietary vitamin C levels were not associated with BCC or SCC risk. 
Lack of association of beta-carotene and vitamin E with either NMSC type is also 
consistent with case-control study findings that assayed plasma or serum levels of these 
micronutrients (Karagas et al. 1992, Kune et al. 1992, Comstock et al. 1991. Kjiekt et al. 
1988, Wald et al. 1986). There has been some suggestion that the reduced risk of NMSC 
with higher levels of selenium in case-control studies may be due to sparing of vitamin E 
such that more is available to scavenge free radicals. Intervention trials of beta-carotene 
and selenium however, have failed to reduce risk among individuals with histories of at 
least one prior NMSC (Clark et al 1996, Greenberg et al 1990, Greenberg et al 1989). 

A recent case-control study of first SCC suggests higher dietary levels of n-3 fatty 
acids may reduce SCC development (Hakim et al 2000). The hypothesized mechanism 
for the beneficial effect of n-3 fatty acids in comparison to fatty acids of the n-6 type, was 
the role of each fatty acid in the arachidonic pathway of the inflammatory process. The 
skin response to intense UVR exposure, sunburn, has been shown to be a prostaglandin-
mediated inflammatory response (Johnson et al 1997, Mayes 1993. Marks et al 1991. 
Erickson 1986). The n-3 fatty acids have been found to displace n-6 fatty acids in cellular 
membranes and inhibit the formation of prostaglandins of the 2-series (PGE2). Hakim and 
colleagues suggested that inhibition of PGE2 production reduced the promotional effects 
of this prostaglandin in SCC development (Hakim et al 2000). Using more specific 
composition information for the four lines of the FFQ assessment that would be the 
primar>' contributors of n-3 fatty acids, we examined the prostaglandin hypothesis in the 
present emalyses. Total grams of n-3 fatty acids were not significantly associated with 
reductions of risk in either BCC (HR 0.94, 95% CI 0.60 - 1.49) or SCC occurrence (HR 
0.65, 95% CI 0.34 - 1.26). However, given the rate of first NMSC occurrence among 
participants study indicate a larger study population would have been necessary to 
significantly detect differences in risk that were less than 40%. 

Cell and animal studies have shown that UVR induces membrane lipid 
peroxidation and DNA damage including dimer formation evident in SCC lesions 
(Schaefer 1997, Kris-Etherton 1986, Erickson 1986, Vitale et al 1981). Alterations in 
fatty acid composition has also been shown to effect cellular immunity and the 
concentration of membrane signaling compounds, mechanisms thought to be of primary 
importance in both BCC and SCC development (Kraemer 1997. Vitale et al 1981. 
Erickson 1986. Bowden 1995). Mechanistic studies of these potential factors in NMSC 
development have not yet been completed in clinical trials. 

More work is needed to clarify the role of dietary factors in NMSC development. 
Although there is a suggestion of a weak association with daily dietary fat intake and 
SCC risk among this actinically-damaged population, no significant relationship was 
evident. An insufficient number of participants with low dietary fat intakes limited the 
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examination of dietary fat and skin cancer types. An intervention trial of reduced dietary 
fat (isocaloric) reported a strong association in a population with at least one prior NMSC 
and this type of study should be repeated among a larger group of participants for a 
longer period of follow-up. An intervention trial or selection of a population known to 
include large numbers with dietary fat consumption in the recommended range (30% of 
daily energy) or lower is imperative for the examination of the dietary fat and skin cancer 
relationship. The dietary fat association with NMSC should be examined over a larger 
range of NMSC risk and include markers of lipid intake. Further work can clarify the role 
of dietary components, including fat and antioxidants, in risk of the specific NMSC types. 
BCC and SCC. 
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Table 1 Demographic characteristics of Study population (n = 1605). 
CbaractacterisUc Overall 

Mean age - yean (sem) 

Mean body mass ixidex - kg/m' (sd) 

Gender 
males 
females 

Age group 
<50 yean 
50 • < 60 yean 
60 - <70 yean 
>70 yean 

Marital status 
Single, never mairied 
Mairied 
Widowed 
Divorced/separated 

Education 
Less than high school 
High school graduate 
Some post-high school 
College graduate 
Graduate school 

How often do you engage in physical exercise? 
Often 
Sometimes 
Never 
no response 

Do you take vitamin or mineral supplements? 
Yes, daily 
Ves, sometimes 
No, never 

Smoking status 
Never smoked 
Former smoker 
Cutrent smoker 

60.6 (0.3) 

25.4 (3.7) 

number (Vm\ 

1107 
498 

(69.0) 
(31.0) 

245 (15J) 
392 (24.4) 
662 (41.2) 
306 (19.1) 

66 (4.1) 
1292 (80.5) 
l i s  
132 

(7.2) 
(8.2) 

96 (6.0) 
268 (16.7) 
552 (34.4) 
322 (20.0) 
367 (22.9) 

473 (29.5) 
695 (43.3) 
428 (26.7) 

9 (0.5) 

721 (44.9) 
452 (28.2) 
432 (26.9) 

643 (40.1) 
779 (48.5) 
183 (11.4) 
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Table 2 Sumnury ordaily dieUry nulriem disiribuiion among study participants as estimated by scmiquanlilive food frequency 
questionnaire (n = 160S). 

(SCM) 25% S0% 75% 

MacroaulrieaU 

Total energy (kilocalories) 

Protein (grains) 

Carbohydrate (grams) 

Fat (grams) 

% energy as Fat 

Dietary eompoBcals 

Linoleic acid (grams) 

Oleic acid (grams) 

Saturated fat (grams) 

Dietary (iber (grams) 

Dietary cholesterol (milligrams) 

1877.1 (16.71) 

80.) (0.86) 

200.2 (1.8S) 

81.4 (0.92) 

38J (0.19) 

15.9 (0.21) 

29.6 (0J5) 

27.7 (0J4) 

16.0 (0.19) 

289.9 (4J9) 

1397.1 

58.2 

149.2 

55.3 

33J 

9.9 

19.8 

17.9 

II.I 

176.2 

1783.5 

74.9 

190.3 

75.9 

38.6 

14.5 

272 

25.3 

14.9 

255.5 

2258.0 

94.7 

239.4 

102.1 

43J 

20.1 

36.9 

34.8 

19.2 

356.4 

Intake indices 

Fruit servings per week 14.8 (0.25) 

CiUTis fniit per week 6.2 (0.15) 

Vegetable servings per week 20.8 (0.27) 

Weekly vegetables not including potatoes 16.8 (025) 

Yellow & green vegetables per week 3.6 (0.07) 

Selected Mlcraaalricats 

Vitamin A (pre-fomied in diet) (lU) 9764.5 (I30J) 

Diet + supplemental vitamin A 12^96.9 (l<S6.7) 

Beta-carotcnc 6577.5 (183.95) 

Dietary vitamin C (milligrams) 151.55 (2.57) 

Diet-t-supplemental vitamin C (milligrams) 424.9 (2U4) 

Dietary vitamin E (mg - a-tocopherol equivalents) 7.6 (0.08) 

Diet + supplemenul vitamin E (mg a-TE) 118.9 (6 J7) 

Dietary folate (micrograms) 273.9 (2.75) 

Dietary -t- supplemental folate (micrograms) 461.1 (7.20) 

8.8 

2.0 

13.4 

10.2 

1.5 

6225.1 

7581.1 

3565.4 

91.6 

132.4 

5.5 

7.3 

196.3 

248.1 

13.1 

5.4 

19.2 

15.1 

2.8 

8436.7 

I U42.9 

5243.5 

136.2 

216.6 

7J 

16.4 

259J 

394.6 

18.9 

8.0 

26.0 

21.2 

4.7 

12.144.6 

15.054.4 

8011.4 

189^ 

509.6 

9J 

41.9 

327.9 

636.8 
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Q4 09 OJO 0J3 (OJO. IJO) 37 070 072 (PJ7.I.I3) 

pfmmmd 0L4I 0/« 
(PJ7.I.I3) 
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toe 

J££l SSL J£±L 

n 
72 
71 

74 
7$ 
«S 

lAI (^73.1^ 
OJt 1^71.IJO 
•4S fOJt'lJS) 

140 
144 (0l14-I^) 
141 
0L9I (OLOS-IJQ 

210 

»4 140 140 
S3 141 OlM 
H 144 0.0ft 
S7 140 OJS 

4» 140 140 
M IJI IM 
4S OJ] 049 
«3 IJf 1.10 

Ql 71 140 140 90 140 140 
Q2 73 141 0J7 (OLTO-IJS) 93 04i OJI 
Q3 94 1.12 141 (0.n. 1.401 91 040 0177 
Q4 49 043 049 (040. Uf) 90 141 040 

f^mmd M M 

i-MI) 

(M7.IJ4) 
(OJO-IJO) 
M*I.74) 

(OJS-I.IT) 
(BU-UII 
(04I-IJ7> 

Ql 73 140 140 49 140 140 
Q3 79 144 140 (0l73*1J0) 43 040 043 
Q9 73 141 0J2 (047.IJt) 94 044 077 
Q4 44 040 040 (047.1.13) 94 049 077 

4i7 047 

(0143.0J3) 
fOM-U  ̂
(0J4.U1) 

Ql 74 140 140 90 140 140 
Q2 47 040 043 (040.1.19) 94 043 041 
Q3 49 074 040 (097.1.11) 94 OJO Off 
Q4 74 043 049 (040.1JO) 90 049 047 

pformmd Of7 

(04)-lJ3) 
<043.1 JO) 
fOif.lJ7) 

OiMyK 
Ql 40 140 140 97 140 140 
Q2 10 IJ9 1J3 (044-144) 94 Ot9 040 
Q3 74 1J4 1J3 (044.144) 99 040 044 
Q4 40 1.14 1.11 (070.I47) 54 097 014 

pfmwmd 44/ 

1041.1 Jt) 
(044.IJO 
(QJf.l̂ ) 

Ql n 140 140 
Q2 43 079 07I 
Q9 iO 441 040 
Q« 73 &t3 Ofl 

pfmwmd OJf 

Ql 41 140 140 
Q2 19 Ut 1J7 
Ql 79 1J4 l.lf 
Q4 43 149 047 

04  ̂

Ql 40 140 140 
Q2 77 I4» 14» 
Q3 70 040 141 
Q4 40 047 044 

«// 

43 140 140 
99 043 041 (094.1.17) 
99 044 047 (041.144) 
47 074 OH (093.1.11) 

OJ4 

99 140 140 
90 143 ON (040*143) 
90 043 043 (O94.1J0) 
n 141 047 (09f.|J4) 

04# 

94 140 140 
93 Oil 049 (090 .1J4) 
94 043 OR (090.1J4) 
90 0144 1.00 (044. 1.44) 

M 



APPENDIX D 

THE ARIZONA FOOD FREQUENCY QUESTIONNAIRE 

(AFFQ) 

AND 

SKIN CANCER PREVENTION VITAMIN INTAKE FORM 
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$ SklnCanccr 2S0i EaM u» SMai 
Pr«v«nUon Program teaon. «<«nna tsric MMM AZ _ 
The Univarsly ol Arizona (•#) HOJ) 2SHKf2 
C*nctr Camar i40iM«vr«73 

DXEZ3AT QQESTZOHNAlIiE 

Xc is laporcane that th« InforMtien on how aueh of oaeh food you Mt b* 
as accurate as possible. To help you •stlaat*, ploaa* Maaur* tha 
aaounts of food that your usual dlahas hold. Xnatruetlons ar« glran 
helow. Once you know how such your dlahca hold# It should b« easier to 
Indicate the aaounts of food you normally consuae. If you eat out 
frequently estlaate as closely as possible. 

Aaounts of aeat and cheese are particularly difficult to estlaate. Ose 
the picture 9uldes attached at the end of the ^estlonnalre to assist 
you. 

H0USB10LD HEXSURING ZHFORMATXON 

1. Set out your aost frequently used glasses. Fill each of thea 
with water to the level you usually would when serving 
beverages. Pour this aaount of water Into a aeasurln^ cup and 
record the aaount In ounces or cups below. 

2. Next fill your cup or aug with water to the level you usually 
do. Measure and record this aaoynt below. 

The next tlae you eat food in a bowl or serve a portion of food 
usln? a serving spoon please aeasure the aaounts In the following 
way: 

3. Put your usual serving of a dry food (such as cereal) and a wet 
food (such as soup) Into a bowl. Heasure this aaount In teras 
of cups and record the aaount below. 

4. Place one usual serving spoonful of a food In a aeasurln? cup. 
Record the portion of a cup which your serving spoon holds. 

1. CLASSES 2. CUP/MDC 

first glass _ ounces or cups CUD ounces or euos 

second glass _ ounces or cups Hug ounces or cups 

third glass _ ounces OF -.1 cups 

3. BOWLS 4.  Size of Average Serving 

first bowl holds cups (portion of a cup) per 
spoonful 

•econd bowl holds euaa 

IN-DEPTH DIETARY STODT 
• Yes, I will be ab?.e to participate In the in-depth study of dally 

food habits. 

No, Z aa not able to participate. 
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Af • you on a ipadal dial? 

1 No 2 >Urighilau 3 Fortntdieyccndirion 
6 LowchoiaMrol 7 Wliiohi gain 

2. HowohandoyouaaifaodtfcomtitalolOMiinBiaMawanttf 

.Vigtiacian 5. .Law life 

TYPE OF RCSWJRAMr If
 

• aMh 
OM** —ifc 

« 

VMS* »-IOaM 
• HMT 

Î » 
• «Mr 

1 
ItMar. aha 

Fried chicken 
Burgen 
PUza 

Chineie food 

Mexican lood 

Fhed lith 

n 
n 
M 
n 
M 
n 

3. Th» taclioni* about your utualaaingh^bitt.ThinUng back o««r#Mpa«yaar. hew a<lan do you unalyaat 
iha food* faMd on th« nasi paga? 

Fni. chack (^) whaiharyeuru(ualMni(ngttaliinMl.inadhMiiarlai9a. (Aanalpenieniiabeuana- îaV 
tha madium larwing tta ahoiMi. or lav: a laiga porten It abeui ena-«nd-«-hal amai M much, or mora.l 
Don *1 ehaek any Mtving iiu if yeu aai itia food hia liian enca • yaar. Seme iMim maMien Mwanlfeedi (for 
example, "bread, rait, cndwrs.') Chack Iha faniinf M A>r Iha on« yew aa( m«« a^kan. 

Then, put a NUMBER In the mo* appiupitaia coiunin to aijltaii HOW OFTEN, on tha awaraga. you aai 
the food. You may eat bananaa owe* a weak (puia2lnifce'iw«ak~celumn)andMMeipe(aieasoryafM 
three nmet c month (put »3lniha 'momfi' column). If you navar eat die food, chaek ftaraiy/Navar*. 

Some iicmt<av~in«aaaon'. Indcaiaho«volunyouealdiafaju«indta3'-4mendi<ma<irftandtaliaodii 
in season. For exampic. you may aai caniaieupe onca a «»aafc when • it ki taaten. bui onfy once a month 
dunng the rea of tha year. (Saa aumpic) 

PWasa look ai the uampk balo«v. TMi pataon 

1) eatsamadiumiafvingofeaniaiowpeencaawaak. Ifiieaten 

2) «us « medium teivMg ef camaloupa once a monlh. the ra« of lha yaar 

3) hat yapafcuii about once a maafc. and yapafw* |u>ca abeut once a mowih. 
That about S Omat a mocMh for that IMm. 

4} has a tmaliarving of mwat potatoes about tfwaeenas a year. 

51 hat a Urge hamburger ercheefefautgerarinaai loaf about 4 Otnei a week. 

EXAMPLE: 

% 
SIMIL  

Cantaloupe Tin season) medhim 
Caniakiupe loui of taaton)  ̂madhan 
Grapefruit, grapefruit juice 0/ii ar6oL 
Sweet potatoes, yams •A cup yrt 
l-lamburgcr. cheeseburger, meal ktaf 1 medium 1 ui 

1 1 1 s 1 l] 

1 

i 

If 
J 

Pag* 2 



1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1  
1 1 1 1 1 1  i  I  
1 1 1 1 1 1 1 1  
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4. ThmjubouyeurdiwowrJul—indtfwmrnnmveMhwwiiMH—dtontfmqinHoiwmi.Awitwwnyfaodinct 
nMnaentdwMchyeuuialtavencvamonifc, •weienmelquwiwis.oreelfceqiwfidvlnepeeeulirieaionPCeiwidwedier 
mean. bwitrfMifaod». ataoQ. yt«n rhUtior)ilipintn mImpjcmworiicoawiw.avooJa (auacniohl. Mnitin didwi. 
Chin«i«oro<t>«reihnictood».oil>«rfcuittcr»«giMb<ii.««i«»»l<»nu»<aan«)t»ipp<«iii«nii (htm. 0K.i.Pkauttak»alookmihatii 
ofJoodiatihaboaomofOmpagt. 

FOOD 

• "1.1 1 1 J 

SaUom/Hnm Otan/Maav* 
5. How o<un do yeu ««lh« ihin on chidMn? 

How oficn do you Mt ih* (at on moi? 

How o<l«n do you add iak lo your food? 

How ohan do you add p«pp«r lo your iood? 

6. HowoiMndoyou«aiTawv«gMablMlcaiTeH.eauMlow«r. Mc.liaatnadiorinwtad? 
I < J « » • 

AIRMM 2-4ilmat | Once a l-Samet S-lOwne* I-4wnet Newer, or ieu 1 «v«iydav a week | <«eek emofuh • year a year ihan once ( year 

1 Ui 

7. How often do you UM bear oil in cocUng? 
For cx«mpit. in frying «ggs. Riui or vagtttbict?. _0ni«sp«r_ 

8. VVhai do you uMMly cook with? l_^_Oon'ilinow or don't cook 2__SoAmargann« 
3 Sack margannc 4 Bunar S Oil 6 Lard, faiback. bacon (at 7 Pam orno oil 

9. WhaikindoffaidoyQuucwofly addiaw«g«iablei.pauiact.cK.? 
1 Don'iaddfat 2^_So<imaigahn« 3.̂ _Slickfnargann« 4. 
5 HaVbuner. halfma>gaiin« 6.̂ _Latd. faiback. bacon fat 

. Bulicr 

_0. If you cat cold caraal. what kind do you eat moMoAan? 

, 1. Arc you now lodng or gaining weight? 
1 No 2 Yes.lo*ig 3 _Y««. gaining 

Have you gained or lofi more than (turn pound* In itw pan year? 
1 No 2 LoitS-lSfca. 3___Loftl6-2Sb*. 4 Loamer*than2Sba. 
S Gained S-IS IN. 6 G«nedl6-2Sfei. 7 Gained moreihwi 2Sbt. 

PLEASE CO TO NEXT BfKCe 

•» _ — 
» . -
1* 
J» 
«I 

n 

Pmqm 5 



itUkT aUtVlNC SIZE . ̂TIMATXNO GUIDE 
To help attlMti tha acrvlng aliaa of aaat and chacaa atudy the 
akatchea. The akatchaa of haaburger and round ataak rapraaant a 3 ox. 
aarvlng of cooked, lean Mat. Nlth the other uata It takea two 
plecee of cooked, lean aeat (without bone! of the alie pictured to 
••ke a 3 ox. aervlng. One piece of cheeae the alie and width picture 
la • 1 ox. acrvlng. 

ThU TkUk 

rOXK CHOP a*«n Only) 
Two chepa thla alia (fat fiaovad)i About ) ai. 

Tkla TMck 

H 

Two aUc 
ROAST TURKR 
tkla aiiai Abo«t S ei 

Thla Thick 
Tkla Thick 

NAM (Uan Oaly) 
Two allcoa thla alia» About 1 01. 

lANI CMP (Uan Only) 
Tno chepa Ikla alia (fat ra«o»a4)i AboHl 3 ei. 



P».C.. of cool..d/l..n .." JwlVlSt KnS of 't"" 
Mht • 3 01. icrvlng. One piece of chMM ?L ? "**• 
la a 3 01. aarvlng. *" width picture 

NUT UAF 
TWa ellcea tMa aliai 

About 3 at. 

This Tklck 

k-» HANIimca Uttn) 
On* Mtty this aliai About 3 ai. 

CNECSC 
One it Ice this slie: About 3 ot. 

KOMB ITCAK (U*n 0*ly) 
One pltca this aliei About 3 
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INITIAL C]' HNALC] DATE 

SKIN CANCER PWEVEMTIOII VITAOTN INTAKg fOM V1,U #. 

6X0E 

Are you talcing any vltaain and/or alneral suppleaents rtgu1ar1y7 

C ] MO [1 YES 

VITAMINS ANO/OR MINERAL SUPPLEMENTS, PLEASE INDICATE THE 
I YPt AND AnOUNT BCLOV* 

BRAND 
NAME -WSf 

MULTIPLE VITAMIN 

A. [ ] Hultl-vltaaln with minerals 

B. [ ] Multl-vltaain 

C: [ ] Therapeutic or stress formula 

0. [ ] B-Conplex 

INDIVIDUAL SUPPLEMENTS AMOUNT pJlTI/WEgl̂  

E. C ] 6eta-Carotene 

F. C ] Vitamin A 

G. C ] Vitamin C 

H. C ] Vitamin E 

I. C ] Vitamin B6 

J. [ ̂ Calcium tvoe 

K. [ ] Zinc 

L. [ ] Selenium 

H. [ ] Iron 

N. [ ̂ other tvoe 

0. [ 1 Other tvoe 

P- C 1 other tvoe 
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APPENDIX E 

ABBREVIATIONS 
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APPENDIX E 

ABBREVIATIONS 

9q - a specific chromosone in genetic material 

AA - arachidonic acid 

AFFQ - the Arizona Cancer Center food frequency questionnaire 

AI - average intake, for micronutrients in which information is insufficient to determine 

the recommended dietary allowance, the level of usual intake observed in populations is 

used 

AK - actinic keratoses 

apo - apolipoprotein - compound on lipoproteins which act as a label 

BCC - basal cell carcinoma 

DNA - deoxribonucleic acid 

DRI - dietary reference intakes 

EAR - estimated average requirement 

EFA - essential fatty acids 

FFA - free fatty acid 

FFQ - food frequency questionnaire 

gm - grams 

HDL - high density lipoproteins 

HEI - healthy eating index 

HHHQ - Health Habits and History Questionnaire 

lU - international units 
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kcal - kilocalories 

LA - linoleic acid 

LDL - low density lipoproteins 

LPL - lipoprotein lipase 

mg - milligrams 

NFCS - National Food Consumption Survey 

NCI - National Cancer Institute 

NHANES - National Healthy Examination and Nutrition Survey 

nm - nanometers 

NMSC - nonmelanoma skin cancer 

p53 - a tumor suppressor gene, often found mutated in malignancies 

p450 - enzyme involved in detoxifying xenobiotics 

PUFA - polyunsaturated fatty acids 

RDA - recommended dietary allowances 

see - squamous cell carcinoma 

SKICAP - skin cancer prevention program (Arizona Cancer Center Skin Cancer Studies) 

TG - triacylglycerides 

ug - micrograms 

UVA - ultraviolet radiation of'A' wavelength range: >320nm 

UVB - ultraviolet radiation of the 'B' wavelength range: 290 - 320 nanometers 

UVC - ultraviolet radiation of the 'C wavelength range: 200 - 290 nanometers 

UVR - ultraviolet radiation 



us - United States of America 

USD A - United States Department of Agriculture 

VLDL - very low density lipoproteins 


