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ABSTRACT 

The Wheat Bran Fiber (WBF) trial was a double-blind, placebo-controlled intervention 

trial in which participants were randomized to receive a cereal fiber supplement of either 

2.0 or 13.5 g/day to determine whether the high-fiber supplement could decrease the risk 

of recurrent colorectal adenomas. No effect of the supplement was observed. However, 

there are several issues in the WBF trial that remain to be explored, including whether 

there were non-supplemental dietary changes throughout the course of the study, and 

whether baseline fiber intake or the amount of fiber consimied by participants during the 

trial were associated with adenoma reciurence. With regard to changes in nutrient intake, 

no significant differences were found between the high-fiber and low-fiber groups at any 

of the three time points. Therefore, data firom the two treatment groups were combined to 

assess longitudinal change during the study. Participants significantly decreased their fat 

intake during the trial, but the intake of most micronutrients was increased. With regard 

to food groups, the number of servings of fiiiits, vegetables, and dairy products did not 

change appreciably, while servings fi-om the fat and meat groups were significantly 

decreased. The intake of cereals, breads and crackers increased significantly, possibly due 

to the addition of the cereal supplement to the diet. Furthermore, it is likely that the 

increase in micronutrient intake can be attributed to the consumption of the study 

supplement. The next issue was whether baseline fiber intake was associated with risk of 

adenoma recurrence. No association was found between the amount of fiber consumed at 

baseline and adenoma recurrence, nor did baseline fiber intake modify the effect of 

treatment group. Finally, it was important to determine whether the amount of fiber 
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consumed during the WBF trial, regardless of treatment group, was associated with 

adenoma recurrence. There were no significant associations between amount of 

supplemental or total fiber consumed and the recurrence of adenomatous polyps. 
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CHAPTER ONE: INTRODUCTION 

1.0 EXPLANATION OF PROBLEM 

With an estimated 130,200 cases of colorectal cancer and 56,300 deaths from this disease 

in 2000', colorectal cancer is the third most common cause of cancer mortality in the 

United States^. The association between diet and colorectal cancer or adenomatous 

polyps has long been investigated. Perhaps the best-known dietary hypothesis is the 

protective effect of fiber for colorectal cancer, first introduced by Burkitt after he 

observed that diseases of the bowel, including colon cancer, were rare in Africa where a 

high-fiber diet was consumed^. Many correlational and case-control epidemiological 

studies supported this hypothesis; however, several prospective studies have yielded 

equivocal results'*. Recently, the results of two randomized clinical trials failed to show a 

protective effect of increased fiber and/or decreased fat in the diet on the risk of 

adenomatous polyp recurrence^'^. In the Wheat Bran Fiber (WBF) trial, participants 

consuming a high-fiber supplement (13.5 g/d) of wheat-bran cereal did not have a 

reduced rate of recurrent adenomatous polyps as compared to the group consuming a 

low-fiber supplement (2.0 g/d)^. However, there are several issues in the WBF trial that 

remain to be explored, including v/hether there were dietary changes throughout the 

course of the study, the effect of baseline fiber intake on adenoma recurrence, and 

whether the amount of fiber consumed by participants affected adenoma recurrence. 
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There are two specific concerns to address with respect to potential dietary change in the 

WBF trial. The first issue to consider is whether participants in the high-fiber group 

altered their nutritional habits in response to the addition of 13.5 g/d of fiber to their diets. 

Ritenbaugh and colleagues conducted a preliminary feasibility study for the WBF trial 

with 100 participants, and found that participants in the high-fiber group significantly 

increased their intake of milk and decreased their intake of table fat at year one compared 

to baseline'. Therefore, it is possible that study participants in the high-fiber group of the 

WBF trial may have altered their dietary practices over the course of the 3-year 

intervention^. Large, unanticipated changes in the nutritional habits of the high-fiber 

group would introduce dietary variation between the two treatment groups and therefore 

make it difficult to assess the true effect of fiber on adenoma recurrence. 

The second issue with respect to dietary change is whether individuals changed their 

dietary practices simply because they were participants in a nutritional intervention trial, 

regardless of treatment group. There have been few investigations of longitudinal dietary 

changes in epidemiological studies; however, these reports have indicated that changes in 

diet of varying magnitude do occur, even in the absence of a dietary intervention'"". 

While there have been few studies regarding the characteristics of persons who choose to 

participate in dietary prevention trialsevidence shows that those who do participate 

tend to be younger, better educated, regular vitamin users, and more likely to believe that 

altering dietary practices may affect the risk of developing cancer'^. These 

characteristics may indicate a general propensity to change dietary behavior in order to 
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reduce cancer risk, and it is possible that some dietary changes, in addition to 

supplemental fiber consimiption, may have occurred during the WBF trial. If large, non-

supplemental changes occurred during the trial it would be difficult to separate the impact 

of these dietary differences on adenoma recurrence from the potential effect of the study 

supplement. Therefore, it is important to elucidate whether such dietary alterations 

occurred during the WBF trial. 

The next issue to investigate is whether baseline fiber intake had an effect on adenoma 

recurrence in the WBF trial. Participants in the study consumed greater mean quantities 

of dietary fiber at baseline compared to the general population of the United States (17.5 

grams vs. 10-15 grams'^*'®, respectively). Therefore, it was suggested that these 

participants had baseline fiber intakes that were already providing adequate protection 

from colorectal adenoma recurrence and thus no effect could be observed from the 

addition of the high-fiber supplement^. Alternatively, it is possible that total fiber intake 

as a whole may not be a protective factor in colorectal neoplasia and that a specific 

component or source of fiber may be more important. Recently, a protective effect of 

higher levels of fhiit and vegetable consimiption on colorectal cancer risk in 61,463 

women followed in the Swedish Mammography Screening Cohort (SMSC) was 

reported'^. Further analyses indicated that when individuals in the lowest quartile of 

intake were further stratified, a stronger dose-response relationship with fhiit and 

vegetable intake was observed*^. Although cereal fiber was not associated with 

colorectal cancer risk in the SMSC, women in the Swedish study consumed considerably 
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more fiber from cereal thjin did participants in the WBF trial''. Therefore, it is important 

to consider whether baseline fiber intake in general, or from specific fiber sources, was 

associated with adenoma recurrence. 

The final issue to explore in the WBF population is whether the amount of fiber 

consumed by the participants had an effect on adenoma recurrence. The primary analysis 

of the WBF trial was performed using the intention-to-treat (ITT) principle^, an analysis 

method that tests whether assignment to a treatment group affects the outcome without 

quantifying the amount of supplement consimied'^. To date, there have been no studies 

performed to determine whether the reported supplemental or total fiber intake consimied 

during a randomized clinical trial had an effect on adenoma recurrence. Participants in 

the high-fiber intervention arm of the WBF trial reported side effects such as nausea, 

diarrhea, and abdominal bloating more frequently than those in the low-fiber group^. It 

was hypothesized that participants in the high-fiber group may have compensated for the 

supplemental dose by eating less non-supplemental fiber, thus driving the amount of total 

fiber consiuned in the two treatment arms toward equality. 

In order to address these three issues, the objectives of this project are as follows: 

I. To determine whether individuals who consumed the high-fiber supplement 

exhibited differential changes in nutrient intake compared to the low-fiber group, 

and to assess whether dietary changes fi'om baseline occurred in the WBF 

population over the course of the trial. 
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2. To assess the effect of baseline fiber intake from all sources on adenoma 

recurrence among participants in the WBF trial, as well the association between 

dietary fiber obtained firom different food sources and the recurrence of 

adenomatous polyps. 

3. To determine whether reported supplemental and total fiber intake affected 

colorectal adenoma recurrence in the WBF trial population. 
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2.0 REVIEW OF LITERATURE 

2.1. COLORECTAL CANCER 

2.1.1. Colorectal Cancer: Descriptive Epidemiology 

Colorectal cancer is currently the third most common cause of cancer mortality in the 

United States, and accounted for 10% and 11% of all cancer deaths in men and women, 

respectively, in 2000*. It is estimated that a colorectal neoplasia will develop in at least 

50% of the Western population by age 70, and that 1 in 10 people afflicted with an 

adenoma will progress to colorectal cancer''. In the United States from 1990-1996, men 

had higher incidence and mortality rates of colorectal cancer than did women'. Among 

U.S. residents, the incidence rate of colorectal cancer per 100,000 people from 1990-1996 

was highest in African Americans (50.4), followed by Whites (43.9), Asian/Pacific 

Islanders (38.6), Hispanics (29.0), and American Indians (16.4)*. Mortality rates for this 

time period follow a similar pattern with regard to race and ethnicity'. The five-year 

survival rate for colorectal cancer patients diagnosed between 1989 and 1995 was 62% 

for Whites and 52% for African-Americans, rates that are significantly greater than for 

patients who were diagnosed between 1974 and 1976 (51 and 46%, respectively). The 

increase in survival rate may be attributable to more comprehensive screening and the 

removal of the precursor lesions of colorectal cancer, adenomatous polyps'. 

Worldwide, rates of colorectal cancer vary between 10- and 20-fold The highest 

rates tend to occur in North America and Northern Europe, while the lowest rates occur 

in Asia and Africa'. The reasons for the different incidence rates are not completely clear; 



19 

however, some evidence indicates the involvement of an environmental agent. Migrant 

data show that in populations moving from low-risk to high-risk areas for colorectal 

cancer, incidence rates of the migrant population rapidly reach those of the adopted 

-yy 

country"' . This phenomenon has been observed with Japanese migrants who relocate 

to the United States^ as well as with migrants to Australia^, but does not occur with all 

cancers. For example, stomach cancer rates for Japanese migrants tend to approximate 

the rates of the country of origin^. Further evidence of an environmental factor in the 

development of colorectal cancer is the rapid increase in incidence rates occurring in 

countries with previously low rates, such as Italy^°. The observation that there is likely to 

be an environmental influence on the development of colorectal cancer led to the 

investigation of modifiable risk factors for this disease, including diet and physical 

activity. It has been estimated that adoption of a healthy diet could prevent up to 50-75% 

of colorectal cancers^'*. Among the proposed modifiable risk factors for colon cancer are 

a high-fat diet, meat consumption, alcohol consumption, and cigarette smoking". 

Protective factors may include a high-fiber diet, vegetable consumption, non-steroidal 

anti-inflammatory drugs (NSADDs), hormone replacement therapy (HRT), physical 

activity^^, folate, and calcium'. Non-modifiable risk factors for colorectal cancer include 

age, race, and family history of colorectal cancer'. The focus of this project, the 

association between dietary fiber and risk of adenomatous polyp recurrence, will be 

discussed further in Section 2.3 of this chapter. 
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In addition to the evidence of an environmental component to colorectal cancer, there are 

well-established genetic factors related to this disease. These cancers may arise as a 

result of inherited syndromes as opposed to the more common sporadic development. 

Identification of the active mutations in these syndromes has led to a greater 

understanding of the molecular pathway from normal tissue to colorectal cancer. The first 

inherited condition is Familial Adenomatous Polyposis (FAP), which includes variations 

known as Gardner's syndrome and Turcot's syndrome^^. The main genetic characteristic 

of FAP is the germline mutation of the tumor suppressor gene Adenomatous polyposis 

coli (APCf^, which affects approximately 1 in 7000 individuals". The mutation is 

autosomal dominant, and patients with FAP develop hundreds to thousands of colorectal 

polyps, with eventual colorectal cancer diagnosis in the second and third decades of 

life". Without surgical removal of polyps, FAP patients have a life-expectancy of 

approximately 40 years^*. The next inherited condition is called Hereditary Non-

Polyposis Colorectal Cancer (HNPCC) syndrome. This is an autosomal dominant 

syndrome characterized by adenomas and carcinomas with many DNA replication 

errors^'. The large number of replication errors found in patients with HNPCC is related 

to germline mutations in DNA mismatch repair enzymes that are responsible for 

detecting and repairing errors that occur during DNA replication^". It is important to note 

that these inherited genotypes confer predisposition to cancer and do not guarantee 

progression to cancer". Several different phenotypes can be expressed when these 

syndromes are passed through the generations; therefore, a number of other genetic and 

environmental factors must be present in order to influence the pathway to 
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carcinogenesis'^. The role of the APC gene and DNA repair enzymes in the pathology of 

both sporadic and inherited colorectal cancers will be discussed further in Section 2.1.2 

of this chapter. 

Another condition that predisposes patients to the development of colorectal cancer is 

chronic ulcerative colitis, particularly if onset of this condition occurs at a young age^'. 

Progression from ulcerative colitis to colorectal carcinoma most likely occurs via a 

pathway other than that which occurs for sporadic cancers, as there are different patterns 

of genetic mutations in each type of pathogenesis^'. It should be noted that cases of 

colorectal cancer arising from inherited familial syndromes and firom ulcerative colitis 

comprise approximately 13%^^and 1%^', respectively, of cases in the United States. 

2.1.2. Biological Pathways from Normal Tissue to Colorectal Cancer 

The molecular progression to colorectal carcinoma is perhaps the most thoroughly 

investigated pathway of human carcinogenesis. It is generally accepted that most 

colorectal cancers arise from precursor lesions called colorectal adenomas via stages 

consisting of both genetic and environmental influences^^. The idea that carcinogenesis 

is a multi-step process has long been established^'^. Experimental evidence points to a 

decades-long period of progression from normal colorectal tissue to colorectal carcinoma. 

Fearon and Vogelstein^^ first introduced a genetic model of the progression to colorectal 

timiorigenesis encompassing the known genetic mutations found in both sporadic tumors 

and in patients with an inherited predisposition to cancer. The Vogelstein model is based 
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on evidence that a carcinoma will not arise from mutation of a single gene. Several genes 

must be altered before carcinogenesis is complete; while the order or source of the 

genetic mutations is not necessarily important, the presence of several mutations at 

several different gene loci is required^^. The model includes the progression of colorectal 

tumorigenesis through normal epithelium, hyperproliferative epithelium, early adenoma, 

intermediate adenoma, late adenoma, carcinoma, and metastasis with the attendant 

mutations in the APC, K-ras, DCC, and p53 genes^^. 

In humans, one of the first histological events in colorectal tumorigenesis is thought to be 

appearance of dysplastic aberrant crypt foci (ACF). It has been suggested that these foci 

are precursor lesions to adenomas the next step in the histological development of 

colorectal carcinoma. As discussed by Bruce et al.^^, the following evidence strongly 

suggests a role for ACF in colorectal carcinogenesis; 1) ACF can be induced in rodent 

models by colon carcinogens; 2) preventative agents for colorectal cancer also prevent 

ACF; and 3) ACF that have been followed in vivo have progressed to colorectal cancer. 

However, the relationship between ACF and adenomatous polyps has not yet been firmly 

established^^. Although it is believed that most, if not all, colorectal cancers arise from 

adenomas^^, not all adenomas will proceed to the final step in the tumorigenic pathway, 

carcinoma. Therefore, there has been a continuing effort to identify the molecular events, 

whether genetic or environmental, which may be involved in each phase of progression 

from normal to cancerous tissue. 
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A mutation in the APC gene was among the first genetic alterations discovered in the 

colorectal carcinogenesis pathway. APC is located on chromosome 5q21 and is believed 

to encode a multifunctional protein^^. Identification and characterization of this gene first 

occurred in individuals with FAP^'. Since then, APC has been found to be mutated in 

approximately 60% of sporadic colon cancers^'. Six mutations ±at are likely to inactivate 

the APC gene were first identified by Groden et al.^^ in patients with FAP, and since 

these mutations were reported, several different phenotypes have been observed 

depending on which location on the gene is mutated^®. Currently, at least 310 germline 

and 370 somatic mutations of APC have been identified, and the majority of these 

mutations occur at the 5' end of the coding sequence and result in the expression of 

truncated proteins^®. How inactivation of APC affects tumorigenesis is currently unclear 

but several theories have been put forth. The most prevalent potential mechanism is that 

the APC gene product exerts its influence through interaction with P-catenin, possibly 

altering the role of P-catenin in cell adhesion^® or in transcriptional activity". 

The proto-oncogene K-ras^ which has been mapped to chromosome 12p, also has a role 

in colorectal tumorigenesis. Mutations in this gene are found in up to 50% of 

spontaneous colorectal carcinomas^^. In addition, the size of a colorectal adenoma is 

correlated with the fi-equency of K-ras mutation, with approximately 50% of adenomas 

larger than 1 cm in size having mutations and less than 10% of smaller adenomas 

containing mutations^". It is difficult to assess the exact mechanism by which K-ras 

mutations exert their influence on carcinogenesis; however, there is evidence that 
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mutated K-ras may initiate a complex pathway resulting in increased cellular 

proliferation and decreased differentiation'*'. 

The gene deleted in colon cancer, DCC, is believed to be a tumor suppressor gene located 

on chromosome I8q^^. Loss of this gene occurs in approximately 70% of carcinomas and 

50% of late colorectal adenomas'*". The inactivation of this gene appears to be linked to 

invasion and metastases of cancer cells'*^. Preliminary studies suggest that the DCC gene 

product may have a functional role in cell adhesion, and may regulate cellular 

proliferation and differentiation'*^. If DCC expression is involved in modulating these 

processes, loss of the gene would alter normal cell growth. Research is ongoing to fiirther 

establish the function of DCC in carcinogenesis'*^. 

P53 is a tumor suppressor gene located on chromosome I7p, and is implicated in the 

pathogenesis of colorectal cancer^®. Mutations in this gene occur in approximately 50% 

to 80% of colorectal cancers and are thought to occur relatively late in the pathway from 

adenoma to carcinoma^^ '*^ '*^. The main functions of p53 are as a transcription factor'*^, as 

a checkpoint for DNA damage^^, and as an initiator of apoptosis'*^. It is possible that p53 

mutations could affect tumorigenesis through any one of these three functions; however, 

it appears that one of the most likely mechanisms results from the removal of p53-

mediated apoptotic control'*^. 
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2.2. DIETARY FIBER 

2.2.1. Classification and Sources 

Dietary fiber is currently thought to be protective in several disease processes, including 

heart disease"*^, diabetes'*^ and colorectal cancer'. The concept of fiber as a beneficial 

nutrient to overall health is not a recent development. Both Graham and Kellogg were 

believers in the healthy aspects of fiber, and both marketed this belief using products that 

contained fiber—Graham crackers and cereal, respectively^". Then, as now, the specific 

component(s) of fiber that may confer the most health benefits remain elusive. 

Investigating the role of dietary fiber in chronic disease is a difficult endeavor due to the 

complexity of this nutrient. Fiber can be classified in several different ways: in terms of 

its functional role in plants, in terms of its physiological role after ingestion, or in terms 

of its chemical properties^". With regard to fiber's function in plants, it can be divided 

into structural polysaccharides, structural nonpolysaccharides, and nonstructural 

polysaccharides^". Structural polysaccharides include cellulose and noncellulose 

polysaccharides such as hemicellulose and pectins, while structural nonpolysaccharides 

are comprised mainly of lignin^°. Nonstructural polysaccharides include gums, 

mucilages, and polysaccharides from algae and seaweed^". Physiologically defined, 

dietary fiber is comprised of the endogenous components of plant materials in the diet 

that are resistant to digestion by enzymes produced by humans, according to the U.S. 

Expert Panel on Dietary Fiber^'. The chemical classification of dietary fiber divides fiber 

into polysaccharides and nonpolysaccharides. The polysaccharides include cellulose, 

hemicellulose, pectin, gimis, and mucilages; while the nonpolysaccharide component is 
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primarily comprised of lignins^~. Furthermore, fiber can be classified as soluble (pectins, 

mucilages, or gums), or insoluble (cellulose, lignin, and most hemicelluloses) depending 

on water solubility^^. With the many different classification schemes for dietary fiber, the 

difficulty in assessing an association between colorectal cancer and this large group of 

compounds is readily apparent. Because of the complex classifications of fiber, it is also 

challenging to determine the fiber composition of individual foods. Many fiber-rich 

foods, such as cereals, fhiits, and vegetables, contain different fiber components in 

different concentrations. For example, cereals and grains have high levels of cellulose 

and hemicellulose, while apples and citrus fhiit are high in pectin^^. In addition, the most 

important fiber component(s) with regard to protection from carcinogenesis have not yet 

been established. Therefore, researchers have begun to study fiber from specific sources, 

such as fhiit and vegetable fiber vs. grain fiber, or specific components of fiber, to 

determine the individual effect on colorectal carcinogenesis. 

Data indicating the amount and type of fiber ingested by Americans are available from 

the second National Health and Nutrition Examination Survey (NHANES II), and were 

collected between 1976 and 1980 by the National Center for Health Statistics'^. The 

statistics for fiber intake from this survey represent the dietary habits of 11,658 White 

and African-American adults, aged 19-74. The data show that the mean intake of fiber 

for white males and females was 13.8 g/d and 9.2 g/d, respectively. For African-

American males, the mean intake was 11.2 g/d, while for African-American females it 

was 8.1 g/d'^. These levels are far below the recommended level of 20-30 g/day that 
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have been suggested by the National Cancer Institute and the American Cancer Society"*. 

According to the NHANES II data, when food categories are collapsed into eleven 

groups, vegetables are the primary source of fiber for Americans, comprising 28% of 

total fiber intake, followed by bread, fruit, and legimies'^. More specifically, the 

NHANES data show that wheat, rye, and other dark breads as a group are the third largest 

source of fiber for the United States population 

2.2.2. Analytic Methodology 

One of the outstanding issues with regard to fiber is the best strategy for measuring the 

amount of fiber in food sources. The ideal strategy for dietary fiber measurement would 

be both efficient and sophisticated enough to detect most of components of fiber, if not 

all^^. The two most commonly used methods are the van Soest method and the Southgate 

method^. The van Soest technique utilizes a neutral or acidic detergent to separate 

insoluble fiber from other components of the food^^. This procedure tends to under

estimate the amount of fiber in a food as water-soluble components are lost after 

treatment with detergent^". The Southgate method is a chemical and enzymatic process 

that strips a food of non-fibrous components; however, this method may over-estimate 

the amount of fiber in starchy foods^°. One of the more recently developed methods of 

measurement is the Furda digestion method, which uses the enzymes pepsin and 

pancreatin to separate soluble and insoluble fiber fractions^^. Currently, more accurate 

and specific methods of assessing the fiber content of foods by its components are being 
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sought in many laboratories. However, until they are complete, the evaluation of dietary 

fiber intake will remain a challenging area of study. 
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2.3. FIBER AND COLORECTAL NEOPLASIA 

2.3.1. Mechanisms of Fiber Protection 

In 1971, Burkitt proposed tiiat high fiber intake could be protective for colon cancer, 

based on the very low rates of colorectal cancer observed in Afnca where high quantities 

of fiber were consumed^. Since that time, there has been a great deal of investigation into 

the proposed relationship of fiber and colorectal cancer. There are several properties of 

fiber that make it a plausible nutrient for protection against colorectal neoplasia. 

Burkitt's original hypothesis held that fiber decreases fecal transit time through the large 

bowel, thereby decreasing the amount of time that the mucosal cells of the colon are 

exposed to carcinogens in fecal matter^. This hypothesis was supported by Wrick et al.^^, 

who conducted an 80-day metabolic trial in 24 subjects who were fed either coarsely- or 

finely-ground wheat bran fiber, purified wood cellulose, or cabbage fiber. Both coarse 

wheat bran fiber and cellulose increased the speed of fecal transit through the bowel^^. 

Burkitt also observed that fiber increases the bulk of the stool, which would serve to 

dilute any potential carcinogens, such as bile acids, that were present in the fecal matter^. 

Bile acids are the products of dietary fat metabolism, and free bile acids in the colon can 

be enzymatically converted to secondary bile acids, which are thought to promote 

carcinogenesis by increasing cellular proliferation^^, and which have been shown to act as 

tumor promoters in a rat model^®. At least two studies have shown that fiber can bind to 

bile acids and decrease the concentration of these compounds in the feces^^'^°. 
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In addition to binding bile acids, fiber increases the acidity of feces, which in turn has 

several potential effects on factors involved in carcinogenesis. First, a drop in pH 

decreases the solubility of bile acids, thus decreasing the formation and activity of 

secondary bile acids^'. Fiber-stimulated lowering of the pH may also inhibit the activity 

of the colonic bacterial enzyme 7-a hydroxylase, which cannot function properly below a 

pH of 6-6.5®'. In addition, an increasingly acidic environment in the colon increases the 

concentration of Ca(H2P04)2, a form of calcium that is more soluble than CaHP04, which 

is found at a higher pH^^. Greater concentrations of soluble calcium would then be 

available to bind bile acids and form insoluble compounds, possibly preventing the 

promoter activity of the bile acids®". 

Another hypothesis for the protective effect of fiber on colorectal neoplasia is the ability 

of fiber to bind carcinogens. The potential of fiber to bind carcinogens is a complex 

mechanism that depends on both the type of fiber and the carcinogen®^. If fiber can 

indeed bind some carcinogens, tlien the harmful substances can be eliminated in the feces 

with minimal contact with the luminal colonic cells®^. Finally, fiber may also interact 

with colonic bacteria to prevent tiunorigenesis. Bacteria in the colon are able to 

enzymatically alter potential carcinogens passing through the lumen of the intestine, 

rendering them less toxic^^. Intestinal bacteria also ferment dietary fiber, releasing short 

chain fatty acids (SCFA) such as acetate, butyrate, and proprionate. SCFA have been 

shown to decrease cellular growth in colon cancer cell lines®^. Fiber can affect both the 
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type and concentration of colonic microflora; however, the effect of bacteria on risk of 

colorectal neoplasia remains unclear^^. 

Denis Burkitt's observations regarding fiber and colon cancer' began three decades of 

intensive research into this hypothesis. As discussed above, there are a number of 

biologically plausible mechanisms for a protective effect of fiber on colorectal 

pathogenesis that have been put forth and tested in laboratory models. In order to 

examine the effect of fiber on colorectal neoplasia in humans, a great mmiber of 

epidemiological studies have been conducted, including case-control, prospective cohort, 

and clinical intervention studies. 

23.2, Analytic Epidemiological Studies 

Case-control studies have provided the vast majority of evidence for a link between 

dietary fiber and colorectal neoplasia. One of the first studies completed was conducted 

in Israel with 198 cases matched with two controls each^^. A food-firequency 

questionnaire (FFQ) was used to evaluate intake of dietary fiber, and significantly less 

fiber fi-om a wide variety of food items was consumed by the cancer cases (p<0.05). 

Following this study, many more investigations showed a decreased risk of colon or 

rectal neoplasia with increased intake of total fiber-rich foods®^"'^, fhiit and 

vegetables'^'^®^, or grain fiber®'*®^. However, other case-control studies®"*'®^ failed to 

show a protective effect of fiber or fiber-rich foods in regard to colorectal carcinogenesis. 

Howe et al.^^ conducted a pooled analysis of 13 case-control studies in an attempt to 
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estimate colorectal cancer risks with a large population and to assess data consistency 

among the 13 studies. For ±e analysis, original data for 5287 cases and 10,470 controls 

were available. The risk of colorectal cancer significantly decreased by increasing 

quintile of fiber intake as compared to the lowest quintile; with relative risks of 0.79, 

0.69, 0.63, and 0.53 (p trend < 0.0001The collective results of the majority of case-

control studies and the combined analysis by Howe et al. strongly support a protective 

effect for dietary fiber with regard to colorectal cancer. However, case-control studies 

are susceptible to biases, including recall and sample biases, that other study designs are 

not subject to. Therefore, it is of interest to assess the results obtained from prospective 

epidemiological studies. 

Several prospectively designed studies have examined the relationship between dietary 

fiber and risk of colorectal neoplasia. Data collected from participants in established 

cohorts including the Iowa Women's Health Study^', the Health Professionals' Follow-up 

Study®®, and the Nurses' Health Study®' have been analyzed. The advantage of these 

investigations compared to case-control studies is that the dietary data are collected prior 

to the development of colorectal adenomas or cancer. Therefore, there is no risk of 

differential dietary recall between the colorectal neoplasia cases and the comparison 

population. In addition, the prospective design allows for the investigation to move from 

exposure to outcome, unlike case-control studies, which begin at outcome ascertainment 

and end at the presimied exposure event(s). Prospective studies have examined as 

endpoints both colorectal carcinoma and colorectal adenomatous polyps. Adenomatous 
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polyps are precursor lesions for carcinoma, and are often used as biomarkers because 

they occur much more frequently than cancer. As will be discussed, the results of 

prospective studies of fiber and both adenoma and carcinoma have been equivocal. 

At least three studies have assessed the effect of diet on the risk of adenomatous polyps. 

Stemmerman et al.^'^ autopsied a group of participants from a large cohort of Hawaii 

Japanese men who had completed a 24-hour dietary recall at the begiiming of the study. 

The colon of each autopsied participant was examined for the presence of adenomatous 

polyps. There were no statistically significant differences between those with polyps and 

those without with regard to intake of any nutrient, including overall carbohydrate and 

simple or complex carbohydrate. However, a significant result was observed for an 

increased polyp number with increasing intake of alcohol^. One advantage to this study 

was that it was clear that the control group was uncontaminated by persons with 

undetected polyps; however, this study was hindered by a relatively small number of 

subjects, which may have decreased the power of the study to detect an association. 

Another prospective study was conducted using participants from the Health 

Professionals Follow-Up Study (HPFS)''. This study was designed to examine not only 

the effects of total fiber, but also the effect of fiber components and of specific fiber 

sources on the development of colorectal polyps. A significant protective effect was 

observed for fruit fiber and for soluble fiber, but not for vegetable, cereal, or insoluble 

fibers'*. The large sample size in this study allowed for evaluation of several potentially 

confounding factors with regard to fiber and development of polyps'*. Finally, results 
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from 88,757 women in the Nurses' Health Study (NHS) showed no effect of total fiber on 

risk of colorectal adenomas'^; like the HPFS this study had a large sample size and 

allowed for investigation of many factors. 

In addition to studies of diet and colorectal adenomas, several prospective studies have 

examined the association between fiber and colorectal carcinoma. In a study conducted 

by Phillips and Snowdon'^, members of the California Adventist Church provided data 

regarding diet, medical, and sociological factors as part of a larger study conducted by the 

American Cancer Society. The results showed that while increased intake of eggs and 

coffee increased the risk of colon cancer, no effect was observed for intake of green 

salad, meat, milk, or cheese^^. Although the prospective design of this investigation 

strengthens the findings, this study had one flaw. The dietary questionnaire contained 

only 21 items that were grouped into the following broad categories; meat, cheese, milk, 

eggs, green salad, and coffee. Using the data from these groups, there may have been 

difficulty in assessing the contribution of the many types and sources of specific 

nutrients, such as fiber. Another study examined data on 1150 colon cancer deaths and 

5746 controls matched by age, race, and sex, drawn from men and women participating 

in the Cancer Prevention Study II (CPS 11)'^. In this population, the risk of fatal colon 

cancer decreased with increased intake of plant foods; specifically, vegetable fiber was 

protective in women (RR=0.63; 95% CI = 0.45-0.89), and cereal fiber was protective in 

men (RR = 0.72; 95% CI = 0.52-0.99)''*. It should be noted that this was a study of cancer 

mortality, not incidence, and thus it is difficult to separate factors that may relate to the 



risk of developing cancer from factors that are associated with survival''*. Giovannucci et 

al.'^ conducted a prospective analysis with data from 205 colon cancer cases and 47,949 

non-cases in men from the HPFS. Higher intakes of red meat were found to be 

significantly associated with increased risk of colon cancer, while no associations were 

observed for dietary fat or fiber ingestion'^. 

Three prospective studies were completed to specifically address the effect of dietary 

87 intakes of fiiiits, vegetables, and/or fiber on colon cancer in women. Steimnetz et al. 

identified 212 colon cancer cases and 35,004 non-cases among participants in the Iowa 

Women's Health Study (IWHS) to investigate the effect of both overall intake of fruit 

and vegetables and of specific types of these foods on the risk of colon cancer. Among 

each of the 15 fiiiit and vegetable groups, no statistically significant difference was 

observed®'. However, a protective trend for fiber and a strong protective effect of garlic 

were noted in the study, particularly in distal colon cancers®'. The strengths of this study 

include the use of a validated food frequency questionnaire and the large sample size; 

limitations include the relatively homogenous dietary patterns of the population under 

study®'. Two reports regarding fiber intake and risk of colorectal cancer in women 

involve participants in the NHS'^'^®. The advantages of the NHS include the large sample 

size that allows for controlling for several different dietary and demographic factors, and 

the use of a validated food frequency questionnaire. In 1990, Willett et al.'® compiled 

data from a baseline population of 88,751 women, including 150 cases of colon cancer 

diagnosed through 1986. Increased intakes of animal fat and red meat were found to be 
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directly associated with increased risk of colon cancer in this population. There was a 

trend for a protective effect of fruit Hber, although this association did not reach 

statistical significance'^. An update on the NHS population was reported by Fuchs et al., 

who analyzed data from colorectal cancer cases accrued through 1994®^. By the end of 

1994, 787 cases of colorectal adenocarcinoma had been identified among 88,757 women 

eligible for follow-up. Although the medians for the lowest and highest quartiles of fiber 

intake in this group varied by a factor of 2.5, there was no evidence of a protective effect 

of fiber on development of colorectal cancer'^. In fact, increased vegetable fiber intake 

was related to a significant increase in colon cancer risk'^. Furthermore, the investigators 

were able to use data from three food frequency questionnaires administered in 1980, 

1984, and 1986, to assess any potential effects of consistent fiber intake on risk of 

colorectal adenocarcinoma; no relationship was observed'^. 

It is clear that the results of prospective investigations are not as overwhelmingly 

supportive of a protective fiber effect for colon cancer as are data from case-control 

analyses. However, the potential mechanisms and biological plausibility of a fiber-

colorectal cancer relationship have resulted in a continued effort to study this association 

using the "gold standard" of investigation, the clinical trial. Properly conducted clinical 

trials are considered to be the best way to test an established hypothesis for several 

reasons. First, clinical trials allow for controlled manipulation of the exposure of interest, 

as the investigator determines the amount and duration of the exposure'^. In addition, 

randomization of subjects to the study groups should result in an even distribution of 
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potentially confounding variables across groups^^. Investigators must be careful to avoid 

introducing bias into clinical trials, and methods such as a double-blind design are used to 

circumvent this problem''. Furthermore, although the investigator has control over 

administration of the exposure being studied, the adherence of the participants to the 

protocol cannot be forced''. Despite the limitations of clinical trials, the studies described 

below were conducted according to the stringent conditions for successful intervention 

trials, and the results may provide the most accurate reflection of the relationship between 

fiber and colorectal carcinoma. 

2.33. Clinical Trials 

Many clinical trials have been completed using such biomarkers for colorectal cancer as 

colorectal adenomas, the precursor lesions to colorectal carcinoma^*^*'®'', and 

[H^Jthymidine labeling index to evaluate epithelial cell proliferation'"" '"'. While there 

are advantages to using each type of biomarker, adenomatous polyps provide an 

especially interesting and efficient endpoint for clinical trials, because they occur more 

fi'equently than colorectal carcinoma and they appear to be associated with the same risk 

factors as carcinomas. At least four clinical trials have been completed that investigated 

the effect of flber on the development of colorectal adenomas. 

Results of the first study were reported by McKeown-Eyssen et al. in 1994'®. This trial 

was conducted in Toronto, Ontario, Canada with 201 men and women who had had an 

adenomatous polyp removed. Participants were randomized to consume either a low-fat. 
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high-fiber (LFHF) diet, or to continue with a normal diet (ND). The LFHF group 

received relatively intensive counseling geared toward decreasing dietary fat to 20% of 

total energy intake, and increasing fiber intake to at least 35 grams per day. A high-fiber 

wheat bran snack (lOg fiber/50g package) was provided in order to make it easier for 

participants to consume more dietary fiber. The ND group received basic counseling on 

healthy diet patterns and were given a low-fiber wheat bran snack (3g fiber/SOg package) 

to provide the standard of care recommended by gastroenterologists for patients with 

adenomatous polyps. Adherence was assessed using 4-day food records collected 

monthly in the LFHF group and every four months in the ND group. The results of this 

study showed no significant effect of the LFHF diet on polyp recurrence. Of interest is 

the disparity between the results of men and women in the trial. There was a 

nonsignificant increase in polyp recurrence in men randomized to the LFHF diet, while 

the opposite was observed for women on the LFHF diet. However, the sample size was 

not large enough to fiirther explore these results in this population^®. 

The next trial was the Australian Polyp Prevention Project'' which involved 411 subjects 

recruited fi-om sites in Brisbane, Melbourne, and Sydney. This study employed a 2x2x2 

factorial design in which participants could be randomized to one of the following 

groups: control, low-fat, bran, beta-carotene, low-fat/beta carotene, low-fat/bran, 

bran/beta carotene, or low-fat/bran/beta carotene''. Adherence to the protocol was 

assessed using 4-day food records, 24-hour recalls, and checks of serum beta carotene 

levels. None of the interventions was significantly associated with risk of recurring 



39 

colorectal adenomas. Further analyses showed that there was a significant protective 

effect with the interaction of the low-fat intervention and the high-fiber intervention''. 

Nonetheless, these results should be viewed with caution since the sample sizes available 

for subgroup analyses, such as analyzing results for large adenomas only, were relatively 

small''. Another consideration with subgroup analyses is that the investigation of a 

smaller sample may be biased by the act of narrowing the criteria for inclusion in an 

analysis. 

Recently, the results of the Polyp Prevention Trial, a large, randomized trial designed to 

assess the effect of an intensive dietary intervention on the recurrence of colorectal 

adenomas, were reported®. The major strength of this study was its large sample size 

relative to previously completed clinical trials of fiber and colorectal adenomas. In this 

study, 2079 men and women who had had removal of a colorectal adenoma within six 

months prior to randomization were enrolled in the study. Participants who were assigned 

to the intervention group received comprehensive counseling sessions on nutritional 

information and behavior modification techniques®. The goal for the intervention group 

was to consume 20% or less of total energy from fat, to consume 3.5 servings of fhiits 

and vegetables per 1000 kcal, and to consimie 18g of fiber per 1000 kcal of energy. The 

control group received basic guidelines on healthy eating but no further counseling on 

either diet or behavior modification. Adherence was assessed using four-day diet 

records, the Block Health Habits and History Questiotmaire, and 24-hour dietary recalls 

administered to a 10% subset of the study population®. A total of 1905 subjects (958 
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intervention subjects and 947 control subjects) had a colonoscopy after four years of 

follow-up and thereby completed the trial^. The results showed that there was no 

difference in colorectal adenoma recurrence between the intervention and control 

groups®. The authors concluded, in part because there was a statistically significant 

difference in weight loss of 2.5 pounds between the intervention and control groups, that 

participants in the intervention group adhered to the suggested guidelines^. However, it is 

possible that the intervention group did not meet the dietary goals as well as reported, and 

therefore a protective effect of diet was not observed. A report issued by Alberts et al.^ in 

the same issue of the New England Joumal of Medicine supported the results of Polyp 

Prevention Trial®, and will serve as the basis for the current project. Therefore, this trial 

will be described in detail in Section 2.4 of this chapter and in the Methods section of this 

report. 
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2.4. THE WHEAT BRAN FIBER TRIAL 

The Wheat Bran Fiber Trial (WBF) was a randomized, double-blind Phase III clinical 

trial designed to test whether a high-fiber wheat bran supplement (13.5 g/d) could 

decrease the risk of recurrent adenomatous polyps as compared to a group receiving a 

low-fiber supplement (2.0 g/d)®. The supplement for both the high- and low-fiber groups 

was supplied as a cereal or fiber bar formulated by Kelloggs Company'"". Beginning in 

September 1990, participants were recruited fi-om three clinics in Phoenix, Arizona'®". A 

total of 1509 men and women were eligible to enter the 6-week run-in period, when they 

were given the low-fiber WBF supplement, completed several questionnaires, and had 

blood drawn for later analysesAdherence during the run-in period was deemed 

successfiil for 1429 participants (95% of eligible persons) who had consumed at least 

75% of the supplement'®^. During the course of the trial, it was discovered that the high-

fiber intervention group had a higher drop-out rate than the low-fiber group (23.3% 

versus 12.7%, respectively). Therefore, in the later phases of the trial, the randomization 

scheme was changed from 1:1 to 4:1, with greater numbers of participants assigned to the 

high-fiber group®. Adherence to the study protocol was assessed using a daily record of 

supplement consumption completed by the study peirticipants, and by counting the boxes 

of unused cereal supplement at each study visit'°^. 

A total of 1304 study participants completed the trial by having at least one post-

randomization colonoscopy or a diagnosis of colorectal cancer®. The results of the study 

show that there was a difference in adherence between the high-fiber and low-fiber 
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groups, beginning in year one of tlie trial and continuing through year three^. Adherence 

rates were calculated by determining whether individual participants had consumed at 

least 75% of the supplement. By year three, counts of boxes and fiber bars showed that 

in the low-fiber group, 83% of participants were adhering to their assigned supplement, 

while in the high-fiber intervention group, 74% of participants were considered compliant 

(p<0.05)^. In addition, there was a statistically significant difference in length of follow-

up between the two groups (high-fiber 34 months; low-fiber 36 months, p=0.006)^. With 

regard to the effect of the high-fiber supplement on risk of recurrent colorectal adenomas, 

there was no difference between the two groups. After adjusting for randomization 

scheme, the odds ratio for the high fiber group vs. the low fiber group was 0.88 (95% CI, 

0.70-1.11)^. When adjusting for randomization scheme and the number of colonoscopies, 

the odds ratio was 0.99 (95% CI, 0.71-1.36)^. The authors concluded that the WBF 

supplement did not decrease the risk of recurrent colorectal adenomas in this population^. 

The evidence of a protective effect of dietary fiber on colorectal carcinogenesis is 

equivocal. However, if more weight is given to clinical trials, the "gold-standard" of 

scientific investigation into chemopreventive agents, it appears that neither a low-fat, 

high-fiber diet nor a wheat bran fiber supplement reduces the risk of colorectal 

adenomas^'^. The reason for the discrepancies between the many epidemiological studies 

on this subject is currently unclear. However, it is possible that several factors may have 

influenced the outcome of the WBF trial, and the investigation of these factors is the 

objective of this work. 
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3.0 EXPLANATION OF DISSERTATION FORMAT 

The work presented in this dissertation is a sub-analysis of the WBF trial, and has been 

prepared as three manuscripts for submission to peer-reviewed journals. Although the 

raw data were collected during the WBF trial, the data for these analyses were prepared, 

statistically analyzed, and tested by this author, with guidance from committee members. 

Further, the background research, text, figures, and tables of the manuscripts, in their 

entirety, were prepared by this author. A detailed description of the three specific aspects 

of this project that were investigated by this author is provided below. 

First, it is not known whether nutrient intake changed throughout the course of the WBF 

trial. Study participants in the high-fiber group may have altered their nutritional habits 

in response to the high-fiber supplementation. Therefore, the high-fiber and low-fiber 

intervention groups will be compared to determine whether supplementation with the 

high-fiber cereal resulted in a differential change in nutrient intake. In addition, because 

participants in prevention trials tend to be health-conscious'^, it is possible that study 

participants exhibited changes in dietary patterns by virtue of participating in a nutritional 

intervention trial, regardless of treatment group. Therefore, another aim of the present 

study is to determine if longitudinal changes in diet occurred during the WBF trial. 

Next, baseline fiber intake may have had an effect on the recurrence of adenomas. Two 

scenarios are possible: that those with a low baseline fiber intake were most protected by 

a high-fiber diet as their risk for colorectal adenomas is decreased by the addition of fiber 
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to the diet; or that those with a high baseline fiber intake are protected more than those 

with a low baseline intake because the former group has had longer exposure to the 

potentially protective effect of fiber. Lifelong eating habits may be the most important 

factor in development of colorectal adenomas and colorectal cancer"*. Data from the 

Arizona Food Frequency Questionnaire (APFQ) collected at baseline will be used to 

assess baseline fiber intake as an indicator of dietary habits from the year prior to study 

entry. 

The final potential factor related to effectiveness of a high-fiber intervention is the 

amount of fiber consumed by study participants. There was some variation in adherence 

in the high-fiber group from the WBF trial^. The primary analysis of data from the trial 

was completed using the intention-to-treat principle, thus determining if group 

assignment had an effect on adenoma recurrence without regard for adherence^. 

Therefore, data regarding adherence, temporary and permanent supplement stoppages, 

and dose reductions will be used to assess the effects of reported fiber intake on 

recurrence of colorectal adenomas, regardless of treatment group. When examining the 

effect of a high-fiber supplement on rectal adenoma recurrence, DeCosse et al.'°^ found 

marginal results when using the intention-to-treat principle, but after adjusting for 

compliance they were able to observe a protective effect of fiber'°^. Data from cereal box 

counts and reports of dose changes from the WBF trial will be used to determine the 

amount of fiber consumed by each participant, and whether the amount of fiber 

consimied had an effect on adenoma recurrence. 
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In summary, a link between dietary factors, particularly fiber, and colorectal 

carcinogenesis is biologically plausible. Laboratory and case-control epidemiological 

data have historically tended to support the fiber-colorectal neoplasia hypothesis. 

However, the results from the large and well-designed Wheat Bran Fiber trial^ as well as 

other large clinical and prospective studies®'®'"'^ did not show a decreased rate of 

colorectal adenoma recurrence with a high-fiber diet. Further analyses must address 

whether dietary changes occurred during the trial, whether baseline fiber intake affected 

adenoma recurrence, and whether the reported fiber intake of the study population in the 

WBF trial was associated with the recurrence of colorectal adenomas. 



46 

CHAPTER TWO; PRESENT STUDY 

1.0 INTRODUCTION 

The major findings of this study are presented in the manuscripts appended to this 

dissertation (Appendices A-C). The following chapter provides further detail regarding 

the methods, results, and conclusions of the manuscripts as well as a summary of the 

most important findings of the research. 

2.0 METHODS 

2.1. CHANGES IN NUTRIENT INTAKE 

2.1.1. The Arizona Food Frequency Questionnaire 

The AFFQ was administered at baseline, year one, and year three of the WBF trial. The 

instrument was modified from the food frequency section of the National Cancer 

Institute's Health Habits and History Questionnaire'"^. Modifications included the 

addition of detailed items regarding fiber consumption, and the inclusion of a greater 

variety of food items that are frequently consumed in the Southwest'"®. The AFFQ is a 

113-item, semi-quantitative, scannable instrument (Appendix D). Study participants were 

asked to report their usual intake of foods for the previous year'°®. The frequency of 

consumption of most foods was recorded using a scale of seven categories ranging from 

>3 times/day to rarely/never; for beverages and frequently consumed food the scale 

ranges from >6 times/day to rarely/never'°®. Portion size for each food item was reported 

as small, medium, or large'"®. There are open-ended items on the questionnaire designed 

to capture information about cereals, fruits, and vegetables that are not specifically listed 
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on the questionnaire^. It is important to note that participants were asked to report their 

fiber intake from the study supplement on the AFFQ; therefore, at years one and three the 

cereal supplement was reported on the AFFQ. Nutrient intakes were calculated by 

multiplying the frequency of each item's consumption by the nutrient composition for the 

age- and sex-specific portion size^. Nutrient composition of foods that were added to the 

questiotmaire were derived from the USDA's 1986 Continuing Survey of Food Intake of 

Individuals (CSFII) and the United States Department of Agriculture's National Food 

Consumption Survey (1987-1988)'°®. For the supplemental cereal reported by 

participants in both the low- and high-fiber groups, the nutrient composition was 

calculated based upon the content of Kellogg's All Bran High Fiber Cereal [Kellogg 

Company, Battle Creek, MI]. 

In order to accurately compare the nutrient consimiption of the participants, it was 

necessary to ensure that data for nutrient composition were obtained using the same 

database for all three years. Therefore, all nutrient intake calculations were made using 

food composition data from the 1996 Metabolize Nutrient Database. Metabolize consists 

of several programs written using the STAT A statistical software package [Stata 

Corporation, College Station, TX]. The programs reduce data from scanned AFFQs to 

individual nutrient intakes per day. 
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2.1.2. Food Groups 

In addition to nutrient calculations, specific food items that were included on the AFFQ 

were grouped into the following food source categories: fruits; vegetables; cereals, 

breads, and crackers; meats, poultry, fish, and eggs; cakes, cookies, and pastries; milk, 

yogurt, and cheese; fats; and salty snacks. The number of servings from each of these 

groups was calculated using the standard serving size for each food item, which were 

then totaled to obtain the overall value for the food group. 

2.1.3, Statistical Analysis 

For analyses of dietary change throughout the course of the WBF trial, data were used 

from only those participants who had completed food frequency questionnaires at each of 

the three time points. A student's t-test was used to compare the differences in nutrient 

intake between those who had completed all three AFFQs with the those that had 

completed the WBF. The change in mean nutrient intake was calculated for each 

treatment group from baseline to year one, baseline to year three, and year one to year 

three. In addition, the mean intakes of macronutrients, vitamins, and minerals were 

calculated at baseline, year one, and year three. A student's t-test was used to compare 

the change in nutrient intake between the treatment groups. The mean number of servings 

from the food categories described above was calculated for each of the three AFFQ 

administrations, and t-tests were used to compare the number of servings at each time 

point. 
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2.2. BASELINE DIETARY FIBER INTAKE 

2.2.1. The Arizona Food Frequency Questionnaire 

A detailed explanation of the AFFQ is found in Section 2.1.1 above. The AFFQ had been 

modified to capture specific, detailed information regarding the fiber consumption of 

study participants throughout the course of the trial. The amount and type of fiber 

consumed at baseline by each WBF participant were calculated based on the information 

reported on the baseline AFFQ. 

2.2.2. Fiber Sources 

In order to further elucidate the source and amount of fiber consumption among WBF 

participants, fiber sources were grouped for further analyses. Following the calculation of 

fiber intake fi-om each food consumed by the participants, dietary fiber intake was 

categorized into eight groups based upon the original fiber source; beans, nuts and seeds; 

cakes, cookies and pastries; salty snacks; breads, cereals and crackers; fruits; juices; 

vegetables; and mixed dishes. 

2.2.3. Statistical Analyses 

For the analyses of baseline fiber intake, the intake of dietary fiber from eight separate 

fiber sources was calculated for the total study population. Next, baseline fiber 

consumption was broken into quartiles based on the distribution of intake for the entire 

population. Trend analysis using linear regression was used to determine the association 

among the quartiles of baseline dietary fiber intake and baseline characteristics. Trend 
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analysis using linear regression was used to determine the association among the quartiles 

of dietary intake and supplemental and total fiber intake. Logistic regression was used to 

determine which baseline variables were associated with both adenoma recurrence and 

baseline dietary fiber intake and thus were considered confounders. The variables that 

were significantly associated with both adenoma recurrence and baseline dietary fiber 

intake in separate regression analyses were age, gender, and baseline calcium intake. 

These potentially confounding variables were included in the corresponding multivariate 

logistic regression analyses, along with other potential covariates including number of 

colonoscopies during the study period, regular aspirin use for 10 years, history of polyps 

prior to the baseline colonoscopy, cigarette smoking, baseline polyp characteristics 

(number, size, and location), and family history of colorectal cancer in a parent or sibling. 

The variables that were significantly associated with adenomatous polyp recurrence using 

a likelihood-ratio test were included in the final model. The p-for trend value was 

calculated using the categorical variable for the baseline fiber quartiles. A similar 

procedure was used for models testing the effect of individual fiber sources on adenoma 

recurrence. In addition, regression models were used to determine the effect of treatment 

group within each quartile of fiber intake, using the low-fiber group as the reference. 

2.3. SUPPLEMENTAL AND TOTAL FIBER INTAKE 

2.3.1. Alterations in Supplement Dose 

WBF study participants were permitted to reduce their supplemental fiber dose if they 

were unable to maintain a daily dose of 2.0 g/d or 13.5 g/d in the low- and high-fiber 
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groups, respectively. Reasons for commencement of a reduced dose included the taste of 

the supplement, dining at locations other than the home, and adverse events such as 

nausea, abdominal pain, diarrhea, intestinal gas, and abdominal bloating. The amount, 

length of time, and reason for the dose reduction were carefully recorded. 

In addition to reduced intake, two other changes in supplemental dose were recorded. 

The first was a temporary stop of the supplement consumption, for which the length of 

time and the reasons, including vacation, illness, and hospitalization, were recorded. The 

second was a permanent cessation in supplement consumption prior to completion of the 

trial. Conditions resulting in permanent cessation included reports of adverse events such 

as gastrointestinal distress, medical conditions, or study drop-out. The date of the 

permanent stop in supplement use was recorded along with the reason. 

2.3.2. Supplemental Fiber Intake 

The intake of supplemental fiber for the WBF participants was assessed using 

information from clinic visits that took place every three months. Participants brought 

unused cereal boxes to each visit; the boxes were then counted and used to calculate the 

percentage of boxes consumed using the following formula: 

#of boxcsgivcn to partidpint «t last visit •#of boxes rctumcd at currcnt visit ^0^ 
#of d^sincelast visit 

In addition, participants recorded their daily intake of supplemental fiber on a calendar; 

the correlation coefficient between the box counts and calendar reports was 0.82. In order 
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to be eligible for this analysis, a participant had to have had at least one colonoscopy 

prior to the date of the last box count, and/or at least one colonoscopy within 90 days 

following it. Using these criteria, data were available for 1208 (92.6%) of the 1304 

participants who completed the trial. The analysis period was the time between 

randomization and the colonoscopy that occurred prior to the last box count or within 90 

days after the last box count. 

In order to create an accurate accounting of the participants' supplemental fiber intake, all 

data regarding supplement reduction and cessation were added to the information from 

box counts. This analysis required that the data be assessed in time intervals, with each 

interval representing the number of days between box counts. In the case of a temporary 

stop in supplement consimiption, a zero was entered for fiber intake during that time. For 

a supplement reduction, the number of boxes consiuned per day was adjusted 

proportionally to the reduction. Permanent cessation of supplement resulted in an entry 

of zero fiber intake for the remainder of the study. The fiber dose for each time interval 

was then calculated using the following formula; 

Doseiniervai=(days in interval)(% boxes consumed/100)(boxes/day*n grams fiber/day) 

where n equaled 2.0 for participants in the low-fiber group and 13.5 for those in the high-

fiber group. The total dose of supplemental fiber during the analysis period was the sum 

of the fiber intake for each interval. 
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233. Total Fiber Intake 

Dietary fiber intake was assessed at baseline, year one, and year three using the AFFQ, 

and remained equal between the two intervention groups throughout the trial. Therefore, 

the sum of the baseline value from the AFFQ and supplemental fiber intake per day was 

used to calculate total fiber intake. Data fi'om supplemental fiber intake per day and total 

fiber intake per day were categorized into quartiles based on the distribution of the total 

population, and the lowest quartile was used as the reference category in logistic 

regression models. 

2.3.4. Statistical Analyses 

For the analyses of supplemental and total fiber intake, recurrences and non-recurrences 

of colorectal adenomas were ascertained from any colonoscopy that occurred after 

randomization but prior to or within 90 days of the last box count. A student's t-test was 

used to compare baseline, year one, and year three dietary fiber intake between the low-

fiber and high-fiber intervention groups, and to compare supplemental and total fiber 

intake by each non-dietary baseline variable. 

The only variable that was significantly associated with both adenoma recurrence and 

supplemental fiber intake was number of years on study. Age, gender, dietary calcium 

intake, and total calcium intake were the variables that were significantly related to both 

adenoma recurrence and total fiber intake. These potentially confounding variables were 

included in the corresponding multivariate logistic regression analyses, along with other 
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potential covariates including number of colonoscopies during the study period, regular 

aspirin use for 10 years, history of polyps prior to the baseline colonoscopy, cigarette 

smoking, baseline polyp characteristics (number, size, and location), and family history 

of colorectal cancer in a parent or sibling. The variables that were significantly associated 

with adenomatous polyp recurrence using a likelihood-ratio test were included in the final 

regression model for adenoma recurrence. 
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3.0 RESULTS 

3.1. CHANGE IN NUTRIENT INTAKE 

Of the 1304 participants who completed the WBF trial by having at least on post-

randomization colonoscopy and/or who developed colorectal cancer, 685 (53%) 

participants completed an AFFQ at baseline, year one, and year three, with 314 (54%) 

participants from the low-fiber group and 371 (52%) from the high-fiber group. Only data 

from these 685 participants with AFFQ data at each time point were used for the analyses 

of dietary change throughout the WBF trial. These participants were not appreciably 

different from the W^F population with regard to baseline characteristics (Table 1). 

Table 1. Baseline characteristics of WBF population (n=1304) and those who completed the AFFQ at baseline, year 
one and year three (n=685). 

Variable 1304 participants 685 participants 
mean + sd mean + sd 

Age (years) 66.6 + 8.8 66.4 + 8.6 
Body Mass index (kg/m^) 26.5+4.3 26.6 + 4.2 
Group n(%) n (%) 

Low-fiber 584 (44.8) 314(46.0) 
High-fiber 720 (55.2) 371 (54.2) 

Gender 
Female 432 (33.1) 219(32.0) 
Male 872 (66.9) 466 (68.0) 

Race 
White 1251 (95.9) 657 (95.9) 
Other 53(4.1) 28(4.1) 

Marital Status 
Married or cohabitating 1088 (83.4) 565 (82.5) 
Single 215(16.5) 120(17.5) 

Education 
Some or all high-school 592 (45.4) 284(41.5) 
At least one year colleee 710(54.5) 400 (58.4) 

Table 2 presents the changes in nutrient intake for the low-and high-fiber groups from 

baseline to year one, baseline to year three, and year one to year three. There were no 
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significant differences for dietary changes between the two treatment groups from at any 

of the three time points. Therefore, the data from both treatment groups were combined 

to further investigate whether the WBF participants exhibited dietary change as a result 

of participation in a dietary intervention trial. 



TiMe 2. Change in mean nulrient intake by treatnienc group from baseline to year one and year Ihrcc, and from year one >o year three (ti=685). 
Change from Baseline to Year One Change from Baseline to Year Three Change from Year One to Year 

(mean + sd) (mean + sd) Three 
(mean ± sd) 

Nulrient Low-fiber HlKh-flber Low-fiber IllKh-fiber Low-fiber HlKh-fiber 
Energy (keal/day) -43.2 + 596.4 -42,1 +576.7 -76.2 + 533.5 -51.6 + 579.2 -32,9 + 523.7 -9.5 ± 550,3 
Protein (g/day) 1.5 + 23.9 1.2 + 21.3 0,8 + 21.6 1.0 + 22.3 -0.7 + 22.0 -0.2 ±21.9 
Carbohydrate (g/day) 8.0 + 89.3 10.9 + 89.7 3.9 + 79,4 7.1+86,1 -4.0 + 79.2 -3.8 + 81.0 
Fat (g/day) -4.1+25.4 -4.3 + 23.2 -5,6 + 24,4 -4.7 + 24.6 -1.5 + 22.0 -0.4 + 22,8 
Alcohol (g/day) -1.0 + 6.9 -1.7+15.6 -1.1+8.9 -0.6+13,2 -0.1+7.6 1,1 ± 12,4 
Calcium (mg/day) 89.6 + 334.1 107.1+345,2 84.5 + 346.2 99,9 + 344,7 -5.1 ±316,2 -7,2 ± 299,2 
Folate (meg/day) 77.8+136.2 73.6+128,7 77,8+ 133,8 64,5 +132,4 -0.1 ± 143.4 -9.1 ± 130.7 
Water (g/day) -5.6 + 842.4 30.2 + 793,0 -29,6 + 816,0 -12,3 + 786,2 -24.0 + 830.3 -42,6 ± 749.3 
Total sugar (g/day) 3.7 + 3.7 3,1+4.2 3.8 + 3.7 2,9 + 4.4 0.10 + 3.7 -0.2 + 3.6 
Iron (mg/day) 3.2 + 6.4 2.4 + 6,0 2.<) + 6.5 1,8 + 6,5 -0,3 ±6.7 -0.6 ± 5.9 
Magnesium (mg/day) M3.7+ 127.8 123.8+ 128,5 105,7+121,1 106.6+119,7 -8.0 ± 137.5 -17.2 ± 123.0 
Phosphorus (mg/day) 259.4 + 455.9 276,4 + 442,8 233.2 + 433,7 238.3 + 428.2 -26,1 ±455.4 -38.1 ±424.5 
Potassium (mg/day) 220.6+ 1095.4 320,9 + 1079,9 189.7 + 987,0 303.6 + 990.5 -30,9 + 1034,7 -17.3 ±998,4 
Sodium (mg/day) 72.4+ 1052.1 28.2 + 944.4 37.5 + 953.0 -15.3 + 962,8 -34.8 ±965.9 -43.5 + 970.6 
Zinc (mg/day) 3.0 + 4.5 2.8 + 3,9 2.8 + 4.1 2,5+4,4 -0.1 ±4.6 -0,3 ±4,1 
Copper (mg/day) 0.3 + 0.5 0.3 + 0.5 0,310,4 0,3 ±0,5 0.0 ±0.5 0,0 + 0,5 
Manganese (mg/day) 2.5 + 2.7 2.6 + 2.4 2.3 + 2,2 2,2 + 2,2 -0.2 ± 3.0 -0,4 ± 2.5 
Selenium (meg/day) -0.5 + 28.7 -2.6 + 25.4 -3,0 + 26,0 -3,9 ± 25,8 -2.5 ±26,1 -1.3 ±25.3 
Vitamin D(IU) 11.4 + 76.9 15.3 + 85,8 10,7 + 87,6 14,1+83,4 -0.8 ±71.2 -1.2 ±69,3 
Vitamin A (meg RE) 141.3 + 751.2 115,7 + 645,1 113.6 + 528,6 96,6 ± 573.2 -27.7 ± 732.6 -19.0~± 662,9 
Vitamin E (mg a-TE) -0.3+4.5 -0,5+4.0 -0.614.4 -0.7 + 4.2 -0.4 ± 4.2 -0.2 ± 3.7 
Vitamin C (mg/day) 6,1+91,3 13.7 + 85.8 10.3 + 88.6 12.8 + 83.4 4.2 + 79.7 -0,9 ± 80.7 

Thiamin (mg/day) 0.3+0,6 0.3 + 0,6 0.3 + 0.6 0,3 + 0,6 0.0 ±0.6 -0.1 ±0.6 
Riboflavin (mg/day) 0.4 + 0,7 0,4 + 0,7 0,4 + 0,7 0,4 + 0,7 0.0 ±0.8 -0,1 ±0.7 
Niacin (mg/day) 4.4 + 8,2 3,9 + 7,0 4,0 + 7,6 3,2 ±7.8 -0.3 + 8.0 •0.7 ± 7,5 
Pantothenic acid (mg/day) 0.3 + 2.0 0,2+1,7 0,2 + 2,0 0,2 + 1,9 -0.1+2,0 0,0+1,6 

Vitamin B6 (mg/day) 0.5 + 0.8 0,5+0,8 0,5 + 0,8 0,5 + 0,8 0.0 ± 0.8 0,0 ±0,8 
Vitamin B12 (meg/day) 1.5 + 3.8 1,5 + 3.5 1,5 ±2.3 1 , 1 + 2 , 6  -0.1 ±4.0 -0.3 + 3.5 



Mean nutrient intake at baseline, year one, and year three of the WBF study population is 

shown in Table 3. The mean intake of energy, protein, and carbohydrate did not 

significantly change throughout the course of the trial. However, fat intake significantly 

decreased at years one (64.1 g/d) and three (63.2 g/d) as compared to baseline (68.3 g/d). 

Table 3. Mean nutrient intake at baseline, year one. and year three (n=68S). 
Nutrient Baseline Year One Year Three 

Energy (kcal/day) 1922.3 ± 704.3 1879.7 ±666.6 1859.4 ±671.2 
Protein (g/day) 71.7 + 27.0 73.0 ±25.9 72.5 + 26.1 
Carbohydrate (g/day) 255.8 ± 100.6 265.3 ± 95.5 261.4 + 96.0 
Fat (g/day) 68.3+30.5 64.1 ±28.3* 63.2 ± 27.8* 
Alcohol (g/day) 7.7+16.4 6.4 ± 10.1 6.9 ± 13.1 
Calcium (mg/day) 890.0 ±381.4 989.1 ±336.4* 982.9 ± 330.6* 
Folate (meg/day) 329.3 ± 134.7 404.8 ± 135.5* 399.9 ± 141.1* 
Water (g/day) 3008.2 + 936.0 3022.0 ± 904.9 2988.0 ± 884.6 
Total sugar (g/day) 3.6 ± 3.4 6.9 ± 3.3" 6.9 ±3.4" 
Iron (mg/day) 16.0 + 6.6 18.8 ±6.6* 18.4 ±6.9* 
Magnesium (mg/day) 345.7 ± 126.2 464.9 ± 132.2* 451.9 ± 130.1* 
Phosphorus (mg/day) 1307.2 + 484.5 1575.7 ±481.5* 1543.1 ±472.3* 
Potassium (mg/day) 3397.9+ 1207.1 3672.8 ± 1187.8* 3649.3 ± 1206.1* 
Sodium (mg/day) 3125.8+ 1184.1 3174.2 ± 1176.7 3134.7 ± 1173.1 
Zinc (mg/day) 11.6+4.3 14.4 ±4.6* 14.2 ± 4.6* 
Copper (mg/day) 1.4 + 0.5 1.7 ±0.5* 1.7 ±0.5* 
Manganese (mg/day) 3.9 + 2.0 6.5 ± 2.4* 6.1 ±2.2*-'= 
Selenium (meg/day) 77.5 + 30.7 75.9 ±29.1 74.0 ± 28.9 
Vitamin D (lU) 122.3+90.9 135.8 ± 79.4" 134.8 ±72.7" 
Vitamin A (meg RE) 1350.8 ±618.8 1478.2 ± 765.6* 1455.2 ±621.1" 
Vitamin E (mg a-TE) 9.2 + 4.3 8.8 ±4.3 8.5 ±4.1" 
Vitamin C (mg/day) 162.1 ±93.5 172.3 ±90.8"' 173.8 ±94.2" 
Thiamin (mg/day) 1.6 + 0.6 2.0 ±0.6* 1.9 ±0.6* 
Riboflavin (mg/day) 2.0 ±0.8 2.4 + 0.8* 2.4 ±0.8* 
Niacin (mg/day) 21.7 ±8.2 25.8 ± 8.6* 25.3 ± 8.8* 
Pantothenic acid 5.0 ±2.0 5.3 ± 2.0*' 5.2 ± 1.9" 
(mg/day) 
Vitamin B6 (mg/day) 2.2 + 0.9 2.6 ±0.9* 2.6 ±0.9* 
Vitamin B12 5.1 ±2.6 6.6 ±4.2* 6.4 ±2.7* 
(meg/day) 

'p<0.001 compared to baseline values 
''p<0.01 compared to baseline values 
'^p<O.OS compared to year one values 
''p<O.OS compared to baseline values 

The intake of most vitamins and micronutrients was increased from baseline at years one 

and three, including calcium, folate, iron, and vitamins D, A, and C. Vitamin E intake 
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was significantly lower at year three as compared to baseline. Manganese was the only 

nutrient for which a significant change was foimd between years one and three; intake 

was lower at year three. Because the consumption of most vitamins and minerals was 

increased throughout the trial, and fat intake was decreased, it was important to determine 

which dietary patterns had changed that might account for the observed nutrient changes. 

The number of servings from the food categories was not appreciably different between 

the high-and low-fiber groups at any time point (Table 4). Therefore, the data from both 

treatment groups were combined for these analyses. 

Table 4. Mean change in the number of food group servings for both treatment groups from baseline to year one, 
baseline to year three, and year one to year three. 

Baseline to year one Baseline to year three Year one to year three 
Nutrient low-fiber high-flber low-fiber high-fiber low-fiber high-fiber 

Fruits -0.1 ±2.3 0.2 ±2.4 0.0 + 2.4 0.3 ± 2.4 0.2 ±2.0 O.I ±2.3 
Vegetables -0.2 ± 1.7 -O.I +2.0 -0.2 ± 1.6 0.0 ± 1.8 0.0 ± 1-4 0.0 ± 1.9 
Cereals, breads, crackers 0.6+1.4 0.6 ±1.5 0.5 ±1.6 0.5 ± 1.5 -0.1 ± 1.4 -0.2 ± 1-4 
Meats, fish, poultry -0.1 ±0.9 -0.2+1.0 -0.2 ±0.9 -O.I ± 0.9 0.0 ±0.9 0.0 ±0.9 
Cakes, cookies, pastries -0.1 ± 1.2 -0.1 + 1.3 -0.1 ± 1.2 -0.1 ± 1.4 0.0 ± 1-1 0.0 ± 1.2 
Milk, cheese 0.1 ± 1.0 0.1 ± 1.0 O.I ± 1.1 O.i ± l.I 0.0 ±0.9 0.0 ±0.9 
Fats -0.2 ± 1.2 -0.2 ± 1.2 -0.2 ± 1.2 -0.3 + I.l 0.0 ±0.9 -0.1 ± 1.1 
Salty Snacks 0.0 + 0.4 0.0 + 0.3 -0.1 +0.5 -0.1 + 0.3 0.0 + 0.4 0.0 + 0.3 

Table 5 shows the mean nimiber of servings from each of eight food groups for baseline, 

year one, and year three. Study participants consumed significantly fewer servings from 

the fats group at year one (1.2 servings/day) and year three (1.1 servings/day) as 

compared to baseline (1.4 servings/day). The number of servings from the meats, fish, 

and poultry group at years one and three (1.9) was also lower as compared to baseline 

(2.0). For the cereals, breads, and crackers group, intake was significantly increased from 

baseline (2.3) to years one (2.9) and three (2.8). However, no appreciable changes in 
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consumption were observed for the fhiits, vegetables, dairy, salty snacks, or cakes, 

cookies and pastries groups. 

Table 5. Mean number of servings from food groups at baseline, year one, and year three. 

Nutrient Baseline Year One Year Three 
Fruits 3.6 -1- 2.5 3.6 + 2.5 3.8 + 2.8 
Vegetables 2.7+1.9 2.6+1.9 2.6 ± 1.8 
Cereals, breads, crackers 2J + IJ 2.9+ 1.4' 2.8+1.3* 
Meats, fish, poultry 2.0 ± 1.1 1.9+1.0* 1.9+1.0* 
Cakes, cookies, pastries 1.6+1.5 1.5 + 1.3 1.5 ± 1.3 
Milk, cheese 1.5+1.2 1.6+1.0 1.6+1.0 
Fats 1.4+1.2 1.2+ 1.1* 1.1 + 1.0* 
Salty Snacks 0.3+0.4 0.3 + 0.4 0.2 + 0.3* 

*p<O.OS compared to baseline values 

3.2. BASELINE DIETARY FIBER INTAKE 

As the first step in determining the effect of baseline flber intake on adenoma recurrence, 

it was important to determine whether baseline fiber intake was associated with baseline 

characteristics. Table 6 presents baseline characteristics of the 1304 participants who 

completed the WBF trial by quartile of baseline dietary fiber intake. Fiber intake was 

significantly increased with increasing age. The mean age of those in the highest quartile 

of fiber intake was 68 years; for the lowest quartile it was 65 years. In addition, those 

who were male, exercised at least one time per week, or were non-smokers also 

consumed significantly greater quantities of fiber at baseline. 
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Table 6. Baseline characteristics by quartile of dietary fiber intake (n=I304). 

Quartile of baseline dietary fiber intake 
Baseline characteristics 12 3 4 

3.4-12.8 12.9-17.4 17.5-23.1 23.2-70.0 
Age (years, mean ± sd)' 64.6 ±9.1 66.7 ± 8.5 67.1 ±8.9 68.0 ± 8.4 
Body Mass Index (kg/m ,̂ mean ± sd) 26.5 ±4.2 26.2 ± 3.8 26.7 ±4.7 26.6 ±4.5 
Group (number, %) 

Low-fiber 142 (24.3) 143 (24.5) 146 (25.0) 153 (26.2) 
High-fiber 184 (25.6) 183 (25.4) 180 (25.0) 173 (24.0) 

Gender*' 
Female 124 (28.7) I I I  (25.7) 109 (25.2) 88 (20.4) 
Male 202 (23.2) 215 (24.7) 217 (24.9) 238 (27.3) 

Race 
White 316 (25J) 314 (25.1) 313 (25.0) 308 (24.6) 
Other 10 (18.9) 12 (22.6) 13 (24.5) 18 (34.0) 

Marital Status 
Married or cohabitating 264 (24.3) 276 (25.4) 277 (25.5) 271 (24.9) 
Single 62 (28.8) 50 (23.3) 48 (22.3) 55 (25.6) 

Education 
Some or all high-school 162 (27.4) 156 (26.4) 131 (22.1) 143 (24.2) 
At least one year college 164 (23.1) 169 (23.8) 194 (27.3) 183 (25.8) 

History of colorectal cancer in one parent or 
sibling 

Yes 51 (23.2) 54 (24.6) 59 (26.8) 56 (25.5) 
No 275 (25.4) 272 (25-1) 267 (24.6) 270 (24.9) 

History of cancer other than colorectal 
cancer at least five years prior to study entry 

Yes 26 (30.6) 20 (23.5) 20 (23.5) 19 (22.4) 
No 206 (24.9) 194 (23.4) 212 (25.6) 217 (26.2) 

Hi&ory of polyps prior to baseline • 

colonoscopy (number, %) 
Yes 103 (22.8) 110 (24.3) 114 (25.2) 125 (27.7) 
No 183 (26.1) 173 (24.7) 175 (25.0) 170 (24.3) 

Polyp Characteristics 
Location 

Distal only 178 (25.1) 185 (26.1) 180 (25.4) 167 (23.5) 
Proximal only 85 (24.3) 77 (22.0) 87 (24.9) 101 (28.9) 
Proximal and Distal 62 (26.1) 63 (26.5) 56 (23.5) 57 (24.0) 

Number 
One 176 (23.6) 190 (25.5) 187 (25.1) 192 (25.8) 
Two 77 (26.6) 65 (22.4) 77 (26.6) 71 (24.5) 
Three or more 73 (27.4) 71 (26.7) 60 (22.6) 62 (23.3) 

Size 
<0.5cm 92 (23.0) 97 (24.3) 110 (27.5) 101 (25.3) 
0.60-1.00 cm 141 (25.8) 132 (24.2) 131 (24.0) 142 (26.0) 
>1.00 cm 93 (26.0) 97 (27.1) 85 (23.7) 83 (23.2) 

Lifestyle Variables 
Exercise' 

>=1 time per week 125 (19.7) 162 (25.5) 175 (27.5) 174 (27.4) 
Never 149 (29.1) 127 (24.8) 113 (22.1) 123 (24.0) 

Current smoker  ̂
Yes 75 (42.1) 51 (28.7) 32 (18.0) 20 (11.2) 
No 251 (22.3) 275 (24.4) 294 (26.1) 306 (27.2) 

10 year history of regular aspirin use 
Yes 83 (22.6) 86 (23.4) 93 (25.3) 106 (28.8) 
No 243 (26.0) 240 (25.6) 233 (25.0) 220 (23.5) 

•p<0.001; VO-OS; VO Ol 
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As shown in Table 7, the major source of fiber at baseline was the fi^it group (5.7 grams 

of fiber/day), followed by breads, cereals, and crackers (4.3 g/d), and vegetables (3.7 

g/d). These three groups provided 73% of total dietary fiber intake. 

Table 7. Mean baseline flber intake and percent contribution by food source. 

Fiber Source Grams of 
fiber/day 
mean ± sd (%) 

Fruits 5.7 + 4.3 (30) 
Breads, cereals, and crackers 4.3 + 3.2 (23) 
Vegetables 3.7 + 2.2 (20) 
Beans, Nuts, and Seeds 1.6+1.7 (9) 
Mixed dishes 0.7 + 0.6 (8) 
Salty snacks 0.7+1.3 (4) 
Cakes, cookies, and pastries 0.5+0.6 (3) 
Juices 0.2 + 0.5 (1) 
Miscellaneous 1.2 + 0.9 (6) 
All sources 18.7 + 8.2 

Table 8 presents the crude and adjusted odds ratios for adenoma recurrence by quartile of 

baseline dietary fiber intake, with the lowest quartile of fiber intake as the reference 

group. The adjusted odds ratios and 95% confidence intervals for adenoma recurrence by 

increasing quartile of fiber intake were 0.79 (0.56-1.12), 0.76 (0.54-1.08), and 0.83 (0.57-

1.19). The p-for trend was not significant (p<0.31). 

Table 8. Crude and adjusted odds ratios for adenoma recurrence by quartile of baseline dietary fiber intake for entire 
population that completed the WBF trial (n=1304). 

Baseline Dietary Recurrence No Odds ratio Adjusted odds ratio' p for 
Fiber Intake Recurrence (95% (95% tren 

(median g/day) Confidence Confidence interval) d 
n°1304 interval) 

10.1 g/day 175 151 1.00 1.00 
15.3 g/day 158 168 0.81 (0.60-1.10) 0.79 (0.56-1.12) 
20.0 g/day 149 177 0.73 (0.53-0.99) 0.76 (0.54-1.08) 
27.7 K/day 156 170 0.79 (0.58-1.08) 0.83 (0.57-1.19) 0.31 

'or adjusted for history of polyps prior to baseline colonoscopy, age at randomization, gender, number of 
colonoscopies, aspirin use, total calcium intake at baseline, and number of baseline adenomas. 
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In order to assess whether there were effects of speciflc fiber sources on adenoma 

recurrence, crude and adjusted odds ratios were calculated for each fiber source (Table 

9). There were no significant associations for any of the fiber sources and adenoma 

recurrence. 

Table 9. Crude and adjusted odds ratios for adenoma recurrence by quartile of baseline dietary fiber intake finm the 
leading sources of fiber for the WBF study (n=L304). 

Fruits Recurrence No Odds ratio (95% Adjusted odds ratio' p for 
(median g/day) Recurrence Confidence (95% trend 

interval) Confidence interval) 
1.5 g/day 165 161 1.00 l.OO 
3.7 g/day 162 167 0.95 (0.70-1.29) 0.89(0.63-1-25) 
6.2 g/day 149 174 0.84 (0.61-1.14) 0.86 (0.60-1.21) 
11.5 g/day 162 164 0-96 (0.71-1.31) 0.92(0.64-1.32) 0.62 
Cereals, breads. 
and crackers 
(median g/day) 

1.4 g/day 167 159 1.00 l.OO 
2.8 g/day 165 164 0.96(0.71-1.30) 0.92 (0.65-1.29) 
4.4 g/day 150 173 0.83 (0.61-1.12) 0.88 (0.62-1.24) 
8.8 g/day 156 170 0.87 (0.64-1.19) 0.84(0.59-1-19) 0.31 
Vegetables 
(median g/day) 

1.5 g/day 164 163 1.00 1.00 
2.7 g/day 157 168 0.93 (0.68-1.26) 0.98 (0.70-1.38) 
3.4 g/day 144 182 0.79(0.58-1.07) 0.86 (0.61-1.20) 
6.8 K/day 173 153 1.12(0.83-1.53) 1.34(0.94-1.91) 0.21 

'or adjusted for history of polyps prior to baseline colonoscopy, age at randomization, gender, number of 
colonoscopies, aspirin use, total calcium intake at baseline, and number of baseline adenomas. 

To investigate whether baseline fiber intake may have modified the effect of treatment 

group on the recurrence of adenomas, odds ratios for the effect of treatment group were 

calculated within each quartile of baseline fiber intake, using the low-fiber group as the 

reference group (Table 10). From the lowest to the highest quartile of baseline fiber 

intake, the adjusted odds ratios (95% confidence interval) for the high-fiber group were 
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1.15 (0.70-1.91), 0.75 (0.45-1.22), 0.97 (0.60-1.56), and 0.72 (0.44-1.18). Finally, a 

detailed analysis of the effect of quartile of fiber intake from several sources on adenoma 

recurrence is presented in Table 11. There were no significant trends for either risk or 

protection for either treatment group with any of the fiber sources presented in Table 11. 

Table 10. Crude and adjusted odd ratios for the effect of treatment group, by quartile of baseline dietary 
fiber intake. 
Quartile of Dietary 

Fiber Intake 
1 Recurrence No Recurrence OR Adjusted OR' 

3.4-12.8 g/day 
Low-fiber 74(52.1) 68 (47.9) 1.00 1.00 
High fiber 101 (54.9) 83(45.1) 1.18 (0.72-1.73) 1.15(0.70-1.91) 

12.9-17.4 g/day 
Low-fiber 74(51.8) 69 (48.3) 1.00 1.00 
High fiber 84 (45.9) 99(54.1) 0.79(0.51-1.23) 0.75 (0.45-1.22) 

•9 
17.5-23.1 g/day 

Low-fiber 68 (46.6) 78 (53.4) 1.00 1.00 
High fiber 

A 
81 (45.0) 99 (55.0) 0.94(0.61-1.45) 0.97 (0.60-1.56) 

23.2-70.0 g/day 
Low-fiber 83 (54.3) 70 (45.8) 1.00 1.00 
High fiber 73 (42.2) 100 (57.8) 0.62 (0.40-0.95) 0.72 (0.44-1.18) 

OR adjusted for history of polyps prior to baseline colonoscopy, age at randomization, gender, number of 
colonoscopies, aspirin use, total calcium intake at baseline, and number of baseline adenomas. 
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Table 11. Crude and adjusted odds ratios for the effect of fertile of baseline fiber fiom several sources on adenoma 
recurrence, by treatment group. 

Table 11a. Low-fiber group 

Low-fiber group 
Fiber Source Recurrence No Recurrence Odds Ratio Adjusted Odds P-

ratio' value 
Beans, Nuts, and Seeds 

0.00-0.83 94(51.7) 88 (48.4) "1.00 1.00 
0.84-1.68 102 (50.5) 100 (49.5) 0.95 (0.64-1.43) 0.93 (0.59-1.46) 
1.69-23.37 103(51.5) 97 (48.5) 0.99 (0.67-1.49) 0.95(0.59-1.51) 0.82 

Cakes, cockles, and 
pastries 

0.00-0.19 115(57.8) 84 (42.2) 1.00 1.00 
0.20-0.47 87 (45.8) 103 (54.2) 0.62 (0.41-0.92) 0.58 (0.37-0.90) 
0.48-5.36 97 (49.7) 98 (50.3) 0.72 (0.49-1.08) 0.64(0.41-1.01) 0.07 

Salty snacks 
0.00-0.15 90 (49.2) 93 (50.8) 1.00 1.00 
0.16-0.51 108 (53.2) 95 (46.8) 1.17(0.79-1.75) 1.46 (0.93-2.28) 
0.52-15.8 101 (51.0) 97 (49.0) 1.08(0.72-1.61) 1.23 (0.78-1.96) 0.33 

Breads, cereals, and 
crackers 
0.07-2.51 108 (54.8) 89 (45.2) 1.00 1.00 
2.52-4.68 93 (47.0) 105 (53.0) 0.73 (0.49-1.08) 0.78 (0.50-1.22) 

4.69-26.88 98 (51.9) 91 (48.2) 0.89 (0.59-1.32) 1.01 (0.64-1.60) 0.94 
Fruits 

0.00-3.31 104(52.5) 94 (47.5) 1.00 1.00 
3.32-6.61 91 (48.7) 96 (51.3) 0.86 (0.57-1.28) 0.83 (0.53-1.32) 0.86 

6.62-51.49 104 (52.3) 95 (47.7) 0.99 (0.67-1.47) 1.06(0.66-1.71) 
Juices 

0.00-0.00 151 (54.1) 128 (45.9) 1.00 1.00 
0.01-0.05 62 (51.2) 59 (48.8) 0.89(0.58-1.37) 1.00 (0.62-1.60) 0.06 
0.06-3.85 86 (46.7) 98 (53.3) 0.74(0.51-1.08) 0.65 (0.43-0.99) 

Vegetables 
0.08-2.54 111 (54.2) 94 (45.9) 1.00 1.00 
2.55-4.24 80 (44.0) 102 (56.0) 0.66 (0.44-0.99) 0.68(0.44-1.07) 0.81 
4.25-17.7 108 (54.8) 89 (45.2) 1.03 (0.69-1.52) 1.09(0.69-1.72) 

Mixed dishes 
0.00-0.43 104(51.0) 100(49.0) 1.00 1.00 
0.44-0.78 104 (54.5) 87 (45.6) 1.15(0.77-1.71) 1.08 (0.68-1.70) 
0.79-4.06 91 (48.2) 98 (51.9) 0.89(0.60-1.33) 0.85 (0.53-1.37) 0.43 

'OR adjusted for history of adenomas prior to baseline colonoscopy, age, gender, number of colonoscopies, aspirin use, 
baseline calcium intake, and number of baseline polyps. 
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Table lib. High-flber group 

High-fiber group 
Fiber Source Recurrence No Recurrence Odds Ratio Adjusted Odds 

ratio' 
P-

value 
Beans, Nuts, and Seeds 

0.00-0.83 120(47.1) 135 (52-9) 1.00 1.00 
0.84-1.68 104 (44.8) 128 (55.2) 0.91 (0.64-1.31) 0.96 (0.64-1.44) 
1.69-23.37 115(49.4) 118(50.6) 1.10 (0.77-1-56) 1.08 (0.72-1.63) 0.69 

Calces, cooides, and 
pastries 

0.00-0.19 126 (51.6) 118(48.4) 1.00 I-00 
0.20-0.47 100 (42.0) 138 (58.0) 0.68 (0.47-0-97) 0-64 (0.43-0.96) 
0.48-5.36 113 (47.5) 125 (52.5) 0-85(0.59-1-21) 0.95 (0.63-1.43) 0.76 

Salty snacks 
0.00-0.15 123(48.1) 133 (52-0) 1.00 1.00 
0.16-0.51 120 (50.4) 118 (49.6) 1.10(0.77-1.57) 1.16(0.79-1.71) 
0.52-15.8 96 (42.5) 130(57.5) 0.80 (0.56-1.14) 1.05 (0.70-1.57) 0.79 

Breads, cereals, and 
crackers 
0.07-2.51 119(50.0) 119 (50.0) 1.00 1.00 
2.52-4.68 112 (46.9) 127(53.1) 0.88 (0.62-1.26) 0.75 (0.50-1.12) 

4.69-26.88 108 (44.4) 135 (55.6) 0.80 (0.56-1.15) 0.71 (0.46-1.08) 0.11 
Fruits 

0.00-3.31 117(49.4) 120 (50.6) 1.00 1-00 
3.32-6.61 110 (44.4) 138(55.7) 0.82(0.57-1.17) 0.72 (0.48-1.08) 

6.62-51.49 112(47.7) 123 (52.3) 0.93 (0.65-1-34) 0.76(0.49-1.16) 0.21 
Juices 

0.00-0.00 163 (46.8) 185(53.2) 1.00 1.00 
0.01-0.05 68 (48.9) 71(51.1) 1.09(0.73-1.61) 1-17(0-76-1.81) 
0.06-3.85 108 (46.4) 125 (53.7) 0.98 (0.70-1-37) 1.16(0.80-1.67) 0.41 

Vegetables 
0.08-2.54 112 (48.3) 120(51.7) 1-00 1.00 
2.55-4.24 113 (44.5) 141 (55.5) 0-86 (0.60-1.23) 0.93 (0.62-1.38) 
4.25-17.7 114 (48.7) 120(51.3) 1.02(0.71-1.46) 1.32 (0.87-2.02) 0.20 

Mixed dishes 
0.00-0.43 112(47.1) 126 (52.9) 1.00 1.00 
0.44-0.78 111 (46.3) 129(53.8) 0.97 (0.68-1-39) 1.01 (0.68-1.50) 
0.79-4.06 116(47.9) 126 (52.1) 1.04(0.72-1.48) 1.31 (0-84-2.04) 0.22 

OR adjusted for history of adenomas prior to baseline colonoscopy, age, gender, number of colonoscopies, aspirin use, 
baseline calcium intake, and number of baseline polyps 
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33. SUPPLEMENTAL AND TOTAL FIBER INTAKE 

When considering the supplemental and total fiber intake of the WBF population, 

participants were eligible for the analyses only if they had complete adherence data as 

described in the Methods section. Therefore, it was necessary to establish whether the 

eligible participants were representative of those who completed the WBF trial. A 

comparison of the two populations is presented in Table 12. There were no significant 

differences between the two groups with regard to baseline characteristics. 

Table 12. Baseline characteristics of WBF population (1304 participants) and those with complete adherence data by 
having bad a colonoscopy prior to or within 90 days following the last count of unused cereal boxes (1208 
participants). 

Variable 1304 participants 1208 participants 
mean sd mean ± sd 

Age (years) 66.6 ± 8.8 66.6 ± 8.8 
Body Mass Index fkg/m') 26.5+4.3 26.5 + 4.3 
Group n(%) n (%) 

Low-fiber 584 (44.8) 562 (46.5) 
High-fiber 720 (55.2) 646 (53.5) 

Gender 
Female 432 (33.1) 393 (32.5) 
Male 872 (66.9) 815(67.5) 

Race 
White 1251 (95.9) 1157(95.8) 
Other 53 (4.1) 51 (4.2) 

Marital Status 
Married or cohabitating 1088 (83.4) 1005 (83.2) 
Single 215(16.5) 202(16.7) 

Education 
Some or all high-school 592 (45.4) 548 (45.4) 
At least one year college 710 (54.5) 658 (54.5) 

History of colorectal cancer 
in one parent or sibling 

Yes 220(16.9) 209(17.3) 
No 1084(83.1) 999 (82.7) 

History of cancer other than 
colorectal cancer at least five 
years prior to study entry 

Yes 85 (6.5) 72 (6.0) 
No 829 (63.6) 773 (64.0) 

Years on Study 
<=1.0 47 (3.6) 43 (3.6) 
1.1-2.0 127 (9.7) 104 (8.6) 
2.1-3.0 258 (19.8) 239(19.8) 
>3.0 872 (66.9) 822(68.1) 
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Table 12. (continued) 
Variable 1304 participants 1208 participants 

n (%) n (•/.) 
Polyp Characteristics 
History of adenomas prior to 
baseline colonoscopy 

Yes 452 (34.7) 419 (34.7) 
No 701 (53.8) 654(54.1) 

Polyp Location 
Distal only 710(54.7) 659 (54.8) 
Proximal only 350 (27.0) 322 (26.8) 
Proximal and Distal 238(18.3) 221 (18.4) 

Number of Polyps 
One 745 (57.3) 693 (57.5) 
Two 290 (22.3) 261 (21.7) 
Three or more 266 (20.5) 251 (20.8) 

Maximum polyp size 
<0.5cm 400 (30.7) 363 (30.1) 
0.60-1.00 cm 546(41.9) 512(42.5) 
>1.00 cm 358 (27.5) 330 (27.4) 

Lifestyle Variables 
Exercise 

At least once a week 636 (55.4) 612 (55.4) 
Never 512(44.6) 492 (44.6) 

Current smoker 
Yes 178 (13.7) 152(12.6) 
No 1126 (86.4) 1056 (87.4) 

Ever smoker 
Yes 683 (52.4) 637 (52.7) 
No 449 (34.4) 424(35.1) 

10 year history of regular 
aspirin use 

Yes 368 (28.2) 345 (28.6) 
No 936 (71.8) 863 (71.4) 

Dietary Variables 
Energy (kcal/day) 1909.3+666.0 1903.6 ± 663.7 
Protein (g/day) 73.4 + 26.2 73.4 +.26.3 
Carbohydrate (g/day) 233.8 ± 87.4 233.5 ± 86.6 
Fat (g/day) 72.9 ± 33.3 72.5 ± 33.3 
Dietary Fiber (g/day) 18.7 + 8.3 18.8 ±8.1 
Dietary Calcium (mg/day) 852.7 ± 377.7 852.7 ± 379.0 
Total Calcium (mg/day) 975.3 ±441.8 977.2 ± 444.2 
Alcohol (g/day) 7.5 ± 15.3 7.4 ± 14.8 
Dietary Folate (meg/day) 283.3 + 120.5 284.4 ± 120.6 
Total Folate (meg/day) 441.4 + 253.1 443.4 ± 249.9 
Red Meat (g/day) 62.5 ±48.9 63.4.4 ± 444.2 
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Next, an analysis was conducted to compare the differences between the low and high 

fiber groups for fiber intake firom supplemental, dietary, and total fiber sources (Table 

13). 

Table 13. Intake of dietary fiber at baseline, supplemental fiber over the course of the trial, and total fiber (estimated 
by baseline dietary fiber intake plus supplemental fiber intake). 

Fiber Source mean + sd median 
Baseline Dietary Fiber Intake (g/day) 

Low fiber group 
High fiber group 

18.9 + 8.3 
18.7 + 8.0 

17.7 
17.6 

3.8-56.8 
3.4-55.0 0.70 

Supplemental Fiber Intake (g/day) 
Low fiber group 
High fiber group 

1.5+0.4 
9.6+3.1 

1.7 
10.7 

0.0-2.1 
0.7-13.5 <0.001 

Total Fiber Intake (g/day) 
Low fiber group 
High fiber group 

20.4 + 8.3 
28.3 + 8.8 

19.4 
27.5 

4.9-57.7 
7.0-66.3 <0.001 

'p-value compares the fiber intake of the low-fiber group to the high-fiber group 

Baseline dietary fiber intake was not appreciably different for the two treatment groups. 

After accounting for dose reductions and stoppages, the high-fiber group consumed 

significantly greater amounts of supplemental fiber (9.6 g/d) as compared to the low-fiber 

group (1.5 g/d). As would be expected, total fiber intake was also significantly higher for 

those in the high-fiber group (28.3 g/d) than for participants in the low-fiber group (20.4 

g/d). Figure 1 shows that supplemental fiber intake was generally lower in the low-fiber 

group than the high-fiber group, although some participants in the high-fiber group were 

consuming less supplemental fiber than would be expected. However, with respect to 

total fiber intake, there is considerable overlap between the two groups (Figure 2). 
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Before testing models for the effect of total and supplemental fiber on colorectal 

adenoma recurrence, it was important to determine which baseline characteristics were 

associated with both supplemental and total fiber intake and with adenoma recurrence. 

Table 14 shows the mean supplemental and total fiber intake for each baseline 

characteristic. Supplemental fiber intake was associated with the number of years on 

study, current smoking, and alcohol intake. Total fiber intake was associated with age, 

gender, race, exercise, current smoking, aspirin use, and each of the dietary variables with 

the exception of alcohol. 

The crude and adjusted odds ratios for adenoma recurrence by supplemental and total 

fiber intake are presented in Table 15, with the lowest quartile of intake as the reference 

group. From lowest to highest quartile of supplemental fiber intake, the odds ratios (95% 

confidence interval) for supplemental fiber were 1.06 (0.75-1.50), 1.13 (0.80-1.59), and 

0.94 (0.66-1.33). For total fiber intake, the odds ratios were 0.87 (0.62-1.23), 0.80 (0.56-

1.14), and 0.98 (0.68-1.42). Neither of the trends by quartile of fiber intake was 

significant. 
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Figure 1. Frequency histogram of supplemental fiber intake (grams/day). 
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Figure 2. Frequency histogram of total fiber intake (grams/day) 
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Table 14. Mean supplemental fiber intake and total flber intake during the WBF trial, by baseline characteristics 
(n=1208). 

Variable n Supplemental Fiber 
Intake (e/d) 

Total Fiber Intake 
(e/d) 

mean ± sd mean ± sd 
Age at Randomization (years) 

40.3-61.1 302 5.7 + 4.6 23.1+9.1 
61.2-68.1 302 6.3+4.7 24.2 + 9.7 
68.2-73.1 302 5.8+4.7 25.1 +9.4 
73.2-81-1 302 5.7 + 4.6 26.2 ± 9.2* 

Gender 
Female 393 5.6 + 4.6 23.4 + 9.3 
Male 815 6.0 + 4.7 25.3 ± 9.4" 

Race 
White, non-Hispanic 1157 5.9+4.6 24.5 + 9.3 
Other 51 6.0+4.8 27.2+11.0' 

Marital Status 
Married or cohabitating 1005 5.9 ±4.7 6.2 ± 4.7 
Single 202 5.6+4.6 6.2+4.7 

Education 
Some or all high school 548 5.8 + 4.6 24.3 ±9.8 
At least one year of college 658 6.0+4.7 24.9 ±9.1 

History of coiorectai cancer in 
one parent or sibling 

Yes 209 6.1 +4.6 25.2 ± 9.4 
No 999 5.8^4.7 24.6 + 9.4 

History of cancer other than 
colorectal cancer at least five 
years prior to study entry 

Yes 72 6.3+4.8 24.0 + 7.9 
No 773 5.9+4.6 25.0 ± 9.5 

Years on Study 
<=1.0 43 2.7 + 2.5 20.9 + 9.0 
1.1-2.0 104 3.4 + 3.2 22.9 ± 8.9 
2.1-3.0 239 6.0 + 4.5 24.7 ± 9.8 
>3.0 822 6.3 +4.8" 25.1 ±9.3 

Body Mass Index (kg/m^) 
8.2-23.8 304 5.9+4.7 25.0 ± 9.5 
23.9-26.1 301 6.1 +4.7 24.5 ± 9.2 
26.2-28.8 302 5.9 + 4.6 24.2 ± 9.0 
28.9-48.1 301 5.6+4.6 24.8 + 9.9 

*p for trend <0.001; ''p<0.001; "^p <0.05; ""p <0.01; ®p for treiid <0.05 
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Table 14. (continued) 
Variable n Supplemental Fiber Total Fiber Intake 

Intake (g/d) (gMJ 
Polyp Characteristics 
History of adenomas prior to 
baseline colonoscopy 

Yes 419 5.9+4.6 25.3+9.5 
No 654 6.0+4.7 24.6 + 9.5 

Polyp Location 
Distal only 659 5.9 + 4.7 24.4 + 9.2 
Proximal only 322 5.8 + 4.6 25.4+10.4 
At least one proximal polyp 221 5.9 + 4.6 24.2 + 8.7 

Number of Polyps 
One 693 5.8 + 4.6 24.7 + 9.4 
Two 261 6.1+4.8 25.1 +9.6 
Three or more 251 5.7 + 4.6 24.0 + 9.1 

Polyp size 
<0.5cm 363 6.0+4.7 25.2+10.2 
0.60-1.00 cm 512 5.8+4.6 24.7+9.1 
>1.00 cm 330 5.9 ±4.6 24.0 + 8.9 

Lifestyle Variables 
Exercise 

At least once a week 612 6.2+4.7 25.7 + 9.3 
Never 492 5.7 + 4.6 23.9 + 9.7'' 

Current Smoker 
Yes 152 6.8 ±4.5 22.2 ±9.3 
No 1056 5.8+4.7= 25.0 ±9.4" 

Ever Smoker 
Yes 637 5.8 ±4.7 24.7 ±9.3 
No 424 5.7 ± 4.6 25.4 + 9.4 

10 year history of regular aspirin 
use 

Yes 345 6.1 ±4.7 25.6 ±9.5 
No 863 5.8+4.6 24.3 + 9.4' 

*p for trend <0.001; ''p<0.001; '^p <0.05; ""p <0.01; 'p for trend <0.05 



Table 14. (continued) 
Variable n Supplemental Fiber Total Fiber Intake 

lnuke(g/d> ig^d} 
Dietary Variables 
Energy (kcat/d) 

327.9-1437.7 302 5.7 + 4.7 18.6 + 7.2 
1438.2-1819.6 302 5.8 + 4.6 23.1 ±7.6 
1820.8-2260.5 302 5.9+4.6 25J ±1.1 
2260.5-6287.8 302 6.1 ±4.7 31.2 ±10.1' 

Protein (g/d) 
14.2-54.3 302 5.9 ±4.6 18.9 ±7.7 
54.4-70.0 302 5.8 ±4.7 23.0 ±7.4 
70.1-87.9 302 5.7 ±4.6 25.8 ± 8.5 
88.0-253.2 302 6.2 ±4.7 31.0 ±9.6' 

Carbohydrate (g/d) 
45.7-173.7 302 5.8+4.6 17.2 ±6.4 
173.8-223.8 302 5.9+4.7 22.4 + 6.6 
224.2-278.5 302 5.9 ±4.6 26.1 ±6.9 
278.6-729.7 302 6.0 ±4.7 32.9 ±9.5' 

Fat (g/d) 
6.7-49.2 302 5.9 ±4.7 21.8 ±8.9 
49.3-67.5 302 5.9 ± 4.6 23.4 ±8.4 
67.6-89.9 302 5.7 ± 4.6 25.6 + 9.3 
90.0-321.1 302 6.1 ± 4.6 27.9 ± 9.9' 

Dietary Calcium (mg/d) 
125.8-595.9 302 6.0 ±4.6 19.7 ±7.6 
596.0-815.6 302 5.8 ±4.8 24.3 ±6.0 
815.7-1042.0 302 5.7 ±4.6 24.9 ±8.5 
1042.1-3364.3 302 6.0 + 4.6 29.7 ±9.9* 

Total Calcium (mg/d) 
125.8-666.3 302 5.6 ±4.6 20.2 + 7.7 
667.0-928.7 302 5.8 ±4.7 24.2 ±9.1 
929.2-1162.6 302 5.5 + 4.5 25.4 ±8.1 
1162.7-3364.3 302 6.2 ±4.7 28.8 ±10.4' 

Alcohol (g/d) 
0.00-0.00 444 5.7 ± 4.7 25.6 ±10.4 
0.43-1.6 164 5.3 ±4.5 23.5 ±9.6 
1.7-10.3 298 6.3+4.7 24.6 ±8.2 
10.4-268.7 302 6.1 ±4.6' 24.0 ±8.8 

Dietary folate (mcg/d) 
38.6-201.5 302 5.6 ±4.5 17.8 ±7.0 
201.9-265.0 302 6.2 ±4.7 23.1 ±7.0 
265.1-346.3 302 5.6 ±4.6 25.1 + 1.5 
346.9-818.4 302 6.1 ±4.7 32.1 ±9.6' 

Total folate (mcg/d) 
38.6-242.7 302 5.8+4.6 19.1 ±7.2 

243.0-370.6 302 5.6 ±4.6 25.6 ±7.8 
370.9-633.3 302 6.4 + 4.7 26.1 ±9.7 
635.2-1697.9 302 5.8 ±4.6 27.8 ±10.3' 

Red meat (g/d) 
0.00-26.4 302 6.0 ± 4.7 24.5 ±9.5 
26.5-50.0 302 5.9 + 4.6 23.7 ±9.4 
50.1-84.1 302 5.4 ± 4.6 24.6 ±9.4 
84J-370.1 302 6.3 ±4.7 25.9 + 9.3' 

"p for trend <0.001; ''p<0.00l; 'p <0.05; "p <0.01; 'p for trend <0.05 
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Supplemental Recurrence No Odds ratio (95% Adjusted odds p for 
fiber intake Recurrence Confidence ratio' (95% trend 

(g/day) interval) Confidence 
Interval) 

I (0.0-1.7) 141 (46.7%) 161 (53.3%) 1.00 1.00 
2 (1.8-3.4) 146 (48.3%) 156 (51.7%) 1.07(0.78-1.47) 1.06(0.75-1.50) 
3 (3.5-11.0) 148 (49.0%) 154 (51-0%) 1.10(0.80-1.51) 1.13 (0.80-1.59) 
4 (11.1-13.5) 140 (46.4%) 162 (53.6%) 0.99 (0.72-1.36) 0.94(0.66-1.33) 0.82 

Total fiber 
intake (g/day) 
1 (4.9-17.8) 147 (48.7%) 155(513%) 1.00 1.00 
2 (17.9-23.7) 142 (47.0%) 160 (53.0%) 0.94 (0.68-1.29) 0.87 (0.62-1.23) 
3 (23.7-30.3) 136 (45.0%) 166 (55.0%) 0.86(0.63-1.19) 0.80(0.56-1.14) 
4 (30.4-66.3) 150 (49.7%) 152 (50.3%) 1.04 (0.76-1.43) 0.98 (0.68-1.42) 0.82 

randomization, gender, number of colonoscopies, total calcium intake at baseline, and number of baseline adenomas. 
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4.0 CONCLUSIONS 

4.1. CHANGE IN NUTRIENT INTAKE 

One of the aims of this study was to assess whether WBF participants who were 

consuming 13.5 g/d of fiber differentially altered their diets as compared to those 

participants consuming 2.0 g/d. The two treatment groups did not exhibit appreciable 

differences with regard to changes in nutrient intake throughout the course of the trial. 

These findings are not in agreement with those from a preliminary study of the WBF 

trial'. In this feasibility study, 100 participants were randomized to receive a cereal fiber 

supplement of either 13.5 g/day or 2.0 g/day for one year. Those randomized to the high-

fiber group consumed significantly more milk and less table fat than those who received a 

low-fiber supplement'. However, although the changes in milk and table fat consumption 

were statistically significant, the magnitude of the changes was small. The intake of milk 

was increased in the high fiber group by about 1/3 cup more than for the low-fiber group, 

and they consumed approximately 1/2 pat of margarine less. Perhaps because these 

changes were small, a similar pattern was not observed in the present study. The evidence 

suggests that there is no significant pattern of differential changes in intake between the 

high-fiber and low-fiber groups for either nutrient consumption or number of servings 

fi-om the food groups. Therefore, it was possible to combine data fi-om both treatment 

groups in order to determine whether there were longitudinal changes in dietary intake 

during the WBF trial. 
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Data from 685 WBF participants who had completed the APFQ at baseline, year one, and 

year three were available for the analysis of longitudinal change. These participants did 

not differ from the WBF population as a whole with regard to baseline characteristics. 

For energy, protein, and carbohydrate, there were no differences in intake for any of the 

time periods. However, fat consumption was significantly lower at years one (64 g/day) 

and three (63 g/day) than at baseline (68 g/day). Fat intake did not change appreciably 

between years one and three, indicating that participants began to eat less fat during the 

first year of the WBF trial and maintained this pattern until the end of the study. It is 

difficult to determine the precise reason for the decrease in fat consumption; however, it 

is possible that participation in a dietary intervention trial resulted in greater awareness of 

healthful dietary patterns, and that the WBF participants adjusted their fat intake 

accordingly. Another possibility is that the cereal supplement may have replaced 

breakfast foods or snack foods that have a higher fat content, resulting in decreased fat 

intake from those sources. 

With regard to the consumption of micronutrients, there were significant increases in 

intake for most vitamins and minerals from baseline to year one and baseline to year 

three, including calcium, folate, iron, and Vitamins D, A, and C. Vitamin E and selenium 

intake were decreased from baseline to years one and three; these changes were 

statistically significant only for Vitamin E at year three. The sole change from year one 

to year three was the decrease in manganese consumption. These data suggest that, like 

the change in fat consumption, the majority of changes in nutrient intake occurred during 
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the first year of the trial and were maintained for the duration of the study. These data are 

in contrast to the work of Franceschi et al., who tested the reproducibility of a food 

frequency questionnaire in a case-control study of breast, ovarian, and colorectal cancers. 

The results of this study showed that intake of most nutrients had decreased after five 

months among members of an Italian cohort". However, there are differences between 

the Italian study and the present study. First, participants in the Italian cohort were not 

involved in a dietary intervention trial. There was no supplemental agent administered to 

members of study cohort that may have replaced other foods in the diet. Furthermore, the 

participants in the Italian study were required to complete two 7-day diet records in 

between the administration of the food frequency questionnaires. It is possible that the 

increased dietary monitoring resulted in under-reporting of actual intake. 

Given the increased micronutrient intake and decreased fat intake that were observed 

among the WBF participants, it was important to investigate whether these changes 

resulted from an overall healthier nutrition pattern among the WBF participants. 

Therefore, data regarding the consumption of specific foods were analyzed. The number 

of servings from several food groups was assessed at baseline, year one, and year three. 

There were significant decreases in the number of servings from both the meat and fat 

groups. Therefore, the decrease in fat intake observed in the nutrient analysis can be 

attributed to fewer servings from the two groups; it is also possible that the decreased 

intake of vitamin E was associated with this change in food consumption. 
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It is important to determine whether there were changes in dietary patterns that could 

account for the observed increase in most micronutrients at years one and three. The 

intake of fruits and vegetables remained unchanged throughout the trial; therefore, these 

food groups cannot account for the change in micronutrient consumption. However, there 

was a significant increase in the number of servings from the cereals, breads, and 

crackers group. Fortified cereals could account for the increases in most of the 

micronutrients. Participants in the WBF trial were required to report their intake of 

supplemental fiber on the AFFQ during the WBF trial, and the nutrient composition from 

Kellogg's All Bran [Kellogg Company, Battle Creek, MI] cereal was used to calculate 

the amount of each nutrient attributed to supplement consimiption. With the exception of 

pantothenic acid. All Bran Cereal contains each of the vitamins and minerals that were 

increased during the WBF trial. Importantly, the cereal does not contain manganese, 

selenium, or Vitamin E; the intake of none of these nutrients was significantly increased 

during the trial. Therefore, it is likely that both the increased number of servings from 

this group and the increased micronutrients are the result of the cereal supplement. 

The findings for the food groups in the current study are somewhat different than those 

observed in the MONICA project, where the reproducibility of a food frequency 

questioimaire was tested in a cohort of Danish citizens being followed, in part, to assess 

food consumption patterns^. Participants completed a food frequency questionnaire at 

baseline and at year six of follow-up^. The intake of margarine, eggs, and vegetables 

decreased during the six-year period, while there were reported increases in consumption 
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of fish, pasta, and rice'. However, like the Italian cohort, the MONICA project was not 

an intervention trial, and participants were not consuming a dietary supplement. In 

addition, although the changes in food consumption were statistically significant, the 

magnitude of the changes was relatively small. 

The strengths of the present study include the use of the AFFQ, which was specially 

modified to capture information about diet in members of the WBF population, and 

which has been reviewed for validity and reliability^. In addition, there were a relatively 

large number of participants with complete AFFQ data at baseline, year one, and year 

three (n=685) compared to other reports investigating patterns of dietary change over 

time^ '^ Because nutrient databases are updated as new food products and formulations 

are introduced, changes in nutrient intake could be observed in a longitudinal study of 

diet simply as a result of the changes in the databases. This potential bias was controlled 

for in the present study by the use of a single nutrient database for calculations firom data 

obtained from all AFFQs, regardless of when they were completed by the study 

participants. Despite the precautions taken to prevent bias, measurement error must be 

considered in any study that is reliant upon a food frequency questionnaire. 

Sources of error with the use of food frequency questionnaires include difficulty in 

remembering usual food intake for the past year as well as true intraindividual variation 

resulting from fluctuations in seasonal intake'"^. Error would have the most detrimental 

effect on study results if it were differential in nature. For example, if those in the high-
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fiber group under-reported their food intake but those in the low-fiber group over-

reported it, artificial differences would appear between the two groups and bias the 

results. At baseline, there were no differences in nutrient consumption between the low-

fiber and high-fiber groups. The differences with regard to change in intake between the 

two groups were negUgible. Therefore, it is reasonable to believe that in the present 

study, the error was nondifferential between the treatment groups. As such, any error 

related to the instrument would serve to weaken observed longitudinal changes in the 

dietary habits of the participants'®', rather than bias the results in either direction. One 

fiirther consideration is whether food firequency questionnaires in general are sensitive 

enough to capture dietary changes in order to assess longitudinal dietary patterns. It has 

been suggested that epidemiologic studies employ at least two different types of dietary 

assessment tools, so that the reliability and validity of these instruments for detecting 

dietary change over time could be tested® '"®. 

4.2. BASELINE DIETARY FIBER INTAKE 

Another aim of the present study was to determine whether baseline fiber intake affected 

colorectal adenoma recurrence in the WBF trial. In order to determine whether there were 

differences in adenoma recurrence associated baseline fiber consumption, a wide range of 

variation in fiber intake was necessary. Participants the lowest quartile of baseline fiber 

intake had a median consimiption of 10 g/day, while the median for those in the highest 

quartile was 28 g/day. This diverse range of intake enabled the investigation of usual 

fiber consumption fi-om all sources and adenoma recurrence. In addition, the effect of 
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fiber from the three leading sources of dietary fiber in this population (fruits; breads, 

cereals, and crackers; or vegetables) was assessed. The present study showed that 

baseline dietary fiber intake was not significantly associated with recurrence of 

adenomatous polyps. Furthermore, no association was observed between baseline intake 

of fiber from the three most common sources of dietary fiber and adenoma recurrence. 

The median baseline fiber intake of participants who completed the WBF trial was 17.5 

g/day, higher than the United States national levels of 14.7 g/day for men and 11.2 g/day 

for women'^. It has been suggested that supplemental fiber might be protective only in 

persons with lower baseline fiber intakes in the WBF trial^. The wide range of baseline 

fiber intake among WBF participants allowed comparison of those with low baseline 

fiber intakes to those with higher intakes; however, no trend was observed for increasing 

baseline fiber consumption and risk of colorectal adenomas. Further investigation into 

whether baseline fiber intake modified the effect of treatment group on adenoma 

recurrence revealed that there was no appreciable effect of the high-fiber supplement 

within any of the quartiles of baseline fiber intake. 

The results of the analysis for baseline fiber intake are in agreement with those of the 

European Cancer Prevention (ECP) Organisation Intervention Study'®', in which some 

participants were randomized to receive a fiber supplement of 3.5 g/d or a placebo. 

Bonithon-Kopp and colleagues assessed whether the treatment effect of the fiber was 

influenced by baseline fiber intake, and found no relationship"^. Furthermore, the results 
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of the present study support those of most prospective studies and clinical trials of fiber 

intake and risk of adenomatous polyps, where no association is generally 

reported^'^ ^^'^"''^*'^''®'^'"®. Exceptions include the work of Platz and colleagues with the 

Health Professionals Follow-up Study (HPFS)" and the aforementioned ECP Study'®'. In 

the HPFS, a protective effect of fruit fiber for distal colorectal adenoma was found, but 

no effect was observed for cereal or fiber". In contrast, the participants in the fiber-

intervention arm of the ECP had an increased risk of adenoma recurrence'"^. The ECP 

participants received 3.5 g/d of ispaghula husk, a soluble fiber, while participants in the 

WBF trial received 13.5 g/d of an insoluble fiber supplement. As a result of their 

differing chemical properties, soluble and insoluble fibers are metabolized via different 

mechanisms, and thus have varying effects on the gastrointestinal tract, prohibiting a 

direct comparison of the ECP and WBF trials. 

Like most studies of fiber and colorectal adenoma recurrence, prospective studies of 

dietary fiber and risk of colorectal cancer have found either weak or no 

associations^^'^^''^ ""'"^. In contrast, a study by Thun et al. found a significant protective 

trend for colorectal cancer mortality with increased consumption of vegetables, citrus, 

and high-fiber grains in men and women from the Cancer Prevention Study 11^. Because 

cancer mortality was the study endpoint, it is difficult to compare to the results of the 

WBF trial, which assessed colorectal adenoma recurrence as the endpoint. 

A recent report by Terry and colleagues'^ investigated the association of consumption of 

specific foods and the risk of colorectal cancer in a cohort of 61,463 women followed in 
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the Swedish Mammography Screening Cohort. Members of the cohort completed a self-

administered Food Frequency Questionnaire prior to follow-up. The results indicated that 

fhiit and vegetable consumption at baseline was protective against colorectal cancer and 

that the effect was largely the result of fruit consumption. Participants in the lowest 

quartile of intake were further divided into subtertiles and compared to the rest of the 

population, using the higher quartiles as the referent group. A significant, dose-dependent 

inverse association for fhiit and vegetable consumption and colorectal cancer risk (p-

trend 0.03) was observed in the lower subtertiles. The analysis of cereal fiber did not 

show a significant association for colorectal cancer. However, baseline cereal fiber 

consumption was relatively high in the Swedish cohort, with the median intake for the 

entire cohort at 9.3 g/day and median intakes for the quartiles at 5.7, 8.3, 10.4, and 13.6 

g/day. In comparison, the median baseline cereal fiber intake for the WBF population 

was 3.5 g/day, and the median intakes for the quartiles were 1.4, 2.8, 4.4, and 8.8 

grams/day (Table 8). It is possible that the source and/or type of fiber may be more 

important than total fiber intake in conferring protection from colorectal adenomas. 

Different food sources contain fiber of different types and concentrations. High levels of 

cellulose and hemicellulose are found in cereals and grains, while apples and citrus fruit 

are high in pectin^". As yet, the optimal quantity and type of fiber that may be most 

beneficial has not been determined. 

When considering the results of this analysis, potential biases must be considered. 

Because the AFFQ for this analysis was administered at baseline, differential dietary 
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recall between the two treatment groups was not a consideration. As discussed above, the 

AFFQ has been evaluated for reliability and validity® in the WBF population, and 

i n c l u d e d  i t e m s  t h a t  w e r e  s p e c i f i c a l l y  d e s i g n e d  t o  c a p t u r e  d i e t a r y  f i b e r  i n t a k e F o r  

comparisons involving the two treatment groups, potentially confoimding variables such 

as age, gender, nutrient consumption, and aspirin use were considered. Because the WBF 

trial was a randomized clinical trial, it was expected that these variables were equally 

distributed between the two treatment groups. Although there were differences in alcohol 

and tobacco consumption between the two treatment groups^, these factors did not 

substantially alter any associations. 

43. SUPPLEMENTAL AND TOTAL FIBER INTAKE 

The final aim of this study was to determine whether the amount of supplemental or total 

fiber consumed during the WBF trial affect the recurrence of colorectal adenomas. 

Despite large variation in actual fiber intake, no association was found between reported 

intake of either supplemental or total fiber and adenoma recurrence. Adjustment for 

potential confoimding variables such as history of prior adenomas, age, niunber of 

colonoscopies, gender, and baseline polyp characteristics did not alter these results 

appreciably. The results of this study concur with those of the primary analysis of this 

study population^, as well as with reports of a null fiber effect fi-om others®'"*'^ '® ''. 

These data provide further evidence indicating that fiber supplementation with a wheat 

bran supplement does not protect against colorectal adenoma recurrence. 
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The Food and Drug Administration (FDA) and the National Institutes of Health (NIH) 

recommend that the intention-to-treat (ITT) principle be used for the primary evaluation 

of a therapeutic agentThis technique requires that data from all randomized 

participants be used in determining the effectiveness of the treatment without assessing 

adherence to the treatment protocol"'*. Another analysis option is examination of the 

amount of agent consumed by participants to determine if there is an effect. The ITT 

principle is a more conservative approach to analysis. In the presence of non-adherence 

the results from the ITT analysis will dilute the effect of the intervention agent' 

Therefore, many investigators are now examining data by using the ITT approach and an 

additional method that accounts for amount and/or duration of treatment' The primary 

analysis of the WBF trial was performed using the ITT paradigm, and no effect of 

supplemental wheat bran fiber was observed^. It was hypothesized that the lack of effect 

in the ITT analysis may have been partially explained by significantly lower adherence in 

the high-fiber group compared to the low-fiber group in the second and third years of the 

trial^, resulting in overlap of total fiber intake between two treatment arms. 

By design, there were marked differences in supplemental fiber intake between the low-

and high-fiber groups. The low-fiber group was uncontaminated by participants 

increasing the amount of supplemental fiber; however, some participants in the high-fiber 

group did not consume all of their assigned fiber dose. The inability to consume the full 

high-fiber dose may have been related to reports of side-effects resulting from the 

addition of 13.5 grams of fiber per day to the diet. These side effects included nausea. 
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abdominal pain, diarrhea, intestinal gas, and abdominal bloating, and were reported 

significantly more often in the high-fiber group compared to the low-fiber group®. 

Despite a greater number of reported side effects, mean supplemental and total fiber 

intake remained significantly greater in the high-fiber group, indicating that most 

participants were able to follow the study protocol. However, there was some overlap 

between the two groups with regard to total fiber intake. The overlap in total fiber intake 

provided an intriguing area of investigation, with the possibility that no effect was 

observed between the two groups because there was no difference in total fiber intake 

between the low-and high-fiber treatment group. However, the results of this analysis 

indicated that total fiber intake was not associated with adenoma recurrence in this 

population, even after adjustment for potential confoimders. 

Selection bias is the primary consideration that must be addressed when performing an 

analysis that includes quantity of intervention agent consumed"®. Because the WBF trial 

was a randomized clinical trial, the distribution of potentially confounding factors is 

expected to be equal between the two treatment arms. As previously reported®, the 

proportion of smokers and the amount of alcohol and fat intake was larger in the high-

fiber group than in the low-fiber group, though none of these variables had a significant 

effect on recurrence. Importantly, the 1208 participants in the current analysis are 

representative of the 1304 participants who completed the WBF trial, as evidenced by the 

absence of significant differences in the baseline characteristics between the two 
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populations. Therefore, it is unlikely that selection bias influenced the results of this 

analysis. 

The evaluation of supplemental fiber intake for this analysis relied on the participants 

returning the proper number of empty cereal boxes. There was a high correlation 

between box counts done by trial personnel and data firom calendars completed daily by 

the participants. Furthermore, as discussed above, there were more reports of side effects 

among those in the high-fiber group. Therefore, it is reasonable to believe that the data 

regarding supplemental fiber intake are reliable. 

The National Cancer Institute recommends a fiber intake of 20-35 grams of fiber per 

day"^, while the American Dietetic Association recommends 25-35 grams per day after 

age 20''®. The population in this study consumed an average of 28 grams (high-fiber 

group) and 20 grams of fiber (low-fiber group) from all sources throughout the course of 

the trial. This represents an increase in fiber intake firom baseline of approximately 10 

grams per day for those in the high-fiber group and 1.5 grams per day for the low fiber 

group. Both groups were within the recommended range of intake during the course of 

the trial. It is possible that the treatment group did not reach the level of fiber intake 

necessary for protection, despite having maintained intake within the recommended 

levels. However, at least two reports have compared male subjects who consumed over 

30 g of total fiber per day with those who consumed less fiber and did not show a benefit 

for total fiber intake on risk of colon cancer^' or on distal colorectal adenoma'', although 
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the latter report indicated that fruit fiber was protective. Furthermore, male participants in 

the Toronto Polyp Prevention Trial randomized to a low-fat, high fiber diet were able to 

achieve average intakes of at least 35 g of total fiber per day, but no significant difference 

was observed in recurrence of neoplastic polyps between the intervention and control 

groups'®. Therefore, it seems unlikely that the treatment group in the present analysis 

would have benefited fi-om increased fiber supplementation. Furthermore, given the side-

effects related to ingestion of supplemental fiber^, it may not be plausible to recommend 

a level of total fiber intake greater than 35 grams per day. 

In addition to the amount of fiber necessary for protection against colorectal cancer, the 

type of fiber with the best protective properties remains in question due to the complexity 

of this nutrient. As previously described, many fiber-rich foods, such as cereals, fruits, 

and vegetables, contain different fiber components in different concentrations. It is 

possible that consumption of a diet rich in many types of dietary fiber, rather than a 

supplement of one type of fiber, is necessary for protection against colorectal 

carcinogenesis. 

Another consideration is the optimal stage in carcinogenesis during which fiber may be 

most beneficial. Many mechanisms have been proposed to describe its protective effects 

at different points in the carcinogenesis pathway. Dietary fiber reduces fecal transit time 

through the large bowel, thereby decreasing the amount of time that the mucosal cells of 

the colon are exposed to carcinogens in fecal matter and reducing the exposure of 
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mucosal cells to the carcinogens^. Fiber also binds bile acids and decreases the 

concentration of these compounds in the feces®'*®®, thus preventing conversion to 

secondary bile acids which are thought to promote carcinogenesis by increasing cellular 

proliferation , and which have been shown to act as tumor promoters in a rat model . 

Therefore, dietary fiber may be important in both early as well as later stages of 

carcinogenesis, and supplementation for a period of three years in persons who have 

already developed adenomas may be insufficient to confer protection^. Consumption of a 

high fiber diet throughout life may be necessary to prevent adenoma development and 

recurrence. 

5.0 SUMMARY 

The WBF trial was designed to test whether a high-fiber cereal supplement could 

decrease the risk of colorectal adenoma recurrence. Because the supplement did not 

affect the recurrence of adenomas, we investigated whether there were factors associated 

with the trial that may have affected the outcome. First, there was the possibility of 

differential dietary changes in high-fiber group. However, participants in that group did 

not appreciably alter their nutrient intake as compared to the low-fiber group. Therefore, 

it is unlikely that differential dietary habits obscured an effect of the WBF supplement on 

adenoma recurrence. The participants did exhibit some longitudinal changes in the 

number of servings consumed fi'om food groups and in fat intake. Therefore, future 

intervention studies should carefully monitor dietary changes during the trial with 
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multiple dietary assessment tools to ensure that the measurement of nutritional change is 

accurate. 

Another objective of this study was to determine whether intake of baseline fiber from all 

sources, as well as from the three leading sources of dietary fiber, affected the recurrence 

of colorectal adenomas between the treatment groups in the WBF trial. Baseline fiber 

intake did not affect adenoma recurrence, nor did it modify the effect of treatment group 

on adenoma recurrence. 

The final aim of this study was to assess whether reported fiber intake from all sources 

affected adenoma recurrence, by taking into account adherence to the fiber supplement, 

reduction in fiber dose, and temporary or permanent cessation of supplement use. The 

results of these analyses show that neither fiber intake fi-om a wheat bran supplement nor 

total fiber intake affected the recurrence of colorectal adenomas in this population. 

Taken together, the findings from the three main objectives of this study further support 

to the results of both the primary analysis of the WBF trial, and the results of several 

other studies, showing that consumption of a high-fiber diet does not reduce the risk of 

colorectal adenoma recurrence®*^'^''®. It is possible that a low-fat, high-fiber diet is 

required throughout life to confer a protective benefit from colorectal cancer. In addition, 

foods high in fiber may confer protection against heart disease^^ and diabetes"^, and 

therefore should remain an integral component of a healthy diet. 



92 

Future investigations into the effect of dietary fiber on colorectal neoplasia should 

include detailed information on the type and source of fiber being studied in order to 

clarify which of the many fiber components may be protective. If a food frequency 

questionnaire is used to examine longitudinal changes during a trial, another technique 

for dietary measurement should be included to test the ability of the food frequency 

questionnaire to detect dietary changes. Finally, despite the logistical difficulties of such 

a study, it may be necessary to address the long-term effects of fiber consimiption on 

colorectal neoplasia in order to elucidate whether fiber is indeed protective. 
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INTRODUCTION 

In a dietary intervention trial, it is important to consider whether non-supplemental 

nutritional changes have occurred in the study population during the period of 

investigation'. While there have been few studies regarding the characteristics of persons 

who choose to participate in dietary prevention trials^"*, evidence shows that those who 

do participate tend to be younger, better educated, regular vitamin users, and more likely 

to believe that altering dietary practices may affect the risk of developing cancer^. These 

characteristics may indicate a general propensity to change dietary behavior to decrease 

cancer risk. 

The Wheat Bran Fiber trial was a double-blind, placebo-controlled intervention trial in 

which participants were randomized to receive a cereal fiber supplement of either 2.0 or 

13.5 g/day. The intervention was administered for a period of three years in order to 

determine whether the high-fiber supplement could decrease the risk of recurrent 

colorectal adenomas. No effect of the high-fiber supplement was found for adenoma 

recurrence. However, it is possible that some dietary changes, in addition to supplemental 

fiber consumption, may have occurred during the WBF trial. If large, non-supplemental 

changes occurred during the trial it would be difficult to separate the impact of these 

dietary differences fi-om the potential effect of the study supplement. Therefore, it is 

important to elucidate whether such dietary alterations occurred during the WBF trial. 
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For the WBF trial, there are two concerns with regard to dietary change. The first issue is 

whether participants in the high-fiber group altered their nutritional habits in response to 

the addition of 13.5g/d of fiber to their diets. In a preliminary feasibility study for the 

WBF trial, Ritenbaugh and colleagues^ found that consumption of the WBF supplement 

did not resuh in decreased intake of fiber from other sources such as fruits and 

vegetables, but that participants in the high-fiber group significantly increased their 

intake of milk and decreased their intake of table fat at year one as compared to baseline. 

It is therefore plausible that study participants in the high-fiber group of the WBF trial 

may have altered their dietary practices over the course of the 3-year intervention'. Large, 

unanticipated changes in the nutritional habits of the high-fiber group would introduce 

dietary variation between the two treatment groups and therefore make it difficult to 

assess the true effect of fiber on adenoma recurrence. The second issue is whether 

individuals changed their dietary practices simply because they were participants in a 

nutritional intervention trial, regardless of treatment group. There have been few 

investigations of longitudinal dietary changes in epidemiological studies; however, these 

reports have indicated changes in diet of varying magnitude, even in the absence of a 

dietary intervention^'. 

As such, the objectives of the present study were to determine whether individuals who 

consumed the high-fiber supplement exhibited differential changes in nutrient intake 

compared to the low-fiber group, and to assess whether dietary changes from baseline 

occurred in the WBF population over the course of the trial. 
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METHODS 

Wheat Bran Fiber Trial 

The WBF trial was a randomized, double-blind Phase III clinical trial conducted to 

determine if participants who consumed a wheat bran supplement of 13.5 g/day for three 

years had a decreased risk of recurrent adenomatous polyps compared to participants 

receiving a low-fiber supplement of 2.0 g/day'°. The details of this study have been 

described elsewhere". Briefly, participants were recruited from three clinics in Phoenix, 

Arizona beginning in September 1990. A total of 4705 individuals were identified as 

potential study participants; of these, 1509 eligible men and women who had had one or 

more colorectal adenomas removed within three months prior to recruitment consented to 

enter the run-in period'". During this 6-week period, participants were given the low-

fiber WBF supplement, had blood drawn, and completed several questionnaires designed 

to capture data regarding potential risk factors, including the Arizona Food Frequency 

Questionnaire (AFFQ), described below'°. A total of 1429 participants (95% of the 1509 

who entered the run-in period) successfully completed the run-in period by reporting 

consiunption of at least 75% of their supplement'". The supplement for both the high-

and low-fiber groups was supplied as a cereal formulated by the Kelloggs Company'". 

Completion of the study was achieved for 1304 participants who had at least one post-

randomization colonoscopy and/or a diagnosis of colorectal cancer. 
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The Arizona Food Frequency Questionnaire 

The AFFQ has been described in detail'^ and has been evaluated for reliability and 

validity'. Briefly, the AFFQ was self-administered by participants at baseline, year one, 

and year three of the WBF trial. The instrument was modified from the food frequency 

section of the National Cancer Institute's Health Habits and History Questiormaire'^. 

Detailed items regarding fiber consumption were added to the questionnaire to capture 

specific information regarding dietary fiber intake'^, and there were modifications to 

include food items that are frequently consimied in the Southwest'^. The AFFQ is a 

semi-quantitative, scannable instrument with 113 items. Study participants were asked to 

report their usual intake of foods for the prior 12-month period'^. Frequency of 

consumption of most foods was recorded using a scale of seven categories ranging from 

>3 times/day to rarely/never; for beverages and frequently consumed foods the scale 

ranges from >6 times/day to rarely/never'". Portion size for each food item was reported 

as small, medium, or largeThere were open-ended items on the questionnaire 

designed to capture information about cereals, fhiits, and vegetables that were not 

specifically listed on the questionnaire'. Participants were asked to report their fiber 

intake from the study supplement on the AFFQ; therefore, at years one and three of the 

study the cereal supplement was recorded on the AFFQ. Nutrient intakes were calculated 

by multiplying the frequency of each item's consimiption by the nutrient composition for 

the age- and sex-specific portion size'. Nutrient composition of foods that were added to 

the questionnaire were derived from the USDA's 1986 Continuing Survey of Food Intake 

of Individuals (CSFII) and the United States Department of Agriculture's National Food 

Consumption Survey (1987-1988)'^. 
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In order to accurately compare the nutrient consumption of the participants, it was 

necessary to ensure that data for nutrient composition were obtained using the same 

database for all three years. Therefore, all nutrient intake calculations were made using 

nutrient composition data from the 1996 Metabolize Nutrient Database. Metabolize 

consists of several programs written using the ST ATA statistical software package [Stata 

Corporation, College Station, TX]. The programs reduce data from scanned AFFQs to 

individual nutrient intakes per day. 

In addition to nutrient calculations, specific food items were grouped into the following 

food source categories: fruits; vegetables; cereals, breads, and crackers; meats, poultry, 

fish, and eggs; cakes, cookies, and pastries; milk, yogurt, and cheese; fats; and salty 

snacks. The number of servings from each of these groups was calculated using the 

standard serving size for each food item. 

Statistical Analyses 

Data from participants who had completed food frequency questionnaires at each of the 

three time points were used for all analyses. Mean intakes of macronutrients, vitamins, 

and minerals were calculated at baseline, year one, and year three. The change in mean 

nutrient intake was calculated for each treatment group from baseline to year one, 

baseline to year three, and year one to year three. A student's t-test was used to gauge 

the statistical significance of changes in nutrient intake between the treatment groups. 

The mean numbers of servings from the food categories described above were calculated 
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for each of the three AFFQ administrations, and t-tests were also used to evaluate the 

significance of differences in the numbers of servings at each time point. 
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RESULTS 

A total of 314 (54%) participants from the low-fiber group and 371 (52%) from the high-

fiber group had complete AFFQ data at baseline, year one, and year three. The 

participants did not differ from the WBF population as a whole with regard to baseline 

characteristics such as age, race, gender, or polyp characteristics. Table 1 presents the 

change in nutrient intake from baseline to year one, baseline to year three, and year one to 

year three for each treatment group. There were no significant differences in nutrient 

intake between the two treatment groups at any time point. 

Mean nutrient intake at baseline, year one, and year three is shown in Table 2. At years 

one and three, significant increases in the consimiption of calcium, total sugar, iron, 

magnesium, phosphorus, potassiimi, zinc, copper, manganese, vitamins D, A, C, B6, and 

Bi2; thiamin, riboflavin, niacin, and pantothenic acid were detected. At year 3, vitamin E 

intake was significantly greater than baseline. Fat intake was significantly decreased 

from baseline at years one and three. 

The mean number of servings from each of eight food categories at baseline, year one, 

and year three are presented in Table 3. The two treatment groups did not significantly 

differ in the number of servings from these food groups at any of the time points (data not 

shown); therefore, data from both groups were combined for this analysis. Intake of 

fruits, vegetables, dairy products, and cakes, cookies and pastries did not change 

appreciably at any of the time points. However, study participants significantly increased 

their consumption of cereals, breads and crackers from 2.3 servings at baseline to 2.9 and 
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2.8 servings at years one and three, respectively. Fat intake was significantly decreased 

from baseline by 15% at year one and by 20% at year three. The number of servings of 

meat, poultry, and eggs at years one (1.9) and three (1.9) were also significantly lower 

than at baseline (2.0). 
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DISCUSSION 

The aim of this study was to determine whether participants in the high-fiber treatment 

arm of the WBF trial differentially altered their diets in response to the addition of 13.5 

grams per day of fiber their diet as compared to the low-fiber group, and whether study 

participants exhibited longitudinal dietary changes throughout the course of the trial. 

There were no significant differences between the two treatment groups with regard to 

changes in nutrient intake throughout the course of the trial. These findings do not 

correspond to those fi-om a feasibility study of the WBF trial, where participants who 

received a cereal fiber supplement of 13.5 grams per day for one year consumed 

significantly more milk (approximately cup), and less table fat (about '/2 pat of 

margarine) than those who received a low-fiber supplement^. However, although the 

changes in milk and table fat consumption were statistically significant, the magnitude of 

the changes was small. The evidence suggests that there is no significant pattern of 

differential changes in intake between the high-fiber zmd low-fiber groups. As such, the 

treatment groups were combined to assess whether there were longitudinal changes in 

intake during the WBF trial. 

There were no appreciable changes in the intake of energy, protein, or carbohydrate for 

any of the time periods. However, fat consumption was significantly lower at years one 

(64 g/day) and three (63 g/day) than at baseline (68 g/day). Fat intake did not change 

between years one and three, indicating that participants began to eat less fat during the 

first year on study and maintained this pattern throughout the trial. It is possible that 
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participation in a dietary intervention trial resulted in greater awareness of healthy dietary 

patterns, and that participants adjusted their fat intake accordingly. It is also possible that 

the cereal supplement may have replaced breakfast or snack foods that are higher in fat, 

resulting in decreased fat intake. 

Significant increases in consumption of most micronutrients were observed from baseline 

to year one and baseline to year three. Only the intake of manganese changed between 

years one and three of the trial. These data suggest that, like the change in fat 

consumption, the majority of increases in nutrient intake occurred during the first year of 

the trial and were maintained for the duration of the study. These data are in contrast to 

the work of Franceschi et al., who tested the reproducibility of a food frequency 

questiomiaire in a case-control study of breast, ovarian, and colorectal cancers. The 

results showed that intake of most nutrients had decreased after five months among 

members of an Italian cohort^. It is important that the participants in the Italian cohort 

were not involved in a dietary intervention trial. Furthermore, the participants in the 

Italian study were required to complete two 7-day diet records in between the 

administration of the food frequency questionnaires. It is possible that the increased 

dietary monitoring resulted either in dietary change or in under-reporting of actual intake. 

It was important to investigate whether the increased micronutrient intake and decreased 

fat consumption resulted from an overall healthier nutrition pattern among the WBF 

participants. Therefore, the number of servings from several food groups was assessed 

at baseline, year one, and year three. In accordance with the decrease in fat observed in 
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the nutrient analysis, the consumption of foods from the fats and meats category was 

significantly lower at years one and three compared to baseline. 

Intake of fhiits and vegetables remained unchanged throughout the trial; therefore, these 

food groups cannot account for the increased micronutrient consumption. However, there 

was a signiHcant increase in the number of servings from the cereals, breads, and 

crackers group. Fortified cereals could account for the increases in most of the 

micronutrients. Because participants were required to report their intake of supplemental 

fiber on the AFFQ during the WBF trial, both the increased number of servings from this 

group and the increased micronutrients are likely the result of the cereal supplement. The 

findings for the food groups are somewhat different than those observed in the MONICA 

project, where a Danish cohort was followed, in part, to monitor changes in dietary 

patterns over time®. Participants were followed completed a food frequency questionnaire 

at baseline and at year six of follow-up*^. The intake of margarine, eggs, and vegetables 

decreased during the six-year period, while there were reported increases in consumption 

of fish, pasta, and rice®. However, the MONICA project was not an intervention trial, 

and the changes in intake were small, though statistically significant. 

The strengths of the current study include the use of the AFFQ, which was specially 

modified to capture information about diet in members of the WBF population, and 

which has been reviewed for validity and reliability In addition, there were a relatively 

large number of participants with complete AFFQ data at baseline, year one, and year 

three (n=685) compared to other reports®'^. Changes in the nutrient composition of foods 
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over time were controlled for by the use of a single nutrient database for calculations at 

all time points. Nonetheless, measurement error of the APFQ instrument must be 

considered in the present study. Sources of error with the use of food frequency 

questionnaires include difficulty in remembering usual food intake for the past year as 

well as true intraindividual variation resulting from fluctuations in seasonal intake'^. It is 

reasonable to believe that in the present study, the error would be nondifferential between 

the two groups. In that case, any error related to the instrument would serve to weaken 

observed changes in the dietary habits of the participants'^. One further consideration is 

whether food frequency questionnaires in general are sensitive enough to capture dietary 

changes in order to assess longitudinal dietary patterns. It has been suggested that 

epidemiologic studies employ at least two different types of dietary assessment tools to 

test the reliability and validity of these instruments for detecting dietary change'*'^. 

The WBF trial was a clinical trial designed to test whether a high-fiber cereal supplement 

could decrease the risk of colorectal adenoma recurrence. As in any clinical trial, the 

danger of differential changes in either the treatment of or the behavior of participants in 

different treatment arms is assumed to be lessened by the use of a placebo^. Nonetheless, 

it is important to determine whether any differential dietary changes occurred between 

treatment groups. In the WBF population, participants in the high-fiber group did not 

change their nutrient intake appreciably compared to those in the low-fiber group. 

Therefore, it is unlikely that differential changes in dietary habits obscured an effect of 

the WBF supplement on adenoma recurrence. The participants did exhibit longitudinal 

changes in nutrient intake, which should be considered in future dietary intervention 



117 

studies. 
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Table I. Change in mean nutrient intake by treatment group from baseline to year one and year three, and from year one to year three (n=685). 

Change from Baseline to Year One Change from Baseline to Year Three Change from Year One to Year 
(mean ± sd) (mean + sd) Three 

(mean + sd) 
Nutrient Low-flber Hieh-nber Low-fiber Hieh-fiber Low-fiber Hieh-fiber 
Energy (kcal/day) -43.2 + 596.4 -42.1 +576.7 -76.2 + 533.5 -51.6 + 579.2 -32.9 + 523.7 -9.5 ± 550.3 
Protein (g/day) i.5 + 23.9 1.2 + 21.3 0.8 + 21.6 1.0 + 22.3 -0.7 + 22.0 -0.2 ±21.9 
Carbohydrate (g/day) 8.0 + 89.3 10.9 + 89.7 3.9 + 79.4 7.1+86.1 -4.0 + 79.2 -3.8 ±81.0 
Fat (g/day) -4.1 + 25.4 -4.3 + 23.2 -5.6 + 24.4 -4.7 + 24,6 -1.5 + 22.0 -0.4 + 22.8 
Alcohol (g/day) -1.0 + 6,9 -1.7+15.6 -1.1+8,9 -0,6+13,2 -0.1+7.6 I.I ± 12.4 
Calcium (mg/day) 89.6 + 334.1 107.1 +345,2 84,5 + 346,2 99,9 + 344.7 -5.1+316.2 -7.2 + 299.2 

Folate (meg/day) 77,8+ 136.2 73,6+ 128,7 77.8+ 133,8 64,5+132,4 -0.1 + 143.4 -9.1 ± 130.7 
Water (g/day) -5.6 + 842.4 30,2 + 793,0 -29,6 + 816,0 -12.3 + 786.2 -24.0 + 830.3 -42.6 ± 749.3 
Total sugar (g/day) 3.7 + 3.7 3.1+4.2 3.8 + 3,7 2.9 + 4.4 0.10 ±3.7 -0,2 ± 3,6 
Iron (mg/day) 3.2 + 6,4 2.4 + 6.0 2,9 ±6,5 1.8 + 6.5 -0.3 + 6.7 -0,6 ± 5.9 
Magnesium (mg/day) 113.7+127.8 123.8+128,5 105.7+121.1 106.6+119,7 -8.0 ± 137.5 -17.2 ± 123.0 
Phosphorus (mg/day) 259,4 + 455.9 276.4 + 442,8 233.2 + 433.7 238,3 + 428,2 -26,1 ±455.4 -38.1 ±424.5 
Potassium (mg/day) 220,6+ 1095,4 320.9+ 1079.9 189.7 + 987.0 303.6 + 990,5 -30.9 + 1034.7 -17,3+998,4 

Sodium (mg/day) 72,4+ 1052.1 28.2 + 944.4 37.5 + 953.0 -15,3 + 962.8 -34.8 + 965,9 -43,5 ±970,6 
Zinc (mg/day) 3.0 + 4.5 2.8 + 3.9 2.8 + 4.1 2.5 + 4.4 -0,1 ±4,6 -0.3 ±4,1 
Copper (mg/day) 0.3+0.5 0.3 + 0.5 0.3 + 0.4 0.3 + 0.5 0,0 ±0.5 0,0 ±0.5 
Manganese (mg/day) 2.5 + 2.7 2.6 + 2,4 2.3 + 2.2 2.2 + 2.2 -0.2 ± 3.0 -0,4 + 2,5 
Selenium (meg/day) -0.5 + 28.7 -2.6 + 25.4 -3.0 + 26.0 -3,9 + 25.8 -2.5 ±26.1 -1,3 ±25,3 
Vitamin D(1U) 11.4 + 76.9 15.3 + 85.8 10.7 + 87.6 14.1+83.4 -0.8 + 71.2 -1,2 + 69.3 

Vitamin A (meg RE) 141.3 + 751.2 115.7 + 645.1 113.6 + 528.6 96.6 + 573.2 -27.7 + 732.6 -19.0 ±662.9 
Vitamin E (mg a-TE) -0.3 + 4.5 -0.5 + 4.0 -0.6 + 4.4 -0.7 + 4.2 -0.4 ±4.2 -0.2 ± 3.7 
Vitamin C (mg/day) 6.1+91.3 13.7 + 85.8 10.3+88.6 12.8 + 83.4 4.2 ±79.7 -0,9 ± 80,7 
Thiamin (mg/day) 0.3 + 0,6 0.3 + 0.6 0.3 + 0,6 0.3 + 0.6 0.0 + 0.6 -0,1 +0,6 

Riboflavin (mg/day) 0.4 + 0.7 0.4 + 0,7 0,4 + 0.7 0.4 + 0.7 0.0 ± 0.8 -0,1 ±0,7 
Niacin (mg/day) 4.4 + 8.2 3.9 + 7.0 4.0 + 7.6 3.2 + 7.8 -0.3 ± 8.0 -0,7 ± 7.5 
Pantothenic acid (mg/day) 0.3 + 2.0 0.2+1,7 0.2 ± 2.0 0.2+1.9 -0.1 ±2.0 0,0 ±1,6 
Vitamin B6 (mg/day) 0.5 + 0.8 0.5 + 0.8 0.5 + 0,8 0.5 + 0.8 0.0 ±0.8 0,0 ±0,8 
Vitamin BI2 (mcK/day) 1.5 + 3.8 1.5 + 3.5 1.5 + 2,3 I.I ±2.6 -0.1+4.0 -0.3 + 3.5 
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Table 2. Mean nutrient intake at baseline, year one, and year three (n=68S). 
Nutrient Baseline Year One Year Three 

Energy (kcal/day) 1922.3 ± 704.3 1879.7 + 666.6 1859.4 ±671.2 
Protein (g/day) 71.7 + 27.0 73.0 + 25.9 72.5 ±26.1 
Carbohydrate (g/day) 255.8 ± 100.6 265.3 ± 95.5 261.4 + 96.0 
Fat (g/day) 68.3 ± 30.5 64.1 +28.3' 63.2 + 27.8* 
Alcohol (g/day) 7.7 ± 16.4 6.4+10.1 6.9 ± 13.1 
Calcium (mg/day) 890.0 + 381.4 989.1 +336.4' 982.9 ± 330.6* 
Folate (meg/day) 329J + 134.7 404.8 ± 135.5* 399.9 ± 141.1* 
Water (g/day) 3008.2 + 936.0 3022.0 ± 904.9 2988.0 ± 884.6 
Total sugar (g/day) 3.6 + 3.4 6.9 + 3.3* 6.9 ± 3.4* 
Iron (mg/day) 16.0 + 6.6 18.8 ±6.6* 18.4 ±6.9* 
Magnesium (mg/day) 345.7+ 126.2 464.9+ 132.2' 451.9 ± 130.1* 
Phosphorus (mg/day) 1307.2 + 484.5 1575.7 ±481.5' 1543.1 ±4723' 
Potassium (mg/day) 3397.9+ 1207.1 3672.8 ± 1187.8* 3649.3 + 1206.1' 
Sodium (mg/day) 3125.8 ± 1184.1 3174.2 ± 1176.7 3134.7 ± 1173.1 
Zinc (mg/day) 11.6+4.3 14.4 ±4.6* 14.2 + 4.6' 
Copper (mg/day) 1.4 + 0.5 1.7 + 0.5* 1.7 ±0.5* 
Manganese (mg/day) 3.9 + 2.0 6.5 ± 2.4* 6.1 ±2.2*^ 
Selenium (meg/day) 77.5 + 30.7 75.9 ±29.1 74.0 ± 28.9 
Vitamin D (lU) 122.3+90.9 135.8 ± 79.4* 134.8 ± 72.7* 
Vitamin A (meg RE) 1350.8 + 618.8 1478.2 ± 765.6* 1455.2 + 621.1* 
Vitamin E (mg a-TE) 9.2 ± 4.3 8.8 ±4.3 8.5 ±4.1* 
Vitamin C (mg/day) 162-1 +93.5 172.3 ±90.8* 173.8 ±94.2* 
Thiamin (mg/day) 1.6 + 0.6 2.0 + 0.6* 1.9 ±0.6* 
Riboflavin (mg/day) 2.0 + 0.8 2.4 ±0.8* 2-4 ± 0.8* 
Niacin (mg/day) 21.7 + 8.2 25.8 + 8.6' 25.3 ± 8.8* 
Pantothenic acid 5.0 + 2.0 5.3 ± 2.0* 5.2 ± 1.9* 
(mg/day) 
Vitamin B6 (mg/day) 2.2 + 0.9 2.6 + 0.9* 2.6 + 0.9* 
Vitamin B12 5.1 ±2.6 6.6 + 4.2* 6.4 + 2.7* 
(meg/day) 

'p<O.OS compared to baseline values 
''p<O.OS compared to year one values 
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Table 3. Mean change in the number of food group servings for both treatment groups from baseline to year one, 
baseline to year three, and year one to year three. 

Baseline to year one Baseline to year three Vear one to year three 
Nutrient low-fiber high-fiber low-fiber high-fiber low-fiber high-fiber 

Fruits -0.1+2.3 0.2 + 2.4 0.0 + 2.4 0.3 + 2.4 0.2 + 2.0 0.1+2.3 
Vegetables -0.2 ± 1.7 -0.1+2.0 -0.2 + 1.6 0.0+ 1.8 0.0 ± 1.4 0.0+1.9 
Cereals, breads, crackers 0.6+1.4 0.6 ± 1.5 0.5+1.6 0.5+1.5 -0.1 + 1.4 -0.2+1.4 
Meats, fish, poultry -0.1 +0.9 -0.2 ± 1.0 -0.2 + 0.9 -0.1 +0.9 0.0+0.9 0.0 + 0.9 
Cakes, cookies, pastries -0.1 ± 1.2 -0.1 + 1.3 -0.1 r 1-2 -0.1 + 1.4 0.0 + 1.1 0.0 ± 1.2 
Milk, cheese 0.1 + 1.0 0.1 ± 1.0 0.1 + 1.1 0.1 + 1.1 0.0 + 0.9 0.0 + 0.9 
Fats -0.2 ± 1.2 -0.2 ± 1.2 -0.2+1.2 -0.3 + 1.1 0.0+0.9 -0.1 + 1.1 
Salty Snacks 0.0 + 0.4 0.0 + 0.3 -0.1 +0.5 -O.I +0.3 0.0+0.4 0.0 + 0.3 
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Baseline Dietary Fiber Intake and Colorectal Adenoma Recurrence among 

Participants in the Wheat Bran Fiber Trial 
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INTRODUCTION 

Colorectal cancer is the third most common cause of cancer mortality in the United 

States' with an estimated 130,200 cases and 56,300 deaths from this disease in 2000'. 

Evidence that the etiology of colorectal cancer is in part related to environmental factors 

includes the rapid increase in incidence rates occurring in countries with previously low 

rates^ and migrant data showing that in populations moving from low-risk to high-risk 

areas for colorectal cancer, incidence rates of the migrant population rapidly reach those 

of the adopted country'*'^. The observation that there is likely to be an environmental 

influence on the development of colorectal cancer led to the investigation of many 

modifiable risk factors for this disease, including diet and physical activity. It has been 

estimated that adoption of a healthy diet could prevent up to 50-75% of colorectal 

cancers^. Dietary fiber has been investigated as a potentially protective dietary 

component since Denis Burkitt observed that diseases of the bowel, including colon 

cancer, were rare in Afnca where a high-fiber diet was consumed^. Although many case-

control studies supported this hypothesis^'''*, the results of two randomized clinical trials 

failed to show a protective effect of increased dietary fiber and/or decreased fat in the diet 

on the risk of adenomatous polyp recurrence'^*'®. The results of the Wheat Bran Fiber 

(WBF) trial showed no difference in the rate of recurrent adenomatous polyps between 

those consuming a supplement of 13.5 grams of fiber per day as compared to those 

consuming 2.0 grams per day'^. 
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Participants in the WBF trial consumed greater mean quantities of dietary fiber at 

baseline compared to the general population of the United States (17.5 grams vs. 14-15 

grams'^, respectively). Therefore, it was suggested that these participants had baseline 

fiber intakes that were already providing adequate protection from colorectal adenomas 

and thus no effect could be observed from the addition of the high-fiber supplement'^. 

Alternatively, it is possible that total fiber intake as a whole may not be a protective 

factor in colorectal neoplasia and that a specific component or source of fiber may be 

more important. Recently, a protective effect of higher levels of fruit and vegetable 

consiunption on colorectal cancer risk in 61,463 women was shown in the Swedish 

Mammography Screening Cohort (SMSC)'^. Further analyses indicated that when 

individuals in the lowest quartile of intake were further stratified, a stronger dose-

response relationship with fruit and vegetable intake was observed'^. Although cereal 

fiber was not associated with colorectal cancer risk in the SMSC, women in this study 

consumed considerably more fiber from cereal than did participants in the WBF trial'®. 

To more fully understand the role of cereal fiber at baseline, as well as fiber from other 

sources on risk of adenomatous polyp recurrence, we have investigated this association in 

the WBF population. The current report presents data on the effect of baseline fiber 

intake from all sources on adenoma recurrence among participants in the WBF trial, as 

well the association between dietary fiber obtained from different food sources and the 

recurrence of adenomatous polyps. 
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METHODS 

Study Design and Subjects 

The Wheat Bran Fiber trial was a randomized, double-blind Phase III clinical trial 

designed to test whether a high-fiber wheat bran supplement (13.5 g/day) could decrease 

the risk of recurrent adenomatous polyps compared to a group receiving a low-fiber 

supplement (2.0 g/day)'^. The design of this study has been described in detail". Briefly, 

participants were recruited from three clinics in Phoenix, Arizona beginning in 

September 1990. A total of 1509 eligible men and women who had had one or more 

colorectal adenomas removed within three months prior to recruitment consented to enter 

the 6-week run-in period'^. During the run-in period, participants were given the low-

fiber WBF supplement, completed several questionnaires, and had blood drawn for later 

analyses'^. The Arizona Food Frequency Questiotmaire (AFFQ) was administered at 

baseline, year one and year three of the trial". The run-in period was deemed successful 

for 1429 participants (95% of the 1509 who entered the run-in period) who had reported 

consuming at least 75% of their supplement'^. The supplement for both the high- and 

low-fiber groups was supplied as a cereal formulated by the Kelloggs Company'^. A total 

of 1304 study participants completed the trial by having at least one post-randomization 

colonoscopy, and/or a diagnosis of colorectal cancer. For each colonoscopy completed 

during the trial, the endoscopy results and pathological report was obtained and 

information regarding the number, size, and location of any resected polyps was 

recorded'^. The study was approved by the University of Arizona Human Subjects 

Conmiittee and local hospital committees. 
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The Arizona Food Frequency Questionnaire 

The AFFQ has been described in detail elsewhere^" and has been evaluated for reliability 

and validity*'. Briefly, the AFFQ was modified fi*om the food fi-equency section of the 

National Cancer Institute's Health Habits and History Questionnaire^. In order to 

capture specific information regarding dietary fiber intake, detailed items regarding fiber 

consiunption were added to the questionnaire^". In addition, the questionnaire was 

modified to include food items that are frequently consumed in the Southwest'". The 

AFFQ is a semi-quantitative, scannabie instrument with 113 items; study participants 

were asked to report their usual intake of foods for the prior 12-month period^". 

Specifically, participants indicated their frequency of consumption of most foods using a 

scale of seven categories ranging from >3 times/day to rarely/never; for beverages and 

frequently consimted foods the scale ranges from >6 times/day to rarely/never^°. Portion 

size for each food item was reported as small, medium, or large^". In addition, there were 

open-ended items on the questionnaire designed to capture information about cereals, 

fhiits, and vegetables that were not specifically listed on the questionnaire^'. Nutrient 

composition of foods that were added to the questionnaire were derived from the 

USDA's Continuing Survey of Food Intake of Individuals (1986) and the United States 

Department of Agriculture's National Food Consumption Survey (1987-1988)^. Dietary 

fiber intake from several sources was collected using the AFFQ. Following the 

calculation of fiber intake from each food consumed by the participants, dietary Ober 

intake was categorized into eight groups based upon the original fiber source; beans, nuts 

and seeds; cakes, cookies and pastries; salty snacks; breads, cereals and crackers; fhiits; 

juices; vegetables; and mixed dishes. 
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Statistical Analysis 

Mean baseline intake of dietary fiber fi-om eight separate fiber sources was calculated for 

the total study population. Next, baseline dietary fiber intake was broken into quartiles 

based on the distribution of intake for the entire population. Trend analysis using linear 

regression was used to determine the association among the quartiles of baseline dietary 

fiber intake and baseline characteristics. 

Logistic regression was used to determine which baseline variables were associated with 

both adenoma recurrence and baseline dietary fiber intake and thus were considered 

confounders. The variables that were significantly associated with both adenoma 

recurrence and baseline dietary fiber intake in separate bivariate analyses were age, 

gender, and baseline calcium intake. These variables were included in the multivariate 

logistic regression analyses assessing the association between baseline dietary fiber 

intake and adenoma recurrence. In addition, other potential covariates were tested in a 

model with age, gender, and baseline calcium intake, including number of colonoscopies 

during the study period, regular aspirin use for 10 years, history of polyps prior to the 

baseline colonoscopy, cigarette smoking, baseline polyp characteristics (number, size, 

and location), and family history of colorectal cancer in a parent or sibling. The variables 

that were associated with adenomatous polyp recurrence using a likelihood-ratio test 

were included in the final model. The p-for trend value was calculated using the 

categorical variable for the baseline fiber quartiles. 
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RESULTS 

Baseline Characteristics and Baseline Fiber Intaice 

Table 1 presents baseline characteristics by quartile of baseline dietary fiber intake. 

Baseline dietary fiber intake was significantly greater with increasing age. The mean ages 

for the lowest and highest quartiles of intake were 64.6 and 68.0, respectively (p for trend 

<0.001). There was a larger percentage of men (27.3%) than women (20.4%) in the 

highest quartile of intake, and a larger percentage of women (28.7%) than men (23.2%) 

in the lowest. Only 19.7% of participants who exercised at least once per week were in 

the lowest quartile of baseline dietary fiber intake, compared to 29.1% of those who 

never exercised. Finally, a significantly greater percentage of non-smokers (27.2%) than 

smokers (11.2%) was found in the highest quartile of dietary fiber intake at baseline. 

The mean dietary fiber intake from each fiber source for the total study population is 

shown in Table 2. Fruits were the major source of dietary fiber in this population (5.7 

grams/day), followed by breads, cereals, and crackers (4.3 grams/day), and vegetables 

(3.7 grams/day). Fiber from these three sources comprised 73% of the total dietary fiber 

intake. 

Baseline Dietary Fiber Intake and Adenoma Recurrence 

Table 3 shows the crude and adjusted odds ratios for adenoma recurrence by quartile of 

baseline dietary fiber intake for the entire study population. Compared to the lowest 

quartile of baseline fiber intake, the adjusted odds ratios (95% confidence intervals) for 

adenoma recurrence were 0.79 (0.56-1.12), 0.76 (CI 0.54-1.08), and 0.83 (0.57-1.19) for 
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the second, third, and fourth quartiles, respectively (p-trend =0.31). To explore whether 

the high-fiber intervention was effective only in those participants who consumed low 

levels of baseline fiber, an interaction term for treatment group and quartile of baseline 

fiber intake was tested in crude and multivariate models. The interaction term was not 

significant in any model. Furthermore, a stratified analysis was performed in which the 

treatment groups were compared within each quartile of baseline fiber intake. There was 

no statistically significant efTect of treatment group within any strata of baseline fiber 

intake, and no trend was observed by quartile (data not shown). 

Table 4 shows the effect of baseline dietary fiber intake from the three leading sources of 

fiber on adenoma recurrence. None of the trends for fiber intake from fioiit, breads, 

cereals, and crackers, or vegetables were significantly associated with adenoma 

recurrence. 

DISCUSSION 

Participants in the WBF trial exhibited a wide range of fiber intake at baseline (10 to 28 

g/day), providing an opportunity to determine whether colorectal adenoma recurrence 

was afiTected by usual level of dietary fiber consumption. In addition, the effect of fiber 

from the three leading sources of dietary fiber in this population (fruits; breads, cereals, 

and crackers; or vegetables) was assessed. The present study showed that baseline 

dietary fiber intake was not significantly associated with recurrence of adenomatous 

polyps. Furthermore, no association was observed between baseline intake of fiber from 

the three most common sources of dietary fiber and adenoma recurrence. 
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The median baseline fiber intake of participants who completed the WBF trial was 17.5 

g/day (data not shown), higher than the United States national levels of 14.7 g/day for 

men and 11.2 g/day for women". Therefore, it was suggested that supplemental fiber 

might be protective only in persons with lower baseline fiber intakes in the WBF trial 

The wide range of baseline fiber intake among WBF participants allowed comparison of 

those with low baseline fiber intakes to those with higher intakes; however, no trend was 

observed for increasing baseline fiber consumption and risk of colorectal adenomas. 

Furthermore, baseline fiber intake did not modify the effect of treatment group on 

adenoma recurrence. 

The results of the analysis for baseline fiber intake are in agreement with those of the 

European Cancer Prevention (ECP) Organisation Intervention Study^"*, in which some 

participants were randomized to receive a fiber supplement of 3.5 g/d or a placebo. 

Bonithon-Kopp and colleagues assessed whether the treatment effect of the fiber was 

influenced by baseline fiber intake, and found no relationship^^. Furthermore, the results 

of the present study support those of most prospective studies and clinical trials of fiber 

intake and risk of adenomatous polyps, where no association is generally 

reported'Exceptions include the work of Platz and colleagues with the Health 

Professionals Follow-up Study (HPFS)^' and the aforementioned ECP Study^'*. In the 

HPFS, a protective effect of fhiit fiber for distal colorectal adenoma was found, but no 

effect was observed for cereal or fiber". In contrast, the participants in the fiber-

intervention arm of the ECP had an increased risk of adenoma recurrence^"*. The ECP 
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participants received 3.5 g/d of ispaghula husk, a soluble fiber, while participants in the 

WBF trial received 13.5 g/d of an insoluble fiber supplement. As a result of their 

differing chemical properties, soluble and insoluble fibers are metabolized via different 

mechanisms, and thus have varying effects on the gastrointestinal tract, prohibiting a 

direct comparison of the ECP and WBF trials. 

Like most studies of fiber and colorectal adenoma recurrence, prospective studies of 

dietary fiber and risk of colorectal cancer have found either weak or no associations""^^' 

3032j3 contrast, a study by Thun et al. found a significant protective trend for 

colorectal cancer mortality with increased consumption of vegetables, citrus, and high-

fiber grains in men and women from the Cancer Prevention Study Because cancer 

mortality was the study endpoint, it is difRcult to compare to the results of the WBF trial, 

which assessed colorectal adenoma recurrence as the endpoint. 

A recent report by Terry and colleagues'® investigated the association of consumption of 

specific foods and the risk of colorectal cancer in a cohort of 61,463 women followed in 

the Swedish Mammography Screening Cohort. Members of the cohort completed a self-

administered Food Frequency Questionnaire prior to follow-up. The results indicated that 

fhiit and vegetable consiunption at baseline was protective against colorectal cancer and 

that the effect was largely the result of fhiit consimiption. Participants in the lowest 

quartile of intake were further divided into subtertiles and compared to the rest of the 

population, using the higher quartiles as the referent group. A significant, dose-dependent 

inverse association for fruit and vegetable consumption and colorectal cancer risk (p-
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trend= 0.03) was observed in the lower subtertiles. The analysis of cereal fiber did not 

show a significant association for colorectal cancer. However, baseline cereal Hber 

consumption was relatively high in the Swedish cohort, with the median intake for the 

entire cohort at 9.3 g/day and median intakes for the quartiles at 5.7, 8.3, 10.4, and 13.6 

g/day. In comparison, the median baseline cereal fiber intake for the W6F population 

was 3.5 g/day, and the median intakes for the quartiles were 1.4, 2.8, 4.4, and 8.8 

grams/day (Table 4). It is possible that the source and/or type of fiber may be more 

important than total fiber intake in conferring protection fi'om colorectal adenomas. 

Different food sources contain fiber of different types and concentrations. For example, 

cereals and grains have high levels of cellulose and hemicellulose, while apples and citrus 

fruit are high in pectin^^. As yet, the optimal quantity and type of fiber that may be most 

beneficial has not been determined. Therefore, it was hypothesized that baseline dietary 

fiber from one specific source, rather than total baseline fiber intake, may be protective 

against adenoma recurrence. 

When considering the results of this report, potential biases must be considered. 

Differential dietary recall between the two treatment groups was not a consideration since 

the AFFQ for this analysis was administered at baseline. In addition, the AFFQ has been 

evaluated for reliability and validity^' in the WBF population, and included items that 

were specifically designed to capture dietary fiber intake^". For comparisons involving 

the two treatment groups, potentially confounding variables such as age, gender, nutrient 

consumption, and aspirin use were considered. Because the WBF trial was a randomized 

clinical trial, these variables were expected to be equally distributed between the two 
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treatment groups. Although there were differences in alcohol and tobacco consumption 

between the two treatment groups'^, these factors did not substantially alter any 

associations. 

Despite the findings of the current report, there remains strong evidence that 

environmental influences, in addition to genetic factors, are related to colorectal 

carcinogenesis. Worldwide, rates of colorectal cancer vary between 10- and 20-fold 

and in populations migrating from areas with a low risk for colorectal cancer to areas 

with a higher risk, the incidence rates in the migrant population approach those of the 

adopted country"*'^. In addition, there has been a rapid increase in incidence rates 

occurring in countries with previously low rates, such as Italy^. The observation that there 

is likely to be an environmental influence on the development of colorectal cancer led to 

the investigation of various modifiable risk factors for this disease, including diet. Dietary 

components that have been linked to increased risk of colorectal neoplasia include higher 

intake of red meat and animal fat^^*^^ while calcium^®*^' and folate'*'^^ may be protective 

for the disease. 

This report sought to determine whether intake of baseline fiber from all sources, as well 

as from the three leading sources of dietary fiber, affects the recurrence of colorectal 

adenomas between the treatment groups in the WBF trial. The results are in agreement 

with the recent reports of clinical trials and observational studies showing that dietary 

intervention with fiber does not prevent the recurrence of adenomatous polyps'^ '®'^'*. 
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Foods high in fiber may confer protection against heart disease"*^ and diabetes"*', and 

therefore should still be considered a potentially beneficial component of a healthy diet. 
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Table I. Baseline characteristics by quartile of dietary fiber intake (n=I304). 

Quartile of baseline dietary fiber intake 
B a s e l i n e  c h a r a c t e r i s t i c s  1 2  3  4  

3.4-12.8 12.9-17.4 17.5-23.1 23.2-70.0 
Age (years, mean ± sd)' 64.6 + 9.1 66.7 ± 8.5 67.1+8.9 68.0 + 8.4 
Body Mass index (kg/m ,̂ mean ± sd) 26.5 ±4.2 26.2 ± 3.8 26.7 + 4.7 26.6+4.5 
Group (number, %) 

Low-fiber 142 (24.3) 143 (24.5) 146 (25.0) 153 (26.2) 
High-fiber 184 (25.6) 183 (25.4) 180 (25.0) 173 (24.0) 

Gender  ̂
Female 124 (28.7) 111 (25.7) 109 (25.2) 88 (20.4) 
Male 202 (23.2) 215 (24.7) 217 (24.9) 238 (27.3) 

Race 
White 316 (25.3) 314 (25.1) 313 (25.0) 308 (24.6) 
Other 10 (18.9) 12 (22.6) 13 (24.5) 18 (34.0) 

Marital Status 
Married or cohabitating 264 (24.3) 276 (25.4) 277 (25.5) 271 (24.9) 
Single 62 (28.8) 50 (23.3) 48 (22.3) 55 (25.6) 

Education 
Some or all high-school 162 (27.4) 156 (26.4) 131 (22.1) 143 (24.2) 
At least one year college 164 (23.1) 169 (23.8) 194 (27.3) 183 (25.8) 

History of colorectal cancer in one parent or 
sibling 

Yes 51 (23.2) 54 (24.6) 59 (26.8) 56 (25.5) 
No 275 (25.4) 272 (25.1) 267 (24.6) 270 (24.9) 

History of cancer other than colorectal 
cancer at least five years prior to study entry 

Yes 26 (30.6) 20 (23.5) 20 (23.5) 19 (22.4) 
No 206 (24.9) 194 (23.4) 212 (25.6) 217 (26.2) 

History of polyps prior to baseline 
colonoscopy 

Yes 103 (22.8) 110 (24.3) 114 (25.2) 125 (27.7) 
No 183 (26.1) 173 (24.7) 175 (25.0) 170 (24.3) 

Polyp Characteristics 
Location 

Distal only 178 (25.1) 185 (26.1) 180 (25.4) 167 (23.5) 
Proximal only 85 (24.3) 77 (22.0) 87 (24.9) 101 (28.9) 
Proximal and Distal 62 (26.1) 63 (26.5) 56 (23.5) 57 (24.0) 

Number 
One 176 (23.6) 190 (25.5) 187 (25.1) 192 (25.8) 
Two 77 (26.6) 65 (22.4) 77 (26.6) 71 (24.5) 
Three or more 73 (27.4) 71 (26.7) 60 (22.6) 62 (23.3) 

Size of largest polyp 
<0.5cm 92 (23.0) 97 (24.3) 110 (27.5) 101 (25.3) 
0.60-1.00 cm 141 (25.8) 132 (24.2) 131 (24.0) 142 (26.0) 
>1.00 cm 93 (26.0) 97 (27.1) 85 (23.7) 83 (23 J2) 

Lifestyle Variables 
Exercise  ̂

>=1 time per week 125 (19.7) 162 (25.5) 175 (27.5) 174 (27.4) 
Never 149 (29.1) 127 (24.8) 113 (22.1) 123 (24.0) 

Current smokeî  
Yes 75 (42.1) 51 (28.7) 32 (18.0) 20 (11.2) 
No 251 (22.3) 275 (24.4) 294 (26.1) 306 (27.2) 

to year history of regular aspirin use 
Yes 83 (22.6) 86 (23.4) 93 (25.3) 106 (28.8) 
No 243 (26.0) 240 (25.6) 233 (25.0) 220 (23.5) 

•p<0.001; VO-05; "=p<0 01 



Table 2. Mean baseline flber intake and percent contribution by food 

Fiber Source Grams of 
fiber/day 
mean + sd (%) 

Fruits 5.7 + 4.3 (30) 
Breads, cereals, and crackers 4.3 ±3.2 (23) 
Vegetables 3.7 + 2.2 (20) 
Beans, Nuts, and Seeds 1.6+1.7 (9) 
Mixed dishes 0.7 + 0.6 (8) 
Salty snacks 0.7 + 1.3 (4) 
Cakes, cookies, and pastries 0.5 + 0.6 (3) 
Juices 0.2 + 0.5 (1) 
Miscellaneous 1.2 + 0.9 (6) 
All sources 18.7 + 8.2 
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Table 3. Crude and adjusted odds ratios for adenoma recurrence by quartile of baseline dietary fiber intake for entire 
population that completed the WBF trial (n=l3C4). 

Baseline Dietary Recurrence No Odds ratio (95% Adjusted odds ratio' p for 
Fiber intake Recurrence Confldence interval) (95% trend 

(median g/day) Confidence interval) 
n=1304 

10.1 g/day 175 151 1.00 1.00 
15.3 g/day 158 168 0.81 (0.60-1.10) 0.79(0.56-1.12) 
20.0 g/day 149 177 0.73 (0.53-0.99) 0.76 (0.54-1.08) 
27.7 R/day 156 170 0.79(0.58-1.08) 0.83 (0.57-1.19) 0.31 

'or adjusted for history of polyps prior to baseline colonoscopy, age at randomization, gender, number of 
colonoscopies, aspirin use, total calcium intake at baseline, and number of baseline adenomas. 

Table 4. Crude and adjusted odds ratios for adenoma recurrence by quartile of baseline dietary fiber intake from the 

Fruits Recurrence No Odds ratio (95% Adjusted odds ratio' p for 
(median g/day) Recurrence Confidence interval) (95% trend 

Confidence interval) 
1.5 g/day 165 161 1.00 1.00 
3.7 g/day 162 167 0.95 (0.70-1.29) 0.89 (0.63-1.25) 
6.2 g/day 149 174 0.84(0.61-1.14) 0.86(0.60-1.21) 
11.5 g/day 162 164 0.96(0.71-1.31) 0.92 (0.64-1.32) 0.62 
Cereals, breads. 
and crackers 
(median g/day) 

1.4 g/day 167 159 1.00 1.00 
2.8 g/day 165 164 0.96(0.71-1.30) 0.92 (0.65-1.29) 
4.4 g/day 150 173 0.83(0.61-1.12) 0.88 (0.62-1.24) 
8.8 g/day 156 170 0.87(0.64-1.19) 0.84(0.59-1.19) 0.31 
Vegetables 
(median g/day) 

1.5 g/day 164 163 1.00 1.00 
2.7 g/day 157 168 0.93 (0.68-1.26) 0.98 (0.70-1.38) 
3.4 g/day 144 182 0.79(0.58-1.07) 0.86 (0.61-1.20) 
6.8 e/day 173 153 1.12(0.83-1.53) 1.34(0.94-1.91) 0.21 
OR adjusted for history of polyps prior to baseline colonoscopy, age at randomization, gender, number of 

colonoscopies, aspirin use, total calcium intake at baseline, and number of baseline adenomas. 
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ABSTRACT 

The Wheat Bran Fiber Trial was a double-blind Phase III clinical trial in which 

participants were randomized to a cereal fiber supplement of either 13.5 or 2.0 g/d. No 

protective effect for adenoma recurrence was observed for those randomized to the high-

fiber group as compared to those in the low-fiber group. However, the high-fiber group 

had significantly lower adherence to the supplement as assessed by cereal box counts and 

calendar records. The aim of this study was to determine whether reported supplemental 

and total fiber intake affected colorectal adenoma recurrence in the WBF trial population, 

regardless of treatment group assignment. A total of 1208 participants who completed the 

WBF trial had a colonoscopy prior to the date of the last cereal box count and/or at least 

one colonoscopy within 90 days following it, and thus were eligible for the current 

analyses. Statistical analyses were done using multivariate logistic regression models 

that included potentially confounding variables. Compared to the lowest quartile of 

supplemental fiber intake, the adjusted odds ratios (95% confidence intervals) for 

adenoma recurrence by increasing quartile of intake were 1.06 (0.75-1.50), 1.13(0.80-

1.59), and 0.94 (0.66-1.33). The corresponding odds ratios for total fiber intake were 

0.87 (0.62-1.23), 0.80 (0.56-1.14), and 0.98 (0.68-1.42). The results of this study show 

that neither fiber intake from a wheat bran supplement nor total fiber intake affects the 

recurrence of colorectal adenomas, thus lending further evidence to the body of literature 

indicating that consumption of a high-fiber diet does not reduce the risk of colorectal 

adenoma recurrence'^*^*^^. 
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INTRODUCTION 

With an estimated 130,200 cases of colorectal cancer and 56,300 deaths from this disease 

in 2000'^, colorectal cancer is the third most common cause of cancer mortality in the 

United States'®. The association between diet and colorectal cancer or adenomatous 

polyps has long been investigated. Specifically, dietary fiber has been the focus of 

numerous studies since it was first introduced as a potentially protective dietary 

component by Denis Burkitt in 1971^. He observed that diseases of the bowel, including 

colon cancer, were rare in Africa where a high-fiber diet was consumed'. Many 

correlational and case-control epidemiological studies supported this 

hypothesis®' '" '®'^'^*^^; however, several prospective studies have yielded equivocal 

results'^-^". Recently, the results of two randomized clinical trials failed to show a 

protective effect of increased fiber and/or decreased fat in the diet on the risk of 

adenomatous polyp recurrence^"^^. In the Polyp Prevention Trial, there was no reduction 

in risk of colorectal adenoma recurrence with consumption of a low-fat, high-fiber diet^^. 

In the Wheat Bran Fiber (WBF) trial, there was no difference in the rate of recurrent 

adenomatous polyps between those randomized to consimie a high-fiber supplement as 

compared to those in the low-fiber group^. 

The primary analysis of the WBF trial was performed using the intention-to-treat (ITT) 

principle^, an analysis method that tests whether assigiunent to a treatment group affects 

the outcome without quantifying the amount of supplement consumed^. To date, there 

have been no studies performed to determine whether the reported supplemental or total 
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fiber intake consumed during a randomized clinical trial had an effect on adenoma 

recurrence. Participants in the high-fiber intervention arm of the WBF trial reported side 

effects such as nausea, diarrhea, and abdominal bloating more frequently than those in 

the low-fiber group^. Therefore, it was hypothesized that participants in the high-fiber 

group may have compensated for the supplemental dose by eating less non-supplemental 

fiber, thus driving the amount of total fiber consumed in the two treatment arms toward 

equality. The current study was performed to determine whether reported supplemental 

and total fiber intake affected colorectal adenoma recurrence in the WBF trial population. 
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METHODS 

Study Design and Subjects 

The Wheat Bran Fiber trial was a randomized, double-blind Phase III clinical trial 

designed to test whether a high-fiber wheat bran supplement (13.5 g/day) could decrease 

the risk of recurrent adenomatous polyps compared to a group receiving a low-fiber 

supplement (2.0 g/day)'. The design of this study has been described in detail^'*. Briefly, 

participants were recruited fi'om three clinics in Phoenix, Arizona beginning in 

September 1990. A total of 1509 eligible men and women, who had had one or more 

colorectal adenomas removed within three months prior to recruitment, consented to 

enter the 6-week run-in period^. During the run-in period, participants were given the 

low-fiber WBF supplement, completed several questioimaires, and had blood drawn for 

later analyses^. The Arizona Food Frequency Questionnaire (AFFQ), previously 

evaluated for reliability and validity^', was administered at baseline, year one and year 

three of the triaP'*. Adherence to supplemental fiber intake was deemed adequate for 1429 

participants (95% of the 1509 who entered the run-in period), who had reported 

consuming at least 75% of their supplement^. The supplement for both the high- and 

low-fiber groups was supplied as a cereal formulated by the Kelloggs Company and was 

distributed as a box with an individual daily portion^. A total of 1304 study participants 

completed the trial by having at least one post-randomization colonoscopy or a diagnosis 

of colorectal cancer. 
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Alterations in Supplement Dose 

If a participant was unable to maintain the supplement intake level required by the 

protocol (2.0 g/d and 13.5 g/d in the low- and high-fiber groups, respectively), he or she 

was permitted a dose reduction. The amount and length of time of the reduction in dose 

were recorded, along with the reason for the reduction. Such reasons included the taste 

of the supplement, dining at locations other than the home, and adverse events such as 

nausea, abdominal pain, diarrhea, intestinal gas, and abdominal bloating. 

In addition to reduced supplement intake, two other changes were recorded. The first 

was a temporary stop of the supplement consimiption, for which the length of time and 

the reasons, including vacation, illness, and hospitalization, were recorded. The second 

was a permanent cessation in supplement consumption prior to completion of the trial. 

Conditions resulting in permanent cessation included reports of adverse events such as 

gastrointestinal distress, medical conditions, or study drop-out. The date of the permanent 

stop in supplement use was recorded along with the reason. 

Supplemental Fiber Intake 

The intake of supplemental fiber for the WBF participants was assessed using 

information firom clinic visits that took place every three months. Participants brought 

unused cereal boxes to each visit; the boxes were then counted and used to calculate the 

percentage of boxes consumed using the following formula; 

#of boxesgivtn to particyint it last visit -#of boxes returned it cmrcnt visit 
#of days since list visit 
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In addition, participants recorded their daily intake of supplemental fiber on a calendar; 

the correlation coefficient between the box counts and calendar reports was 0.82. In order 

to be eligible for this analysis, a participant had to have had at least one colonoscopy 

prior to the date of the last box count, and/or at least one colonoscopy within 90 days 

following it. Using these criteria, data were available for 1208 (92.6%) of the 1304 

participants who completed the trial. The analysis period was the time between 

randomization and the colonoscopy that occurred prior to the last box count or within 90 

days after the last box count. 

In order to create an accurate accounting of the participants' supplemental fiber intake, all 

data regarding supplement reduction and cessation were added to the information from 

box counts. This analysis required that the data be assessed in time intervals, with each 

interval representing the nimiber of days between box counts. In the case of a temporary 

stop in supplement consumption, a zero was entered for fiber intake during that time. For 

a supplement reduction, the number of boxes consumed per day was adjusted 

proportionally to the reduction. Permanent cessation of supplement resulted in an entry 

of zero fiber intake for the remainder of the study. The fiber dose for each time interval 

was then calculated using the following formula: 
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Dosei„ierrai=(days in interval)(% boxes consumed /100)(boxes/day*'/i grams fiber/day) 

where n equaled 2.0 for participants in the low-fiber group and 13.5 for those in the high-

fiber group. The total dose of supplemental fiber during the analysis period was the sum 

of the fiber intake for each interval. 

Total Fiber Intake 

Dietary fiber intake was assessed at baseline, year one, and year three using the AFFQ, 

and remained equal between the two intervention groups throughout the trial. Therefore, 

the sum of the baseline value fi'om the AFFQ and supplemental fiber intake per day was 

used to calculate total fiber intake. Data fi'om supplemental fiber intake per day and total 

fiber intake per day were categorized into quartiles based on the distribution of the total 

population, and the lowest quartile was used as the reference category in logistic 

regression models. 

Statistical Analysis 

Recurrences and non-recurrences of colorectal adenomas were ascertained from any 

colonoscopy that occurred after randomization but prior to or within 90 days of the last 

box count. A student's t-test was used to compare baseline, year one, and year three 

dietary fiber intake between the low-fiber and high-fiber intervention groups, and to 

compare supplemental and total fiber intake by each non-dietary baseline variable. For 

baseline dietary intake, each variable was broken into quartiles based upon the 
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distribution of intake for the entire population. Trend analysis using linear regression was 

used to determine the association among the quartiles of dietary intake and supplemental 

and total fiber intake. 

Logistic regression was used to determine which baseline variables were associated with 

both adenoma recurrence and supplemental or total fiber intake and thus were considered 

potential confounders. The only variable that was significantly associated with both 

adenoma recurrence and supplemental fiber intake was number of years on study. The 

variables that were significantly related to both adenoma recurrence and total fiber intake 

were gender, age, dietary calcium intake, and total calcium intake. These variables were 

included in the multivariate logistic regression analyses for supplemental and total fiber 

intake. Other potential covariates that were considered were number of colonoscopies 

during the study period, regular aspirin use for 10 years, history of polyps prior to 

randomization, cigarette smoking, alcohol intake, fat intake, baseline polyp 

characteristics (number, size, and location), and family history of colorectal cancer in a 

parent or sibling. Energy adjustment of total fiber intake was performed using the 

nutrient residual method of Willett et al.^^ 

RESULTS 

Baseline Characteristics 

Table 1 shows a comparison of baseline characteristics of the 1304 participants who 

completed the trial protocol by having at least one post-randomization colonoscopy or a 
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diagnosis of colorectal cancer and the 1208 participants who were eligible for the present 

analysis. There were no significant differences between the two populations with regard 

to any of the baseline characteristics. 

Fiber Intake 

An analysis was conducted to compare the differences between the low and high fiber 

groups for fiber intake firom supplemental, dietary, and total fiber sources (Table 2). 

There were no differences in baseline dietary fiber intake between the two treatment 

groups (18.9 ± 8.3 and 18.7 + 8.0 g/day). For supplemental fiber intake, the low-fiber 

group consumed an average of 1.5 g/day, while the high-fiber group consumed a mean of 

9.6 g/day, (p<0.001). Similar to supplemental fiber, total fiber intake between the two 

groups was significandy different (p<0.001). Figiu-e 1, panel A shows that reported 

supplemental fiber intake was generally lower in the low-fiber group compared to the 

high-fiber group. However, there were a small number of participants in the high-fiber 

group who took in much less supplemental fiber than would have been expected had 

there been full adherence to the supplement. Panel B shows the total fiber intake for the 

low-and high-fiber groups. As shown, there was considerable overlap in total fiber intake 

between the two treatment groups. 

Supplemental and Total Fiber Intake 

Table 3 shows the results for the supplemental and total fiber intake by baseline 

characteristics. Supplemental fiber intake was significantly higher among subjects who 
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were on the study longer (p for trend <0.001), who were smokers (5.8 ± 4.7 vs. 6.8 + 4.5, 

p <0.05), and who consumed larger amounts of alcohol (p for trend <0.05). Total fiber 

intake was significantly higher for men compared to women (25.3 ± 9.4 vs. 23.4 + 9.3, 

respectively), non-white subjects (Asian, Afiican-American, Hispanic, American Indian, 

and Pacific Islander) compared to the white subjects, (27.2 ± 11.0 vs. 24.5 ± 9.31), those 

participants who exercised at least once a week (p<0.0l), were current smokers 

(p<0.001), did not use aspirin regularly (p<0.05), and were older (p for trend <0.001). 

Furthermore, each dietary variable presented in Table 3 exhibited a significant trend for 

increasing intake associated with increasing total fiber intake, with the exception of 

alcohol. 

Fiber Intake and Adenoma Recurrence 

Table 4 shows the crude and adjusted odds ratios for adenoma recurrence by category of 

supplemental and total fiber intake. The adjusted odds ratios for adenoma recurrence by 

increasing quartile of supplemental fiber intake were 1.06 (95% CI 0.75-1.50), 1.13 (95% 

CI 0.80-1.59), and 0.94 (95% CI 0.66-1.33); p for trend 0.82. For increasing quartiles of 

total fiber intake, the odds ratios were 0.87 (95% CI 0.62-1.23), 0.80 (0.56-1.14), and 

0.98 (0.68-1.42); p for trend 0.82. Energy adjustment of total fiber intake had no effect on 

the regression models, nor did the inclusion of variables for regular aspirin use for 10 

years, number of years on study, cigarette smoking, alcohol intake, total fat intake, or size 

and location of baseline polyps (data not shown). 
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DISCUSSION 

To our knowledge, the present study is the first to quantitate actual fiber intake, based on 

adherence records, and evaluate whether actual fiber intake was associated with 

colorectal adenoma recurrence. Despite large variation in actual fiber intake, no 

association was found between reported intake of either supplemental or total fiber and 

adenoma recurrence in the WBF trial. Adjustment for potential confounding variables 

such as history of prior adenomas, age, number of colonoscopies, gender, and baseline 

polyp characteristics did not alter the results. The findings of this analysis concur with 

those of the primary ITT analysis of this study population^, as well as with reports of a 

null fiber effect from other studiesThese data therefore provide fiirther 

evidence indicating that fiber supplementation with a wheat bran supplement does not 

protect against colorectal adenoma recurrence. 

The Food and Drug Administration (FDA) and the National Institutes of Health (NIH) 

recommend that the intention-to-treat (ITT) principle be used for the primary evaluation 

of a therapeutic agent". This technique requires that data fi-om all randomized 

participants be used in determining the effectiveness of the treatment without assessing 

adherence to the treatment protocol''. Another analysis option is examination of the 

amount of agent consumed by participants to determine if there is an effect. The ITT 

principle is a more conservative approach to analysis. In the presence of non-adherence 

the results from the ITT analysis will dilute the effect of the intervention agent'^. 

Therefore, many investigators are now examining data by using the ITT approach and an 
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additional method that accounts for amount and/or duration of treatment'^. The primary 

analysis of the WBF trial was performed using the ITT paradigm, and no effect of 

supplemental wheat bran fiber was observed^. It was hypothesized that the lack of effect 

in the ITT analysis may have been partially explained by significantly lower adherence in 

the high-fiber group compared to the low-fiber group in the second and third years of the 

triaP, resulting in overlap of total fiber intake between the two treatment arms. 

By design, there were marked differences in supplemental fiber intake between the low-

and high-fiber groups. The low-fiber group was uncontaminated by participants 

increasing the amount of supplemental fiber; however, some participants in the high-fiber 

group did not consume all of their assigned fiber dose. The inability to consume the full 

high-fiber dose may have been related to reports of side-effects resulting from the 

addition of 13.5 grams of fiber per day to the diet. These side effects included nausea, 

abdominal pain, diarrhea, intestinal gas, and abdominal bloating, and were reported 

significantly more often in the high-fiber group compared to the low-fiber group^. 

Despite a greater number of reported side effects, mean supplemental and total fiber 

intake remained significantly greater in the high-fiber group, indicating that most 

participants were able to follow the study protocol. However, there was some overlap 

between the two groups with regard to total fiber intake. The overlap in total fiber intake 

provided an intriguing area of investigation, with the possibility that no effect was 

observed between the two groups because there was no difference in total fiber intake 

between the low-and high-fiber treatment group. However, the results of this analysis 
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indicated that total fiber intake was not associated with adenoma recurrence in this 

population, even after adjustment for potential confounders. 

Selection bias is the primary consideration that must be addressed when performing an 

analysis that includes quantity of intervention agent consumed^^. Because the WBF trial 

was a randomized clinical trial, the distribution of potentially confounding factors is 

expected to be equal between the two treatment arms. As previously reported", the 

proportion of smokers and the amount of alcohol and fat intake was larger in the high-

fiber group than in the low-fiber group, though none of these variables bad a significant 

effect on recurrence. Importantly, the 1208 participants in the current analysis are 

representative of the 1304 participants who completed the WBF trial, as evidenced by the 

absence of significant differences in the baseline characteristics between the two 

populations. Therefore, it is unlikely that selection bias influenced the results of this 

analysis. 

The evaluation of supplemental fiber intake for this analysis relied on the participants 

returning the proper number of empty cereal boxes. There was a high correlation 

between box counts done by trial personnel and data from calendars completed daily by 

the participants. Furthermore, as discussed above, there were more reports of side effects 

among those in the high-fiber group. Therefore, it is reasonable to believe that the data 

regarding supplemental fiber intake are reliable. 
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The National Cancer Institute recommends a fiber intake of 20-35 grams of fiber per 

day', while the American Dietetic Association recommends 2S-3S grams per day after 

age 20*. The population in this study consumed an average of 28 grams (high-fiber 

group) and 20 grams of fiber (low-fiber group) from all sources throughout the course of 

the trial. This represents an increase in fiber intake fi-om baseline of approximately 10 

grams per day for those in the high-fiber group and 1.5 grams per day for the low fiber 

group. Both groups were within the recommended range of intake during the course of 

the trial. It is possible that the treatment group did not reach the level of fiber intake 

necessary for protection, despite having maintained intake within the recommended 

levels. However, at least two reports have compared male subjects who consumed over 

30 g of total fiber per day with those who consumed less fiber and did not show a benefit 

for total fiber intake on risk of colon cancer'^ or on distal colorectal adenoma^", although 

the latter report indicated that fiiiit fiber was protective. Furthermore, male participants in 

the Toronto Polyp Prevention Trial randomized to a low-fat, high fiber diet were able to 

achieve average intakes of at least 35 g of total fiber per day, but no significant difference 

was observed in recurrence of neoplastic polyps between the intervention and control 

groups^^. Therefore, it seems unlikely that the treatment group in the present analysis 

would have benefited from increased fiber supplementation. Furthermore, given the side-

effects related to ingestion of supplemental fiber^, it may not be plausible to recommend 

a level of total fiber intake greater than 35 grams per day. 
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In addition to the amount of fiber necessary for protection against colorectal cancer, the 

type of fiber with the best protective properties remains in question due to the complexity 

of this nutrient. Many fiber-rich foods, such as cereals, fhiits, and vegetables, contain 

different fiber components in different concentrations. For example, cereals and grains 

have high levels of cellulose and hemicellulose, while apples and citrus fhiit are high in 

pectin^^. It is possible that consumption of a diet rich in many types of dietary fiber, 

rather than a supplement of one type of fiber, is necessary for protection against 

colorectal carcinogenesis. 

Another consideration is the optimal stage in carcinogenesis during which fiber may be 

most beneficial. Many mechanisms have been proposed to describe its protective effects 

at different points in the carcinogenesis pathway. Dietary fiber reduces fecal transit time 

through the large bowel, thereby decreasing the amount of time that the mucosal cells of 

the colon are exposed to carcinogens in fecal matter and reducing the exposure of 

mucosal cells to the carcinogens^. Fiber also binds bile acids and decreases the 

concentration of these compounds in the feces^*^', thus preventing conversion to 

secondary bile acids which are thought to promote carcinogenesis by increasing cellular 

proliferation®, and which have been shown to act as tumor promoters in a rat model^^. 

Therefore, dietary fiber may be important in both early as well as later stages of 

carcinogenesis, and supplementation for a period of three years in persons who have 

already developed adenomas may be insufficient to confer protection^. Consumption of a 
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high fiber diet throughout life may be necessary to prevent adenoma development and 

recurrence. 

This analysis used a novel approach of determining whether reported fiber intake from all 

sources affected adenoma recurrence, by taking into account adherence to the fiber 

supplement, reduction in fiber dose, and temporary or permanent cessation of supplement 

use. The results of this study show that neither fiber intake from a wheat bran 

supplement nor total fiber intake affects the recurrence of colorectal adenomas, thus 

lending further evidence to the body of literature indicating that consumption of a high-

fiber diet does not reduce the risk of colorectal adenoma recurrence^ '^*^*^^. Foods high 

in fiber may confer protection against heart disease" and diabetes^^, and therefore should 

still be considered an integral component of a healthy diet. 
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Table 1. Baseline characteristics of WBF population (1304 participants) and those with complete 
adherence data by having had a colonoscopy prior to or within 90 days following the last count of unused 
cereal boxes (1208 participants). 

Variable 1304 participants 1208 participants 
mean +• sd mean ± sd 

Age (years) 66.6 ± 8.8 66.6 ± 8.8 
Body Mass index (kg/m') 26.5+4.3 26.5 ±4.3 
Group n (%) n (•/«) 

Low-fiber 584 (44.8) 562 (46.5) 
High-fiber 720 (55.2) 646 (53.5) 

Gender 
Female 432 (33.1) 393 (32.5) 
Male 872 (66.9) 815(67.5) 

Race 
White 1251 (95.9) 1157 (95.8) 
Other 53 (4.1) 51 (4.2) 

Marital Status 
Married or cohabitating 1088 (83.4) 1005 (83.2) 
Single 215(16.5) 202(16.7) 

Education 
Some or all high-school 592 (45.4) 548 (45.4) 
At least one year college 710 (54.5) 658 (54.5) 

History of caiorectal cancer 
in one parent or sibling 

Yes 220(16.9) 209(17.3) 
No 1084 (83.1) 999 (82.7) 

History of cancer other than 
colorectal cancer at least five 
years prior to study entry 

Yes 85 (6.5) 72 (6.0) 
No 829 (63.6) 773 (64.0) 

Years on Study 
<=1.0 47 (3.6) 43 (3.6) 
1.1-2.0 127 (9.7) 104(8.6) 
2.1-3.0 258(19.8) 239(19.8) 
>3.0 872 (66.9) 822 (68.1) 

Polyp Characteristics n (%) n (•/«) 
History of adenomas prior to 
baseline colonoscopy 

Yes 452 (34.7) 419(34.7) 
No 701 (53.8) 654(54.1) 

Polyp Location 
Distal only 710(54.7) 659 (54.8) 
Proximal only 350 (27.0) 322 (26.8) 
Proximal and Distal 238(18.3) 221 (18.4) 

Number of Polyps 
One 745 (57.3) 693 (57.5) 
Two 290 (22.3) 261 (21.7) 
Three or more 266 (20.5) 251 (20.8) 

Maximum polyp size 
<0.5cm 400 (30.7) 363 (30.1) 
0.60-1.00 cm 546(41.9) 512(42.5) 
>1.00 cm 358 (27.5) 330 (27.4) 
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Table 1. (continued) 
Variable 1304 participants 1208 participants 

n(%) n(%) 
Exercise 

At least once a week 636 (55.4) 612(55.4) 
Never 512(44.6) 492 (44.6) 

Current smoker 
Yes 178(13.7) 152(12.6) 
No 1126(86.4) 1056 (87.4) 

Ever smoker 
Yes 683 (52.4) 637 (52.7) 
No 449 (34.4) 424(35.1) 

iO year hiaory of regular 
aspirin use 

Yes 368 (28.2) 345 (28.6) 
No 936(71.8) 863(71.4) 

Dietary Variables mean ± sd mean + sd 
Energy (kcal/day) 1909.3 ± 666.0 1903.6 + 663.7 
Protein (g/day) 73.4 ± 26.2 73.4 +.26.3 
Carbohydrate (g/day) 233.8 ± 87.4 233.5 + 86.6 
Fat (g/day) 72.9 ± 33 J 72.5 ± 333 
Dietary Fiber (g/day) 18.7 + 8.3 18.8 ±8.1 
Dietary Calcium (mg/day) 852.7 ± 377.7 852.7 ± 379.0 
Total Calcium (mg/day) 975.3 ±441.8 977.2 ± 444.2 
Alcohol (g/day) 7.5 ± 15.3 7.4 ± 14.8 
Dietary Folate (meg/day) 283.3 ± 120.5 284.4 ± 120.6 
Total Folate (meg/day) 441.4 + 253.1 443.4 ± 249.9 
Red Meat (s/day) 62.5+48.9 63.4.4 + 444.2 



Table 2. Intake of dietary fiber at baseline, supplemental fiber over the course of the trial, and total fiber 
(estimated by baseline dietary fiber intake plus supplemental fiber intake). 

Fiber Source mean ± sd median range p-value* 
Baseline Dietary Fiber Intake (g/day) 

Low fiber group 
High fiber group 00

 0
0 

1+
 I

f 
00

 0
0 

b
 l

»i 17.7 
17.6 

3.8-56.8 
3.4-55.0 0.70 

Supplemental Fiber Intake (g/day) 
Low fiber group 
High fiber group 

1.5+0.4 
9.6 + 3.1 

1.7 
10.7 

0.0-2.1 
0.7-13.5 <0.001 

Total Fiber Intake (g/day) 
Low fiber group 
High fiber fpt>up 

20.4 + 8.3 
28.3 + 8.8 

19.4 
27.5 

4.9-57.7 
7.0-66.3 <0.001 

*p-value compares the Hber intake of the low-fiber group to the high-fiber group 



Figure I. Frequency histograms of supplemental and total fiber intake (grams/day). 
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Table 3. Mean supplemental flber intake and total fiber intake during the WBF trial, by baseline characteristics 
(n=1208). 

Variable D Supplemental Fiber Total Fiber Intake 
Intake (e/d) (e/d) 
mean ± sd mean ± sd 

Age at Randomization (years) 
40.3-61.1 302 5.7 ±4.6 23.1 ±9.1 
61.2-68.1 302 6.3 ±4.7 24.2 ± 9.7 
68.2-73.1 302 5.8 ±4.7 25.1+9.4 
73.2-81.1 302 5.7 ±4.6 26.2 ±9.2' 

Gender 
Female 393 5.6 ±4.6 23.4 ±9.3 
Male 815 6.0 ±4.7 25.3 ± 9.4" 

Race 
White, non-Hispanic 1157 5.9 + 4.6 24.5 ± 9.3 
Other 51 6.0 ±4.8 27.2 ± 11.0' 

Marital Status 
Married or cohabitating 1005 5.9 ±4.7 6.2 ±4.7 
Single 202 5.6 ±4.6 6.2 ±4.7 

Education 
Some or all high school 548 5.8 ±4.6 24.3 + 9.8 
At least one year of college 658 6.0 ±4.7 24.9 ±9.1 

History of colorectal cancer in 
one parent or sibling 

Yes 209 6.1 ±4.6 25.2 ±9.4 
No 999 5.8 ±4.7 24.6 + 9.4 

History of cancer other than 
colorectal cancer at least Jive 
years prior to study entry 

Yes 72 6.3 ±4.8 24.0 ± 7.9 
No 773 5.9 ±4.6 25.0 ±9.5 

Years on Study 
<=l.O 43 2.7 ± 2.5 20.9 + 9.0 
1.1-2.0 104 3.4 ±3.2 22.9 ± 8.9 
2.1-3.0 239 6.0 ±4.5 24.7 ± 9.8 
>3.0 822 6.3 ±4.8' 25.1 ±9.3 

Body Mass Index fkg/m') 
8.2-23.8 304 5.9 ±4.7 25.0 ± 9.5 
23.9-26.1 301 6.1 ±4.7 24.5 ±9.2 
26.2-28.8 302 5.9 ±4.6 24.2 ±9.0 
28.9-48.1 301 5.6 ±4.6 24.8 ±9.9 

Polyp Characteristics 
History of adenomas prior to 
baseline colonoscopy 

Yes 419 5.9 ±4.6 25.3 ± 9.5 
No 654 6.0 ±4.7 24.6 + 9.5 

Pol̂  Location 
Distal only 659 5.9 ±4.7 24.4 ±9.2 
Proximal only 322 5.8 ±4.6 25.4 ± 10.4 
At least one proximal polyp 221 5.9 ±4.6 24.2 ± 8.7 

Number of Polyps 
One 693 5.8 + 4.6 24.7 ± 9.4 
Two 261 6.1 ±4.8 25.1 ±9.6 
Three or more 251 5.7 + 4.6 24.0 + 9.1 
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Table 3. (continued) 
Variable n Supplemental Fiber Total Fiber Intake 

intake (g/d> (g/d) 
Maximum polyp size 

<0.5cm 363 6.0 + 4.7 25.2+ 10.2 
0.60-1.00 cm 512 5.8+4.6 24.7+9.1 
>1.00 cm 330 5.9 + 4.6 24.0 ±8.9 

Lifestyle Variables 
Exercise 

At least once a week 612 6.2 + 4.7 25.7 + 9.3 
Never 492 5.7 + 4.6 23.9 + 9.7^ 

Current Smoker 
Yes 152 6.8 + 4.5 22.2 + 9.3 
No 1056 5.8 + 4.7= 25.0 + 9.4" 

Ever Smoker 
Yes 637 5.8+4.7 24.7 + 9.3 
No 424 5.7 + 4.6 25.4 + 9.4 

10 year history of regular aspirin 
use 

Yes 345 6.1 +4.7 25.6 + 9.5 
No 863 5.8 + 4.6 24.3+9.4'= 

Dietary Variables 
Energy (kcal/d) 

327.9-1437.7 302 5.7+4.7 18.6 ±7.2 
1438.2-1819.6 302 5.8+4.6 23.1 ±7.6 
1820.8-2260.5 302 5.9 + 4.6 25.7 ±7.7 
2260.5-6287.8 302 6.1 +4.7 31.2 ±10.1* 

Protein (g/d) 
14.2-54.3 302 5.9 + 4.6 18.9 ±7.7 
54.4-70.0 302 5.8+4.7 23.0 ±7.4 
70.1-87.9 302 5.7 + 4.6 25.8 + 8.5 
88.0-253.2 302 6.2 + 4.7 31.0 ±9.6* 

Carbohydrate (g/d) 
45.7-173.7 302 5.8+4.6 17.2 ±6.4 
173.8-223.8 302 5.9 + 4.7 22.4 ±6.6 
224.2-278.5 302 5.9+4.6 26.1 ±6.9 
278.6-729.7 302 6.0 + 4.7 32.9 + 9.5* 

Fat (g/d) 
6.7-49.2 302 5.9 + 4.7 21.8 ±8.9 
49.3-67.5 302 5.9 + 4.6 23.4 ±8.4 
67.6-89.9 302 5.7+4.6 25.6 ±9.3 
90.0-321.1 302 6.1 ± 4.6 27.9 ± 9.9* 

Dietary Calcium (mg/d) 
125.8-595.9 302 6.0 + 4.6 19.7 ±7.6 
596.0-815.6 302 5.8+4.8 24.3 ±6.0 
815.7-1042.0 302 5.7 + 4.6 24.9 ±8.5 
1042.1-3364.3 302 6.0 + 4.6 29.7 + 9.9* 

Total Calcium (mg/d) 
125.8-666.3 302 5.6 + 4.6 20.2 ±7.7 
667.0-928.7 302 5.8 + 4.7 24.2 ±9.1 
929.2-1162.6 302 5.5 + 4.5 25.4 ±8.1 
1162.7-3364.3 302 6.2 + 4.7 28.8 + 10.4* 



Table 3. (continued) 

Variable n Supplemental Fiber Total Fiber Intake 
Intake (g/d) (g/d) 

Alcohol (g/d) 
0.00-0.00 444 5.7 + 4.7 25.6+10.4 
0.43-1.6 164 5.3 ±4.5 23.5+9.6 
1.7-10.3 298 6J+4.7 24.6 + 8.2 
10.4-268.7 302 6.1 ±4.6' 24.0 ±8.8 

Dietary folate (mcg/d) 
38.6-201.5 302 5.6 ±4.5 17.8 ±7.0 
201.9-265.0 302 6.2 ±4.7 23.1 ±7.0 
265.1-346.3 302 5.6 ±4.6 25.7 + 7.5 
346.9-818.4 302 6.1 ± 4.7 32.1 ± 9.6* 

Total folate (mcg/d) 
38.6-242.7 302 5.8 ±4.6 19.1 ±7.2 

243.0-370.6 302 5.6 ± 4.6 25.6 ±7.8 
370.9-633.3 302 6A ±4.7 26.1 ±9.7 
635.2-1697.9 302 5.8 ±4.6 27.8 ± 10.3' 

Red meat (g/d) 
0.00-26.4 302 6.0 ±4.7 24.5 ±9.5 
26.5-50.0 302 5.9 ± 4.6 23.7 ±9.4 
50.1-84.1 302 5.4 ±4.6 24.6 ±9.4 
84.3-370.1 302 6.3+4.7 25.9 + 9.3*^ 

*p for trend <0.001 
"fXO.OOl 
'p <0.05 
''p<0.01 
'p for trend <0.05 
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Table 4. 
Supplemental Recurrence No Odds ratio (95% Adjusted odds ratio' p for 
fiber intake Recurrence Confidence (95% trend 

(E/day) interval) Confidence interval) 
1 (0.0-1.7) 141 (46.7%) 161 (53.3%) 1.00 1.00 
2 (1.8-3.4) 146 (48.3%) 156(51.7%) 1.07(0.78-1.47) 1.06(0.75-1.50) 
3 (3.5-11.0) 148 (49.0%) 154(51.0%) 1.10(0.80-1.51) 1.13(0.80-1.59) 
4 (11.1-13.5) 140 (46.4%) 162 (53.6%) 0.99 (0.72-1.36) 0.94(0.66-1.33) 0.82 

Total fiber 
intake (g/day) 

1 (4.9-17.8) 147 (48.7%) 155 (51.3%) 1.00 1.00 
2 (17.9-23.7) 142 (47.0%) 160 (53.0%) 0.94(0.68-1.29) 0.87 (0.62-1.23) 
3 (23.7-30.3) 136 (45.0%) 166 (55.0%) 0.86(0.63-1.19) 0.80(0.56-1.14) 
4 (30.4-66.3) 150 (49.7%) 152 (50.3%) 1.04(0.76-1.43) 0.98 (0.68-1.42) 0.82 

randomization, gender, number of colonoscopies, total calcium int^e at baseline, and number of baseline adenomas. 
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ACC 
FOOD FREQUENCY 
QUESTIONNAIRE 

UNIVERSITY OF ARIZONA. TUCSON. AZ 
e 1M0 4nnMtoM4ofll««Mm(«OT«nn4; 9/MI 

INSTRUCTIONS 
Ptoasa do not fold, cut. *iapl«. punch, or aaparata pagas. 

1. Pleaso use a soft leaded (no- 2) pencil, DO WOT USE PEW, to complete this questionnaire. 

2. There are two kinds of questions in this questionnaire. 

For some questions, you are asked to complotaly fill in the circle under the appropriate response. 
For other questions, you are asked to write in your own answer in the space provided. 

3. This questionnaire asks about your USUAL eatinfl habits. Think back over the post year, or over 
the period of time you have bem asked to review, and ask yourself how often you usually ate 
the foods listed on the next several pages. 

Look at the example on the bottom of page 2 while reading the following instructions. 

a. For each food listed, fill in the eircia that describes your AVERAGE SERVING SIZE as compared 
to other people your own sex and age. Vbu may choose Small (S), Medium (M), or Large (L). 
Some lines inchiide several foods (for example, 'bread, rails, crackers.*) Fill in the circle for the 
serving size of the food you ate most oftan. 

b. Next, fill in tlie circle tliat describes your AVERAGE USE. If you rarely or never ate the food. 
fill in the circle under Rarely/Wever. 

c. Some items say 'average intake in season'. Indicate how often you eat these foods during 
the time when they are in season. For exarnpie. you may eat cantaloupe once a week when it 
is in season, but only once a month during the rest of the year. In this case, you woukJ fill in 
the circle under the Once a Waek column. 

d. Remember. 2 CIRCLES MUST BE m i gn w FOR EACH UWE. except for when you use the 
Rarely/Wever column, then no serving size is necessary. DO NOT SKIP LINES. 
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®o®®®®®®®® 
®o®®®®®®®® 
®o®®®®®®®® 
®o®®®®®®®® 
® ® ® ® ® ® ® Q ® ®  

FOR OFFICE USE ONLY 

BREAKFAST 
FOODS 

AVERAGE USE 

=  S I M  

WHEAT GERM. ADDED TO FOODS © © © O © O o 0 © 0 0 
100% WHEAT BRAN CEREALS © © © O 0 O o 0 o 0 0 
OAT BRAN OR RICE BRAN CEREALS © © © O © o o © o 0 0 
OTHER BRAN CEREALS. (SUCH AS RAISIN BRAN. 
CORN BRAN) © © © O © o o 0 o 0 0 
GRANOLA OR WHOLE GRAIN CEREALS © 0 © O © o o o o 0 0 
OTHER COLD CEREALS. (SUCH AS CORN FLAKES. 
RICE KRISPIES, FROSTED FLAKES) © © © O 0 o o 0 © 0 0 
HIGHLY FORTIFIEO CEREALS. (SUCH AS PRODUCT 19. 
TOTAL) © 0 © O 0 o o © o 0 
OATMEAL OR OTHER COOKED CEREALS © 0 © O 0 o o 0 © 0 0 
SUGAR ADDED TO CEREAL © 0 © O © o o 0 o 0 © 
EGGS © © © O © © o 0 © 0 0 
BACON © 0 © O © o o 0 © 0 0 
SAUSAGE © 0 © O 0 o o 0 o 0 © 
1. IF YOU EAT COLD CEREAL. WHAT KIND DO YOU EAT MOST OFTEN? 

1 . .  

2.. 

S DAIRY PRODUCTS 

ON THE AVERAGE. HOW OFTEN DO YOU EAT DAIRY PRODUCTS? O 0 © o 0 © 0 © 
COTTAGE CHEESE (REGULAR AND LOW FAT] © 0 © O © o o 0 o 0 © 
OTHER CHEESES AND CHEESE SPREADS © 0 © o 0 o o 0 o 0 0 
YOGURT (PLAIN OR WITH FRUIT) © 0 © o 0 o o 0 o 0 © 
SKIM MILK. 1% MILK OR BUTTERMILK © 0 © o 0 o o 0 o 0 0 
2% MILK AND BEVERAGES WITH 2% MILK © 0 © o © o o 0 © 0 0 
WHOLE MILK AND BEVERAGES WITH WHOLE MILK © © © o © o o 0 o 0 © 
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tJgg MO. 2 ygWCiC ONLY 

BREADS/SALTY 
SNACKS/SPREADS 

AVERAGE USE 

; 'ON THE AVERAGE. HOW OFTEN DO YOU EAT BREAD PRODUCTS? O 0 O o 0 o 0 0 
! WHITE BREAD. ROLLS. CRACKERS. FLOUR TORTILLAS, 
1 (INCLUDING SANDWICHES) o 0 © O 0 O © 0 o 0 0 
! RYE OR PUMPERNICKEL BREAO/ROLLS. WHOLE WHEAT 
: BREAD/ROLLS © © © O 0 O o 0 o 0 0 
' OAT BRAN MUFFINS o © © O 0 O © © 0 © 
' WHEAT BRAN MUFFINS © 0 © O 0 O © 0 © 0 0 
1 CORN BREAD. CORN MUFFINS. CORN TORTILLAS © 0 © O 0 O © 0 © 0 © 
, CHIPS (ALL TYPES) o 0 © O 0 o © 0 © 0 0 

POPCORN © 0 © O 0 © © 0 © 0 0 
SHELLED NUTS (INCLUDING PEANUTS) © 0 © O © o o 0 o 0 © 
PEANUT BUTTER © 0 © O 0 o o 0 o 0 © 
MARGARINE ON BREAD. ROLLS. OR POPCORN © 0 © O © o o 0 o 0 0 
BUTTER ON BREAD. ROLLS. OR POPCORN © 0 © O © © o 0 © 0 0 
SALAD DRESSING. MAYONNAISE. (INCLUDING ON 
SANDWICHES) © 0 © O 0 o o 0 o 0 0 
GRAVIES MADE WITH MEAT DRIPPINGS, OR WHITE 
SAUCE © 0 © © 0 o © 0 © 0 0 

SIDE DISHES 

LENTILS. GARBANZO BEANS 

CHIU WITH BEANS 

OTHER BEANS SUCH AS BAKED BEANS. PINTOS. 
KIDNEY BEANS. UMAS 

FRENCH FRIES AND FRIED POTATOES 

OTHER POTATOES. INCLUDING BOILED. BAKED. MASHED 

SWEET POTATOES. YAMS 

RICE 

SIDE DISHES? O © © © 0 O 0 0 

© 0 © © 0 o © 0 © 0 0 

© 0 © © © © o 0 © 0 0 

© 0 © © 0 © © 0 © 0 0 

© 0 © © © o © 0 © 0 0 

© 0 © O © © © 0 © 0 © 
© 0 © © © © © 0 © 0 0 

© 0 © © © © © 0 © 0 0 
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®Q)©®(3©®©®@ 
©O®®®®®©®® 
®o©®©®®®®@ 
®o©©®®®©®@ 
®©®Q®®®©®f f l  

USE WO- A PGLMCIL OIMI.V 

SERVING 
SIZE AVERAGE USE 

FOR OFFICE USE ONLY / 

FRUITS & JUICES 
. - F ' 
/ V ' S l k  I S • Sf • *  
/ / ' / " '  

loSiK,^/u-

Hh 
a s I' ^ 

-ON THE AVERAGE, HOW OFTEN DO YOU EAT FRUITS AND FRUIT 
JUICES? o 0 © o 0 o 0 0 
APPLES. APPLESAUCE. PEARS © © © o 0 © o 0 o 0 © 
BANANAS © © © o 0 © o 0 o 0 © 
PEACHES. APRICOTS. NECTARINES. (FRESH. 
AVERAGE INTAKE IN SEASON) © © © o 0 O o 0 o 0 0 
PEACHES. APRICOTS. (CANNED. FROZEN) © © © o 0 O o 0 o 0 © 
RAISINS/PRUNES © © © o 0 O o 0 o © 
CANTALOUPE. (FRESH. AVERAGE INTAKE IN SEASON) © © © o 0 © o 0 o © 
WATERMELON. (FRESH. AVERAGE INTAKE IN SEASON) © 0 © o 0 O o 0 o 0 © 
STRAWBERRIES. (FRESH. AVERAGE INTAKE IN SEASON) © 0 © o 0 O o 0 o 0 © 
STRAWBERRIES. (FROZEN OR CANNED) © © © o 0 O o 0 o 0 ©1 
AVOCADOS. GUACAMOLE © 0 © o 0 O o 0 o 0 0 i 
GRAPES © 0 © o 0 O o 0 o 0 0 
GRAPE JUICE © 0 © o 0 O o 0 o 0 ©i 
ORANGES. TANGERINES © 0 © o 0 © o o 0 © 
ORANGE JUICE © o © o 0 © o 0 o 0 © 
GRAPEFRUIT. GRAPEFRUIT JUICE © 0 © o 0 O o 0 o 0 © 
TANG. START BREAKFAST DRINKS © 0 © o 0 O o 0 o 0 © 
OTHER FRUIT JUICES. FORTIFIED FRUIT DRINKS © 0 © o 0 O o 0 o 0 © 
2. ANY OTHER FRUIT. PLEASE USE THE UNES BELOW: 

1 © 0 © o 0 © o 0 o 0 © 
•> © 0 © o 0 © o 

' 
o 0 © 1 1 © 0 © 0 

' 
© 1 

B 
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USE WO. 2 ^CNClt. OWLV 

AVERAGE USE 

VEGETABLES 

•ON THE AVERAGE, HOW OFTEN DO YOU EAT VEGETABLES? 
(NOT INCLUDING SALAD OR POTATOES) o © o o © o © © 
BROCCOU 

1 o e © o © o o © o © © 
CARROTS © © © o © o o © o © © 

{ CAUUFLOWER OR BRUSSELS SPROUTS <D © © o © o o © o © © 
STRING BEANS © © © o © o o © o © © 
CORN © © © o © o o © o © © 
MIXED VEGETABLES. (CONTAINING CARROTS) © © © o © o o © o © © 
WINTER SQUASH. BAKED SQUASH © © © o © o o © o © © 
PEAS © © © o © o o © o © © 
SPINACH (RAW) © © © o © o o © o © © 
SPINACH (COOKED) © © © o © o o © o © © 
MUSTARD GREENS. TURNIP GREENS. COLLARDS © © © o © o o © o © © 
COLE SLAW © © © o © o o © o © © 
GREEN SALAD © © © o © o o © o © © 
TOMATOES. TOMATO JUICE © © © o © o o © o © © 
SALSA PICANTE. TACO SAUCE © © © o © o o © o © © 
ONIONS, GARUC © © © o © o o © o © © 

3. ANY OTHER VEGETABLES. PLEASE USE THE UNES BELOW: 

1- © © © o © © o © o © l © l  
2. © © © o © o o © O © { © 1 

•• 



181 

KaQQaMWMCOmffl 
_j®o®©©®©©®© 

5)0®®©®©®®® 
^s)®®®®®®®®® 
®®®®®®®®®® 

use NO. a pgMcii- OIMCY 

SERVIMG 
SIZE 

AVERAGE USE 
FOFI OFFICE USE ONLY 

MEAT, FISH & 
POULTRY ' • I I I  o  l / o /  ̂  

•ON THE AVERAGE, HOW OFTEN DO YOU EAT MEAT, FISH, 
POULTRY? O 0 o o jo O 0 0 
HAMBURGERS. CHEESEBURGERS. MEAT LOAF ® 0 O o 0 o o |0 o 0 0 
BEEF-STEAKS. ROASTS © 0 O o © o o 10 o 0 0 
BEEF STEW OR POT PIE WITH CARROTS, OTHER 
VEGETABLES © © O o 0 o o © o 0 0 
UVER. INCLUDING CHICKEN LIVERS © 0 O o 0 o o 0 o 0 ©! 
PORK. INCLUDING CHOPS. ROASTS © 0 O o 0 o o 

j 

0 o 0 0 
FRIED CHICKEN © 0 O o 0 o o 0 o 0 0{ 
CHICKEN OR TURKEY. BAKED. STEWED OR BROILED © 0 O o 0 o o 0 o 0 0 
FRIED FISH OR HSH SANDWICH © 0 O o 0 o o 0 o 0 0 
TUNA FISH. TUNA SALAD. TUNA CASSEROLE © 0 O o 0 o o 0 o 0 0 
SHELL RSH (SHRIMP. LOBSTER. CRAB. OYSTERS. ETC) © 0 O o 0 o o 0 o 0 0 
OTHER RSH. BROILED. BAKED © 0 O o © o o 0 o 0 0 

MIXED DISHES 

SPAGHETTI. LASAGNA. OTHER PASTA WITH 
TOMATO SAUCE © 0 O o 0 o o 0 o 0 0 
PIZZA © 0 O o © o o 0 o 0 0 
MIXED DISHES WITH CHEESE (SUCH AS MACARONI 
AND CHEESE) © 0 O o 0 o o 0 o 0 0 
UVERWURST © 0 O o 0 o o 0 o 0 0 
HOT DOGS © 0 O o 0 o o 0 o 0 0 
HAM. LUNCH MEATS © 0 O o © o o 0 o 0 0 
VEGETABLE SOUP. VEGETABLE BEEF. MINESTRONE. 
TOMATO SOUP © 0 O o 0 o o 0 o 0 0 
OTHER SOUPS © 0 O o 0 o o 0 o 0 0 
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WW 
BEVERAGES 

NOTE: CHOICES ARE, 
DIFFERENT FROM 
THE PREVIOUS 
SECTIONS. 

AVERAGE USE 

„ / / $ L L ! • § 101  ̂ : s 

? hShS s h^' ^ • t Ux g e , 

2 
WATER © © © o o © © o o 0 o 0 

REGULAR SOFT DRINKS © © © o o © © o o 0 o 0 

- DIET SOFT DRINKS © © © o o © 0 © o 0 © 0 

2 
BEER © 0 © o o © 0 o o 0 o 0 

2 
WINE © 0 © o o © © o o 0 o 0 

•B LIQUOR © 0 © o o © © o o 0 o 0i 

DECAFFEINATED COFFEE © 0 © o o © © o o 0 © 0 
1 

COFFEE. NOT DECAFFEINATED © 0 © o o © 0 o o 0 © 0 

a 
TEA (HOT OR ICED) © 0 © © o © 0 o o 0 © 0 

NON-DAIRY CREAMER IN COFFEE OR TEA © 0 © © o © 0 o o 0 © 0 

MILK IN COFFEE OR TEA © 0 © o o © 0 o o 0 © 0 

CREAM (REAL) IN COFFEE OR TEA © 0 © o o © 0 o o 0 o 0 

- SUGAR IN COFFEE OR TEA © 0 © o o © © o o 0 o 0 

- ARTinCIAL SWEETENER IN COFFEE OR TEA © 0 © © o © 0 o o 0 o 1 
0{ 

^ niuic: ««nwiwc9 M 
t̂̂ etAfBC-r« DIFFERENT FROM "501? SWEETS THE PREVIOUS 

SECTIONS. 

ICE CREAM 

SHERBET. ICE MILK. FROZEN YOGURT 

CUSTARDS OR PUDDINGS 

DOUGHNUTT. CAKE. PASTRY 

COOKIES 

PUMPKIN PIE. SWEET POTATO PIE 

OTHER PIES 

CHOCOLATE CANDY 

OTHER CANDY, JELLY. HONEY. BROWN SUGAR 

AVERAGE USE 

NOTE: CHOICES ARE/ ~ 

© 0 © © o o 0 © o 0 © 0 
© 0 © © o © 0 o o 0 o 0 
© 0 © © o o © © o 0 © 0 
© 0 © © o o © © o 0 o 0 
© 0 © © o o © © o 0 o 0 
© 0 © © o o © © o 0 o © 
© 0 © © o o © © o 0 0 0 
© 0 © © o © © © o 0 o 0 
© 0 © © o o © © o o 0 
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ugg MO. 2 I^KICiC ONCY 

FOR OFFICE USE ONLY 
Think about th« foods listed on the questionnaire. 
Are there any foods not listed that you eat at (east 
once a nio^h? (Use tha Other eoods List bekiw in 
the shaded area to help you think of other foods 
you eat rraulariy). List these foods in the spaces 
provided. Mil in the circles to tell us serving sizes 
and how often yixi eat each food. 

AVERAGE USE 

A o 0 O O 0 O O 0 O 0 0 
» 0 0 O O 0 O O 0 O 0 0 
r 0 0 O O 0 O O 0 O 0 0 
n 0 0 O O 0 O o 0 O 0 0 
p PLEASE 0 0 O O 0 O o 0 O 0 0 

DO NOT 0 0 O O 0 O o 0 o 0 0 
ft WRITE 0 0 O O 0 O o 0 o 0 0 

IN 0 0 O O 0 O o 0 o 0 0 
i ' m i s '  0 0 0 O 0 O o 0 o 0 0 
• 

AREA 0 0 O O 0 O o 0 o 0 0 
0 0 O O 0 O o 0 o 0 0 

« 0 0 O O 0 O o 0 o 0 0 
M 0 0 0 O 0 O o 0 o 0 0 

0 0 O O 0 O o 0 o 0 0 
0 0 O O 0 O o 0 o 0 0 

Other Foods list 

Asparagus 
Beets 
Berries 
Biscuits, Muffins 
Brown Rica 
Cabbage. Sauerkraut 
Chinese Dishes 
Cranborry Juica Cocktail 
Cream Chaesa 
Craam Soups 
Diet Salad Dressing 
Egg Substltutas 

Green Chiles 
Green Pepper 
Honeydew Caiaba 

Lamons. Lamon Juica 
Low Calofia Margarine 
Low Calorie Mayonnaise 
Mexican Dishes 
Noodles 
'Other Fruits or Vegetables* 
Pineapple 
Polish or Italian Sausage 

Refried Beans or Bean Burrito 
Romaine Lettuce 
Seafood Creole 
Sour Cream and Dip 
Summer Squash 
Sweet Cherries 
Sweet Red Pepper 
Ibfu 

Turkey or Chicken Cold Cuts 
Turkey or Chicken Franks 
Veal, Lamb 
Waffles. Pancakes 

9 



S«fclacn/ Soiw Of tan/ 
Nmar times Atways 

5. a) How often do you eat 
the skin on chicken? O -.o o 

b)  How often do you eat 
the fat on meat? O -..-o 

c)  How often do you add 
salt to your food? O --0 o 

d) How often do you add 
pepper to your food? O --o o 

9. What kind of fat do you usually cook with? 
(May have 2 answersi 
O Don't know or don't cook 
O Soft margarine 
O Stick margarine 
O Butter 
O Olive ofl 
O Vegetable oil (including com) 
O Lard. Î tbacfc. Bacon Fat 
O Pam or no oil 

6. Are you currently on a special diet? 
(May have 2 answers) 
ONo 
O Yes. Weight Loss 
O Yes. For Medical Condition 
O Yes. Vegetarian 
O Yes, Low Salt 
O Yes, Low Cholesterol 
O Yes. Weight Gain 

7. What kind of fat do you usually add to 
vegetables, bread, etc.? 
(May have 2 answers) 
O Don't add fat 
O Soft margarine _ 
O Stick margarine . . _ 
O Butter 
O Half butter, half margarine 
O Lard. Fatbacfc, Bacon Fat 

8. How often do you use fat or oil in cooking? 
O 3 or more times a day 
O 1 to 2 times a day 
O 4 to 6 times a week 
O 2 to 3 times a week 
O Once a week 
O 1 to 3 times a month 
O Less than once a month 
O Rarely/Never 

10a) Are you now losing or gaining weight? 
ONo 
O Yes. losing 
O VtS' Baining 

10b) Have you gained or k>st at least five pounds 
•n the past year? 
(May have 2 answers) 
OMo 
O Lost 5-1S lbs 
O Lost 16-25 lbs 
O Lost 25 lbs or more 
O Gained 5-15 lbs 
O Gained 16-25 lbs 
O Gained 25 lbs or more 

11. Please describe your smoking behavior: 
O Never smoked 
O Don't smoke now, quit in the last 

6 months 
O Don't smoke now. quit between 6 

months and 5 years ago 
O Don't smoke now. quit more than 

5 years ago 
O Smoke less than 10 cigarettes 

per day 
O Smoke to 1 pack of cigarettes 

per day 
O Smoke more than 1 pack and up to 

2 packs of cigarattes per day 
O Smoke more than 2 packs of 

cigarettes per day 
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12al O®®®®®® 
©®®®o®® 

law ©®®®®®© 
O®®®®®® 

12c) o®®0®®© 
o®®®o®® 

12d) ®®®®®®© 
o®®®o®@ 

12«l ©®@®®®© 
O®®00®@ 

120 ©®®®®®© 
©®®®0®@ 

12a) ©®®®®®® 
©®®®0®@ 

12h) ©®®®®®© 
®®®®o®® 

121) ©®®©®®© 
©®®®©@® 

12i) ©®®®®®© 
©®©®©®® 

v 
12kl ©®©®®®® 

©®®©0®© 

121) ©©©©®®® 
o®®®©®@ 

12m)©®©®©©© 
®®®®®®® 

12n) ©®©©^®© 
©®©®o.®® 

12a) ©©©®®©© 
o®©®©®@ 

' "O*- '•* " 
12p) ©®®®©®® 

0®®®O®© 

12ql ®®©®®®© 

12. If you are currently taking any vitamin and/or mineral supplements regularly, 
please indicate which type of supplements you are taking by filling in the 
circle next to each type listed. For each type of Multiple Vitamin write in the 
name brand, and the number of pills a week you usually take. For each 
individual supptetnent. write in the dosage under the amount column and how 
many times each week you take this amount. If you are WOT taking a 
particular supplement please leave all the columns associated with it blank. If 
you are participating in a research study, enter the study supplement on lines 
p and q. 

PLEASE DO NOT WRITE OUTSIDE OF THIS BOX 

PREPARATION 

Multiple Vitamin 
a. O MuHi vitamin with minarals 
b. O Multi vitamin 
c. O Therapautic. or stress 

formuia 
d. O B-CompIeK 

Individual Supplements 
a. O Beta-Carotene 
f. O Vitamin A 
g. O Vitamin C 
h.  O  Vitamin E 
t O Vitamin Ba 
i. O Calcium (including anudd*> 

type 
k.OZinc 
L O Salenium 

m. O  Iran 
n. O Ottiar (a-g. fiih oil) 

type 
o. O Other 

type. 
p. O STUDY SUPPLEMENT I 
q. O STUDY SUPPLEMENT H 

BRAND NAME 

AMOUNT 

type. 
type. 

FREQUENCY 
* pills/week 

times/week 

s-

FOR 
t-t» • 
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THANK YOU FOR 
COMPLETING THIS 
QUESTIONNAIRE 


