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This study investigated the hypothesis that Native 

American women of the Southwest will have lower intakes of 

vitamins A, C, E, carotenes, and folate since Native 

American women in this region have a high incidence of 

cervical cancer. Three data sets of 24-hour recalls were 

collected from two different Native Americans tribes in 

Arizona to assess dietary intake. 

The results were not consistent in demonstrating that 

the nutrients implicated in cervical cancer are being 

consumed in inadequate quantities as had been expected. 

However, diet cannot be eliminated as a possible risk 

factor. Fruit and vegetable consumption may be related to 

reduced cervical cancer risk. Not only are fruits and 

vegetables sources of micronutrients associated with 

cervical cancer, they also have nonnutritive components that 

may be anticarcinogenic themselves or work synergistically 

with the micronutrients to prevent cancer. Therefore, 

micronutrient intake obtained specifically from fruit and 

vegetable sources needs to be assessed. 
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ABSTRACT 

This study investigated the hypothesis that Native 

American women of the Southwest will have lower intakes of 

vitamins A, C, E, carotenes, and folate since Native 

American women in this region have a high incidence of 

cervical cancer. Three data sets of 24-hour recalls were 

collected from two different Native Americans tribes in 

Arizona to assess dietary intake. 

The results were not consistent in demonstrating that 

the nutrients implicated in cervical cancer are being 

consumed in inadequate quantities as had been expected. 

However, diet cannot be eliminated as a possible risk 

factor. Fruit and vegetable consumption may be related to 

reduced cervical cancer risk. Not only are fruits and 

vegetables sources of micronutrients associated with 

cervical cancer, they also have nonnutritive components that 

may be anticarcinogenic themselves or work synergistically 

with the micronutrients to prevent cancer. Therefore, 

micronutrient intake obtained specifically from fruit and 

vegetable sources needs to be assessed. 
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CHAPTER 1 

INTRODUCTION 

Cancer incidence rates for most sites among Native 

Americans have been observed to be lower than for the 

general population (Freeman, 1989). Female Native Americans 

have a reduced occurrence of cancer for all sites combined. 

The individual sites that they have decreased incidence of 

cancer are for cancers of the colon, breast, and uterus 

(Valway, 1991). However, Native American females were found 

to have high rates of cervical cancer and cervical dysplasia 

(Michalek et al., 1990). Given the increasing literature 

(Butterworth et al., 1992, Potischman, 1993, Palan et al., 

1991, Slattery et al., 1990) suggesting a relationship 

between specific dietary nutrients and cancer, dietary 

factors may play a key role in the increasing cervical 

cancer rates and the high rates of cervical dysplasia in 

American Indians. Low dietary intakes of vitamins A, C, and 

E, carotenes and folate have been associated with increased 

cancer risk. Furthermore, intakes of fruits and vegetables, 

which are sources of these nutrients, have been related to 

decreased cancer risk. 

Purpose of the Study 

The purpose of this study is to examine micronutrient 
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intakes and their relationship with cervical cancer 

incidence in White Mountain Apache and Hualapai women. From 

the knowledge gained, cervical cancer incidence may be 

reduced through nutrition education and disease prevention 

programs which may be developed. 

Research Objectives 

Cervical cancer incidence is higher in Native American 

females than other women in the U.S., and epidemiological 

studies show that specific micronutrients are associated 

with increased cervical cancer risk. To determine if low 

micronutrient intake relates to increased cervical cancer 

risk in Hualapai and White Mountain Apache Native Americans 

women, six major research objectives will be addressed in 

this study: 

1. comparing intakes of specific micronutrients 

(vitamins A, C, and E, folate and carotenes) of 

White Mountain Apache and Hualapai women to each 

other. 

2. comparing intakes of specific micronutrients of the 

White Mountain Apache and Hualapai to other low 

income women. 

3. relating micronutrient intakes for these two 

southwestern tribes to the dietary recommendations 

relative to the reduction of cervical cancer risks. 
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4. comparing cancer rates of Native American women in 

the Indian Health Service Phoenix region to cancer 

rates of other national groups. 

5. determining fruit and vegetable intake among these 

Native American women and relating their 

consumption of fruits and vegetables to their 

micronutrient values. 

6. comparing micronutrient values and consumption of 

fruits and vegetables of these Native Americans to 

other studies of cervical cancer and dysplasia. 

Data 

To assess dietary micronutrient intake, three different 

data sets of 24-hour recalls were used. Two of the data 

sets were collected from White Mountain Apache women with 

one set containing one day of dietary data per person and 

the other containing six days of dietary data per person. 

The third set came from Hualapai women and consisted of 

seven days of dietary data per person. 

Significance of the Study 

Currently Native Americans have lower cancer rates for 

all cancers combined (Valway, 1991). However, their cancer 

rates are increasing. Determining possible dietary causes 

for the increasing rates may allow for a dietary 
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intervention that would keep the rates from escalating 

further. Although Native American cancer rates are lower in 

general, females have high rates of cervical dysplasia. 

From 1970-1987 the incidence for invasive cervical cancer 

among Native American women was about double that of non-

Hispanic white women (Becker et al., 1991). Studying why 

the Native American cervical cancer rate is elevated 

compared to other ethnic groups may provide clues to the 

etiology of cervical disease. 

Statement of Hypothesis and Exploratory Questions 

The intent of this study is to test the hypothesis: 

compared to the overall U.S. population, the Hualapai and 

White Mountain Apache Native Americans have low intakes for 

vitamins A, C, and E, folate, and carotenes since their 

cervical cancer rates are higher than the overall U.S. 

population. 

The first exploratory question asks: Are the intakes 

of the selected micronutrients different between the two 

White Mountain Apache data sets and the Hualapai data set? 

The second exploratory question asks: How do the 

intakes of the Native Americans surveyed compare to the 

Recommended Dietary Allowances for the selected nutrients? 

The third exploratory question asks: How do the results 

of these Native American women compare to other case-control 
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studies of cervical cancer and dysplasia? 

Methodological Assumptions 

This study made the following assumptions. 

1. Study participants were a representative sample of 

adult females within the White Mountain Apache and 

Hualapai populations. 

2. Eligible women who chose to participate in the 

study were not significantly different than those 

who did not participate. 

3. Participants answered truthfully. 

Limitations to the Study 

1. Some diet collection days may be more indicative of 

a "typical" diet than others. 

2. Bias may have occurred when interpretation of data 

was required. General serving sizes were often 

given which required an estimate of the portion 

size. 

3. No alcoholic beverages were included on the one-day 

24-hour recalls from the White Mountain Apache. 

4. The subjects were not randomly selected. 
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CHAPTER 2 

REVIEW OF LITERATURE 

This review begins by supplying background information 

about cancer. History of Native American health care and 

the individual micronutrient intakes related to cervical 

cancer risk will also be discussed. 

Carcinogenesis 

Cancer is a common term for all malignant tumors. 

Cancer cells lack normal growth controls which allow them to 

break away from their attachments, enter blood vessels and 

lymphatics, and invade tissues at other locations. There 

are criteria by which tumors and can be differentiated: 

differentiation and anaplasia, rate of growth, local 

invasion, and metastasis (Robbins et al., 1989). 

Differentiation and anaplasia 

Differentiation refers to the extent to which the 

cancer cells morphologically and functionally resemble 

comparable normal cells. Malignant tumors can be made up of 

cells that range from well differentiated to 

undifferentiated. Anaplasia refers to the cells that are 

undifferentiated. Anaplastic cells are morphologically 

different from differentiated cells. Their nuclei often 



15 

vary in size and number from differentiated cells, and they 

contain an abundance of DNA. Undifferentiated tumors 

possess large number of mitoses which reflects the higher 

proliferative activity. Functionally, the higher the degree 

of differentiation, the more completely it retains the 

functional capabilities found in its normal counterparts. 

Rate of Growth 

Cancers generally grow rapidly. The growth rate of 

tumors often relates to the extent of differentiation with 

the most malignant tumors growing more rapidly. 

Local Invasion 

Cancers have the ability to infiltrate, invade and 

metastasize to other distant sites. Malignant tumors are 

usually poorly demarcated from the surrounding normal 

tissues. Cancers do not recognize normal anatomic 

boundaries and invade the lymphatics, blood vessels and 

perineural spaces. 

Metastasis 

Metastases are tumor implants that are separate from 

the primary tumor. The cancer cells ability to invade 

surrounding tissues permits them to spread. The more 

rapidly growing and aggressive the primary tumor, the more 
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likely that it will metastasize. Tumors can spread by three 

different pathways: (1) direct penetration of the body 

cavities or surfaces, (2) lymphatic spread, and (3) 

hematogenous spread. 

Chemical Carcinogenesis 

Carcinogenesis involves the conversion of normal DNA 

through viruses, radiation or chemicals. Carcinogenesis in 

cells occurs through a process involving initiation, 

promotion, and progression. During initiation, an 

irreversible mutation occurs in the genome as a result of 

the interaction between the carcinogen and the cellular DNA 

or a spontaneous mutation in the DNA. The initiation 

process is relatively fast in that it occurs within the 

first few hours of the exposure to the carcinogen (Singh et 

al. , 1991) . 

The initiated cells have a growth advantage when 

compared to normal cells. They also may be less responsive 

to negative growth factors, terminal cell differentiation, 

or programmed cell death (Shields et al., 1993). Both 

natural and synthetic products are able to initiate 

carcinogenesis. Two categories of initiators exist: (1) 

direct-acting compounds which do not require chemical 

transformation for their carcinogenic activity; or (2) 

indirect-acting which require transformation in vivo to 
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produce cells with carcinogenicity (Robbins et al. 1989). 

Most, if not all, chemical carcinogens, including both 

direct-acting and indirect-acting, are electrophiles. These 

electrophiles are highly reactive and may attack electron 

rich sites including DNA. Changes in DNA are not enough to 

produce an initiated cell. The damaged DNA template must be 

replicated so that it will become a permanent change in the 

DNA. 

The next phase is promotion. In this phase, the 

initiated cells undergo further proliferation which enhances 

the probability of additional genetic damage (Shields and 

Harris, 1993). Promotors can induce tumors in initiated 

cells, but they cannot produce tumors on their own. Some 

chemicals possess the capability of both initiation and 

promotion. These are referred to as "complete carcinogens." 

Chemicals capable of initiation only are called "incomplete 

carcinogens" (Robbins et al., 1989). Promotion is a long 

process that can last decades in humans. 

In the final phase, called the progression phase, cells 

become malignant and grow rapidly. These malignant cells 

show phenotypic changes and genetic instability (Shields and 

Harris, 1993). 

Reactive Oxygen Species 

Reactive oxygen species (ROS) can cause oxidative 
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damage to DNA which can be mutagenic. Oxidative damage to 

DNA occurs at high rates under normal metabolic conditions. 

DNA repair enzymes can remove the damaged segments of DNA, 

but these repair systems are not perfect. The repair 

systems rid 99% of the lesions, leading to the accumulation 

of DNA damage and mutations over time which may contribute 

to carcinogenesis. Sources of ROS include the electron 

transport chain, enzymes, drugs, diet, pesticides, cigarette 

smoke, car exhaust and UV light (Frei, 1994). 

A free radical is a type of ROS. A free radical is an 

atom or a molecule with one or more unpaired electrons. It 

is highly reactive because it wants to acquire an electron 

from other substances. Other types of ROS include singlet 

oxygen and hydrogen peroxide (H202) (Murray et al., 1993). 

When oxygen (02) is reduced to water (H20) at the end of the 

mitochondrial respiratory chain, four electrons are 

acquired. However, further upstream, electrons can be 

gained one at a time by univalent reduction leading to the 

partial reduction of 02 to the superoxide anion (02.-). 

Superoxide is a radical, therefore a ROS (figure 1). 

Superoxide can be further reduced by the addition of a 

second electron to hydrogen peroxide (H202) which leads to 

the formation of the hydroxyl radical (HO') the most 

reactive ROS (Murray et al., 1993). An additional ROS is 

the singlet oxygen (02) . Singlet oxygen is formed from 
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Figure 1 
Reactive oxygen species formation from the reduction of oxygen to water. 

Murray et al., Harper's Biochemistry, 23rd Ed., 1993 
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ground state oxygen in the presence of a photosensitizer and 

light (Frei, 1994). 

Another type of oxidative damage is lipid peroxidation. 

The damaging effects are initiated by free radicals produced 

during formation from fatty acids found in polyunsaturated 

fatty acids (PUFAs). Lipid peroxidation is a chain reaction 

which leads to the formation of more free radicals that 

initiate further peroxidation (Murray et al., 1993). 

Cancer Prevention 

Current literature suggests a link between diet and 

cancer. Doll and Peto (1981) suggested 35% of all cancer 

deaths could be due to dietary factors. Wynder and Gori 

(1977) proposed that the diet could be responsible for 40% 

of the cancers in men and 60% of the cancers in women. 

Although some nutrients, such as fat, seem to add to the 

risk of developing cancer, other nutrients such as fiber, 

carotenoids, and some vitamins and minerals have been 

associated with decreasing the risk of certain cancers. 

Epidemiological data supports the establishment of these 

associations (Potischman, 1993, Butterworth et al., 1992, 

Palan et al., 1991). 

The premise for cancer chemoprevention is that 

nutrients either prevent initiation, arrest or reverse the 

promotion phase, or halt the progression phase. Cells have 
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anti-initiating mechanisms which include preventing the 

formation or uptake of carcinogens, preventing the 

activation of carcinogens, or preventing the initial genetic 

damage (Dragsted et al., 1993). Uptake of carcinogens may 

be inhibited by insoluble fibers by absorbing the carcinogen 

in the gut which prevents exposure (Hayatsu et al., 1988). 

The activation of precarcinogens requires several enzymes 

systems before they gain their carcinogenicity. 

Anticarcinogens interact with metabolism and activation of 

carcinogens either by inhibiting enzyme activities or 

promoting them. Preventing genetic damage can be done by 

removing the strong electrophiles and protecting the DNA 

from damage. The DNA can sterically protect its 

nucleophilic sites to inhibit binding of electrophiles. 

Also, in the initiation phase, most cells have methods to 

undo the damage caused by initiating carcinogens. Error 

free DNA repair, or error prone DNA repair, can be promoted 

by certain substances. Error free repair can be increased 

if proliferation is inhibited thus allowing more time for 

repair of the damage (Dragsted et al., 1993). 

Since the promotion phase is generally reversible and 

takes place over a long period of time, it is a site for 

intervention with cancer chemopreventive agents. A 

premalignant lesion can be made to regress or the conversion 

to a neoplasm can be slowed (Singh et al., 1991) . 
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Substances which are able to inhibit or delay promotion do 

so by inhibiting proliferation of initiated cells or 

increasing cellular differentiation so that tumors cannot be 

formed. Antioxidation, interaction with cellular receptors 

and inhibition of proteases are the mechanisms which may be 

responsible for these effects (Dragsted et al., 1993). 

Finally, the progression phase may be halted by 

nutritive and nonnutritive means. Mechanisms for anti-

progression may include inhibition of growth and mutations, 

and stimulation of immunological defense (Dragsted et al., 

1993) . 

Antioxidant vitamins such as vitamin A, vitamin E, 

vitamin C, and beta-carotene have been associated with 

cancer prevention. Antioxidants can scavenge ROS before 

they can cause damage to the DNA or by interrupting the 

radical chain reaction in lipid peroxidation. Different ROS 

have different mechanisms used for their destruction with a 

summary of the interaction of some of the antioxidant 

mechanisms in table 1 (Murray et al., 1993). 

High levels of consumption of fruits and vegetables 

have been association with decreased cancer risk. Fruits 

and vegetables contain high levels of the nutrients 

associated with decreasing the risk of certain cancers. 

They also contain non-nutrients which have protective 

mechanisms capable of blocking biochemical pathways which 
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Table 1 

Reactive oxygen species and their antioxidants 
Reactive Species Antioxidants 

'02 Singlet Oxygen vitamin A, 6-carotene 
vitamin E 

02- Superoxide free radical vitamin E, B-carotene 

ROO Peroxyl free radical vitamin C, vitamin E 

Revised from Murray et al., 1993 Harper's Biochemistry 
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lead to malignancy (Steinmetz and Potter, 1991 (2)). The 

nonnutritive components of fruits and vegetables are 

referred to as phytochemicals which are naturally occurring 

components in plants (Byers et al., 1990). 

Human studies on single compounds have implied that 

vitamins C, E and beta-carotene offer protection against 

cancer. However, there are many substances in plants known 

to be antitumorigenic, and there are numerous mechanisms of 

the anticarcinogens. Synergisms may exist between the 

nutritive and nonnutritive plant parts, thus increasing the 

importance of even small amounts of these nonnutritive plant 

components (Dragsted et al., 1993). 

Cervical Cancer 

Stages of Cervical Disease 

Cervical cancer is believed to result from progression 

of milder epithelial abnormalities called dysplasia or 

cervical intraepithelial neoplasia (CIN), to invasive 

carcinoma. Low grade lesions have minimal abnormal cells in 

the epithelial wall, whereas high grade lesions show nuclear 

atypia and loss of cellular differentiation. The first 

stage, CIN, is also known as dysplasia. During this stage 

some of the cells are replaced by atypical neoplastic cells. 

This first stage is divided into three categories, CIN 1 and 

CIN 2 represent mild and moderate dysplasia respectively. 
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CIN 3 represents severe dysplasia and carcinoma in situ. 

CIN 3 is characterized by all or most of the cervical 

epithelium displaying cellular features of carcinoma while 

underlying tissue is not affected. The final phase of 

cervical disease, called invasive carcinoma, occurs when the 

cancer cells invade adjacent tissues and metastasize through 

the lymphatic system. Cervical lesions tend to progress 

with age so women most often diagnosed with cervical 

dysplasia tend to be in their twenties, carcinoma in situ in 

women 30-39, and invasive cancer after age 40 (Buckley, 

1994) . 

Non-dietary Risk Factors 

There are many non-dietary risk factors for cervical 

disease. Evidence for the relationship between cervical 

cancer and sexual activity has been available for over a 

century (Munoz et al., 1989). Epidemiological studies have 

shown that cervical cancer acts like a sexually transmitted 

disease; it is more prevalent in females with multiple 

sexual partners (Wynder et al., 1954), or whose sexual 

partners are promiscuous (Buckley et al., 1981), and it does 

not occur in virgins (Gagnon, 1950). These variables are 

substitute measures of exposure to a sexually transmitted 

agent that may cause cervical cancer (Munoz et al., 1989). 

If the major cause of cervical cancer is a sexually 
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transmitted agent, the age at first intercourse and the 

number of sexual partners should be alternative measures of 

exposure to the suspected infectious agent (Munoz et al., 

1989). An increase in the number of sexual partners would 

increase the probability of a woman of having intercourse 

with an infected male. The age at first intercourse could 

be associated with age of first exposure to the causal 

agent. For over twenty years, the herpes simplex virus type 

2 was the suspected agent to cause cervical cancer (Munoz et 

al., 1989), but it is now believed that certain types of the 

human papillomavirus (HPV) may play a key etiological role 

(Munoz et al, 1994). HPV is one of the most common sexually 

transmitted viral infections in the United States causing 

genital warts and lesions of the cervix. It is now 

considered the major risk factor for cervical dysplasia and 

cervical cancer. 

There are over 60 strains of HPV with types 16 and 18 

being associated with cervical dysplasia most often. It is 

believed those who have HPV in the cytoplasm are carriers 

and are asymptomatic. Those with the viral genome 

incorporated into the host chromosome are affected by the 

virus. HPV is most commonly identified in CIN 2 and CIN 3, 

with it having little or no relation to low grade CIN. A 

dose-response relationship was also found; the more HPV 

present, the more severe the dysplasia (Brisson et al., 
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1994). HPV is a circular DNA molecule which may get 

incorporated into host DNA by "crossing over" (Watson, 

1970). Breaks in the DNA would be repaired by joining the 

end of the viral DNA to the host's DNA. The mechanism for 

the incorporation of vial DNA is not known, but it seems 

likely that factors involved in DNA synthesis and repair 

would be involved. Therefore, the nutritional status of 

folate, which is thought to be responsible for chromosome 

breaks due to fragile sites, may play an important role in 

protection against HPV (Butterworth, 1994). 

In addition to a sexually transmitted infectious agent, 

cigarette smoking and use of oral contraceptives are two 

other risk factors for cervical cancer. Numerous case-

control and cohort studies have shown an excess of cervical 

neoplasia among smokers (Munoz et al., 1988). A strong link 

between cigarette smoking and sexual activity also exists in 

most cultures (Phillips and Smith, 1994). Therefore, the 

association between smoking and risk for cervical cancer is 

likely to be confounded by the presence of a sexually 

transmitted agent. Several case-control studies showed an 

significant increase in risk for cervical cancer, although 

it was reduced after adjustment for age of first intercourse 

and number of sexual partners (Munoz et al., 1989). 

Furthermore, smokers have been found to have lower plasma 

beta-carotene values than nonsmokers (Ritenbaugh et al., 



1991} and lower values of vitamin C (Potischman, 1993). 

Smokers have a higher turnover rate of vitamin C than 

nonsmokers. Therefore, they need a higher vitamin C intake 

per day to reach steady state concentrations than nonsmokers 

(Kallner et al., 1981). Nutrient status and cervical cancer 

will be discussed in the dietary factors section. 

Studies that address the association between oral 

contraceptive use and cervical neoplasia have yielded 

conflicting results (Munoz et al., 1989). Again, 

confounding may be the cause for the inconsistent results 

since oral contraceptive use is correlated with the number 

of sexual partners of the woman, age of first intercourse 

and screening history. It has also been shown that oral 

contraceptive usage has been associated with low folate 

status which may be associated with cervical cancer risk 

(Butterworth et al., 1992). Furthermore, users of barrier 

methods of contraception have been shown to be at low risk 

which may be due to protection from exposure to the 

infectious agents (Jones et al., 1990). 

Because cervical disease tends to progress in some 

women from dysplasia to carcinoma in situ to invasive 

cancer, there is little doubt that the Pap smear should be 

able to alter morbidity and mortality rates. It has been 

demonstrated that where screening for cervical dysplasia has 

been widespread and ongoing, the cervical cancer incidence 
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and mortality has decreased (Brinton et al.,1992). Since 

most Native Americans do not regularly receive pap smears, 

increasing the screening for cervical disease could have a 

tremendous impact on decreasing the mortality from cervical 

cancer. The Indian Health Service (IHS) does offer no cost 

screening exams to those that are enrolled members of 

federally recognized tribes. Those Native Americans who are 

members of tribes not having federal recognition do not have 

access to the IHS services. Furthermore, access to the IHS 

facilities requires that the Native Americans live within a 

certain area, thus eliminating health access for transient 

and homeless American Indians (Rose, 1992). 

Dietary Factors 

Evaluating the nutritional influences on the cervical 

epithelium can be a difficult task. It is important to 

evaluate nutrient associations with risk of cervical disease 

independently of other possible correlated risk factors. 

Second, nutrient effects on cervical cancer may vary when 

other risk factors are present. Finally, some nutrients may 

affect only certain stages of the disease. Some substances 

can be promoters at one stage and anticarcinogenic at 

another stage (Dragsted et al., 1993). Therefore, knowing 

the stage of the disease is critical to evaluate the role of 

specific nutrients (Potischman, 1993). The potential 
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dietary risk factors which have been identified include 

vitamin A, dietary carotenoids, vitamin C, vitamin E, and 

folate. Interestingly, these are the plant food markers, 

thus some other nonnutritive plant constituent may be 

responsible for maintaining the cervical epithelium. 

Vitamin A plays a role in cell differentiation and 

growth and may prevent preneoplasms from developing into 

neoplasms for those exposed to carcinogens. Vitamin A may 

direct the preneoplastic cells to continue differentiating 

thus preventing them from becoming cancer cells (Combs, 

1992). Also, retinoids are responsible for furthering the 

patency of gap junctions which serve to decrease the growth 

of early neoplastic cells by maintenance of intercellular 

communication (Weisburger et al. , 1991). 

One mechanism by which beta-carotene may protect 

against cancer is through its ability to form vitamin A. 

However, beta-carotene's role is not limited to that of 

Vitamin A precursors; carotenoids also appear to have an 

antitumor effect. Beta-carotene's anticarcinogenic effect 

may be due to its ability to deactivate free radicals 

generated by normal metabolic processes such as the peroxyl 

and hydroxyl radicals. Beta-carotene is a lipid-soluble 

antioxidant that can quench singlet oxygen and inhibit free 

radical chain reactions (Bonorden and Pariza, 1994) . 

Vitamin E, with alpha-tocopherol being the most 
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biologically and chemically active form of vitamin E, is an 

antioxidant in the membrane lipids and is by far the most 

abundant lipid-soluble antioxidant in humans (Frei, 1994). 

It appears to act as an antioxidant in the first line of 

defense against oxidative damage occurring with 

polyunsaturated fatty acids (PUFAs) in cell membranes. 

Malonic dialdehyde is an example of a product of lipid 

peroxidation that has been shown to react with proteins, 

RNA, and DNA, causing damage which can lead to tumor 

formation. With a vitamin E deficiency, it appears that 

amount of damaging malonic dialdehyde produced is increased 

in cell membranes (Combs, 1992). Since phospholipids of 

mitochondria, endoplasmic reticulum, and membranes have an 

affinity for alpha-tocopherol, vitamin E tends to 

concentrate at these sites. Vitamin E also acts as a 

nitrite trapping agent preventing the formation of 

nitrosamines. Furthermore, vitamin E acts like an 

antioxidant by protecting against the hydroxyl radical 

(Steinmetz and Potter, 1991 (2)). 

The observed interaction of folate deficiency and HPV 

infection may be due to the increased susceptibility of 

human DNA to the integration of the viral genome in the 

absence of adequate folate (Butterworth, et al., 1992). DNA 

may become more susceptible when folate is low because 

folate serves as a methyl donor in DNA synthesis. When DNA 
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is hypomethylated it interferes with histone binding which 

results in the DNA not being wound correctly. When not 

wound properly, transcription of gene sequences which 

normally would not be transcribed occurs, and the DNA has an 

increased exposure to attack by nucleases which increase the 

risk of chromosome breaks and incorporation of viral genomes 

(Butterworth et al., 1991). Figure 2 depicts methylated and 

undermethylated DNA. 

Vitamin C also has some antitumor effects. According 

to Combs (1992), the possible mechanisms for vitamin C's 

action include: 

1. destroying some tumor cells by acting as a reducing 

agent by inhibiting the lysosomal glycosidases 

which are responsible for tumor spreading; 

2. preserving the antioxidant action of vitamin E by 

reducing oxidized vitamin E; 

3. stimulating the immune system; and 

4. inhibiting tumor infiltration by increasing 

collagen synthesis. 

Also, vitamin C acts as a trap for nitrite particularly at a 

pH below six as in the stomach (Weisburger, 1991) . 

Studies of Cervical Cancer and Dysplasia 

Potischman (1993) recently summarized a number of 

published studies that have evaluated the relationship 
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Figure 2 
DNA methylation and under methylation 

Butterworth, C., Micronutrients in Health and Disease, 1991 
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between nutrients and cervical neoplasia. She reviewed the 

effects of vitamin A, dietary carotenoids, vitamin C, 

vitamin E, and folate on cervical disease. 

Vitamin A has been shown to be effective in decreasing 

many types of cancers which is why vitamin A is of interest 

to reduce cervical cancer. However the majority of dietary 

studies showed no relationship between intake of vitamin A 

and risk of cervical dysplasia, in situ cancer, or invasive 

disease (de Vet et al., 1991, Brock et al., 1988, Ziegler et 

al. , 1991, Slattery et al., 1990, Herrero et al., 1991) The 

studies using serologic data also support the idea that 

there is not a relationship between vitamin A and cervical 

disease (Palan et al., 1991, Slattery et al., 1990). 

The study results for carotenoids have not been 

consistent. There is some indication that there is an 

increase in risk with low intakes of carotenoids at all 

stages of neoplasia. At all the stages there were dietary 

studies that showed lower carotenoid intakes among cases and 

studies that did not find any case-control differences 

(LaVecchia et al., 1988, Ziegler et al., 1991, Slattery et 

al., 1990, Ziegler et al., 1990). There was only one study 

that reported higher intakes of carotenoids among cases with 

invasive carcinoma (de Vet et al., 1991). Table 2 

summarizes the results of the case-control studies completed 

using carotenoids. The inconsistent results could have been 
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due to the lack of consistency between studies when defining 

carotenoids. Some studies used only non-animal sources, or 

vegetable sources of vitamin A, which would only include 

precursor carotenoids. Some studies multiplied these 

precursor carotenoid values by factors to derive IUs or REs 

of beta-carotene or |0.g of beta-carotene or other 

carotenoids. Therefore some studies may have results based 

on precursor carotenoids, beta-carotene only, or the sum of 

all carotenoids (Potischman, 1993). Finally, the serologic 

studies demonstrated results that were slightly more 

consistent, showing lower levels of carotenoids among cases 

than controls for most studies (Palan et al., 1991, Orr et 

al., 1985, Brock et al., 1988). 

Most dietary and serologic studies have shown that 

higher levels of vitamin C were related to decreased risk 

for all stages of cervical neoplasia. In two studies that 

did not demonstrate overall protection between cases and 

controls, the studies did find vitamin C to be protective 

among smokers (Slattery et al., 1990, Ziegler et al., 1990). 

Since vitamin C status is related to smoking (Slattery et 

al. , 1990, Jones et al.,1990) and smoking is a risk factor 

for cervical disease, the risk for cervical disease 

associated with smoking may be affected by vitamin C 

(Potischman, 1993). Ziegler et al. (1991) found in a study 

of in situ disease that vitamin C supplements offered 
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protection when dietary analysis found no association. 

Although serologic analysis is difficult to get for vitamin 

C, two studies have been conducted and found a protective 

role for this nutrient (Orr et al., 1985, Romney et al., 

1985). Refer to table 3 for a summary of case-control study 

results. 

Few studies have examined vitamin E and its importance 

in cancer prevention; those studies that do exist offer 

conflicting results (Verreault et al., 1989, Slattery et 

al., 1990) . Blood studies with those with invasive 

carcinoma also showed inconsistent results (Cuzick et al., 

1990, Palan et al., 1991). However, the two serologic 

studies on dysplasia showed lower plasma levels of vitamin E 

with higher grade of lesion (Palan et al., 1991, Cuzick et 

al., 1990). Table 4 offers a summary of the results for the 

case-control studies which included vitamin E. 

Folate appears to be a more important protective factor 

in studies of cervical dysplasia than in studies of more 

advanced lesions. Table 5 summarizes the dietary and 

serologic studies which evaluated folate in cervical 

neoplasia. All of the studies of dysplasia reviewed showed 

decreased risk with higher folate levels (Butterworth et 

al., 1992, VanEenwyk et al., 1991). Only one of the studies 

of in situ and invasive disease reviewed showed lower plasma 

folate levels in cases when compared to controls (Orr et 
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Cervical dysplasia and carcinoma 

case-control differences: carotenoids 
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Type of 

neoplasia 

No case-control 

difference 
Cases lower than 

controls 

Cases highfc. 

controls 

Dietary Studies 

Dysplasia LaVecchia, Gyn One VanEenwyk, J Ca 

1988;30:187-195 1991;48:34-38 

de Vet, Int J Epi 

1991;20:603-610 

In situ Ziegler, Am J Epi 

1990;132:423-445 

Slattery, Epi 

1990;1:8-15 

Brock, J Natl Ca Inst 

1988;80:580-585 

Invasive Ziegler, Ca Caus Con LaVecchia, Gyn One 

1991;2:17-29 

Serologic Studies 

Dysplasia 

1988;30:187-195 

Verreault, Int J Ca 

1989;43:1050-1054 

Herrero, Am J Epi 

1991;134:1335-1346 

Palan, Nutr Ca 

1991;15:13-20 

VanEenwyk, J Ca 

1991;48:34-38 

In situ 

Invasive 

Brock, J Natl Ca Inst 

1988;80:580-585 

Palan, Nutr Ca 

1991;15:13-20 

Potischman, Ca Res 

1991;51:4785-4789 

Modified from Potischman, N., J Nutr 1993;123:424-429 
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Table 3 

Cervical dysplasia and carcinoma 

case-control differences: vitamin C 

Type of No case-control Cases lower than 

Neoplasia difference controls 

Dietary Studies 

Dysplasia de Vet, Int J Epi 

1991;20:603-610 

VanEenwyk, Int J Ca 

1191;48:34-38 

In situ Ziegler, Ca Caus Con Brock, J Natl Ca Ins 

1991;2:17-29 1988;80:580-585 

Slattery, Epi 

1990;1:8-15 

Invasive 

Serologic Studies 

Dysplasia 

Invasive 

Ziegler, Am J Epi 

1990;132:432-445 

Verreault, Int J Ca 

1989;43:1050-1054 

Herrero, Am J Epi 

1991,134:1335-1346 

Romney, Am J Ob Gyn 

1985;151:976-980 

Orr, Am J Ob Gyn 

1985;151:632-635 

Modified from Potischman, N., J Nutr 1993;123:424-429 
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Table 4 

Cervical dysplasia and carcinoma 

case-control differences: vitamin E 

Type of No case-control Cases lower than 

Neoplasia difference controls 

Dietary Studies 

Dysplasia 

In situ Slattery, Epi 

1990;1:8-15 

Invasive 

Serologic Studies 

Dysplasia 

Invasive Potischman, Ca Res 

1991;51:4785-4789 

Verreault, Int J Ca 

1989;43:1050-1054 

Cuzick, Br J Ca 

1990;62:651-652 

Palan, Nutr Ca 

1991;15:13-20 

Palan, Nutr Ca 

1991;15:13-20 

Modified from Potischman, N., J Nutr 1993;123:424-429 
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Table 5 

Cervical dysplasia and carcinoma 

case-control differences: folate 

Type of 

Neoplasia 

No case-control 

difference 

Cases lower than 

controls 

Dietary Studies 

Dysplasia VanEenwyk, Int J Ca 

1991;48:34-38 

In situ Brock, Ca Caus Con 

1988;2:17-29 

Ziegler, J Natl Ca Inst 

1991;80:580-585 

Invasive Verreault, Int J Ca 

1989;43:1050-1054 

Ziegler, Am J Epi 

1990;132:432-445 

Herrero, Am J Epi 

1991;134:1335-1346 

Serologic Studies 

Dysplasia VanEenwyk, Int J Ca 

1991;48:34-38 

Butterworth, JAMA 

1992;267:528-533 

Invasive Potischman, Ca Res 

1991;51:4785-4789 

Orr, Am J Ob Gyn 

1985;151:632-635 

Modified from Potischman, N., J Nutr 1993;123:424-429 
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al., 1985, Verreault et al., 1989, Ziegler et al., 1990, 

Herrero et al., 1991). Dietary folate was also associated 

with decreased risk, but after adjustment for confounding by 

vitamin C and carotene, the results were no longer 

significant (Brock et al., 1988). 

Cancer in Native Americans 

The Indian Health Service is responsible for providing 

health care to many Native Americans (Freeman, 1989). It 

has divided the Native American population into 

administrative regions, and reports cancer mortality rates 

for each region (figure 3). This division of the Native 

American population allows regional differences to be 

depicted. The White Mountain Apache and the Hualapai are 

located within the Phoenix region. Cancers in the tribes of 

this region that occur at rates higher than the U.S. average 

are cancers of the cervix, gallbladder, liver, and stomach 

(Valway, 1991). Although Native Americans have at present a 

lower incidence of cancer than most ethnic groups, they have 

one of the largest increases in prevalence rates. In most 

regions, the rates have slowly increased over time, but 

still remain lower than the U.S. rates (Valway, 1991). 

Cancers which Native Americans have increasing incidence but 

still maintain a lower rate than the overall U.S. rate 

include cancers of the colon, rectum, pancreas, breast and 
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Indian Health Service Areas 

OKLAHOMA 
OTT 

Figure 3 
IHS administrative regions 

Valway S., Cancer Mortality Among Native Americans 
in the United States: Regional Differences in Indian Health 

1984-1988 & Trends Over Time, 1968-1987, 1991. 
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prostate (Wiggins et al., 1993). 

Freeman (1989) suggested that cancer incidence rates in 

Native Americans have been low because in the past they did 

not survive long enough to develop many cancers. The life 

expectancy for Native Americans has increased from 51 years 

in 1939-1941 to 71.1 years in 1979-1981. Changes in Native 

American mortality rates can be attributed to a decrease in 

deaths due to infections, malnutrition, and poor 

environmental conditions. Feeding programs decreased 

malnutrition and at the same time decreased the number of 

infectious diseases. Native Americans are now experiencing 

higher rates of heart disease, cancer, and diabetes (Valway, 

1991). Native Americans also have high rates of alcoholism, 

violence, suicide, and motor vehicle accidents which 

contribute to early deaths (Young, 1991). 

History of Native American Health Care Programs 

The increase in the life expectancy of Native Americans 

is most likely due to public health programs to improve 

health care for all Americans. In addition to those 

programs, Native Americans that belong to federally 

recognized Indian tribes may also receive health care by the 

Indian Health Service (IHS). The IHS is an organization of 

the U.S. Public Health Service's Health Resources and 

Services Administration that provides comprehensive medical 
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services which include nutrition and dietetics to Native 

Americans and Alaska Natives living on or near Indian 

reservations or in traditional Indian territories. 

The provision of health care to American Indians and 

Alaska Natives by the U.S. government began in the early 

1800s and has been the responsibility of several different 

government agencies. Government-sponsored Native American 

health care began in the early 1800s when army physicians 

tried to decrease smallpox and other contagious diseases 

existing in nearby tribes. During the 1800s, Native 

Americans went through a period of relocation and 

confinement when they were removed from their lands. They 

survived by eating small game and collecting wild plant 

foods. Military rations given during this period led to the 

development of some of the foods that became part of the 

Southwestern dietary assemblage. Fry bread, fried potatoes, 

and beans cooked with lard were all developed from the lard, 

white flour and baking powder provided as rations (Teufel, 

1995). By 1832, actual treaties were drawn which provided 

health care by the federal government under the Bureau of 

Indian Affairs as partial payment for the land taken by the 

government (Indian Health Service, 1985). By the late 

1800s, Native Americans were allowed to return to a small 

portion of their lands. Many tried to return to their 

traditional ways of subsistence, but their lands had 
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changed; the wild plant resources and the number of game 

were depleted (Teufel, 1995). In 1926 and 1927, a survey 

found the diets of American Indians consisted mainly of meat 

or fish, bread, beans, sugar, and coffee or tea. Vegetables 

and fruits were consumed seasonally by some tribes, and eggs 

and milk were not used often (Merian, 1928). Then again in 

1936, a report was issued by the Public Health Service which 

stated "The diet of most tribes is not balanced and is 

deficient in many respects" (Mountain and Townsent, 1936). 

The primary deficiency was energy and sometimes protein. 

Seasonal deficiencies in vitamins and minerals also 

occurred. This time period of settling on reservations lead 

to decreased diversity in the Southwestern Native American 

diet. The diets became dominated by wheat flour, cornmeal, 

lard, beans, potatoes, sugar and coffee. In the 1940s and 

1950s, more foods with poor nutritional quality were 

introduced through the numbers of Native American men who 

volunteered for service in World War II and the children 

enrolled in schools. These foods were purchased by families 

and started to replace native foods. Food introduced 

included fruit drinks and soda pop (Teufel, 1995). In 1955, 

nutrition and dietetics departments were added to the IHS to 

provide services to Indians, but the number of documented 

deficiencies grew which led to an increase in federal food 

assistance programs on the reservations. The USDA food 
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commodities generally lacked fiber and nutrient density and 

tended to be nutritionally inferior to traditional foods 

(Calloway and Gibbs, 1976). 

Today, Native American health services are still the 

responsibility of IHS for many tribes, although increasing 

numbers of tribes are contracting for their own health care 

under self-determination provisions. IHS has the goal of 

improving the health status of all Native Americans. Its 

goals include providing access to health services, allowing 

opportunities for Indians to manage and operate their own 

health programs, and acting as advocates for Indian people 

(Indian Health Service, 1985). 

Since 1955, the health status of Native Americans has 

improved greatly. There has been 80% decrease in pneumonia 

and influenza and a 96% decrease in tuberculosis. The 

infant death rate has dropped by 81% and the maternal 

mortality rate has decreased by 91% (Public Health Service, 

1957). 

Current Health Status of Native Americans 

The dietary intake of Native Americans is still largely 

unknown. There have been few studies reported in the 

literature concerning the nutritional adequacy of modern 

Native American diets. The studies that have been done have 

been in specific geographical areas and indicate that diets 
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vary greatly from tribe to tribe due to different 

sociocultural and economic factors, as well as variants in 

food availability and preferences (Jackson, 1986). 

Obesity has only become a major health problem for this 

population in the past one or two generations (Jackson, 

1986). The relatively new health problems of diabetes 

mellitus (primarily type 2) and heart disease this 

population experiences are probably related to obesity. 

Obesity could be in part the result of the massive feeding 

programs initiated to solve the problem of malnutrition. 

Many of the feeding programs supplied commodity foods which 

are high in fat and calories, and low in fiber. At the same 

time, physical activity has decreased (Welty, 1991). 

Furthermore, metabolic differences between Indians and non-

Indians may predispose Indians to become obese when food is 

abundant due to the "thrifty genotype" which increases food 

utilization and storage by enhancing fat and glycogen 

deposition (Neel, 1982). 

Diabetes and heart disease have been common subjects of 

recent literature on Native Americans. A less common 

literature topic is the relation of Native American obesity 

and cancer. Obesity has been reported as a risk factor for 

gallstones and could be related to the high rates of 

gallbladder cancer (Bennion and Grundy, 1978), and high 

rates of cholecystitis and gallbladder cancer have been 
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reported for most Native American groups (Boss, 1990). 

Although the incidence for breast cancer is lower for Native 

American women than other U.S. females, the survival rate 

for breast cancer is lower for Indian women with breast 

cancer (Boss, 1990, Samet et al., 1987). In one study it 

was found that weight gain between the ages of 25 and 35 

years was reported to be a possible risk factor for breast 

cancer (Ingram et al., 1989). Perhaps this finding could 

explain the increase in breast-cancer mortality rates being 

observed. 

Cervical Cancer and Southwestern Native Americans 

In southwestern Native American females, cervical 

dysplasia and cancer are occurring at two to four times the 

rate reported in non-Hispanic white women (Buckley et al., 

1992). Results from Native Americans in other parts of the 

country also show a disproportionate burden of cervical 

disease. The following paragraphs discuss the risk factors 

associated with Native Americans. 

The risk factors discussed earlier apply to the general 

U.S. population. There are few published papers which 

examine the specific risk factors for cervical disease among 

Native American women in the southwest region. The reported 

rate of cigarette smoking is low for Native Americans of 

this region (Buckley et al., 1992); this is supported by low 
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prevalence of cigarette related diseases. Also, it is 

believed that American Indian women have low prevalence of 

sexual-transmission related risk factors. Becker et al. 

(1992) investigated the presence of Human Papilloma Virus 

(HPV) among American Indian females in New Mexico and found 

a lower proportion of HPV in American Indians when compared 

to Hispanics and whites in the area (Becker et al., 1991). 

Despite the low prevalence of cigarette smoking and 

infection related risk factors for Native American females 

in the Southwest, potential risk for cervical cancer from 

low dietary micronutrients, which is the focus of this 

investigation, has not been adequately evaluated. Only one 

dietary study of micronutrients and cervical dysplasia in 

southwestern Native Americans has been conducted (Buckley et 

al. , 1992). The study produced non-significant results. 

However,the study sample size was small and it used only one 

24-recall for the assessment of dietary intake. As a 

result, it lacked power to identify statistically 

significant associations. In spite of this, vitamins C and 

E and folate appeared to be protective as a level of 

significance. The study might have produced significant 

results if more 24-hour recalls were collected per subject 

to decrease the error variance, and/or if more subjects had 

been enrolled in the study. 

Other factors such as sexual activity and low levels of 
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screening by pap smears may also be the cause of the 

increased incidence of cervical cancer among Native 

Americans. The cervical smear can detect neoplasia since 

abnormal cells are present throughout the epithelium. 

Screening for cervical disease with a Pap smear is not a 

common practice among Native Americans. Among young Native 

Americans, only about a quarter get annual Pap smears, and 

for those over fifty, only about one in a hundred are 

screened. Socially disadvantaged groups may be less 

informed about cervical cancer screening or less accepting 

of medical services. A surrogate measure of the number of 

sexual partners could be the occurrence of sexually 

transmitted diseases (STDs). Although Native Americans in 

New Mexico have lower proportion of HPV, they do have 

increased infection rates of Chylamidia trachomatis and 

syphilis when compared to other ethnic groups (Toomey, 

1993) . 

Issues Related to Dietary Assessment Through 24-Hour Recalls 

The data collected to assess micronutrient intakes and 

their relationship with cervical cancer can be obtained 

though 24-hour recalls or questionnaires. Both methods can 

be used to assess the average intakes of groups. For a 24-

hour recall, subjects list the foods they have eaten for a 

certain period of time, usually for the past 24 hours. More 
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than one 24-hour recall can be used to better assess dietary-

intake (Freudenheim, 1993). Twenty-four hour recalls are a 

popular method since information can be collected rapidly, 

and there are not high requirements for literacy or 

education of the subjects. 

The 24-hour recall method does have its disadvantages. 

The accuracy of a 24-hour recall depends on the subjects 

memory, communication skills and cooperation, and the skills 

of the data collector. Selective memory of specific foods 

may affect the dietary assessment. Foods which may be 

indicative of a poor diet may be left out or be under 

reported, whereas foods that are socially acceptable may be 

reported at higher levels than consumed. Also, general 

estimates of portion sizes (ie. small, large) may vary 

individually, and incorrect interpretation of portion size 

by the interviewer can produce errors in estimating food 

quantity. Furthermore, the interviewer's skill plays a key 

role in retrieving necessary information. The interviewer 

must know what phrases to say and questions to ask to obtain 

accurate information (Witschi, 1990). He or she must be 

familiar with the subjects' food supply and vocabulary to 

avoid errors in identification of foods. All of these 

problems are enhanced when data collection occurs cross 

culturally. However, culturally sensitive research can 

minimize many of the problems by recognizing the differing 
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values and beliefs and working to establish strong lines of 

communication. The data collector should know how the ways 

people perceive food affects their reporting of intakes, and 

how people relate to the interviewer and instruments used 

for dietary assessment (Cassidy, 1994). 

Additional problems occur during data entry such as 

reading errors due to illegible handwriting, transcription 

errors, or omission or double entry of data can cause even 

more errors. Since collection and entry of data are subject 

to human and machine error, editing and error checking 

should be incorporated into the data entry process (National 

Research Council, 1986). 

Variance in Dietary Intake 

The 24-hour recall is not a good method to assess the 

usual intake of an individual due to the large day-to-day 

variation in intake of individuals. However, group means do 

not vary significantly from day-to-day. Therefore, recalls 

can be used to determine the average intakes of groups 

(Freudenheim, 1993). There are three main factors that can 

be identified as contributing to the variance in dietary 

intake: 

1. Interindividual variance - the true between subject 

variance that would be known if we could precisely 

estimate a subject's usual or habitual nutrient 
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intake. 

2. Intraindividual variance - day-to-day variation; 

the variation of an individuals' intake around 

their true mean value; it can be estimated when 

dietary intakes are measured repeatedly. 

3. Measurement error - the difference between the 

observed value (using an infinite number of days) 

and the corresponding true but unknown value. 

For dietary data, this usually cannot be measured 

since there is not "gold standard" for intakes. 

When intraindividual variability is large, it may mask 

correlations or bias regressions toward zero. Large 

intraindividual variability may also be a problem when 

dietary data is used to classify individuals (e.g. as 

"high/low" or "adequate/inadequate" intake). If 

intraindividual variability is not taken into account, it is 

likely to cause misinterpretation of expected adequacy of 

the intake (Beaton et al., 1983). Intraindividual variation 

can be reduced by collecting several days of diet collection 

per subject (Sempos, 1985). Errors in the estimate of the 

mean can be reduced when the study has an adequate sample 

size. Measurement error can be decreased by monitoring 

assurance and control of data collection. 

When comparing the average nutrient intake of one group 

with another, the goal is to minimize the standard error of 
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the mean (SEM). This can be done by increasing the number 

of subjects or by increasing the number of recorded diet 

days per subject (Nelson et al., 1989). Men and women of 

different ages require a different number of days of diet 

collection to get an accurate depiction of the nutrient 

intake. The within subject variation for each nutrient can 

vary. For energy, protein, fat and carbohydrate, seven days 

of diet collection is sufficient to get an estimate of the 

mean nutrient values. For other nutrients, such as vitamin 

A and carotene, prolonged recording of diet collection is 

required and seven days of diet collection would give 

inaccurate values (Nelson et al., 1989). 
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CHAPTER 3 

METHODS AND PROCEDURES 

Data Collection and Description of the Study Population 

Three different 24-hour recall data sets from two 

separate southwestern Native American tribes were chosen for 

this assessment. Two of the data sets came from the same 

population on the White Mountain Apache reservation. To 

distinguish the two separate sets, one will be referred to 

as White Mountain Apache-A (WMA) and the other as White 

Mountain Apache-B (WMB). The third set was from the 

Hualapai Indians (HUA). 

The one-day of dietary intake from the WMA data was 

from a study of gestational diabetes. Subjects were 

recruited from the Indian Health Service Hospital on the 

White Mountain Apache Reservation in Arizona. A research 

assistant reviewed medical charts and selected women who 

were at least 3 months postpartum. Three interviewers 

collected one 24-hour recall from 114 subjects, ages 18 to 

47 . 

Six days of 24-hour recalls were collected from the WMB 

women as part of a food frequency validation study. Diet 

recalls were collected from 27 women by five interviewers. 

Dietary data collectors were White Mountain Apache women who 

were provided eight hours of training to collect 24-hour 
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recalls from other Apache women they thought would be 

willing to complete six days of dietary intake records with 

the diet collection days determined by the schedules of the 

interviewers and the participants. All interviewers were 

instructed to target women with varying ages, educational 

levels, income levels and household composition. 

Rather than use the USDA average portion sizes when 

serving sizes from both data sets from the White Mountain 

Apache were described as "small, medium, or large," meetings 

with local women were held to measure this populations 

average servings. For example, bowls of various sizes were 

placed on a table and the women were asked to pour a small, 

medium, or large serving of cereal, vegetable or other 

questionable food items. The amount portioned out was then 

measured with a measuring cup. The consumption of ethnic 

specific dishes among the White Mountain Apache presented 

another potential problem with data entry. To obtain 

recipes, cooking gatherings were held by Dr. Teufel, this 

author, and other personnel. As meals were prepared, each 

ingredient was weighed. After the entire recipe was made, 

the meal was portioned out to determine average serving 

sizes. 

Hualapai data came from a study on nutrient intake of 

obese and non-obese women (Teufel 1990). Dietary intake was 

determined by seven 24-hour recalls collected from 28 women 
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over consecutive days. The 24-hour recalls were collected 

by a single interviewer with the average interview lasting 

45 minutes. To get accurate serving sizes from the Hualapai 

women, Dr. Teufel weighed restaurant food items and other 

items not easily measured with cup measurements. She also 

gathered recipes for ethnic specific meals. 

Data Entry and Quality Control 

The 24-hour recalls from the Hualapai were coded and 

entered by the Nutrition Core staff at the University of 

Arizona. The 24-hour recalls from both the White Mountain 

Apache studies were entered by this author. The dietary 

entry program Nutritionist III was used for this purpose. 

Nutritionist Ill's data entry system eliminates hand coding 

and entering and favors a screen-based approach. 

As a form of quality control, a 15% random sample of 

recalls were recoded and entered by a second coder from the 

nutrition core staff. If differences existed, meetings of 

the data entry personnel, recall collectors, and principal 

investigators of the respective studies provided the 

opportunity to review the duplicate records and reconcile 

errors. Whenever different interpretations of a subjects' 

data set were identified, the subject's entire set was 

reviewed to provide consistency in coding. 
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Conversion to Nutrients 

Nutritionist III food code/gram weight output was 

matched to the NFCS 19 88 data base through a matching 

program developed by the Nutrition Core. Nutrients 

available were the 28 supplied in the NFCS data base, 

summarized on a per day basis. 

Assessment of the 24-Hour Recalls 

White Mountain Apache - A (WMA)_ 

The problems that occur when using the 24-hour recall 

method were prevalent in the 24-hour recalls from the WMA 

women. The reporting of alcoholic beverages was nonexistent 

in the one-day recalls from the WMA. One possibility for 

the absence of alcohol in this set of 24-hour recalls could 

be due to poor interviewing techniques. The interviewers 

may not have asked about alcohol consumption. Another 

possibility that may explain the lack of alcohol in the 24-

hour recalls could be due to the days selected for 

collection of diet recalls. The 24-hour recalls were 

collected for food consumed Sunday through Thursday with no 

recalls being obtained for food consumed on Friday or 

Saturday. It is more likely that alcohol consumption would 

occur on the weekend rather than during the week. With the 

large number of alcohol related motor vehicle accidents and 

the high rate of fetal alcohol syndrome on Indian 
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reservations, one might suspect alcohol use was under 

reported (Mahoney 1991, Johnson 1994). Also, based on 

discharge data from the IHS facilities and CDC's national 

discharge data survey, the proportion of alcohol related 

hospitalizations among Native Americans has been reported as 

2.5 times that for the total U.S. population (MMWR 1992). 

General portion sizes (ie. small, medium, large) were 

prevalent in 24-hour recalls from the WMA. Meetings were 

held with local Whiteriver females to determine the portion 

sizes of commonly consumed foods. Furthermore, many ethnic 

specific meals were consumed that do not exist in the 

Nutritionist III data base. To obtain accurate nutrient 

values, recipes for these "dishes" were gathered and used to 

code and enter these meals into Nutritionist III. 

White Mountain Apache - B (WMB) 

As with the one-day White Mountain Apache diet records, 

many WMB women used ethnic recipes for meal preparation. 

Meetings with local women were used to prepare and collect 

recipes for cultural foods so the nutrient values of these 

regional specific foods could be accurately determined. 

The WMB alcohol consumption reported is probably not an 

accurate estimate of the amount of alcohol that is usually 

consumed by most women on the reservation. The under 

reporting of alcohol could be due to the relationship 
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between and differences in social status of the data 

collectors and interviewers. Also, since the interviewers 

were instructed to find their own subjects, they may have 

chosen their friends and family. Therefore, there were 

probably a disproportionate number of subjects with shared 

beliefs about alcohol intake or with a personal motivation 

not to report heavy alcohol intake. 

Hualapai (HUA) 

The interviewer collecting the Hualapai data was very 

specific with the data collected. The documented high use 

of alcohol on reservations was supported by the recalls 

collected from the Hualapai women. The prevalent use of 

alcohol indicates that the alcohol consumption reported is 

probably accurate. To eliminate the problems with the use 

of population specific serving sizes and the use of general 

serving sizes, many of the portion sizes were weighed by the 

interviewer so that each food eaten could be accurately 

recorded. Again, recipes for ethnic dishes were recorded 

and used to determine the nutrient values of these meals. 

Data Analysis 

Most analysis functions were carried out using Stata, a 

PC based statistical package. First, descriptive statistics 

including histograms and mean nutrient values were used to 
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draw initial ideas about the three populations. Since the 

reporting of alcohol was limited in the WMB data set, and 

nonexistent in the WMA data set, the mean energy intake for 

the Hualapai was calculated with and without the alcohol. 

Since the mean energy for the population did not change 

significantly with the omission of alcohol, alcohol was left 

in when energy comparisons between the tribes were 

completed. Most of the diet collection days for all groups 

occurred in the spring and summer so seasonal variation in 

food consumption, especially fruits and vegetables and game 

meat, was not an issue between the tribes. 

Histograms were used to determine subjects with 

outlying intakes of specific nutrients. Many outlying data 

points were omitted from the calculation of mean nutrient 

intakes to avoid them from falsely pushing up the mean 

intake for that nutrient. All outliers were studied 

individually to determine if the points were truly 

"outliers" such as when one subject has an unusually large 

consumption of a particular food, or if the points 

demonstrated a sampling error or a seasonal variation in 

food consumption. Foods consumed that caused high intakes 

of certain nutrients were evaluated to see if the 

consumption of the type of food was related to the season in 

which the data was collected or to see if the age of the 

subject was related to the consumption of certain foods. 
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For each nutrient, there was at least one subject who seemed 

to have an intake of a particular food that caused her 

nutrient intake to be larger and quite different from the 

other women surveyed. Each nutrient's outlying subjects 

will be discussed, including the rational for omitting or 

including the subject in the mean nutrient calculation. 

Only one subject had a mean energy intake that stood 

out as an outlier. Hualapai subject number 0200 had a mean 

nutrient intake of 4920 kcal. This subject was not included 

in the mean energy calculation for the Hualapai tribe since 

the energy intake of this subject was high due to her large 

consumption of alcohol through the week. Alcohol was 

consumed six of the seven days of diet collection with 

intakes of regular beer ranging from 32 ounces during 

midweek up to 312 ounces on a weekend day. Although alcohol 

consumption has been reported to be high on reservations, 

Hualapai subject 0200's intake was probably not an accurate 

description of most Hualapai women's alcohol consumption 

(Mahoney, 1991, Johnson, 1994). 

The vitamin C intake for one Hualapai subject was 338 

mg (ID =1400) with the next closest level of vitamin C 

intake being 136 mg. Subject 1400's vitamin C intake was 

elevated compared to the other Hualapai women's intakes due 

to her large consumption of vitamin C fortified drinks such 

as Kool-Aid and Tang. These two beverages are the main 
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sources of most vitamin C for all the women surveyed in this 

investigation. 

The consumption of liver by one White Mountain Apache 

subject, number 106, brought up the population vitamin A 

mean by 100 IU. WMA subject 106 had a vitamin A level of 

46,360 IU (15,885 RE). Liver consumption in this population 

was evaluated through the use of a Food Frequency 

Questionnaire designed for this population, and was 

determined not to be a commonly consumed food item. 

Therefore, the subject was dropped from the vitamin A mean 

calculations. 

Hualapai subject 1400's carotene intake of 1181 RE was 

omitted from the mean carotene calculation. This subjects's 

large intake of Tang has driven up the subject's carotene 

level as it did with the vitamin C level. 

WMA data set produced a subset of six women who had 

intakes higher than the rest of the subjects. These women 

had carotene intakes ranging from 3 57 RE to 412 RE. These 

women were left in the mean carotene calculation because it 

appears there is a small group of women in the area who are 

making an effort to feed their families a better diet. Most 

of the carotene increase was due to carrots being added to 

stews or the consumption of a carrot for a snack. Those 

eating carrots were not in a select age group since these 

women ranged in age from 25-42 years. 
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The vitamin E intake of White Mountain Apache subject 

number 003 was 59 alpha-tocopherol units. The consumption 

of a 16 ounce bag of sunflower seeds by this study 

participant was the source of her high vitamin E intake. 

Since this level of vitamin E intake is not representative 

of most women's intakes, her vitamin E results were not used 

in data analysis. 

The second step was to adjust the one-day dietary data 

collected from the WMA. One day dietary data is considered 

to be unreliable since it does not account for the day-to

day variation within one person's diet. One way to account 

for the intraindividual variation is to use the model for 

unreliable data that has been widely used in the 

psychometric and statistical literature to adjust the data 

(Aicken, 1994). Adjusting the WMA data was possible since 

the WMB data set could serve as an estimate of the true 

distribution and accounts for the intra-variability. An 

estimate of the reliability of the mean for each nutrient 

was calculated from the six day WMB data. From the estimate 

of the reliability of the mean calculated from the WMB data, 

an adjusted reliability of the mean was calculated for the 

one-day data. This adjustment assumes that the perturbation 

is the same for each person, so the reliability for any 

measurement is the same regardless of the person from whom 

it came. After each subject's nutrient values were 
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adjusted, the overall mean remained unaltered but the 

standard deviation was minimized, or was altered by a 

shrinkage factor. 

The third step consisted of testing the data for 

normality. Nutrients which did not have a normal 

distribution were transformed by a method that made the data 

follow a normal distribution. Since the vitamin A and 

carotene intakes were skewed to the right, intakes of 

vitamin A (RE and IU) and carotenes were transformed by 

taking the square root of all values so that the data would 

have a normal distribution. 

The fourth step was to adjust for the age differences 

between the three data sets. Regression analysis was used 

to determine if age was a factor in determining nutrient 

intake. The age adjusted data was used to find significant 

differences in nutrient intake between data sets. For each 

statistical test, significance was defined as an alpha level 

of less than 0.05. 

The Continuing Survey of Food Intakes by Individuals 

(CSFII) for low income women was selected to make 

comparisons to these southwestern Native American tribes. 

This National Food Consumption survey was chosen because it 

supplies nutrient data based on multiple days of diet 

collection and is based on low income women which is the 

income status of most Native Americans (Freeman 1989). The 
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CSFII publication presents 4-day dietary data collected on 

nonconsecutive days from April 1985 to March 1986 for low 

income women 19-50 years of age. The survey used 24-hour 

recalls collected by the U.S. Department of Agriculture. 

Nutrient data is presented as mean per individual per day by 

age and as nutrient intakes at selected percentiles by age. 

The CSFII for low income women reported the intake values at 

the 5, 10, 50, 75 and 90 percentiles. To handle comparisons 

between data reported as percentiles, deciles of intakes of 

the CSFII data were interpolated using regression. The 

White Mountain Apache data and Hualapai data were also 

broken down by the two age groups and according to the 

intake levels dictated by the CSFII data. The percentage of 

Native American women that fell within each CSFII decile was 

calculated for each nutrient. 

To evaluate the Hualapai and the White Mountain Apache 

subjects' ability to meet the Recommended Dietary Allowance 

(RDA) for the specified nutrients, nutrient intake means 

were calculated as percentages of the RDA. Since the RDA is 

set two standard deviations higher than the calculated 

estimated needs so as to meet the needs of most (98%) 

individuals, it is important to determine the number of 

women who consumed at least 7 0% of the RDA as well as those 

who are able to consume 100% of the RDA (Recommended Dietary 

Allowances, 1989). 
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A separate analysis was conducted to determine the 

fruit and vegetable consumption in these groups. Each diet 

recall day was reviewed and the number of fruit and 

vegetable servings counted. Fruit and vegetable servings 

included fruit juices, but did not include white potatoes or 

tomato sauces. Also, the number of days with the 

consumption of any fruits or vegetables was counted. The 

percentage of days with fruit or vegetables consumed out of 

the total number of days collected for each data set was 

calculated. Also, servings sizes were summed and the 

average serving size per day was calculated. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Age Differences 

The mean ages between the groups were significantly 

different (table 6). To adjust for the age differences, 

multiple regression analysis was used to compare the mean 

nutrient intakes. By using multiple regression analysis, 

differences in nutrient intake can be determined without the 

differences in intake due to the age differences between 

tribes confounding the results. 

Research Objective One 

The first objective was to compare the intakes of 

specific micronutrients (vitamins A, C, E, folate, and 

carotenes) of these southwestern Native American tribes to 

each other. The average nutrient intake for each nutrient 

was calculated, and a summary of the results is reported in 

table 7. The matching subscripts within the same row show 

the nutrients in which the intakes are significantly 

different (p<_.05). 

The energy intake by the Hualapai was significantly 

greater than the kilocalorie intake by either WMA (p=.004) 

or WMB (p=.022). Most of the difference in energy intake of 

the Hualapai was due to their increased consumption of total 



Table 6 

Age Distribution Among Hualapai and 

White Mountain Apache women in study sample 

HUA WMA WMB 

Age n % n % n % 

16-19 2 7 4 3.5 2 7.4 

20-29 17 61 48 42.1 9 33.3 

30-39 9 32 54 47.4 7 26 

40-49 0 0 8 7 3 11.1 

50-59 0 0 0 0 2 7.4 

60-69 0 0 0 0 3 11.1 

70-79 0 0 0 0 1 3.7 

n 38 114 27 

mean 26.5 * 30.4* 37.5 * 

std. dev. 5.3 6.3 16.7 

* significant difference at p=.05 using Student's t-test 



Table 7 

Mean (std. dev.) Nutrient Intakes based on dietary recalls 

NUTRIENT HUA WMA WMB 

n=28 n=l 14 
r-cs II c
 

ENERGY (kcal) 2379 (730) ab 1937 (484) a 1850 (519)b 

ENERGY (no ETOH) 2256 (569) ab 1937 (484) a 1817 (485)b 

TFAT (g) 92.0 (22.7) ab 78.2(17.6) a 72.5 (25.6) b 

CARB (g) 283 (78.8) ab 235.0 (62.9) a 227.1 (66.9) b 

PROTEIN (g) 72.5(17.2) 75.2 (34.5) a 66.1 (18.5) a 

FOLACIN (ug) 249(113) 250 (87.5) 206 (93.4) 

VITAMIN C (mg) 79.5 (58.2) 68.6 (59.3) 63.0 (40.5) 

VITAMIN E (a-te) 9.72 (3.55) a 9.25 (2.39) 6.37 (4.14) a 

CAROTENE (RE) 243.9(134.2) a 339 (81.0) a 107(78.1) a 

VIT A (RE) 664 (337)a 980 (339)a 452 (236)a 

VIT A (IU) 3858 (2020)a 5400(1651) a 2205(1139) a 

within the same row, values with matching superscripts are significantly 

different from each other at p=.05 using regression 
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fat which was also significantly greater than the total fat 

intake by the WMA and WMB. Furthermore, the Hualapai's 

carbohydrate intake was significantly greater than the 

carbohydrate intake of the WMA and WMB which also 

contributed to the greater energy intake by the Hualapai. 

Unfortunately, due to poor diet collection methods, the 

White Mountain Apache energy intake for both data sets may 

be underestimated. Contributing to the underestimation of 

energy intake for the White Mountain Apache tribes is the 

lack of reported alcohol consumption (0% for WMA and 7.4% of 

WMB subjects). Also, the prevalent use of servings sizes 

being described as "small", "medium", or "large" forced data 

entry personnel to use estimated serving sizes for that 

population. 

The intakes levels of vitamin C and folate did not vary 

significantly among the three data sets. Mean folate intake 

ranged from 206^93.45 for the to 250+_87.5 \xg for WMA. 

Intake of vitamin C was 63^40.5 mg for WMA, 68.6+31.4 mg for 

WMB and 79.5^32.3 mg for the Hualapai. The main sources of 

vitamin C for these Native American females comes form Kool-

Aid, Tang, and other fortified drinks. 

Vitamin A and carotene intakes were significantly 

different among all three sets of 24-hour recalls. It is 

surprising that the vitamin A and carotene intakes varied 

significantly from each other since the intake of these 
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nutrients have large intraindividual variability in intake 

(Willett, 1990). The WMA had the largest mean intake of 

vitamin A and carotenes which could reflect the strong day-

to-day variation in vitamin A and carotene intakes due to 

the collection of only one-day of dietary data. The WMB and 

Hualapai with multiple days of diet collection were more 

likely to capture the day-to-day variation that exists for 

these two nutrients. It was surprising that the two White 

Mountain Apache data sets, which were collected from the 

same population, had drastic differences in vitamin A and 

carotene intakes. In addition to the day-to-day variations 

in intake of these nutrients, differences in the intake of 

these nutrients could be due to the age differences among 

the two data sets. The older WMB women may be consuming 

smaller portion sizes contributing to the lower nutrient 

intake (Basiotis et al., 1989). Also, the younger subjects 

may have been more receptive to the educational programs 

related to increasing nutrient dense foods in the diet. 

Furthermore, they may have children in the home which could 

make them eligible for WIC supplements and commodity foods. 

The consumption of carrots was the main source of vitamin A 

and carotene intake. 

WMB's vitamin E mean intake of 6.37+4.14 a-te was 

significantly less than both the WMA (p=0.00) and the 

Hualapai (p=.001). WMA's intake was not different from the 
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Hualapai's intake. As mentioned above, the characteristics 

associated with older women such as smaller portion sizes 

and a less receptive attitude towards new nutritional ideas 

may contribute to the differences among the WMA and WMB data 

sets. One of the main sources of vitamin E was from 

sunflower seeds. 

The only nutrients which did not have significant 

differences in intakes among the three data sets were folate 

and vitamin C. Since the other micronutrients selected to 

compare the data sets were significantly different from each 

other, the three data sets could not be combined to form one 

large data set representing the micronutrient intake of 

"Southwestern Native Americans." 

Research Objective 2 

The second objective was to compare the nutrient intakes 

of the White Mountain Apache and Hualapai women to a 

national sample. The CSFII was the reference population 

selected to compare the intakes of the Native American women 

in this study. By breaking down the CSFII for low income 

women data into deciles of intake and also distributing the 

Hualapai, WMA and WMB intake values among the deciles 

determined by the CSFII data, comparisons could be made. 

Table 8 shows the number of Native American subjects within 

each CSFII decile. 



Table 8 

Comparison of the Hualapai and White Mountain 

Apache to the Continuing Survey of Food intakes 

of Individuals by deciles of intake 

Energy 

Percentile CSFD % HUA % WMA % WMB % 

0-10 10 0 0 0 

10-20 10 3.57 0.88 0 

20-30 10 0 3.51 3.7 

30-40 10 0 5.26 3.7 

40-50 10 0 5.26 3.7 

50-60 10 7 . 1 4  7.02 14.81 

60-70 10 3.57 12.28 1 1 . 1 1  

70-80 10 17.86 17.54 14.81 

80-90 10 17.86 23.68 25.93 

90-100 10 50 24.56 22.22 

Carbohydrate 

Percentile csFn% HUA % WMA % WMB % 

0-10 10 0 0 0 

10-20 10 3.57 0.88 3.7 

20-30 10 0 2.63 3.7 

30-40 10 0 7.89 0 

40-50 10 0 3.51 0 

50-60 10 10.71 6.14 7.41 

60-70 10 0 13.16 18.52 

70-80 10 21.43 26.32 25.93 

80-90 10 28.57 33.33 33.33 

90-100 10 35.71 6.14 7.41 



Total Fat 

Percentile CSFII % HUA % WMA % WMB % 

0-10 10 0 0 0 

10-20 10 0 0 0 

20-30 10 3.57 0.88 7.41 

30-40 10 3.57 3.51 3.7 

40-50 10 0 5.26 7.41 

50-60 10 3.57 10.53 22.22 

60-70 10 10.71 9.65 3.7 

70-80 10 0 19.3 18.52 

80-90 10 35.71 25.44 14.81 

90-100 10 42.86 25.44 22.22 

Vitamin A (IU) 
Percentile CSFII % HUA % WMA % WMB % 

0-10 10 0 0 0 

10-20 10 10.71 0 29.63 

20-30 10 3.57 0 22.22 

30-40 10 10.71 0 22.22 
40-50 10 14.29 0 7.41 

50-60 10 21.43 0 7.41 
60-70 10 14.29 18.42 3.7 

70-80 10 3.57 49.12 0 

80-90 10 21.43 32.46 7.41 

90-100 10 0 0 0 



Vitamin A (RE) 

Percentile CSFH % HUA % WMA % WMB % 

0-10 10 0 0 0 

10-20 10 10.71 0.88 18.52 

20-30 10 3.57 0 11.11 

30-40 10 7.14 0 29.63 

40-50 10 25 0.88 14.81 

50-60 10 10.71 2.63 1 1 . 1 1  

60-70 10 17.86 18.42 3.7 

70-80 10 7.14 29.82 3.7 

80-90 10 14.29 42.98 7.41 

90-100 10 3.57 4.39 0 

Carotene 

Percentile CSFH% HUA % WMA % WMB % 

0-10 10 3.57 0 7.41 

10-20 10 7.14 0 44.44 

20-30 10 7.14 0 7.41 

30-40 10 3.57 0 7.41 

40-50 10 7.14 0 3.7 

50-60 10 3.57 0.88 7.41 

60-70 10 17.86 0.88 7.41 

70-80 10 28.57 24.56 14.81 

80-90 10 21.43 73.68 0 

90-100 10 0 0 0 



Vitamin E 

Percentile CSFTI % HUA % WMA % WMB % 

0-10 10 3.57 0.88 7.41 

10-20 10 0 0 1 1 . 1 1  

20-30 10 0 0.88 14.81 

30-40 10 3.57 0 3.7 

40-50 10 7.14 0.88 7.41 

50-60 10 10.71 0.88 7.41 

60-70 10 10.71 7.02 25.93 

70-80 10 28.57 37.72 1 1 . 1 1  

80-90 10 35.71 51.75 1 1 . 1 1  

90-100 10 0 0 0 

Vitamin C 

Percentile CSFII % HUA % WMA % WMB % 

0-10 10 0 0 3.7 

10-20 10 3.57 0.88 7.41 

20-30 10 3.57 7.02 7.41 

30-40 10 7.14 14.91 25.93 

40-50 10 7.14 16.67 1 1 . 1 1  

50-60 10 10.71 16.67 1 1 . 1 1  

60-70 10 14.29 16.67 0 

70-80 10 53.57 27.19 33.33 

80-90 10 0 0 0 

90-100 10 0 0 0 



Folacin 

Percentile csra% HUA % WMA % WMB % 

0-10 10 3.57 3.51 0 

10-20 10 3.57 0 0 

20-30 10 0 0 22.22 

30-40 10 10.71 0.88 3.7 

40-50 10 3.57 1.75 7.41 

50-60 10 3.57 5.26 7.41 

60-70 10 7 . 1 4  23.68 22.22 

70-80 10 53.57 38.6 18.52 

80-90 10 14.29 26.32 18.52 

90-100 10 0 0 0 
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Greater than 85% of the Native Americans surveyed had 

energy, fat, and carbohydrate intakes equal or greater than 

the intakes of these nutrients at the fiftieth percentile of 

the CSFII low income data. 

Vitamin E intakes of the Hualapai and WMA were similar. 

Most of the subjects had intakes between the seventieth and 

ninetieth percentiles of the CSFII data. The WMB had 

intakes almost evenly distributed between the top and bottom 

fiftieth percentile of the CSFII data. 

Greater than 7 8 percent of the Hualapai women had 

vitamin C intakes equal or greater than fiftieth percentile 

of intake for the low income women surveyed in the CSFII 

with 54 percent of the women having intakes between the 

seventieth and eightieth percentiles. The WMA and WMB both 

had intakes that were nearly evenly distributed between the 

thirtieth and seventieth percentiles of the CSFII data. 

However, overall intake was higher for WMA with 60% of the 

subjects having intake greater than the fiftieth percentile, 

while WMB had 56% of their subjects below the fiftieth 

percentile. 

Most women in these studies had folacin intakes that 

were greater than the women surveyed in the CSFII, with many 

of the subjects having intakes within the sixtieth and 

eightieth percentiles of the CSFII low income data. 

Intakes of vitamin A and carotenes varied between the 
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Native American groups and CSFII data. The Hualapai vitamin 

A intakes were fairly evenly distributed among the deciles 

of CSFII intakes. Their carotene intakes were not evenly 

distributed; over 70% had intakes greater or equal to the 

fiftieth percentile. The WMA had intakes of vitamin A in 

which all of the subjects had intakes greater than the 

sixtieth percentile, and all of the subjects had carotene 

intakes between the fiftieth and ninetieth percentiles. 

WMB's dietary data was quite different from WMA's dietary 

data. Greater than 85% of the subjects had intakes in the 

bottom fiftieth percentile for vitamin A intake. Their 

carotene intake was not much different; over 7 0% of the 

subjects had intakes below the fiftieth percentile. 

It appears that the Hualapai, WMA, and WMB have 

nutrient intakes that were at least equal if not greater for 

vitamin C, vitamin E, and folate than U.S. low income women. 

Intakes of vitamin A and carotenes varied among the data 

sets. However, the Hualapai and WMA intakes of these 

nutrients were at least similar or greater than the CSFII 

low income data. The only nutrients which were not reported 

to be greater than the CSFII for low income women were 

vitamin A and carotenes in the WMB data set. 

Objective 3 

The goal of the third research objective was to compare 
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the micronutrients associated with cervical cancer risk to 

the RDA for these nutrients. To assess nutrient intakes in 

relation to the RDA, nutrient intakes were expressed as 

percentages of the 1989 RDA. The percentage of subjects 

consuming less than 70% of the RDA, between 70% and 99% of 

the RDA, and greater than 100% of the RDA are shown in table 

9. 

The data sets varied in their ability to meet the RDA 

for vitamin A. The Hualapai had over 46% of the subjects 

consuming less than 70% of the RDA. The WMA had over 70% of 

the women exceeding the RDA whereas the WMB had 74% of the 

subjects who were unable to attain 70% of the RDA. 

Over 80% of the Hualapai and WMA were able to meet at 

least two-thirds the RDA for vitamin C, while approximately 

60% of the WMB subjects met two-thirds the RDA for vitamin 

C. 

Vitamin E intake was adequate for all 'the WMA women and 

most of the Hualapai women. However, almost 60% of the WMB 

subjects were unable to meet 7 0% of the RDA for vitamin E. 

Ninety-six percent of the Hualapai and 100 % of the WMA 

were able to meet 7 0% of the folate requirements. Seventy 

percent of the WMB were able to consume 70% of the RDA for 

folate. 

It appears that most of the Hualapai and WMA subjects 

have adequate diets of the nutrients selected (except the 
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Table 9 

Percentage of Native American Adult Females Who Met the 

1989 Recommended Dietary Allowances (1987-1988) * 

1989 RDA Hualapai WMA WMB 

Vitamin A 

<70% 

70-99% 

>100% 

800 meg RE 

46.4 

28.6 

25.0 

0.0 

29.8 

70.2 

74.1 

18.5 

7.4 

Vitamin C 

<70% 

70-99% 

>100% 

60 mg 

14.3 

17.9 

67.9 

16.7 

35.1 

48.2 

37 

22.2 

40.7 

Vitamin E 

<70% 

70-99% 

>100% 

8 mg 

7 . 1  

32.1 

60.7 

0.0 

32.5 

67.5 

59.3 

32.2 

18.5 

Folate 

<70% 

70-99% 

>100% 

180 meg 

3.6 

14.3 

82.1 

0.0 

9.6 

90.4 

29.6 

1 1 . 1  

59.3 

* National Research Council. Recommended Dietary Allowances, 10th Ed. 

Washington, D.C: National Academy Press, 1989 
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HUA's vitamin A intake) as determined by their ability to 

meet 70% of the RDA. A larger number of the WMB subjects 

did not consume an adequate amount of the nutrients 

discussed. 

Objective 4 

The fourth research objective compared cancer rates of 

the Hualapai and White Mountain Apache to those of other 

national groups. National statistics of Native American 

Cancer incidence and mortality do not exist. Becker et al. 

(1992) used the New Mexico Tumor Registry to evaluate 

cervical cancer incidence from 1970 to 1987. They 

determined the incidence of invasive cervical cancer 

adjusted for age for American Indian women was 22.0 per 

100,000 (Key et al., 1981). This rate is double the rate of 

non-Hispanic whites (10.3 per 100,000) (Horm et al., 1984). 

From cervical cancer rates within the Phoenix region 

determined by the IHS, the cancer mortality rate during 

1984-1988 was 3.8 per 100,000 for Native Americans compared 

to 1.7 per 100,000 for the U.S. rate (Valway, 1991) . The 

IHS data also indicate that these southwestern Native 

Americans have a cervical cancer mortality rate that is 

double the rate for the rest of the population. 
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Research Objective 5 

The fifth research objective discussed the fruit and 

vegetable intake of the Hualapai and the White Mountain 

Apache. Table 10 presents a summary of the results. The 

WMA data set had 47 percent of the 24-hour recalls without 

any fruits or vegetables being consumed. When the number of 

servings were averaged by the total number of days of diet 

collection, the average serving was .5 servings per diet 

collection day. The WMB data set had 58 percent of the diet 

recalls without the recording of any fruits or vegetables. 

The average serving per 24-hour recall collected was 

calculated to be .46 servings per day. Finally, the 

Hualapai also had 58% of the diet recall days without any 

fruits or vegetables being eaten on the recall day. The 

average intake was .46 servings per day. From the low 

number of days with fruit and vegetable consumption, plus 

the small serving sizes of fruits and vegetables consumed by 

the Hualapai, WMA, and WMB, it can be stated that most of 

their micronutrient intake is not coming from fruit and 

vegetable sources. Much of the micronutrient intake is 

coming from vitamin fortified beverages and from foods which 

contain small amounts of these micronutrients. 

Objective 6 

The final research objective compared micronutrient 



Table 10 
Intake of fruits and vegetables among 
Hualapai, White Mountain Apache-A 

and White Mountain Apache-B 

HUA WMA WMB 

Percent of days 
with no servings 58 47 58 

average serving per 
total number of days 0.45 (.81) 0.5 (.78) 0.46 (.75) 

() Standard Deviation 
fruits and vegetables category includes fruit juices 
but does not include white potatoes or tomato sauces 
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values and fruit and vegetable consumption of these Native 

American women to other studies of cervical cancer and 

dysplasia. Four other studies of cervical cancer and 

dysplasia were selected to put the actual micronutrient 

intake values and the fruit and vegetable serving sizes into 

perspective. A summary of the micronutrient intakes for 

these additional studies are presented tables 11 and 12, and 

a summary of the fruit and vegetable serving sizes is in 

table 13. 

Herrero et al. (1991) completed a case-control study to 

assess certain elements in the diet and invasive cervical 

cancer in Latin American women. Food frequency 

questionnaires (FFQ) were used to determine the frequency of 

consumption of items in each group and to determine daily 

micronutrient values. Quartiles of consumption of food 

groups or nutrients were based on the distribution among the 

controls and tests for trends were performed for each 

quartile. His study found significant differences in 

micronutrient intakes of the cases and controls for vitamin 

C and beta-carotene. The average serving size of fruits and 

vegetables was 8.82 servings per day. Food group analysis 

showed consumption of fruit juices to be associated with 

decreased risk for cervical cancer. 

Studies by Verreault et al. (1989) and Ziegler et al. 

(1990) shared similar methodology to the Herrero et al. 



Table 11 

Nutrient intakes among Native Americans based on dietary recalls 

NUTRIENT 

HUA WMA WMB Buckley 

cases 

* 

controls 

ENERGY (kcal) 2379 (730) 1937 (484) 1850 (519) 2405 2247 

TFAT(g) 92.0 (22.7) 78.2(17.6) 72.5 (25.6) 104 89.9 

CARB (g) 283 (78.8) 235.0 (62.9) 227.1 (66.9) 276.6 275.3 

PROTEIN (g) 72.5 (17.2) 75.2 (34.5) 66.1 (18.5) 84.2 84.2 

FOLACIN (ug) 249(113) 250 (87.5) 206 (93.4) 248(147) 299(216) 

VITAMIN C (mg) 79.5 (58.2) 68.6 (59.3) 63.0 (40.5) 156(187) 206(180) 

VITAMIN E (a-te) 9.72 (3.55) 9.25 (2.39) 6.37 (4.14) 9.84 (6.48) 10.6 (7.86) 

CAROTENE (RE) 243.9(134.2) 339(81.0) 107(78.1) 330 (649) 249(311) 

VIT A (RE) 664 (337) 980 (339) 452 (236) 448 (384) 499 (630) 

VIT A (IU) 3858 (2020) 5400(1651) 2205(1139) — 
— 

() standard deviation 

* Buckley, J. Nutr Ca 1992;17:179-185 

— missing information 



Table 12 

Nutrient intakes among other ethnic groups 

Herrero 1 Verreault #2 Ziegler # 3 

NUTRIENT cases controls 

ENERGY (kcal) 2588 (959) 2529 (851) — — 

TFAT (g) 37.6 (22) 38.2(19) — — 

CARB (g) 463.8 (177) 451.0(166) — — 

PROTEIN (g) 99.3 (39) 96.4 (35) — — 

FOLACIN (ug) — — 182 230 

VITAMIN C (mg) 227.1 (140)a 247.0 (137)a 45.3 146 

VITAMIN E (a-te) — — 4 — 

CAROTENE (RE) 341 (221)a 373 (219)a 276 468 

VIT A (RE) 227 (297)* 217 (272)* 71 1095 

VIT A (IU) ... — — — 

() standard deviation a = significant difference at p<.05 

* retinol only — missing information 
1 Herrero, R. Am J Epi 1990; 134:1335-1346 
2 Verreault, R. Int J Ca 1989;43:1050-1054 

3 Ziegler, R. Am J Epi 1990;132:432-445 



Table 13 

Average number of fruit and vegetable servings per day 

in studies related to cervical dsyplasia and carcinoma 

HUA WMA WMB Ziegler 1 Herrero 2 Verreault 3 

METHOD RECALL RECALL RECALL FFQ FFQ FFQ 

POPULATION NATIVE NATIVE NATIVE WHITE LATIN WHITE 

AMERICAN AMERICAN AMERICAN AMERICAN 

NUMBER OF 

SERVINGS 

PER DAY 045 050 046 436 8JS2 3.00 

FFQ servings are the median quartile value 

1 Ziegler, R. Am J Epi 1990;132;432-445 

2 Herrero, R. Am J Epi 1991;134:1335-1346 

3 Verrealult, R. Int J Ca 1989;43; 1050-1054 
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(1991) study. Verreault et al. (198 9) evaluated white women 

in the Seattle area and found an inverse relationship 

between vitamin C intake and risk of cervical cancer. They 

also determined vitamin E was related to decreased risk. 

Food grouping analysis showed the consumption of dark green 

and yellow vegetables and fruit juices was associated with 

reduced risk of cervical cancer. The average serving size 

per day for the women in this study was three. The third 

study, by Ziegler et al. (1990), used white women to assess 

micronutrient intake and decreased cervical cancer risk. 

They found no reduction in risk with the increased 

consumption of carotenes, vitamin A, vitamin C, and folate 

or by increased consumption of fruits and vegetables. Their 

average fruit and vegetable intake was 4.36 servings per 

day. 

The final study chosen to evaluate more closely was the 

Buckley et al. (1992) study which used Native Americans in 

New Mexico as subjects. One 24-hour recall was collected 

per subject. This study, being only a pilot study for the 

development of a FFQ, was small (42 cases, 58 controls) and 

had large variances for each micronutrient due to only one 

day of diet collection. Student's t-test was used to 

determine significant differences between means for case and 

control groups. None of the differences in means of vitamin 

C, folate, vitamin E, vitamin A or carotenes was 
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significant. Although this study had many shortcomings, it 

was important to include this study since it assessed Native 

American women in the southwest region. 

When the average servings per day of fruits and 

vegetables among the Native American women in this project 

and the women in the other studies were more thoroughly 

evaluated, it became clear that the source of the 

micronutrients may have a bigger role than the actual 

micronutrient intake value. Fruits and vegetables are good 

sources for vitamins A and C, folate, and carotenes. They 

also contain phytochemicals which may be anticarcinogenic 

themselves or act synergistically with the micronutrients to 

have anticarcinogenic effects. The average serving of 

fruits and vegetables for the Hualapai, WMA, and WMB was 

about a half a serving per day. The average serving size of 

fruits and vegetables in the other studies evaluated ranged 

from three to over eight servings per day. 

Since fruits and vegetables contain other chemicals in 

addition to micronutrients, these components can be assayed 

as another way to measure fruit and vegetable intake. 

Examples of fruit and vegetable components which can be 

measured in blood serum include flavonoids, coumarins, 

lycopene, and limonoids. Flavonoids are found in many 

fruits and vegetables including carrots, citrus fruits, and 

tomatoes. Coumarins could be measured to indicate the 



92 

consumption of carrots and citrus fruits. The intake of 

tomatoes can be measured by lycopene, and limonoids can 

serve to measure citrus fruits in the diet (Bittman and 

Willoughby, 1992). 

After further assessing the actual micronutrient values 

and fruit and vegetable servings compared to the case-

control studies of cervical cancer and dysplasia, the intake 

of vitamin C became of interest. The Hualapai, WMA, and WMB 

all had mean vitamin C intakes that met 100 percent of the 

RDA. Furthermore, when their vitamin C intakes were 

compared to the CSFII low income women, their intake was 

equal if not greater than other low income women due to the 

intake of Tang and Kool-Aid which are vitamin C fortified 

beverages. Therefore, the vitamin C intake of the Native 

American women in this study seems to be at an adequate 

level. The mean vitamin C intakes of the subjects in the 

studies by Herrero et al. (1991), Ziegler et al. (1990), and 

Buckley et al. (1992) were all much greater than the RDA for 

vitamin C as well as the intakes by the Hualapai, WMA, and 

WMB. Although the subjects in the Verreault et al. (1989) 

study had a median intake of approximately only two-thirds 

the RDA, there was a case-control difference between the 

first and fourth quartiles of intake. 

Two possibilities will be considered to explain vitamin 

C's possible role in cancer prevention. One possibility is 
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the importance of obtaining vitamin C from fruit and 

vegetable sources as discussed above. The second possible 

explanation is in order for vitamin C to be protective 

against cancer, intakes greater than the RDA may be 

required. The RDA is set to maintain body weight and 

prevent depletion of the nutrient from the body. Perhaps 

intakes above the RDA are required for it to be 

anticarcinogenic since all of the other studies that were 

discussed in more detail had vitamin C values ranging from 

two to four times the RDA with the exception of the study by 

Verreault et al. (1989) . Furthermore, the cancer prevention 

guidelines suggest intakes of 125 mg of vitamin C for non-

smokers and 250 mg for smokers. The Native American women 

surveyed had intakes that were 50-64% of the suggested 

cancer prevention guidelines for non-smokers. 



CHAPTER 5 

94 

FINDINGS AND RECOMMENDATIONS 

Restatement of the Hypothesis and Exploratory Questions 

The first exploratory question asked whether the three 

data sets were similar to each other in order to determine 

if there is a standard pattern of micronutrient intake among 

southwestern Native American females as represented by these 

two tribes. As reported in Chapter 4 (research objective 1) 

there were some micronutrients in which there were no 

differences, and other micronutrients in which significant 

differences were found. The intakes of vitamin C and 

folate did not vary greatly between the data sets. However, 

the intakes of vitamin A and carotene differed significantly 

among all groups. Finally, WMB's vitamin E was 

significantly different from the WMA and Hualapai data sets. 

Therefore, the three data sets differed enough that they 

could not be combined to provide one data set to represent 

micronutrient values of "Native Americans of the Southwest." 

The second exploratory question asked whether the 

Native American women surveyed were able to meet the RDA for 

the selected nutrients which have been associated with 

increased cervical cancer risk. Since nutrient intakes were 

different from each other, each data set must be discussed 

individually. The Hualapai did quite well at meeting 70% of 
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the RDA. Eighty-five percent of the subjects met or 

exceeded 70 percent of the RDA for the selected nutrients. 

Vitamin A was the nutrient with the greatest number of 

subjects not obtaining 70 percent of the RDA (35.7%). The 

WMA met at least 70 percent of the RDA for all nutrients 

selected except vitamin C. However, over 80 percent of the 

subjects were still able to exceed 70 percent of the RDA for 

vitamin C. Finally, the WMB were the least effective in 

meeting the RDA guidelines. Over 70 percent of the subjects 

from the WMB were unable to meet 70 percent of the RDA for 

vitamin A, and almost 60 percent did not meet 70 percent of 

the RDA for vitamin E. Lastly, about a third of the 

subjects were unable to meet 70 percent of the RDA for 

vitamin C and folate. Overall, most of the Native Americans 

surveyed had adequate intakes for the selected nutrients 

according to their ability to obtain more than two-thirds 

the RDA for those nutrients. 

The final exploratory question asked how the 

micronutrient intake values and fruit and vegetable 

consumption of the Hualapai and White Mountain Apache 

compared to other case-control studies of cervical cancer 

and dysplasia. The Hualapai and White Mountain Apache had 

average combined fruit and vegetable intakes of 

approximately .5 serving per day. Other case-control 

studies had intakes ranging from three to over eight 
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servings per day. Therefore, the source of micronutrients, 

especially from fruits and vegetables, may play a role in 

cervical cancer prevention. Fruits and vegetables contain 

other nonnutritive components which may be anticarcinogenic 

themselves or work in conjunction with the micronutrients 

associated with decreased cervical cancer risk. When 

comparisons were made to the actual nutrient intake values 

for micronutrient associated with decreased cervical cancer 

risk, the Hualapai and White Mountain Apache had intakes for 

vitamin A, vitamin E, folate and carotene that were within 

the ranges of the other studies. However, these Native 

Americans had intake levels for vitamin C that were two to 

four times lower than most of the other studies. Although 

their average vitamin C intake met the current RDA for 

vitamin C, this level of intake may not be high enough to 

prevent cancer. 

The main hypothesis of this investigation stated that 

Native Americans would have low intakes for vitamin A, C and 

E, folate and carotenes since they have high cervical cancer 

rates. Although the nutrient data in this study does not 

support the hypothesis as demonstrated in the second 

research objective, low micronutrient intake cannot be 

discounted as a contributor to cancer. The source of the 

micronutrients may play an important role. Since fruits and 

vegetables are a main source of the micronutrients 
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associated with cervical cancer, low fruit and vegetable 

consumption may be responsible for some of the increase in 

cervical cancer risk. Fruits and vegetables not only 

contain the micronutrients of interest, but they have 

nonnutritive substances that have also been associated with 

anticarcinogenic activity. Perhaps its the nonnutritive 

phytochemicals that reduce cervical cancer risk, or the 

combination of micronutrients and nonnutritive components 

that protect from cervical cancer. 

Recommendations 

The recommendations for future studies can be 

classified as intervention recommendations and methodologic 

recommendations. 

Intervention Recommendation 

Education programs to encourage increased fruit and 

vegetable consumption should be introduced. Increasing 

fruit and vegetable consumption may be helpful in preventing 

cancer as well as other health problems the Native Americans 

are experiencing such as diabetes and heart disease. 

Methodological Recommendations 

The methodologic suggestions are not new ideas. 
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However, these research flaws continue to occur resulting in 

data that cannot produce significant results. 

1. 24-Hour Recalls 

It became clear early in this research project that 

there was a need for multiple days of diet records. The day 

to day variation within one subject is great and creates 

overall variance which makes it difficult to find 

significant results. Therefore, one day of diet collection 

is not advised for this type of research. The one-day data 

underwent a "shrinkage" process which was effective at 

reducing the standard deviation. However, multiple days of 

24-hour recalls would be a better way to reduce the standard 

deviation. 

Two of the data sets, WMA and WMB, were from the same 

tribe, same reservation and derived from dietary data 

collection that occurred during the same time of year, but 

they produced results for vitamin A, carotenes, and protein 

that were significantly different from each other. Part of 

the differences may be attributed to age differences among 

the two groups. The younger WMA women may have children at 

home and may receive supplements from Women, Infants and 

Children (WIC) plus may receive other commodity foods. 

These additional sources of food could partly be responsible 

for the differences between the two White Mountain Apache 

data sets. Furthermore, the older WMB women may be 
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consuming smaller portion sizes which may also contribute to 

the differences in their nutrient intake values among the 

White Mountain Apache data sets. These differences brought 

to attention the importance of training all interviewers a 

standardized way to solicit dietary data. Probing questions 

need to be asked to be sure all food consumed was recorded 

and that accurate serving sizes are being reported. Study 

subjects should be of the same age range, race, 

socioeconomic class, and have similar social histories so as 

not to introduce confounding effects of these variables. 

2. Other Recommendations 

Future studies should have data sets with a larger 

number of subjects than the Hualapai and WMB data sets. A 

larger number of subjects would increase the statistical 

power and increase the likelihood of getting statistically 

significant results if the nutrient intakes are different. 

Studies should also have anthropometric measurements for all 

subjects and the age range of the subjects should be limited 

so as not to introduce more sources of variability. 

Furthermore, micronutrient intake specifically from 

fruit and vegetable sources should be assessed in relation 

to cervical cancer risk on a tribe specific basis due to the 

variability between tribes. In addition to dietary data 

collection through 24-hour recalls or FFQs, serum values for 
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the micronutrients associated with cervical cancer risk plus 

other components found only in fruits and vegetables should 

be obtained as an additional way to assess fruit and 

vegetable consumption. 



APPENDIX A 

Serving Size Assumptions 

Beans (lima or pinto) 
small = 1 cup 
medium = 1.5 cups 
large = 3 cups 

Cereal 
small = 1.25 cups 
medium = 2.5 cups 
large = 5 cups 

Dumplings 
1 dumpling = 1 small tortilla (made without lard) 
1 serving = 2 dumplings 

Gravies made with meat drippings 
small = .24 cup 
medium = .5 cup 
large = 1 cup 

Hamburger and Rice (and other composite meals) 
small = 1 cup 
medium = 1.5 cups 
large = 3 cups 

Homemade Fried Potatoes 
small = .5 cup 
medium = 1.5 cups 
large = 2 cups 

Vegetables 
small = .75 cups 
medium = 1 cup 
large = 1.5 cups 



APPENDIX B 

Recipes 

Acorn Stew 
1 cup = 

2 9.4 grams beef-blade 
177.75 grams water 
5.22 grams pumpkin seeds 
1.72 grams chestnuts 
1 gram lard 

Beans with Bacon 
1 cup = 

13 5 grams cooked pinto beans 
16.8 grams cooked bacon 

Beans with Hamburger or Beans not specified 
1 cup = 

142 grams cooked pinto beans 
19.7 grams fried hamburger 

Beans with Lard 
166 grams cooked pinto beans 
6.15 grams lard 

Beef Stew 
1 cup = 

2.79 grams cooked beef 
1.31 grams cooked carrots 
1.79 grams boiled potatoes 
1.14 grams tomato sauce 
1.61 grams cooked noodles 

Dumpling = 1 small tortilla without lard 

Dumpling with Meat 
.5 cup ground beef per dumpling 

Eggs and Potatoes 
1 cup = 

98 grams potatoes 
54 grams scrambled eggs 
.11 cups lard 

1 serving = 
78 grams potatoes 
46.5 grams scramble egg 
.09 cups lard 



Fry Bread with lard 
small (9") 

50.6 grams flour 
3.45 grams non-fat dried milk 
7.17 grams lard 

medium (10.25") 
67.5 grams flour 
4.6 grams non-fat dried milk 
9.56 grams lard 

Hamburger and Gravy 
1 cup = 

51 grams fired hamburger 
50.4 grams cooked onions 
5 grams flour 
6 6 grams water 

Hamburger and Rice 
1 cup = 

24.4 grams fried hamburger 
141.5 grams cooked rice 
24.5 grams tomato sauce 

Macaroni and Tomatoes 
1 cup = 

8 0 grams cooked macaroni 
103 grams canned tomatoes 

Oven Bread 
.53 cups flour 
.07 cups dry milk 

Potatoes (Homemade, fried) 
1 cup = 

1 cup potatoes 
24.5 grams lard 

Tennis Racket Bread = Oven Bread 

Tortilla (made without lard) 
small (9") 

.75 cup flour 

.09 tsp salt 

.19 cups water 

medium (10.25") 
1 cup flour 
.125 tsp salt 
.25 cups water 



large (12.5") 
1.25 cups flour 
.16 tsp salt 
.31 cups water 
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