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ABSTRACT 

I assessed the relationship of cigarette smoking to the location, size, and histology of 

prevalent adenomatous colorectal polyps detected among 1429 participants, all adenoma 

patients, in a randomized trial testing the effects of a high (13.5 g/day) versus low (2 

g/day) wheat bran fiber intervention on adenoma recurrence. Participants had a complete 

qualifying colonoscopy with at least one histologically confirmed adenomatous polyp 3 

mm or larger. Location, size and histology of the baseline adenoma(s) were recorded. 

Cigarette smoking was evaluated at baseline through a self-administered questionnaire. 

Among the study participants, 66% had a history of ever smoking and 14% were current 

smokers. Compared to never smokers, those in the upper tertile of pack-years of smoking 

had a lower, non-significant risk of having one or more of their adenomas in the proximal 

colon (OR=0.79; 95% CI=0.53-l.I6) and a lower risk of having one or more of their 

adenomas of villous histology (OR=0.63; 95% CI=0.43-0.94). Individuals in the upper 

tertile of pack-years of smoking were more likely to have a large (>1 cm) adenoma 

(OR=1.27; 95% CI=0.91-1.76) but no dose-response was observed. These results suggest 

that among adenoma patients, those who are exposed to cigarette smoking are more likely 

to have distal adenomas versus adenomas found only in the proximal colon. Exposure to 

cigarette smoke is a predictor of non-villous as opposed to villous adenomas and is not 

associated with adenoma size. These data describe correlations of adenoma 

characteristics among adenoma patients; they do not refer to the probability of adenoma 

presence. 
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Chapter 1 

INTRODUCTION 

Despite the many advances in screening, detection, and treatment of colorectal 

cancer, colon cancer remains the second leading cause of cancer deaths in the U.S., 

second only to lung cancer. Approximately 56,000 colorectal cancer deaths (1) were 

reported in 1995. Given that the five-year survival of colon cancer cases remains only 

59% (2), the need for better understanding of risk factors for this preventable disease is 

indicated (3). As many as 70-80% of all colon cancers are found in individuals not 

considered to be at an increased risk, according to the current ACS screening giiidelines 

(3). This statistic indicates that there may be significant risk factors that enhance the risk 

of colorectal cancer that are either not currently identified or utilized in identifying 

individuals who would the most benefit from early detection. This dissertation includes a 

discussion of the current knowledge of risk factors associated with colorectal cancer 

development. 

Colorectal adenomatous polyps are considered to be the precursor lesion of 

colorectal cancer (4,5,6). These polyps, which are histologically benign premalignant 

lesions, are thought to undergo a conversion to malignancy and result in colorectal 

cancer. This genesis forms the basis of the risk associated with colorectal cancer 

development. Greater understanding of the risk factors associated with the formation of 

these precursor lesions and with the progression of these lesions to colorectal cancer 

provides an opportunity for the early detection and prevention of colorectal cancer. There 
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have been several prospective and retrospective case-control and cohort studies exploring 

the relationship of both genetic and behavioral risk factors in the development of 

colorectal cancer and adenomatous polyps (1,7). Across these studies, the examined risk 

factors include age, sex, race, dietary fiber, dietary fat, alcohol consumption, body mass 

index, smoking history and physical activity. Each of these risk factors will be discussed 

in detail in the following sections. Among these factors, exposure to tobacco smoke has 

emerged as a strong risk factor for the incidence and prevalence of colorectal 

adenomatous polyps consistently across several studies and multiple study designs. This 

study has the unique opportimity to evaluate a large sample of subjects with prevalent 

adenomas and to evaluate the relationship of cigarette smoking exposure to specific 

characteristics of these adenomas. The adenoma characteristics of interest in this 

investigation are adenoma location, adenoma size and adenoma histology. 

The purpose of this investigation was to evaluate the association between cigarette 

smoking exposure and major characteristics of prevalent adenomatous colorectal polyps. 

The research hypotheses are that cigarette smoking exposure : 

1. is positively associated with the prevalence of proximal adenomas as opposed to 

distal adenomas; 

2. is positively associated with the prevalence of large (> 1cm) adenomas as opposed 

to small adenomas; and 

3. is positively associated with the prevalence of villous adenomas as opposed to 

non-villous adenomas. 
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The specific aims of this investigation are to: 

1. evaluate reported cigarette smoking behaviors and generate variables that measure 

cigarette smoking exposure; 

2. determine if cigarette smoking exposure is positively associated with the 

prevalence of proximal adenomas; 

3. determine if cigarette smoking exposure is positively associated with the 

prevalence of large (> 1cm) adenomas; 

4. determine if cigarette smoking exposure is positively associated with the 

prevalence of villous adenomas; and 

5. determine the role of other risk factors (age, gender, body mass index, family 

history of colon cancer, and history of previous polyps) in influencing the 

association between cigarette smoking exposure and the adenoma characteristics 

of interest. 

The following chapters of this dissertation will include a summary of the current 

knowledge of colorectal cancer and adenomatous polyps, including known risk 

factors. The methods of the investigation, the analysis, results and conclusions 

will also be presented in the subsequent chapters. 
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Chapter 2 

BACKGROUND 

2.1 Epidemiology of Colon Cancer 

There were a reported 134,000 cases of colon cancer in 1996, with 

approximately 56,000 resulting deaths (8). Despite the recent overall decreases in 

incident cases of colorectal cancer (CRC), the incidence continues to increase with age. 

Incidence rates between men and women continue to be comparable. Approximately 

5% of U.S. bom males and 6% of females will develop CRC (9). Whites also continue 

to have higher survival rates than African-Americans, who appear to present with later 

staged, more right-sided cancers (10). This shift to right-sided cancers in all groups 

may represent the benefits of CRC screening and possibly the emergence of cancers 

with a different set of influencing factors. 

2.2 Risk Factors for Colorectal Cancer 

The risk factors associated with CRC include age ^ 50 years, a personal history 

of adenomatous polyps or inflammatory bowel disease, a family history of genetic 

syndromes associated with adenomatous polyp formation or a history of CRC in one 

first-degree relative. In addition, a family history of two first-degree relatives with 

adenomatous polyps or one first-degree relative who had an adenoma before the age of 

60 years is also associated with CRC (10). The genetic burden on CRC development is 
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a topic actively being investigated because as many as 20% of cancer cases may be 

attributed to these predispositions (9). Dietary factors, such as low fiber and high fat 

intake, have also been associated with increased CRC. 

Adenomatous colorectal polyps are considered to be the precursor lesions for 

CRC. Prevention or removal of existing adenomas is thought to have a direct effect on 

colon cancer development. This is supported by the physical findings that adenomas 

are found in 33% of all colon cancer and both adenomatous polyps and colon cancer 

carry the same distribution pattern tnroughout the colon. In addition, the larger the 

adenoma, the more atypia and abnormal chromosomal pattering exists that coincide 

with early stages of CRC (11). The characteristics of the adenomatous polyps 

diagnosed within an individual appear to have a significant bearing on that person's risk 

for developing CRC. A British smdy recruited 1618 subjects with adenomas in die 

rectum and sigmoid colon. If the index adenoma was villous or mbulovillous or larger 

than 1 cm., the subject was 3 times more likely to develop CRC than the general 

population (OR = 3.6, CI= 2.4-5.0) (12). Multiple adenomas showed an OR =6.6 

(CI= 3.3-11.8). These same characteristics were strong predictors of adenoma 

recurrence (13). Fleischer (9) outlined that while the majority of adenomatous polyps 

do not progress onto CRC, most CRC does not develop in the absence of adenomas. 

The larger the adenoma and the presence of villous features, the higher the risk of a 

CRC. 
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2.3 Epidemiology of Adenomatous Polyps 

"Adenomatous polyps consist of a group of columnar epithelial cells that exhibit 

cytologic dysplasia with the vast majority having grossly polypoid configuration" (14). 

There are five types of colorectal polyps: hamartomatous epithelial extensions, 

hamartomas, hyperplasias, adenomatous neoplasias, and mixed hyperplastic-

adenomatous polyps. Only the hyperplastic polyps are not related to the development 

of CRC. Of these types, adenomas are considered to have the highest malignant 

potential (15). 

The prevalence of adenomatous polyps in the general population is essentially 

unknown. Estimates from autopsy studies (16,17) show that the prevalence can vary 

between 10-50%, between the ages of 40 to 70 years. Most, if not all, colon cancers 

arise from adenomatous polyps (14,18, 19). 

Approximately 80% of polyps resected are tubular adenomas and 10% are 

villous adenomas. The remaining 10% are of the mixed, tubulovillous histology. Jass 

(20) found that as many as 97% of polyps detected in 135 post-mortem colonic and 

rectal specimens were tubular adenomas. 

Polyps are found throughout the colon; 40% in the right colon, 42% in the left 

colon, and the remaining 19% in the rectum. The distribution of polyp size, an 

indicator of increased malignant potential, is that approximately 50% of adenomas are 

0-4 mm.; 25% are 5-9 mm.; and the remaining 15% are 10 mm. or more 
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(14,16,17,20,21). Again, large adenomas are more likely to contain a villous feamre 

than small adenomas (< 5 mm) (11). 

2.4 Cigarette Smoking and Adenomatous Polyps 

In contrast to the lack of a consistent association linking smoking with colon cancer 

development (1,22,23), there is a large body of evidence that associates smoking and 

the prevalence of colorectal adenomatous polyps. As simunarized by Giovannucci and 

Martinez (1), 15 out of 17 smdies have shown associations between smoking and 

adenomatous polyps, the majority using the case-control smdy design. The significant 

odds ratios for this association range from 1.9 to 3.3. 

Three of these studies (24-26) defined smoking as "current" or "ever", limited 

to dichotomous categories because of limited sample sizes (ranging from 60 to 90 cases 

of men and women combined). Another group of results (27-31) found significantly 

elevated risks at 40 or greater pack-years of exposure. The consistency of these results, 

across both prospective and retrospective studies, using variable definitions of cases and 

controls, supports the premise that this relationship is not restricted to a narrow subset 

of the general population. 

A smdy presented by Kikendal (27) utilized an army medical center to recruit 

subjects. Cases consisted of 109 subjects with an excised adenomatous polyp; the 

controls consisted of 89 subjects with no detected polj^s. Indications for screening 

were identical between cases and controls. The smoking exposure was categorized into 
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two-year intervals of smoking exposxire. The highest category (40+ pack years) was 

compared to never smokers for an OR =3.3 (CI= 1.4-7.8). 

Sandler (32) used 236 cases with a confirmed adenoma and 409 control subjects. 

The indications for colonoscopy were also similar between the case and control 

subjects, with bleeding, anemia, and positive quiac stool accounting for more than 60% 

of the subjects. Smoking exposure defined as "ever versus never smoked" (ever was 

defined as reporting at least 100 cigarettes smoked over a lifetime), was not shown to 

be significantly associated with prevalent polyps. However, beer consumption was 

found to be significantly associated with polyp prevalence in men. No interaction or 

effect modification was found between alcohol and the smoking-adenoma relationship. 

The OR for women was elevated (OR = 2.13, 95% CI = 0.83-5.52) over the estimate 

for men but remained non-significant. 

Martinez (33) using 157 case subjects with a diagnosed adenomatous pol>T) and 

480 control subjects, found that current smokers with a >20 pack-year exposure were 

at a significantly higher risk of polyps than never-smokers (OR = 2.56, 95% CI = 

1.28, 5.14). Only a flexible sigmoidoscopy was performed on 78% of the control 

subjects (limiting the polyp detection to the sigmoid, descending colon and rectum). 

The remaining controls (22%) were referred for colonoscopy for similar reasons as the 

case subjects. Martinez was able to find a significant difference in the smoking 

exposure between cases and controls (OR = 2.56, 95% CI = 1.28-1.54). 
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2.5 Constituents of Cigarette Smoke 

The mechanisms involved with the effects smoking tobacco has on the colon 

mucosa remains unclear since there are many carcinogens and molecular pathways 

effected by this exposure. There are several components of cigarette smoke that may 

contribute to the effect of cigarette smoking exposure and adenomatous polyps. Beyond 

the standard, commonly known components of tar, nicotine and carbon monoxide, there 

are several chemicals that are contained in the liquid vapor formed in tobacco burning 

and still other particulates that are suspended in the cigarette smoke (34). Of these, the 

most strongly implicated in the changes that occur in the colonic mucosa because of their 

status as known carcinogens are the polyaromatic hydrocarbons (PAHs) and certain 

nitrosamines that are unique the tobacco exposure (1). In addition, catechols and phenols 

are present and potentially act as carcinogens, mutagens and tumor promoters. In 

addition, heterocyclic amines are constituents of cigarette smoke through the burning 

process (35, 36). 

The delivery of these agents to the colonic mucosa can be achieved through the 

intense vasculature of the colon. The plausibility of this theory is supported by the fact 

that other cancers that are smoking related, such as stomach and pancreatic cancers are 

not in direct contact with the cigarette smoke (I). The formation of DNA adducts that 

signal cell damage as a result of exposure to these chemicals are controlled by a 

complicated array of enzymes, which are in turn, are regulated by genetic 
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polymorphisms. This may be the genetic link that regulates each individual's risk of 

smoking related disease. 

2.6 Smoking Exposure and Adenoma Histology 

Only two studies of smoking and adenomatous polyps specifically investigated the 

relationship of this exposure and adenoma histology. Zahm et al (29) only compared 

hyperplastic with adenomatous histologies. While smoking was found to be related to 

adenomas among current smokers, this smdy does not address the differences in the 

sub-classes of adenomas, with regard to grades of malignant potential. Villous 

adenomas are considered to have more malignant potential to progress onto a colorectal 

cancer (11). 

The second study to address the relationship between smoking exposure and 

adenoma histology was published by Monnet (37). In this study of 103 men with 

adenomas and 108 controls with normal colonoscopies, no association was found 

between adenoma histologic type and smoking exposure, while smoking was 

significantly related to overall adenoma risk. The numbers of adenomas in each 

histology group was 75 subjects with tubular, 20 with villous and 8 with mbulovillous 

adenomas. Unfortunately, while these distributions mirror those of larger studies, the 

sample size limits the power to see existing relationships. Given this void in the 

current literature and what is known about the malignant potential of villous adenomas, 

it is appropriate that the current investigation explore this issue further. 



19 

2.7 Smoking Exposure and Adenoma Location 

The primary work addressing the asscKiation between smoking exposure and 

location of the adenoma in the colon was by Lee et al (38). All 271 cases and 457 

controls had complete colonoscopies, therefore allowing both the proximal and distal 

portions of their colons to be evaluated. Using intervals of pack-year exposure (< 10. 

> 10 - ^40, > 40), there was a significant dose-relationship with the location of the 

adenoma. For right-sided adenomas the OR ranged from 1.3-3.5. Left-sided adenomas 

carried OR ranged from 1.3-2.0. Unlike the current investigation, these subjects had 

not had a previous colonoscopy so the potential for confoimding from prior iiistory is 

not an issue. Unformnately this study did not control for other factors that are 

considered risk factors for both CRC and adenomas, such as diet and family history. 

Hoff (21) explored the issue of adenoma location in a small smdy of 27 men and 17 

women. The prevalence of adenomas was similar between genders and most of the 

adenomas were located in the distal colon. Of the subjects with multiple adenomas, 

42% of the males and 33% of the females, these adenomas were located in both the 

proximal and distal colons. The greater the number of distal polyps detected, the more 

likely the subject would also have at least one proximal polyp. Overall, only 5-10% of 

this sample had adenomas detected in the proximal colon only. Unfortunately, the 

sample size for this smdy is small and taken alone, is hard to generalize to larger, more 

diverse adenoma populations. 
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In a study by Jass (20), which used the colonic and rectal specimens from 135 

post-mortem procedures, adenomas were located throughout the large bowel. Right-

sided adenoma prevalence increased with the age of the subject, especially in women. 

In a smdy by Read et al (39), 203 subjects with full colonoscopies were 

prospectively followed for proximal adenoma formation. All adenomas included in the 

study occurred in the rectosigmoid and were diagnosed during CRC screening. The 

main conclusion of this study was that if diminutive rectosigmoid adenomas C< 5 mm) 

are diagnosed a follow-up colonoscopy is indicated because the subject is at increased 

risk of having a synchronous proximal adenoma. There was a 29% prevalence of a 

proximal adenoma with small index adenomas diagnosed. The prevalence was 57% 

when the index polyp in the rectosigmoid was ^11 mm (only 29% with index 

adenomas of 6-10 mm). 

2.8 Smoking Exposure and Adenoma Size 

Adenoma size and the association with smoking exposure have been smdied more 

frequently than either of the two previous adenoma characteristics. Honjo (40) utilized 

a cohort of self-defense workers in Japan to evaluate the association of cigarette 

smoking and alcohol use with colorectal adenomas. Using a case-control study design, 

cigarette-years were calculated and divided into four levels. Across the four levels, a 

dose-response was observed with odds ratios of 2.3, 2.9, and 3.2, with the lowest 

interval acting as the reference group. Cigarette exposure was more strongly related to 
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smaller adenomas, suggesting that smoking exposure may have an earlier effect on the 

development cf adenomas. The primary limitation of this smdy was that only polyps 

detected in the distal colon were analyzed. In the same study, alcohol was associated 

with larger adenomas. It was hypothesized that alcohol and smoking are effecting 

adenomas at different times in the "normal mucosa to adenoma" continuum. However, 

no mention in the article clarified whether these subjects had previously been screened 

for colon cancer and had adenomas resected then. 

Arminski (16) used specimens from 1,000 autopsies to determine prevalence and 

characteristics of existing polyps. The focus of this smdy was to examine the 

distribution of polyps in the colon but information was generated on the distribution of 

adenoma size. One-third of the subjects were found to have at least one polyp, for a 

total of 647 adenomatous polyps. Of the adenomas detected, 60% were <5mm; 25% 

were 5-10 mm; and the remaining 15% were >lcm. The majority of the large 

adenomas were found in the distal colon. The relationship of these polyps to the 

smoking exposure history of the subjects was not evaluated in this smdy. 

In a smdy by Stryker et al. (5), 226 subject records were reviewed 

retrospectively to examine changes observed in polyp size over a series of radiographic 

examinations. During the 6-year follow-up period, 37% of the polyps grew in size, 

with 21 progressing to invasive cancer. Cancer incidence increased with the years of 

follow-up. In 11 subjects, cancers developed in sites remote from the original index 
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polyp. Again, the relationship of smoking exposure and polyp changes was not 

evaluated in this smdy. 

Giovannucci utilized the Nurse's Health Study database (41) to analyze 12,143 

women with a first colonoscopy or sigmoidoscopy. Using pack-years as the smoking 

exposure variable, subjects with smoking exposure in the last 20 years were more likely 

to have smaller adenomas (OR =1.45). Exposure of more than 20 years before the 

endoscopic exam had significantly more large adenomas (OR =1.29). These analyses 

were limited to adenomas found in the distal colon because of the use of negative 

sigmoidoscopies as the criteria designating subjects without adenomas. He also found 

that after 35-39 years of smoking, there was a dose-response relationship with smoking 

and colon cancer. This relationship between smoking and colon cancer had not been 

previously described. 

Giovarmucci hypothesized that the size difference between adenomas by the 

number of years of the exposure highlights the role of smoking exposure as an initiator 

of adenoma development. Exposure to other carcinogens or in combination with 

genetic predisposition promotes the small adenoma to grow larger and more likely to 

progress onto colon cancer. An alternative explanation to these results is that smoking 

may in fact effect already initiated tissue and promotes the growth of larger adenomas. 

In any event, smoking does appear to have the most effect earlier in the process of 

cancer development, rather than later. 
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In the Health Professional Study, Giovannucci (23) found similar results. This 

study of 12,854 men, who had either a colonoscopy or sigmoidoscopy, showed again 

that smoking within the last 20 years was associated with smaller adenomas. Smoking 

more than 20 years prior was associated with larger adenomas. In support of 

Giovaimucci's hypothesis, Jacobson (42) found that the positive association between 

smoking and adenoma prevalence persisted in ex-smokers even after more than 10 years 

of cessation. Adenomas already initiated would not be affected by this term of 

cessation. 

2.9 Family history and genetics 

At least 15-20% of colorectal cancer cases are the result of dominant genetic 

conditions. This proportion includes but is not restricted to two genetic syndromes 

associated with adenomatous polyp formation: Familial Adenomatous Polyposis (FAP) 

and Hereditary Non-Pol3T)osis Colorectal Cancer (HNPCC) (43-45). Both syndromes 

have specific genetic mechanisms described and carry an extremely high risk of colon 

cancer development (100% of those with FAP progress to colon cancer if untreated). 

There remains a strong debate that some polyp formation in individuals with a positive 

family history may in fact be a subset of the HNPCC (46,47). More genetic research is 

needed to resolve the true role of familial risk transference for adenomatous polyp 

formation. 
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However the remaining 80% of colon cancer cases are not thought to be related to 

genetic syndromes but are affected by a family history of adenomatous polyps or 

colorectal cancer. A recent publication (3) of the revised American Cancer Society 

(ACS) colon cancer screening guidelines outlined the current definitions of "family 

history" and the effects this has on individual risk for colon cancer or adenomatous 

polyps. These definitions are outlined in the following table: 

Risk Level Defimtion of Family History Effecting Risk Level 

Average Risk • No member of family with polyps or colorectal cancer. 

Moderate • Colorectal cancer or polyp diagnosed in first degree relative < 60 

Risk years old. Risk 
• Two or more first-degree relatives with a polyp or colon cancer 

diagnosed at any age. 
• Colon cancer diagnosed in non-first degree relative. 

High Risk • FAP or HNPCC in family. 

2.10 Dietary factors 

The role of diet and the risk of colon cancer and adenomatous polyps is a broad 

and complex area of study. However, in this section, brief evidence of the main 

components of diet will be presented that will offer justification for the analysis 

proposed for this study. 

As reported by Potter (7) in an extensive review of diet and colon cancer, 

several ecological and analytical studies consistently found that fat, meat and animal 

protein consumption were associated with an increased risk of colon cancer. In 
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contrast, fiber, cereals and other "plant foods" were associated with a decreased risk of 

cancer development. Potter argues that this strong evidence is spread across dozens of 

studies, in diverse populations, using various assessment tools. In another review 

article on diet and colon cancer, Trock (48) performed a meta-analysis of the evidence 

available in 1990 and found that fiber rich diets were significantly protective against 

colon cancer (OR = 0.57, 95% CI = 0.50-0.64). Vegetable consumption had an even 

stronger association. These results were again supported in a Norwegian study 

performed by Hoff et al. (24). 

More specific to adenomatous polyps, Sandler (49) reports that fruit and 

vegetable intake was associated with a decrease in adenomas in women (p for trend = 

0.12) while total fat intake increased risk (OR = 2.69, 95% CI = 1,31-5.50). The 

trends were in the same direction for men but not statistically significant. Neuget (50) 

supports these findings, especially in women, but like Sandler, has a limited sample 

size. Again, the analysis for men was not statistically significant. As a follow up to 

previous studies, McKeown-Eyssen (51) and Vargas (52) found comparable results and 

presented a popular theory on the mechanisms involved. They state that diets high in 

fiber and vegetables help to lower the secondary bile acids in the bowel and thereby 

decrease the exposure of the mucosa to these cancer promoters. 

The rationale for the interventions employed in the Polyp Prevention Trial by 

Schatzkin (53) included a review of a large meta-analysis of 16 case-control studies 

(54). The mechanisms attributed to the inverse association seen with high fiber and 
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adenomatous polyps formation are the increased bulk (decreasing the concentration of 

carcinogenic exposures to the colon lining), and the modification of the bile acids in the 

colon (through the increase in bacterial concentration and activity). 

2.11 Alcohol Consumption 

Several researchers have concluded that alcohol intake is related to the risk of 

adenomatous polyp development (26-28,36,40,55-57). Cope (26) found that a 

combined effect of alcohol and smoking produced a twelve-fold increased risk of 

adenomatous polyps. As discussed by Martinez and Kikendal (27,33), while the effects 

of alcohol appear to be independent of smoking, the effect of diet, which is also a 

strong risk factor, must be separated out to find the independent effects of alcohol. 

Sandler, Kikendal, and Riboli (32,27,56) found that beer consumption independently 

was associated with adenoma risk in men (RR = 1.73, 95% CI = 1.01-2.95), but was 

not associated with colon cancer risk. Freudenheim et al. (58) found that beer intake 

and total alcohol was associated with rectal cancer, with OR in the range of 1.80 

(95%CI = 1.12-2.89). This association was independent of diet and socioeconomic 

status. The nitrosamine content of beer has been discussed as a possible mechanism for 

the association of beer consumption with polyp and colon cancer risk. 

Kato et al. (59) also found that alcohol consumption was related to an increased 

risk of adenomas in the proximal colon (OR =1.95, CI = 1.15-3.29) in his case-

control study of colon cancer and adenomas. 
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2.12 Body Mass Index 

Body mass index (BMI), calculated as wt/ht^, has been positively associated with 

colon cancer and adenomatous polyps (7,33,57). Potter states that the results of 

research in this area have not been totally consistent but more than 75 % of the previous 

work supported this relationship. To better estimate the relationship of BMI with 

cancer and polyps, the separate effects of large stature and fat-deposition must be 

determined. 

2.13 Physical Activity 

The inverse relationship of physical activity and colon cancer has been supported 

by several studies (7,57,60). Physical activity was previously a measure of 

occupational activity, but in recent years, leisure and recreational activities have served 

to refine estimates of energy expenditure. This trend coincides with the development of 

better measurement instruments. One possible mechanism for the effect of physical 

activity on colon cancer that remains controversial as outlined by White and Wu 

(60,57), has focused on the decreased transit time of the stool through the colon with 

increased physical activity. A shortened transit time results in lower exposure of colon 

mucosa to carcinogens in the stool and changes in prostaglandin levels (altering the rate 

of cell proliferation in the colon). 
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2.14 Summary 

The relevance of studying adenomatous polyps as a means of preventing 

colorectal cancer is clear. In addition, the inclusion of age, gender, previous history of 

adenomas, family history of colorectal cancer, dietary fiber and fat intake, BMI, and 

physical activity in studies investigating the association of smoking exposure to 

prevalent adenoma characteristics is well supported in the literature. 
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Chapter 3 

EXPERIMENTAL METHODS 

3.1 Study Design 

The investigation reported in this dissertation was a cross-sectional study of a case 

series that was designed to evaluate the association between self-reported cigarette 

smoking exposure and characteristics of prevalent resected adenomatous polyps. 

3.2 Source and Study Population 

The source population consisted of patients referred to 60 participating 

gastroenterologists in the Phoenix metropolitan area. An effort was made by the study 

organizers to recruit all area gastroenterologists. The participating physicians allowed 

their medical records to be reviewed to identify subjects who had had a colorectal 

adenomatous polyp resected during colonoscopy. Any subject who met this criterion 

within the last six months was potentially eligible for the study. The hospitals where the 

colonoscopic procedures were performed allowed medical record review for the 

collection of detailed eligibility information on all patients with diagnosed colorectal 

adenomatous polyps. Only subjects treated by participating physicians were potential 

recruits for the trial. A total of 4705 individuals with a recent history of an adenomatous 

polyp were identified from these clinical sites as potentially eligible for recruitment into 

this cross-sectional study and the associated clinical trial. 
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Individuals identified as potential participants were contacted by a letter signed by 

their physician. This letter briefly described the purpose of the study to test the effects of 

a low versus high dose wheat bran fiber supplement on the recurrence rate of colorectal 

adenomatous polyps. The potential subject was informed that he/she would receive a 

phone call from study staff within the next two weeks. This phone call allowed the study 

staff to outline the course of the clinical trial for the subject and to answer any 

preliminary questions. Persons agreeing to an initial appointment were scheduled to 

come to the study office and review materials related to the study. After an informed 

consent form was signed and witnessed, a series of procedures and questionnaires were 

administered, and if the participant remained eligible and agreed to continue the 

recruitment process, the run-in period was initiated. Of these potential subjects, 2088 

(44%) declined to participate. An additional 1006 (21%) did not meet the eligibility 

criteria and another 102 (2%) were recruited into the run-in period but withdrew prior to 

randomization. Consequently, 1509 subjects were enrolled in the 6-week run-in period. 

The randomized study sample consisted of 1429 (94.6%) of those enrolled in the 

run-in successfully completed the run-in period. This subject group constituted the 

population used in the analysis of this cross-sectional study. The inclusion and exclusion 

criteria used in this recruitment/randomization process for the trial and thus, this cross-

sectional study, are described in the following section. 
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3.3 Inclusion and Exclusion Criteria for the Wheat Bran Fiber Colon Cancer 
Prevention Trial 

3.3.1 Inclusion Criteria: 

• Male or female individuals, ages 40-80 

• Removal of one or more colonic adenoma(s) 3 mm or larger at colonoscopy within 

the six months prior to study entry 

• Colonoscopy must have completely visualized the colon to the ileocecal valve and 

should document complete removal of all polyps observed in the colon 

• Adequate nutritional status as determined using the Arizona Food Frequency 

Questionnaire, meeting the following criteria: 

1. Greater than 67% of the recommended energy intake 

2. Serum albumin > 2.5 g/dl. 

• Normal renal and liver function defined as serum creatinine <1.5 mg/dl, serum 

bilirubin^ mg/dl, SGOT or SOFT < normal and alkaline phosphatase < 2 times 

normal. 

• Southwest Oncology Group performance status criteria of 0-1 [0= fully active, able to 

carry on all pre-disease activities without restriction (Kamofsky Scale 90-100); 1-

restricted in physically strenuous activity, but ambulatory and able to carry out work 

of a light or sedentary nature (Kamofsky Scale 70-80)]. 

• Residence in the greater Phoenix metropolitan area with no plans to move in the next 

36 months. 
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• Transportation available and willingness to keep required study visits to complete 

study procedures and questionnaires. 

• Signed the informed consent form approved by the University of Arizona Human 

Subjects Conunittee. 

• Successfully completed the run-in period. 

3.3.2 Exclusion Criteria 

• Individuals who had invasive cancer (excluding non-melanoma skin cancer) within 

the past 5 years. 

• Anticipated radiation or chemotherapy. 

• A history of colon resection >20 cm or any resection of the right colon, ileum, 

jejunum, or ileocecal valve. 

• A history of familial polyposis or non-polyposis familial colon cancer (3 first-degree 

family members with colon cancer). 

• Severe metabolic disorders or other life-threatening acute or chronic disease 

including: 

1. Any severe cardiac disease which was unstable despite use of medication. 

2. Uncontrolled, severe hypertension. 

3. Poorly controlled diabetes mellitus. 

4. Unstable coronary artery disease. 

5. A history of ulcerative colitis, regional enteritis, or Crohn's disease. 

6. Hyperlipidemia requiring treatment with oral bile acid sequestering agents. 
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• Dietary exclusions that include: 

1. Intake of >30 g dietary fiber intake per day. 

2. Total calcium intake of <500 mg/day; patients could agree to increase calcium 

intake to become eligible. 

3. Special diet which precluded compliance with study requirements. 

4. Unintentional weight change of > 10% body weight in the six months prior to 

study entry. 

The information used in this analysis came from baseline interviews with all subjects 

randomized into the clinical trial. 

3.4 Data Collection 

From the time of initial recruitment to randomization, several questionnaires were 

administered to potential subjects. By the time the subject was randomized into the trial, 

the following data collections tools were completed. The following sections describe 

each data collection tool and the information collected that is utilized in this 

investigation. 

3.4.1 Cigarette Smoking Exposure 

The assessment of cigarette smoking exposure measured in this group consisted of 

standard questions for both smokers and non-smokers. Ever-smoked status was 
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determined if the subject reported having smoked at least 100 cigarettes in their lifetime. 

If the subject reported smoking in the last 30 days, they were classified as a current 

smoker, otherwise they were considered to be an ex-smoker. Both current and ex-

smokers were asked the age they started smoking, the number of years of smoking, and 

the number of cigarettes smoked per day. 

3.4.2 Colon Cancer Prevention History 

Subjects were whether they had a history of previous polyps removed. In addition, 

subjects self-reported a family history (1 first-degree relative) of colorectal cancer or 

colorectal polyps. These variables were used as dichotomous variables (Yes, No). 

3.4.3 Colonoscopy Review Form 

Each colonoscopy report and polyp pathology report has been reviewed in a standardized 

way in order to extract comparable information on each polyp and each procedure. This 

protocol includes two reviews of each colonoscopy procedure by two medically trained 

staff members. A third trained person resolves all discrepancies. The variables used in 

this investigation that were generated from this review include the location of each polyp, 

the histologic diagnosis as determined by the original review performed by the 

community pathologist, and the size or size range of the polyp as described in the 

pathology report and the operative report. The community pathologist's histologic 

review was the diagnosis used in this analysis except if the adenoma diagnosis was listed 

as an "unspecified" adenoma. In those cases, which involved approximately 30% of all 
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adenomas, the diagnosis of the study pathologist was used. Anecdotally, the agreement 

rates overall between the community pathologist and the pathologist used for the study is 

approximately 95%. This estimate represents the histologies from all polyps, not just the 

adenomas. 

3.4.4 Arizona Food Frequency Questionnaire (AFFQ) 

This scannable questionnaire is widely used in several studies in the Arizona Cancer 

Center. Questions are asked about several foods within major food grouping, including 

portion size and frequency of consumption. Using the Continuous Survey of Food Intake 

(CSF-II) and other national food composition information, the output from this 

questionnaire can be provided as nutrients per day (metric or SI units) and as grams and 

servings per food group per day. The specific variables from this questionnaire that were 

used in the investigation were average kilocalories consumed each day, grams of fat, 

dietary fiber intake in gm/day, and gm/day of alcohol intake. 

3.4.5 Lifestyle Questionnaire 

This questionnaire collected information on a broad range of topics including socio

economic indicators, occupational and educational information, and health promotion and 

disease prevention behaviors. Subjects were asked about levels of daily exercise, seatbelt 

use and cancer screening practices. Information from this questionnaire was used to 

identify aspirin use, education, exercise and racial/ethnic identification. The variable for 

aspirin use is a dichotomous variable, fi-amed for the subject as, "Do you regularly use 
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aspirin?, (yes,no)". Use of other NSAIDs reported by the subjects was not available at 

the time of this investigation. 

Level of education was also drawn from this questionnaire. This variable was 

reported as "years of school completed". This was converted to levels of education; 

Elementary, some or all of High School, some or all of College and some or all of 

Graduate school. The variable for racial identification asked the subject to choose from 

the following categories: White, not of Hispanic origin; Black, not of Hispanic origin; 

Hispanic; American Indian/Alaskan Native; or Asian. As outlined in the results section. 

Table 1, 96% of this population considered themselves "White, not of Hispanic origin"; 

Hispanics were the second largest group at 2.1%. 

3.5 Variable Definition: 

3.5.1 Dependent Variables 

1. Highest Grade Histology: The histology of each polyp was determined from the 

review by the community-based histopathologist (s). The histologies were coded into 

the following subcategories: 
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Code Number Histology 

1 Tubular adenoma 

2 Tubulovillous adenoma 

3 Villous adenoma 

4 Unspecified adenoma 

5 Carcinoma 

6 Hyperplastic 

7 Lipoma/Inflammatory 

10 Normal mucosa 

11 Tissue insufficient for diagnosis 

12 Other 

13 Incipient, early adenoma 

Codes 8 and 9 were used to designate a level of dysplasia seen by the reviewing 

pathologist. There were very few cases (<100) that had a dysplasia measure; the 

majority of these were for tubular and tubulovillous adenomas. These measures were 

not used as part of the histology variable. In some cases, a particular polyp had two 

different histologies diagnosed. In determining the histology for a given polyp, the 

pathology representing the highest grade or highest malignant potential was used. 

The histologies were ordered from the lowest to the highest grade of adenoma 

(according to malignant potential): 
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Grade Histology 

1 Unspecified 

2 Tubular 

3 Tubulovillous 

4 Villous 

The highest-grade histology variable for each subject was generated using the most 

severe grade of adenoma from all adenomatous polyps diagnosed for each subject. 

2. Number of Adenomas: Information was collected on all adenomas detected during 

the qualifying colonoscopy, regardless of histology. Each adenoma was assigned a 

code, based on the histologic diagnosis determined by the reviewing community 

pathologist. The number of adenomas was determined by counting all of the 

adenomas, combining all grades for each subject. 

3. Location of Adenomas: Using the protocol for reviewing operative and pathology 

reports from the qualifying colonoscopy, the location of the adenoma in the colon was 

determined. Adenomas with an unspecified location were coded as "Unknown" and 

adenomas whose location was only recorded in centimeters, rather than general area 

of the colon were coded separately. The different areas of the colon were divided into 

proximal and distal portions and are summarized in the following table: 
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Locations in the Colon 

Proximal Distal 

Ileocecal Valve Left Transverse 

Cecum Descending 

Ascending Sigmoid Flexure 

Hepatic Flexure Sigmoid 

Right Transverse Rectal Sigmoid 

Transverse Rectum 

To evaluate the location of the subject's adenoma in either the distal, proximal or both 

sections of the colon, the location of all adenomas was considered. Subjects 

classified as "Proximal" grew adenomas only in the proximal section of the colon; 

"Distal" subjects grew one or more adenomas only in the distal portion; and "Both" 

grew at least one adenoma in the proximal and distal portions of the colon. 

Additional location variables were generated to remove the influence of polyps that 

were detected in the rectum and in both the rectum and rectal-sigmoid. 

4. Adenoma Size: The determination of adenoma size was calculated using two sources 

of size information on each polyp. Size was either estimated in the procedure report, 

as the endoscopist visualized the polyp (operative size) or by the community 

pathologist in actual measurement of the resected polyp (pathology size). Both 

measurements firequently included a range (i.e. 3-5 mm.). An evaluation of the sizes 

from the operative versus pathology reports found that the operative size was 

significantly larger that the pathology size (Wilcoxon sign rank test operative size > 
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pathology report size, p-value = <.001). In two recent papers (61,62) it was suggested 

that the polyp size estimated in the pathology report is more accurate than the 

operative report. Therefore in generating the best estimate of polyp size the following 

hierarchy of variables were used: 1) average of the range from the pathology report; 

2) the single pathology report size; 3) the average of the range from the operative 

report; and 4) the single operative report size. 

5. Average Adenoma Size: The sizes of all of the adenomatous polyps were summed 

and divided by the number of adenomatous polyps diagnosed for that subject. 

6. Largest Adenoma Size: The largest adenoma size was defined as the largest 

adenomatous polyp diagnosed for each participant. Using this information, two 

additional variables were generated. Interval of largest adenoma was created that was 

define as < 5mm, 6-10 mm, and > 10 mm. A dichotomous variable was created to 

define large adenomas; 1 = all adenomas >10 mm, 0 = all adenomas <10 mm. 

3.5.2 Primary Exposure Variables 

1. Classification of Smokers: Subjects who responded "Yes" when asked if they 

smoked at least 100 cigarettes in their lifetime and if they had smoked in the last 30 

days were classified as Current Smokers. All other subjects who reported smoking at 

least 100 cigarettes but had not smoked in the last 30 days were classified as "Ex-

smokers". Subjects who reported smoking less than 100 cigarettes in their lifetime 

were classified as "Never-Smokers". 
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2. Age at Start of Smoking: Both the current and ex-smokers were asked the age that 

they started smoking. This variable was expressed in whole years. 

3. Number of Years Smoking: Both current and ex-smokers were asked the number of 

years of smoking. For ex-smokers, only the years of actively smoking were included. 

The age at start of smoking was subtracted from the age at quitting smoking. For 

current smokers, this variable was calculated using current age minus the age they 

started smoking. This variable was divided into tertiles for additional analyses. This 

variable represents a summary of years of smoking. The subject was not asked to 

subtract periods of abstinence from this estimate. 

4. Cigarettes per Day: Both current and ex-smokers reported the average number of 

cigarettes smoked per day. This average did not include the periods the subject had 

quit smoking. A variable for intervals of numbers of cigarettes smoked per day was 

created. These intervals were defined as less than 5, 6 - 10, 11 - 15, 16 - 20, 21 - 30, 

31 - 40, more than 40 cigarettes per day. 

5. Pack-Year Exposure: This value was calculated using the number of cigarettes 

smoked per day divided by the 20 (cigarettes in a pack) times the number of years 

smoked. One pack-year represents 1 pack of cigarettes smoked daily for one year. 

Tertiles of pack-years was also generated from this information. 

6. Years Since Quitting: This variable was calculated by generating a value for the age 

at quitting (age started + number of years smoking). Subtracting the age at quitting 

from the age at randomization generated the years since quitting for ex-smokers. 
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3.5.3 Covariates 

1. Gender: Reported as Male or Female. 

2. Race: Reported as White, Black, Hispanic, Asian, American Indian, and Other. 

3. Age at Colonoscopy: Date of birth was subtracted from the date of the qualifying 

colonoscopy (QC) and the remaining number was divided by 365 days/year. 

4. Educational Level: Reported as the highest number of years of education. This 

information was converted into four categories: less than high school (year 0-8), high 

school (years 9-12), college (years 13-16) and graduate school (more than 16 years). 

5. History of Previous Polyp: Defined as a dichotomous variable based on self-

reported history of a previous polyp. 

6. Family History of Colorectal Polyps or Cancer: Dichotomous variable based on 

self-reported family history of one first-degree relative with a history of colorectal 

cancer. Subjects with more than one first-degree relative with a history of colorectal 

cancer were ineligible for the clinical trial. 

7. Body Mass Index (BMI): Height was originally collected in feet and inches, and 

weight was measured in pounds. The majority of the values were drawn from the 

actual measurements performed by the clinical staff during a study visit. Those 

height values not reported (n=7) for measured height were drawn from self-reported 

data found in the AFFQ. The missing weight values (n=39) were also drawn from the 

baseline AFFQ. BMI was calculated after the height was converted into meters ( 1 
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inch = 2.54 cm.) and the weight was converted into kilograms (1 kg. = 2.2 lb.). The 

formula for BMI is weight (kg) / height (m)^. 

8. Kilocalorie Intake: Defined as average kilocalorie (kcal) intake per day. This energy 

variable was used to calorie adjust other dietary variables. This process takes the 

amount of each nutrient per calorie consumed, rather than just the actual amount 

consumed. Adjustment allows for the comparisons between individuals that consume 

different amounts of food by standardizing the concentration of each nutrient in the 

diet. 

9. Dietary Fat Intake: Defined as average daily intake in gms/day. This variable was 

calorie-adjusted and evaluated as both a continuous variable and in tertiles of dietary 

fat intake. 

10. Dietary Fiber Intake: Defined as average daily intake in gms/day. This variable was 

calorie-adjusted and evaluated as both a continuous variable and also converted into 

tertiles. 

11. Alcohol Intake: Defined as average daily intake in gms/day. Alcohol was also 

converted into tertiles of intake per day. 
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3.6 Data Analysis 

3.6.1 Statistical Software 

The statistical software STATA, Version 5.0 Intercooled, was used to perform the 

descriptive, stratified and multivariate and modeling procedures. 

3.6.2 Descriptive Analyses 

Descriptive analyses were performed on each of the variables identified in the previous 

section. The distributions, means, medians, standard deviations, and quartiles were 

generated. All forms (continuous, dichotomous, tertiles and intervals) were described. 

3.6.3 Bivariate and Stratified Comparisons 

The next step in the analysis was the evaluation of variables across strata of age and 

gender. All the primary variables describing polyp characteristics and smoking exposures 

were evaluated in this manner. This process allowed for the assessment of any 

interactions between these potential confounders and age and gender. To evaluate the 

relation between potential variables, Pearson Chi-square tests were used for categorical 

variables and Spearman correlations were employed for continuous variables. 

To determine the appropriate covariates to include in the full logistic models of 

each dependent variable, abbreviated logistic models compared the dependent variable 

Viith the independent variable, adjusting for age, gender, BMI, family history of 

colorectal cancer, and a history of a previous polyp. All forms of each independent 
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variable were evaluated in this manner. P-values less than 0.10 were considered 

significant and included in the full models for further evaluation. 

3.6.4 Multivariate Analyses 

Logistic regression models were used to determine the best models to predict the 

dependent variables location, size, and histology of adenomas. When the independent 

variables were not continuous, a ST AT A sub-routine. Adjusted Proportions, was 

employed. This program allowed risk estimates to be made across multiple levels of the 

independent variable using a selected reference group. In the case of smoking exposure 

measures, never smokers were the designated reference group. At the request of several 

committee members, full models were presented in the tables. All models included age, 

gender, BMI, family history or colorectal cancer and history of previous polyp. Other 

adenoma characteristics (number of adenomas, size of the largest adenoma, and the most 

severe pathology) were included in one full model for each endpoint where appropriate. 

In addition, separate logistic regression models were generated for each endpoint 

stratifying by gender and by gender and smoking status. 
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Chapter 4 

RESULTS 

4.1 General Demographics 

As described in Table 1, of the 1429 subjects included in this study population, 

947 are males (66%) and 482 are females (34%). The age distribution of both men and 

women was comparable, with the majority of both genders over 60 years of age. The 

mean age for the entire population was 66.1 years. This population was comprised of 

96% White, non-Hispanic subjects; this mirrors the racial/ethnic composition of other 

study populations drawn from these same clinical sites. Level of education was the only 

demographic characteristic that varied significantly between genders (p =.001); males 

were more highly educated than females (21% vs. 12% completed some or all of graduate 

school). 

4.2 Reported Smoking Behaviors 

Table 2 siimmarizes the reported smoking histories of this population by gender. 

Current smokers represent 14% of the study population while ex-smokers represent 52% 

of the study population. The remaining 34% of the population are never smokers. There 

were several significant differences between men and women across smoking 

characteristics. There were more men than women classed as ex-smokers (62% vs. 32%) 

(p< .05) and more women than men classed as never smokers (52% vs. 25%) (p< .0001). 
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In addition, male smokers started earlier than women smokers (17.5 vs. 20.8 yrs) did. 

Male ex-smokers smoked more cigarettes per day than current male smokers (28.8 vs. 

18.2), while the women in both groups smoked almost identical numbers per day. 

However, both male and female current smokers smoked for significantly more years 

than their ex-smoking counterparts (43.6 vs. 26.6). The resulting pack-year 

measurements showed that males from both groups had comparable pack-year rates while 

the pack-years for female current smokers were significantly greater than the pack-years 

calculated for female ex-smokers (38.5 versus 28.5). While the ex-smoker males did not 

smoke for as many years as the current-smoker males, their exposure was more intense, 

as shown by the number of cigarettes per day. 

4.3 Known Risk Factors for Adenomatous Polyps by Gender 

Other known risk factors that are considered in these analyses are described in Table 

3. Regular aspirin use differed significantly between men (31.4%) and women (20.3%, 

(p< .001). Exercise also showed significant differences between genders with men 

participating more frequently in aerobic exercise than women (p <.001). Alcohol intake 

and gender were not independent, with males (mean =13.8 gm/day + 20.2) consuming 

greater amounts than females (mean = 6.4 gm/day + 8.3). The variables that did not show 

gender differences between males and females were history of previous polyp (38.9% 

versus 36.5%), family history of colorectal cancer (17.0% versus 16.4%), and BMI (27.8 

versus 26.8 kg/m^). 
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4.4 Polyp Characteristics by Gender 

The total numbers of polyps across all subjects, by diagnosis, is described in Table 4. 

All polyps resected from the subjects, regardless of histologic type are counted in this 

table. For the 1429 participants, there were 3300 polyps that had information on 

histology. The distributions of villous (2.5%), tubular villous (8.6%) and tubular (40.5%) 

adenomas were comparable across genders, with only a slight shift for women to more 

hyperplastic polyps rather than adenomatous polyps. In Tables 5 and 6, the variables 

describing the polyp characteristics used in these analyses are described. The mean 

number of adenomatous polyps diagnosed in the subjects was significantly greater for 

male subjects (1.94 versus 1.58); overall mean was 1.8 polyps/subject (Table 5). The 

Spearman test showed that number of adenomas and gender were not independent (p< 

.05). Mean size of adenomas, both as a continuous (6.6+5.5mm) and categorical variable, 

size of the largest adenoma diagnosed (7.6+6.2mm) and most severe adenoma histology 

diagnosed (6% villous) did not differ between genders (Tables 5 and 6). The distribution 

of adenomas in the colon did differ between genders (Table 6), with more women with 

distal polyps than men (58% versus 49%) while men had more polyps in both the 

proximal and distal colons (20% versus 13%). This result may be confounded by the fact 

that men had more polyps and may have been more likely to have them in both sections 

of the colon. 
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4.5 Dietary and Alcohol Intake Variables 

Table 7 summarizes several calorie-adjusted dietary variables and alcohol intake by 

gender, as reported on the food frequency questionnaires. After calorie adjusting for the 

fat, saturated fat and dietary fiber variables, only alcohol consumption remained 

significantly different between men and women (p <.001). Table 8 shows the calorie-

adjusted analysis of tertiles the nutritional variables total fat, saturated fat, dietary fiber, 

and alcohol (which were not calorie-adjusted) by gender. Only alcohol consumption was 

different, showing that males drink more alcohol (gm/day) than females (p< .001). 

4.6 Potential Risk Factors, Including Smoking Exposure by Smoking Status 

As shown in Table 9, never and ex-smokers tended to be older than current smokers 

(p <.001) while never-smokers were more educated (p =.02). Both current and ex-

smokers were more likely to have had a previous polyp (p =.06), but no more likely to 

have a positive family history for colon cancer (p = .10). The other important measures 

of smoking exposure by smoking status category are also displayed in this table. As 

discussed earlier, ex-smokers smoked more cigarettes per day than current smokers did 

but for a shorter period of time and thus had fewer pack-years of exposure. 

Differences in lifestyle characteristics between smoking status groups are shown in 

Table 10. Current smokers were significantly different from never smokers with regards 

to frequency of aerobic exercise (57% vs. 41% seldom exercised). Ex-smokers were 

more like never smokers (45% vs. 41%). Never smokers consumed significantly more 

dietary fiber than either the ex-smokers or current smokers (43% vs. 33% vs. 12% in the 
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highest tertile of dietary fiber intake). Current smokers consiuned significantly more 

dietary fat than never smokers (46% vs. 29% in the highest tertile). Again, the proportion 

of ex-smokers in this category in between these two groups (33%) and not significantly 

different that never smokers. 

Table 11 outlines the distribution of adenoma characteristics across smoking status 

categories without adjusting for other variables. While overall, adenoma pathology was 

not significantly different, the comparison of current to never smokers had a p=.06, with 

more never smokers having villous adenomas (8% versus 4%) and current smokers with 

more tubular adenomas (75% versus 65%). 

The numbers of adenomas found between smoking status groups was significantly 

different using a chi-square test. Current smokers had a greater number of subjects with 4 

or more adenomas (12% vs. 8%) while more never smokers had only one adenoma (63% 

vs. 48%). The location of polyps across smoking status groups was significantly different 

with never smokers having a higher proportion of adenomas in the proximal colon when 

compared to current smokers (33% vs. 27%) and a lower proportion of adenomas in both 

colon locations (14% vs. 26%). Adenoma size did not differ between smoking status 

groups. 
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4.7 Associations Between Adenoma Characteristics 

Tables 12-14 list the association of other adenoma characteristics to adenomas 

location (proximal, distal or both locations) after adjusting for age and gender. The 

number, pathology and size of the adenomas were inversely related to proximal 

adenomas. All of these associations were statically significant and showed odds ratios of 

0.65 or less. Distal adenomas (Table 13) were inversely associated with the number of 

adenomas. Tubulovillous pathology (OR =1.33, p =.06) and 6-10 mm adenomas (OR 

=1.26, p =.09) were marginally associated with the prevalence of distal adenomas. The 

odds ratios were significantly increased for subjects to have tubulovillous and villous 

adenomas (OR = 1.57 and 2.42 respectively) located in both the proximal and distal 

colon, as shown in Table 14. The size of the adenomas was significantly related to 

adenomas in the proximal and distal colon. 

In Table 15, the number of adenomas, tubulovillous or villous pathology and 

proximal location were strongly associated with the presence of large adenomas (> 1 cm). 

The strongest associations were seen with tubulovillous (OR =7.17) and villous (OR 

=5.56) histologies with the large adenomas. 

Table 16 summarizes the associations between number, size and location of 

adenomas with the presence of a villous adenoma. By number of polyps, four or more 

adenomas were associated with villous adenomas with an OR =1.62 (p =.03). Adenoma 

size, similar to the previous table, showed a strong association with villous histology, for 
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sizes 6-10 mm (OR = 4.10) and >10 mm (OR =15.81). A proximal location was also 

associated with the villous histology when compared to distal adenomas only (OR =1.85, 

p<.001). 

4.8 Proximal Adenomas 

The following section will outline the analysis of variables associated with 

subjects whom had adenomas located only in the proximal colon. Table 17 shows the 

bivariate analysis between known risk factors for adenomas and proximal adenomas. The 

factors include age, gender, body mass index (BMI), family history of colon cancer, and 

the history of a previous polyp. Body mass index (OR =1.02), family history for colon 

cancer (OR =1.36) and history of previous polyps (OR =3.80) were positively associated 

with proximal polyps. The p-values were 0.08, 0.10, and <.001 respectively. Table 

18 shows the associations of smoking exposure variables to proximal adenomas when 

adjusted for age, gender, BMI, family history of colon cancer and history of previous 

polyps. For all smoking exposure measures (with significant or non-significant 

associations), the odds ratios were at or below 1.0. The relationships did not show a 

consistent pattern across the variables. 

Table 19 describes the adjusted odds ratios for levels of education and exercise, 

alcohol consumption and three calorie-adjusted dietary variables, fat, saturated fat, and 

fiber. None of these variables are significantly associated with proximal adenomas. 
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Table 20 shows the full logistic model for proximal adenomas and tertiles of 

pack-years, adjusting for age, gender, BMI, family history of colon cancer, and history of 

previous polyp(s). The odds ratios for levels of pack-years did not change from Table 18, 

where the first and second tertiles were significant. The OR associated with history of 

previous polyp was 3.98 (p <.001). None of the other variables in this model were 

significant. The model described in Table 21 includes all the variables from the full 

model in addition to number of adenomas, highest pathology detected, and the size of the 

largest adenoma detected. With the addition of these variables, BMI and family history 

are significant, with positive OR values of 1.04 and 1.58 respectively. Number of 

adenomas and size of the largest adenoma detected were inversely associated with 

proximal adenomas (p <.001). 

Because of evidence from the descriptive analyses that smoking behaviors are 

different between genders, models were generated for men and women separately (Tables 

22 and 23). Table 22 shows that among females only the lowest tertile of pack-years (p 

=.05) and history of previous polyp (p <.001) are associated with proximal adenomas; the 

lowest pack-year tertile had an OR =.33. The magnitude of the effect of previous polyps 

in slightly increased to an OR =4.48 over the fiill model estimate. Among men, as 

described in Table 23, the associations are the same, with the addition of the second 

tertile of pack-years (OR =.49, p =.005). 

Again, based on the preliminary analyses, models were developed to stratify 

gender and smoking status (Tables 24 and 25). In these tables, ex- and current smokers 
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are compared to never smokers separately. History of previous polyps remain significant 

across all strata, at OR ranging from 3.99-5.05 (p <.001 for all strata). Both classes of 

females showed this inverse effect of the first tertile of pack-years only (OR =.18 and .37) 

(Table 24). For male, current smokers, none of the pack-year tertiles were significant, 

while both the first and the second tertiles were significant for male ex-smokers (Table 

25). 

4.9 Large Adenomas 

This section will describe the series of analyses on large adenomas (>1 cm), again 

including full and gender and smoking status specific models. Table 26 shows the 

bivariate associations between age, gender, BMI, family history of cancer, and history of 

previous polyps. Gender (OR =1.22) was marginally associated and history of previous 

polyps (OR =.55) was significantly associated with large adenomas. 

The relationships of the smoking exposure variables to large adenomas are 

described in Table 27. Unlike the proximal polyp analysis, only years of smoking as a 

continuous variable was marginally associated with large polyps (OR = 1.01, p =.09). 

Educational and exercise levels, alcohol intake and calorie-adjusted fat and dietary fiber, 

were not significantly associated with large polyps (Table 28). 

The full model presented in Table 29 includes years of smoking, age, gender, 

BMI, family history of colon cancer, and history of previous polyps. Calorie-adjusted 

dietary fat and fiber were also included because in previous preliminary analyses these 
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variables had shown some association with large polyps. History of previous polyps was 

associated with large polyps (OR =0.54). While the effect of fat (OR=.99) and fiber (OR 

=.98) were minimeil, they were still significant at the p =.02 and .04 levels. Elather than 

using single units of changes for these variables, future analyses could express differences 

in fat and fiber intake as means of differences or in tertiles. By redefining the differences 

in intake, the effects of these exposures could be better clarified. 

The addition of other polyp characteristics, highest pathology detected and 

number of polyps, as described in Table 30, did not significantly change the relationship 

of years of smoking, previous polyps, dietary fat or fiber to large adenomas. Highest 

pathology (OR =3.64) and number of polyps (OR =1.40) were significantly associated 

with an increased probability of a large adenoma. 

Table 31 and 32 show that without the other polyp characteristics included in the 

model, with separate models for gender, the effect of history of previous polyp remains 

consistent. The association between large polyps and dietary fat and fiber was driven 

strictly by male subjects, with a slight but significant effect (fat OR =.98; fiber OR =.97). 

This relationship was further clarified in Tables 33 and 34, that looked separately at 

gender across ex- and current smoking status. The model containing female, current 

smokers did not show any association between fat and fiber and large adenomas, while 

female ex-smokers and both groups of male smokers still showed a borderline 

significantly inverse relationship with large polyps. 
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4.10 Villous Adenomas 

This section of the results includes the analyses of the associations between 

smoking and other risk factors and adenomas with a histologically confirmed villous 

component. As with the previous two endpoints, bivariate analyses were first performed 

using age, gender, BMI, family history of colon cancer and history of previous polyp(s) 

and the presence of villous adenomas versus a non-villous adenoma (Table 35). History 

of previous polyp again showed an inverse association with the endpoint (OR =.45, p 

<.001). Age and BMI were not quite borderline significant (p =0.12). The smoking 

exposure variables, adjusted for these core factors are presented in Table 36. Inconsistent 

associations were seen for current smokers (p =.08) but not ex-smokers. Three intervals 

of cigarettes per day and the second tertile of pack-years had borderline significant p-

values. The third tertile of years of smoking and tears of smoking as a continuous variable 

were borderline significant (p =.07 for both variables). 

The medium and high tertiles of dietary fiber were significant (OR =0.7) when 

compared to the low fiber tertile (Table 37). Alcohol intake, education and exercise 

levels, and dietary intake of fat were not significant. 

The full logistic regression model (Table 38) included tertiles of years smoked, 

the core risk factors, and tertiles of calorie-adjusted dietary fiber. Only the highest tertiles 

of years smoked were inversely associated with villous adenomas (OR =.63, p =.02). In 

addition, age, BMI, previous polyps and tertiles of dietary fiber remained significant. 
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The addition of numbers of adenomas and size of the largest adenoma did not change 

which variables were significant (Table 39). Size of the largest adenoma produced an OR 

comparable to the estimates generated in the large adenoma analyses (OR =3.80, p 

<.001). Gender specific models (Tables 40 and 41) showed that the significance of the 

third tertile of years smoked is driven by male subjects. The significance of tertiles of 

dietary fiber is only among males. 

In addition, stratified analyses were then performed by gender and smoking status 

(Tables 42 and 43). In females, both in current and ex-smokers (Table 42), the years of 

smoking was not significant. Fiber was significant only in female ex-smokers (OR =.75, 

p =.04) and borderline in female, ex-smokers (OR =.98, p =.09). In males, both current 

smokers and ex-smokers (Table 43) showed a significant inverse association between the 

highest tertile of years smoked and the increased prevalence of villous adenomas versus 

non-villous adenomas (OR =.47-.57). Tertiles of dietary fiber were significant in both 

groups, with the odds ratios ranging from .73 - .78. 
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Chapter 5 

DISCUSSION 

The goal of this study was to investigation the association of cigarette smoking exposure 

and characteristics of prevalent adenomatous polyps, specifically the location, size and 

histology of the adenomatous polyps. The research hypotheses were that cigarette smoke 

exposure was positively associated with the prevalence of proximal adenomas versus 

distal adenomas; positively associated with large (> I cm) prevalent adenomas versus 

small adenomas; and positively associated with prevalent villous adenomas versus non-

villous adenomas. The following chapter will discuss the results from each of these 

hypotheses separately and summarize with some general considerations and 

recommendations for future research. 

It is important to consider while reviewing this discussion that all of these 

subjects had a recent adenomatous polyp just prior to admission into this study sample. 

Discussions of changes in risk refer to changes in the risk of one adenoma characteristic 

versus another. All of these subjects, based on a positive history of an adenomatous 

polyp are considered at high risk of having recurrent adenomas. Given the high 

selectivity of this sample, these results can not be applied to subjects without a history of 

adenomas. 
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5.1 Proximal Adenomas 

The results of the analysis of prevalent proximal adenomas and smoking exposure did not 

support the original hypothesis of the study. Converse to the expected positive influence 

on the numbers of proximal adenomas with more smoking exposure, smoking exposure, 

expressed as tertiles of pack-years, consistently showed a strong impact on distal 

adenomas rather than proximal adenomas. In the full model, the estimated odds ratios for 

proximal adenomas were .52 and .56 for the two lowest tertiles of pack-years. Male, ex-

smokers drove this association. 

One possible explanation for the results regarding smoking exposure and 

proximal adenomas is that some component of tobacco smoke is physically more active 

in the distal colon. While most of the current articles evaluating the association of 

smoking and adenomatous polyps focus just on distal rather than proximal adenomas, 

there remains no conclusive evidence or biological model to support this hypothesis. 

One alternative explanation for these findings is that previous polyp history is 

obscuring or confounding the effects of smoking on proximal adenomas. These subjects, 

with only proximal adenomas, are in such a high-risk category for recurrence, that the 

overall effect of smoking is negated. This explanation can explain only part of these 

results. When the full model was generated excluding all subjects with a previous history 

of polyps (Table 44), the odds ratio estimates for tertiles of pack years did not change 

significantly and remained in the same direction. Given the reduced sample size (n 

=628), only the lowest tertile remained significant (OR =.57, p =.05). 
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To explain the persistence of the inverse association of smoking exposure, other 

effects of smoking on adenoma location should be addressed. As mentioned previously, 

several studies in the literature have shown that smoking exposure is associated with the 

prevalence and incidence of distal adenomas. Most of these studies were limited to 

looking only at the distal colon because not every subject had a complete colonoscopy. 

In this sample however, smoking exposure was related to an increased prevalence of 

distal adenomas (Table 45). The direction of these odds ratio estimates was also found in 

subjects who had adenomas in both the proximal and distal colon. Therefore, smokers 

are at a decreased risk of having only proximal adenomas (and not a least one distal 

adenoma). Individuals with cigarette smoking exposure are more likely to have at least 

one distal adenoma than only proximal polyps. 

Since distal adenomas are detectable during routine colorectal cancer screening 

and more likely to cause a positive test for blood in the stool, these individuals are also 

more likely to be referred for full colonoscopies. Therefore, with an increased chance of 

having their full colon visualized and screened for existing polyps, these individuals are 

less likely to have undetected proximal adenomas. In terms of the risk of undetected 

proximal adenomas progressing onto colon cancer, never smokers, being less likely to 

develop distal adenomas that lead to fiall colonoscopy, are in a higher risk group than 

smokers. 

Another altemative explanation for this finding is that subjects with only proximal 

adenomas are not influenced by the effects of smoking on adenoma growth. It has been 
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suggested that while distal adenomas are mediated by environmental exposures, proximal 

adenomas are more influenced by genetic predisposition. In addition to smoking, current 

smokers are more likely to consume less dietary fiber and exercise less when compared to 

never smokers. They are also more likely to form distal adenomas. Therefore, the group 

of subjects that still go onto form adenomas despite the lack of envirotmiental exposure, 

are possibly in a unique risk group. These subjects may have adenomas that are mediated 

more strongly by genetic factors than envirorunental ones and may form adenomas 

regardless of lifestyle changes. 

The addition of other polyp characteristics did not change the magnitude of the 

inverse association of smoking exposure and proximal adenomas. Numbers of adenomas 

and size of the largest adenoma were significantly inversely associated with proximal 

adenomas (OR =-.74 and .65 respectively). These results reflect the positive association 

that these characteristics have to the prevalence of distal adenomas. When these other 

adenoma characteristics were added to the full model, family history of colon cancer and 

BMI emerged significant (p =.03 in both cases) with odds ratios of 1.58 and 1.04. This 

suggests that family history, and BMI, may play a role in promoting multiplicity of 

adenomas and larger adenomas. 

The only factor to consistently emerge as significantly associated with an 

increased prevalence of proximal polj^js was a history of previous polyps. This result 

indicates that subjects with previous polyps were more likely to have recurrent proximal 

adenomas at the time of the reference colonoscopy. It also suggests that individuals with 
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only proximal adenomas are at a high risk for recurrence and possibly for progression to 

colorectal cancer. These results may identify a group of individuals that require a more 

intensive follow up regime to prevent colon cancer from developing. 

5.2 Large Adenomas 

The results of the analysis of large adenomas and smoking exposure did not support 

the original hypothesis that there would be more large adenomas versus small adenomas 

observed in subjects exposed to cigarette smoke. Years of smoking were not significanUy 

associated v^dth large adenomas. In the gender and smoking status specific analyses, only 

among ex-smoking males did any result remain significant (OR =1.01, p = .03). 

The failure of smoking exposure to show a significant association with large 

adenomas may be attributed to several factors. One of these is the time in the adenoma 

formation sequence that is affected by smoking exposure. It has been suggested that 

smoking exposure works as an initiator, early in the formation of adenomas (1). If this is 

correct, smaller adenomas may be more likely to be associated with smoking exposure, 

rather than large adenomas. While cursory analysis did not show an association between 

smoking exposure and smaller adenomas, this is an area that warrants further 

investigation. 

The addition of other adenoma characteristics to the full logistic regression model 

showed that individuals who form large adenomas are significantly more likely to have 

more adenomas (OR =1.40) (versus one adenoma) and more villous adenomas (OR 
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=3.64) (versus non-villous adenomas). Subjects with the ability to form large, more often 

villous adenomas, in greater numbers, are in a particularly high-risk group for recurrence 

and possibly colorectal cancer development. 

History of a previous polyp was inversely related to large polyps across all full and 

strata-specific models with odds ratios falling between .52 and .60. This result seems 

plausible because prior colonoscopy screening equates to the removal of all prevalent 

adenomas. The "cleaning out" of the colon would mean that the time to grow large 

polyps for individuals with prior colonoscopies is systematically shorter than for 

individuals who may have never had a previous colonoscopy. Because this study is using 

only prevalent and not incident adenomas, there is no standardized time measured for 

adenoma growth across the study population. 

In addition to previous polyp history, dietary fiber and fat were inversely associated 

with large polyps in all strata specific groups except female, current smokers. The range 

of the odds ratios for fiber were .96 - .98. While these effects on large polyps are not 

dramatic, they were persistent and represented only single unit changes. Future analysis 

should define these variables in larger units, such as tertiles. 

5.3 Villous Adenomas 

The results of the analysis of villous adenomas did not support the original 

hypothesis that cigarette smoke exposure would increase the prevalence of adenomas 

with a villous histology versus adenomas without a villous histology. Instead, a 
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consistent inverse relationship was found between the highest tertiles of years of smoking 

and villous adenomas. This association was apparent in male subjects only, in both ex-

and current smokers. 

An explanation for the inverse association of smoking exposure to villous adenomas 

was discussed in the section on prevalent proximal adenomas. Table 17 shows that 

numbers of adenomas, size of the largest adenoma and a proximal location have strong, 

positive associations with whether a prevalent adenoma is villous. A villous adenoma in 

the distal colon is more likely to be detected during routine colorectzd cancer screening 

and subsequently resected during full colonoscopy. Smokers are more likely to form 

distal adenomas. However, individuals with villous adenomas only in the proximal colon 

are less likely to have them detected, so those with these adenomas have the opportunity 

for them to grow larger, with more villous features and with a greater malignant potential. 

Again, this illustrates that never smokers, who are more likely to form proximal 

adenomas only, may be at a greater risk than smokers for colorectal cancer development. 

Age was shown to be a significant factor with a slightly positive association to 

villous adenomas, showing that older subjects have a slightly higher grade of adenomas. 

History of previous polyps emerged with a strong inverse association with villous 

adenomas across all subgroups of subjects, with odds ratios ranging from .39 - .54. This 

represents a potential source of confounding. History of previous polyps equates to 

previous endoscopic procedures, especially colonoscopies. The removal of all prevalent 

adenomas at the time of the previous colonoscopy would afford these individuals with a 
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systematically shorter interval in which to grow villous adenomas than subjects with 

previous colonoscopies. The strong correlation between size and histology (larger size 

was associated with more villous adenomas), means that subjects with previous polyps 

are also be less likely to have large adenomas, as discussed earlier. 

Tertiles of dietary fiber intake were also inversely associated with villous adenoma 

prevalence. The odds ratios ranged from .77 - .98. This effect was significant in all sub

groups except ex-smoker women, where the p-value was borderline at .09. These results 

support previous evidence that suggested that dietary fiber intake is inversely associated 

with villous adenoma formation. Hypotheses for the mechanism of this effect include the 

changes in bile acid content of the stool, increased stool bulk and dilution of carcinogens, 

increased transit time and associated diet^ behaviors. This is an interesting baseline 

finding in a population that has been randomized into a clinical trial testing the effect of 

low and high wheat bran fiber supplementation. Further einalysis of the effect of wheat 

bran fiber on the histology of recurrent adenomas is therefore strongly indicated. 

5.4 Limitations 

A major void in this dataset is the complete history of previous polyps and 

colorectal screening behaviors. In order to properly assess an individual's risk of 

prevalent adenoma characteristics and to flilly identify the sources of bias that are 

influencing the current investigation, better information on this topic is critical. The use 

of the history of polyps (y,n) as a surrogate for this information is inadequate because it 
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does not specify the location, number, histology or time of the previous lesions. The 

difference in risk for adenomas would be greater among subjects who were diagnosed 

with an adenoma at an earlier age, suggesting a stronger genetic component. As well, the 

time since last colonoscopy may well dominate the characteristics of size and histology of 

the prevalent adenomas included in this study. 

In addition, the reasons or indications for the reference colonoscopy are not 

available. This information is important in clarifying the explanations for the relationship 

between smoking and prevalent adenoma characteristics. Subjects with adenomas 

observed in the distal colon or blood in the stool would be referred for a full colonoscopy. 

Therefore, the subjects with distal adenomas or adenomas in both areas of the colon may 

be very different than the subjects with only proximal adenomas. "Proximal only" 

subjects may have been referred for colonoscopy for other reasons, such as previous 

history of polyps (i.e. early age of initial adenomas, numerous adenomas, large 

adenomas), or a combination of previous history of polyps and a positive family history. 

Even with access to more detailed information on the indication for colonoscopy, the 

characteristics of "proximal only" subjects must be explored separately fi-om the other 

adenoma subjects. 

All subjects in this investigation have had an adenomatous polyp. Any 

assumptions or conclusions made about these results can only be applied to individuals 

with a history of adenomatous polyps. Moreover, the use of prevalent adenomas restricts 
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any analysis of temporal or causative associations. Which characteristic formed first or a 

measure of the time to adenoma formation is impossible. 

5.5 Strengths 

This study included 1429 subjects who had recent complete colonoscopies. 

Detailed information on adenoma size, location and histology were available. This 

information was collected in standardized methods. In addition, extensive information on 

environmental exposures, such as smoking and dietary intake was also collected. This 

sample size allowed for several important adenoma characteristics to be examined and 

will allow for more, subset analyses in the future. 

5.6 Indications for Further Study 

The continued study of colorectal adenomatous polyps is extremely important in 

order to identify individuals at increased risk for the development of colorectal cancer. 

Both the characteristics of the adenomas and the individuals who form these adenomas 

require more investigation. This investigation suggests that subjects with only proximal 

adenomas may be subject to a different set of risk factors than their counterparts who 

have grown distal adenomas. The potential role of genetics in the formation of these 

proximal adenomas needs to be clarified more completely. For example, whether specific 

genetic polymorphisms dictate the location, size and pathology of adenomas, when 
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activated by by-products of smoking exposure. Prospective studies, including clinical 

trials are also necessary to investigate the causative relationship between adenoma 

incidence and specific exposures. 

As was shown in this study, pack-years of exposure may not accurately 

characterize smoking exposure. Stratification by smoking status may not completely 

control for problems in exposure classification. The use of the Arizona Smoking 

Assessment Questionnaire, which has been administered to a subset of this sample, may 

prove useful in better defining the dose of smoking exposure. This questionnaire was 

designed, using standard questions taken from multiple validated questionnaires, to 

evaluate the dose of the tobacco smoking exposure more completely. In addition to the 

routine questions required to calculate pack-year exposure, information was collected on 

the brand of cigarettes smoked, use of menthol or filtered cigarettes, the amount of the 

cigarette smoked and the depth of the inhalation. Future analyses will use this dose 

information to define subgroups of exposure and to characterize the highest versus lowest 

exposed subjects. 

This study offers a unique evaluation of the association of cigarette smoke 

exposure and characteristics of prevalent adenomatous polyps. No previous studies have 

documented the evaluation of this exposure with the location, size and histology of 

prevalent polyps simultaneously in a study of this size. While this investigation has 

limitations, especially on the generalizability of the findings, it contributes to the body of 

knowledge that smoking exposure has a persistent but complicated relationship to 
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colorectal adenomas. In addition, the identification of subsets of high-risk individuals 

within the larger population would be a major step forward in the early detection and 

prevention of colorectal cancer. 
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Table 1: Demographic Characteristics 

Ail Subjects Males Females 
(n = 1429) (n = 947) (n = 482) 

n (%) n (%) n (%) 

Age Distribution 
< 50 Years 95 (7%) 61 (6%) 34 (7%) 

>50 — 60 Years 251 (18%) 169 (18%) 82 (17%) 
>60 - 70 Years 523 (37%) 338 (36%) 185 (38%) 

>70 Years 560 (39%) 379 (40%) 181 (38%) 

Age (Mean, sd) 66.1 (8.95) 66.2 (8.85) 65.9 (9.14) 
Median 67.7 67.9 67.4 

Race/Ethnicity 
White' 1371 (96%) 907 (96%) 465 (96%) 
Black 10 (.7%) 7 (.7%) 3 (.6%) 

Hispanic 30 (2%) 20 (2%) 9 (2%) 
Native American 5 (.4%) 3 (.3%) 2 (.4%) 

Asian 11 (.8%) 9 (.9%) 2 (.4%) 

Education^ 
Elementary 41 (4%) 25 (3%) 16 (4%) 

High School 474 (41%) 297 (38%) 177 (46%) 
College 435 (37%) 293 (38%) 142 (37%) 

Graduate School 211 (18%) 165 (21%) 46 (12%) 
Non-Hispanic 

' Chi-square p-value - .001 Men were more educated than women 
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Table 2: Smoking History Obtained During Initial Interview 

Variable All Subjects 
(n=1429) 

Males 
(n=947) 

Females 
(n=482) 

n (%) n (%) n (%) 
Smoking Status 

Current 203 (14) 122 (13) 81 (17) 
Ex-Smoker 745 (52) 589 (62) 152 (32)' 

Never Smoker 487 (25) 235 (25) 248 (52)' 

Age at Onset^ Mean (sd) Mean (sd) Mean (sd) 
Current (mean) 18.4 (6.5) 17.2 (4.11) 20.9 (8.58) 

(median) 18 
Ex-Smokers(mean) 18.4 (4.5) 17.8 (4.05) 20.6 (5.42) 

(median) 18 

C igarettes/Day 
Current (Mean) 18.5 (11.8) 18.2 (10.8) 19.1 (13.2) 

(Median) 20 
Ex-Smokers (Mean) 27.0 (17.5) 28.8 (17.6) 20.3 (15.1) 

(Median) 20 

Years of Smoking 
Current (Mean) 43.6 (11.2) 44.9 (10.7) 41.7 (11.7)5 

(Median) 45 
Ex-Smokers (Mean) 26.6 (13.8) 26.6 (13.8) 26.4 (14.0) 

(Median) 26 

Pack-Years 
Current (Mean) 39.1 (25.3) 39.5 (24.1) 38.5 (27.1) 

(Median) 38.1 
Ex-Smokers (Mean) 38.2 (33.5) 40.9 (34.3) 28.5 (28.5f 

(Median) 30 33 20 

' = The overall Chi-square analysis was not significant. Among ex-smokers only, P-value < .05, 
there are more male ex-smokers than female ex-smokers. 

" = The overall Chi-square analysis was not significant. Among never smokers only, P-value < 
.0001, there are more female never-smokers than male never smokers. 

' = P-value < .0001, male smokers (current and ex-) started smoking earlier than female smokers 
(current and ex-). 

= P-value < .0001, ex-smoker men smoked more cigarettes per day than current smoker men. 
' = P-value < .0001, current smokers smoked for more years than ex-smokers across both 

genders. 
= P-value < .0001, ex-smoker men had more pack-year exposure than ex-smoker women. 
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Table 3: Known Risk Factors for Adenomatous Polyps 

All Subjects Males Females 
(n=1429) (n=947) (n=482) 

n (%) n (%) n (%) 
Regular Aspirin 395 (28.0) 297 (31.4) 98 (20.3)^ 
Use (Yes)' 

History of Previous 482 (38.1) 328 (38.9) 154 (36.5) 
Polyps 

Family History of 240 (16.8) 161 (17.0) 79 (16.4) 
Colorectal CanceH 

Exercise^ 
Seldom 546 (45) 356 (44) 190 (47) 

1-2 times/wk 252 (21) 164 (20) 88 (22) 
3-5 times/wk 324 (27) 222 (28) 102 (25) 

Every day 89 (7) 64 (8) 25 (6) 

Mean (sd) Mean (sd) Mean (sd) 
Body Mass Index 27.5 (4.6) 27.8 (4.2) 26.8 (5.12) 

(BMI) (kg/m^) 
Medizin 27.0 27.3 26 

Alcohol Intake 11.7 (18.0) 13.8 (20.2) 6.4 (8.3)^ 
(gm/day) 

' Question: "Do you regularly take aspirin?" 
" Pearson Chi" p-value < 0.001 
^ Family History defined as I first degree relative with a history of colorectal cancer. 

= Questions: "How often do you engage in aerobic physical activity?" This was 
defined as 20 minutes in length, involving some heavy breathing. 
' = Spearman p-value < .0001 
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Table 4: Numbers of Polyps by Diagnosis and by Gender in 1301 Subjects 

Polyps in Polyps in 
Histology All Polyps Males Females 

(n = 3300)' (n = 2309) (n = 991) 
n (%) n (%) n (%) 

Villous Adenoma 82 (2.5) 63 (2.7) 19 (1.9) 

Tubulovillous Adenoma 283 (8.6) 192 (8.3) 91 (9.2) 

Tubular Adenoma 1337 (40.5) 965 (41.8) 372 (37.5) 

Unspecified Adenoma 641 (19.4) 423 (18.3) 218 (22.0) 

Incipent, Early 
Adenoma 

141 (4.3) 95 (4.1) 46 (4.6) 

Hyperplastic Polyp 503 (15.2) 339 (14.7) 164 (16.6) 

Others 313 (9.5) 232 (10.0) 81 (8.1) 

Total 3300 2309 991 

' Represents total polyps detected across all subjects 
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Table 5: Frequencies of Adenomas and Adenoma Characteristics by Gender 

Variable All Subject Males Females 
N=130l' N=858 N=443 

Number of Adenomatous Polyps per Subject 
Mean (sd) Mean (sd) 

1.8(1.4) 1.94(1.5) 
Mean (sd) 

1.58(1.0) 

Mean Size of Adenomatous Polyps Detected (mm) 
Mean (sd) 

6.59 (5.5) 
Mean (sd) 

6.52 (5.5) 
Mean (sd) 

6.72 (5.7) 

Size Distribution of Adenomas 
Number (%) 

< 5 mm 620 (43) 
6-10 mm 421 (30) 
>10 mm 388 (27) 

Number (%) 
401 (42) 
276 (29) 
270 (29) 

Number (%) 
219 (45) 
145 (30) 
118 (25) 

Largest Adenomatous Polyp Detected (mm.) 
Mean (sd) Mean (sd) 

7.59 (6.3) 7.71 (6.3) 
' Does not add up to total population due to missing data. 
* Spearman p-value < .05. 

Mean (sd) 

7.35 (6.2) 
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Table 6: Frequencies of Adenomas and Adenoma Characteristics by Gender 

Variable Ail Subject Males Females 
N=130l' N=858 N=443 

Most Severe Adenomatous Histology ' 
Number (%) Number (%) Number (%) 

(V) 72 (6) 52 (7) 20 (5) 

(TV) 286 (24) 187 (24) 99 (25) 

(T) 813 (69) 538 (69) 275 (70) 

Location of Adenomatous Polyps Detected 
Number (%) Number (%) Number (%) 

(Prox) 343 (29) 231 (30) 112 (27) 

(Distal) 616 (52) 380 (49) 235 (58) 

(Both) 213 (18) 157 (20) 56 (13) 

(Total) i n v  768 403 
' (V= Villous; TV= Tubulovillous; T= Tubular adenomas). 
" Proximal includes ileocecal valve, cecum, ascending colon, hepatic flexure, right Transverse, and 

transverse colon; Distal includes left Transverse and descending colon, sigmoid flexure, sigmoid 
colon rectal sigmoid and rectum. 

^ Chi2 p-value = .005, Male and female adenoma distributions differed. 
* Represents ail subjects with complete data on adenoma location. 
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Table 7: Distributions of Selected Calorie-Adjusted Dietary Intakes by Gender 

All Subjects Males Females 
Variable (n=1429) (n=947) (n=482) 

Mean (sd) Mean (sd) Mean (sd) 

Fat Intake (gm/day) 69.1 (15.1) 69.9 (14.8) 67.1 (15.8) 

Saturated Fat Intake 22.7 (6.2) 23.2 (6.04) 21.6 (6.4) 
(gm/day) 

Fiber Intake (gm/day) 18.6 (6.4) 17.9 (6.1) 19.8 (6.6) 
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Table 8: Calorie-Adjusted Analysis of Tertiles of Nutritional Variables by Gender 

Variable n 
Male 

(%) Mean n 
Female 
(%) Mean 

TOTAL FAT (gm/day) 
296 (30) 16.2 196 (41) 15.5 

2nd 327 (34) 22.6 154 (32) 22.6 
3^" 325 (36) 29.5 132 (27) 29.6 

SATURATED FAT (gm/day) 
1" 281 (31) 53.4 181 (38) 51.4 

2nd 322 (35) 69.3 149 (31) 69.5 
3^" 344 (34) 85.5 152 (32) 85.4 

DIETARY FIBER (gm/day) 
356 (38) 12.0 121 (25) 12.0 

2nd 317 (33) 18.0 159 (33) 18.0 
3^" 274 (29) 25.5 202 (42) 26.1 

ALCOHOL (gm/day)'*^ 
Never (33) (48) 

1" 173 (18) 1.41 121 (25) 1.05 
2nd 211 (22) 7.11 83 (17) 6.5 
3^'' 247 (26) 28.3 45 (9) 20.9 

1 Not Calorie Adjusted 
2 P-value <.001; men drink more alcohol than women. 
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Table 9: Demographic Characteristics by Smoking Status 

Never Ex- Current 
Variable n Smokers Smokers Smokers P-value 

n (%) n (%) n (%) 

Gender 

Female 481 248 (52%) 152 (32%) 81 (17%) <.001 
Male 946 235 (25%) 589 (62%) 122 (13%) 

Age Intervals 
< 50 years 95 34 (7%) 39 (5%) 22 (11%) <.001 
>50 - < 60 251 78 (16%) 113 (15%) 60 (30%) 
>60 - < 70 523 174 (36%) 279 (38%) 69 (34%) 

>70 560 197 (41%) 310 (42%) 52 (26%) 

Education 
Elementary (4%) 10 (2%) 26 (4%) 5 (3%) .02 

High School (41%) 125 (37%) 255 (42%) 67 (46%) 
College (37%) 153 (37%) 224 (37%) 57 (39%) 

Graduate (18%) 95 (23%) 98 (16%) 17 (12%) 

History of Previous Polyps (Y) 
481 144 (34%) 260 (40%) 77 (42%) .06 

Family History' (Y) 
240 94 (19%) 110 (15%) 36 (18%) .10 

Mean (sd) Mean (sd) 

Cigarettes/Day - 27.0 (17.5) 18.5 (11.8) <.001-

Pack Years - 38.0 (33.6) 39.3 (25.3) .02 

Age Started Smoking - 18.4 (4.5) 18.7 (6.5) .43 

Years Smoked - 26.5 (13.8) 43.0 (12.0) <.001 

' Family history included one first-degree relative with colorectal cancer. 
^ Spearman test for independence. 
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Table 10: Lifestyle Characteristics by Smoking Status 

Variable n Never Smokers Ex-Smokers Current Smokers P-value 

n (%) n (%) n (%) 

Exercise 
Seldom 545 173 (41) 282 (45) 90 (57) .03 

1-2 per Week 252 98 (23) 125 (20) 29 (18) 
3-5 per Week 323 121 (29) 172 (27) 30 (19) 

Every Day 89 32 (8) 49 (8) 8 (5) 

Tertiles of Dietary Fiber Intake^ 
!« 115 (24) 242 (33) 119 (59) <.001 

2nd 162 (34) 254 (34) 60 (30) 
3'" 206 (43) 245 (33) 24 (12) 

Tertiles of Dietary Fat Intake^ 
ist 181 (37) 249 (34) 46 (23) <.001'-^ 

2nd 160 (33) 251 (34) 64 (32) 
3^" 142 (29) 241 (33) 93 (46) 

' Ex-smokers vs. Never smokers, p =.50 
* Current smokers vs. Never smokers, p =.005 
^ Calorie Adjusted 
•* Ex-smokers vs. Never smokers, p =.33 
' Current smokers vs. Never smokers, p <.001 
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Table 11: Adenoma Characteristics by Smoking Status 

Variable n Never Smokers Ex-Smokers Current Smokers P-value 

n (%) n (%) n (%) 

Adenoma Pathology' 
Tubular 384 59 (65%) 427 (70%) 125 (75%) .17 

Tubulo villous 141 107 (27%) 145 (24%) 34 (21%) 
Villous 37 30 (8%) 35 (6%) 7 (4%) 

Number of Adenomas^ 
1 753 283 (63%) 383 (56%) 87 (48%) .007 

2-3 438 128 (29%) 236 (35%) 74 (40%) 
4 or more 119 37 (8%) 60 (9%) 22 (12%) 

Adenoma Location'**'*'^ 
Proximal (Y) 343 135 (33%) 326 (28%) 43 (27%) .006 

Distal (Y) 613 213 (53%) 165 (54%) 74 (47%) 
Both(Y) 207 57 (14%) 108 (18%) 42 (26%) 

Size of Largest Adenoma Detected 
< 5 mm 618 203 (42%) 321 (43%) 94 (46%) .19 

5 - 1 0  m m  4 2 1  159 (33%) 203 (27%) 59 (29%) 
> 10 mm 388 121 (25%) 217 (29%) 50 (25%) 

' Current smokers vs. Never smokers only, P-value = .06 
" Current smokers vs. Never smokers only, P-value = .001 
^ Proximal includes ileocecal valve, cecum, ascending colon, hepatic flexure, right Transverse, and 

transverse colon; Distal mcludes left Transverse and descending colon, sigmoid flexure, sigmoid colon 
rectal sigmoid and rectum. 

•* Current smokers vs. Never smokers only, P-value = .002 
^ Ex-smokers vs. Never smokers only, P-value = .08 
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Table 12: Age and Gender Adjusted Odds Ratios for Prevalent Proximal Adenomas 
By Other Prevalent Adenoma Characteristics 

Variable Odds Ratios SE 95% CI P-Value 

Number of Adenomas 
1 Adenoma 1.00 

2-3 Adenomas .65 .09 (49, .87) .003 
>4 Adenomas .41 .11 (.24, .69) .001 

Highest Adenoma Pathology 
Tubular 1.00 

Tubulovillous .47 .09 (.33, .68) <.011 
Villous .52 .17 (.25, .52) .04 

Size of Largest Adenoma Detected 
< 5 mm 1.00 

6-10 mm .51 .07 (.38, .68) <.001 
>10 mm .36 .07 (.25, .52) <.001 
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Table 13: Age and Gender Adjusted Odds Ratios for Prevalent Distal Adenomas 
By Other Prevalent Adenoma Characteristics 

Variable Odds Ratios SE 95% CI P-Value 

Number of Adenomas 
1 Adenoma 1.00 

2-3 Adenomas .34 .05 (.26, .44) <.001 
>4 Adenomas .06 .02 (.03, .12) <.001 

Highest Adenoma Pathology 
Tubular 1.00 

Tubulovillous 1.33 .20 (.99,1.80) .06 
Villous .88 .23 (.52, 1.47) .62 

Size of Largest Adenomas Detected 
< 5 mm 1.00 

6-10 mm 1.26 .17 (.97,1.65) .09 
>10 mm 1.22 .19 (.90,1.67) .20 
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Table 14: Age and Gender Adjusted Odds Ratios for Subjects with Prevalent 
Adenomas in Both the Proximal and Distal Colon By Other Prevalent Adenoma 
Characteristics 

Variable Odds Itatios SE 95% CI P-Value 

Highest Adenoma Pathology 
Tubular 1.00 

Tubulovillous 1.57 .29 (1.09,2.26) .01 
Villous 2.42 .70 (1.38,4.27) .002 

Size of Largest Adenoma Detected 
< 5 mm 1.00 

6-10 mm 1.89 .35 (1.32,2.71) .001 
>10 mm 2.73 .54 (1.85,4.04) <.001 
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Table 15: Age and Gender Adjusted Odds Ratios for Prevalent Large Adenomas 
By Other Prevalent Adenoma Characteristics 

Variable Odds Ratios SE 95% CI P-Value 

Number of Adenomas 
I Adenoma 1.00 

2-3 Adenomas 1.48 
>4 Adenomas 2.02 

.20 

.42 
(1.14, 1.93) 
(1.34,3.05) 

.003 

.001 

Highest Adenoma Pathology 
Tubular 1.00 

Tubulo villous 7.17 
Villous 5.56 

1.10 (5.31,9.68) <.001 
1.69 (3.96,10.87) <.001 

Location of Adenomas' 
Distal 1.00 

Proximal 1.89 .32 (1.36, 2.64) <.001 

' E*roximal includes ileocecal valve, cecum, ascending colon, hepatic flexure, rt. Transverse, and 
transverse colon; Distal includes It. Transverse and descending colon, sigmoid flexure, sigmoid 
colon rectal sigmoid and rectum. 
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Table 16: Age and Gender Adjusted Odds Ratios for Prevalent Villous Adenomas 
By Other Prevalent Adenoma Characteristics 

Variable Odds Ratios SE 95% CI P-Value 

Number of Adenomas 
1 Adenoma 1.00 

2-3 Adenomas 1.28 .18 (.97, 1.68) .08 
>4 Adenomas 1.62 .35 (1.03,2.47) .03 

Size of Largest Adenoma Detected 
< 5 mm 1.00 

6-10 mm 4.10 .71 (2.92,5.77) <.001 
>10 mm 15.81 3.02 (10.87,22.99) <.001 

Location of Adenomas' 
Distal 1.00 

Proximal 1.85 .32 (1.32,2.61) <.001 

' Proximal includes ileocecal valve, cecum, ascending colon, hepatic flexure, rt. Transverse, and 
transverse colon; Distal includes It. Transverse and descending colon, sigmoid flexure, sigmoid 
colon rectal sigmoid and rectum. 
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Table 17: Bivariate Odds Ratios for Prevalent Proximal Adenomas 

Variable Odds Ratio 95% cr P-value 

Age 1.00 (.98, 1.01) .76 

Gender {male) 1.08 (.80, 1.46) .60 

Body Mass Index (EMI) 
(Ag/mO 

1.02 (.99,1.06) .08 

Family History of Colon Cancer 
(I first degree relative) 

1.36 (.94,1.97) .10 

History of Previous Polyps 3.80 (2.83,5.02) <.001 

' 95% Confldence Interval 
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Table 18: Adjusted Odds Ratios of Predictors of Baseline Proximal Adenomas' 

Variable Odds Ratio 95% CI P-value 

Smoking Status 
Never 1.00 

Current .58 (.36, .93) .02 
Ex-Smoker .63 (.45, .87) .005 

Cigarettes per Day 1.01 (1.00, 1.02) .02 

Intervals of Cigarettes per Day 
Never 1.00 

<5 .32 (.15, .70) .004 
6-10 .63 (.36,1.11) .11 

11-15 .71 (.35, 1.45) .35 
16-20 .66 (.44, .98) .04 
21-30 .34 (.19, .63) .001 
31-40 .84 (.50, 1.41) .51 

>40 1.01 (.58, 1.41) .98 

Pack-Years 1.00 (.99, 1.00) .72 

Tertiles of Pack-Years Never 1.00 
ist .52 (.34, .77) .001 

2nd .56 (.37, .84) .006 
3rd .79 (.53, 1.16) .23 

Age at Start of Smoking 1.00 (.96, 1.03) .81 

Years of Smoking .99 (.98, 1.00) .02 

Tertiles of Years Smoking Never 1.00 

l5t .55 (.37, .82) .004 
2nd .77 (.52, 1.14) .19 
3rd .55 (.36, .82) .003 

' Adjusted for age, gender, BMI, Family history, and history previous polyp(s) 
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Table 19: Adjusted Odds Ratios for Prevalent Proximal Adenomas' 

Variable Odds Ratio 95% CI P-value 

Level of Education 
(elem., high, college, grad) 

.94 (.82, 1.20) .94 

Exercise Level ^ .96 (.83, l.ll) .59 

Alcohol Intake (gm/day) 1.00 (.99, 1.01) .88 

Dietary Fat {gm/day)^ 1.00 (.99, 1.01) .76 

Dietary Saturated Fat {gm/dayY 1.00 (.99, 1.02) .45 

Dietary Fiber {gm/day") ^ l .Ol (.99, 1.04) .27 

' Adjusted for age, gender, BMI, Family history, and history previous polyp(s) 
" Exercise was classified as seldom, 2-3 times/wk, 4-5 times/wk, and everyday. 
^ Calorie Adjusted 
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Table 20: Full Model of Adjusted Probability of Proximal Adenomas Without Other 
Adenoma Characteristics (n = 1027) 

Variable 
Odds 
Ratio 

Standard 
Error 95% CI P-Value 

Tertiles of Pack-Years 
Never Smoked 

1" 
2nd 
3rd 

1.00 
.52 
.56 
.79 

.11 

.12 

.16 

(.34, .77) 
(.37, .84) 
(.53, 1.16) 

.001 

.006 
.23 

Age 1.00 .01 (.98, 1.01) .61 

Gender {male) 1.22 .20 (.89, 1.67) .22 

Body Mass Index (kg/m^ 1.02 .02 (.99, 1.06) .16 

Family History (I first degree 
relative with colon cancer) 

1.35 .25 (.93, 1.95) .11 

History of Previous Polyps 3.98 .60 (2.97,5.34) <.001 



Table 21: Full Model of Adjusted Probability of Proximal Adenomas With Other 
Adenoma Characteristics (n = 909) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Pack-Years 
Never Smoked 1.00 

1« 
jnd 

.48 

.57 

.81 

.11 

.13 

.18 

.001 
.01 
.32 

(.30, .75) 
(.36, .89) 
(.53, 1.24) 

Age 1.00 .01 .80 (.98, 1.02) 

Gender {male) 1.30 .23 .15 (.91, 1.84) 

Body Mass Index {kg/m2) 1.04 .02 .03 (1.00,1.07) 

Family History (I first degree 
relative with colon cancer) 

1.58 .33 .03 (1.05,2.39) 

History of Previous Polyps 3.64 .61 <.001 (2.62,5.06) 

Number of Adenomas .74 .06 <.001 (.64, .86) 

Highest Pathology 
Detected 

.85 .14 .33 (.62,1.17) 

Size of Largest Adenoma 
Detected 

.65 .08 <.001 (.51, .83) 
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Table 22: Model of Adjusted Probability of Proximal Adenomas for 
Females (n = 351) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Pack-Years 
Never Smoked 

1" 
2nd 
3rd 

1.00 
.33 
.92 
.57 

.13 

.34 

.24 

.004 
.82 
.17 

(.16, .70) 
(.45, 1.89) 
(.26, 1.28) 

Age .99 .01 .62 (.96, 1.02) 

Body Mass Index {kg/ni^ 1.00 .03 .91 (.96,1.05) 

Family History (l first degree 
relative with colon cancer) 1.17 .40 .63 (.61,2.27) 

History of Previous Polyps 4.48 1.20 <.001 (2.64,7.57) 
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Table 23: Model of Adjusted Probability of Proximal Adenomas 
for Males (n = 678) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Pack-Years 
Never Smoked 1.00 

ist .60 .15 .05 (.37, 1.00) 
2nd .49 .13 .005 (.29, .81) 
3'"'' .85 .20 .48 (.54, 1.34) 

Age 1.00 .01 .67 (.98, 1.02) 

Body Mass Index {kg/m2) 1.04 .02 .10 (.99, 1.08) 

Family History (I first degree 
relative with colon cancer) 3.94 .72 <.001 (2.76, 5.63) 

History of Previous Polyps 1.41 .33 .14 (.90, 2.22) 



Table 24: Model of Adjusted Probability of Proximal Adenomas 
for Females by Smoking Status 

Female Current Smokers (n = 415) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Pack-Years 
Never Smoked 

1" 
2nd 
3̂ " 

1.00 
.18 
.66 
.53 

.14 

.42 

.28 

.03 

.52 

.23 

(.04, .84) 
(.19, 2.29) 
(.18, 1.50) 

Age .99 .01 .50 (.97, 1.02) 

Body Mass Index {kg/nt^ 1.02 .02 .33 (.98, 1.07) 

Family History (1 first degree 
relative with colon cancer) 

1.14 .45 .23 (.81, 2.48) 

History of Previous Polyps 5.05 1.23 <.001 (3.14,8.14) 

Female Ex-Smokers (n = 468) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Pack-Years 
Never Smoked 

2nd 

1.00 
.37 
.97 
.56 

.14 

.40 

.31 

.01 

.94 

.29 

(.17, .79) 
(.43,2.17) 
(.19,1.65) 

Age .99 .01 .49 (.97, 1.02) 

Body Mass Index {kg/m2) 1.01 .02 .72 (.97, 1.05) 

Family History (1 first degree 
relative with colon cancer) 

1.37 .38 .25 (.80, 2.34) 

History of Previous Polyps 4.09 .91 <.001 (2.65,6.33) 



Table 25: Model of Adjusted Probability of Proximal Adenomas for Males by 
Smoking Status 

Male Current Smokers (n = 446) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Pack-Years 
Never Smoked 1.00 

.54 .34 .32 (.16, 1.82) 
2nd .72 .31 .44 (.31, 1.66) 

.66 .26 .29 (.31,1.42) 

Age .98 .01 .17 (.96, 1.01) 

Body Mass Index (kg/m2) 1.02 .02 .51 (.97, 1.06) 

Family History (l first degree 
relative with colon cancer) 

1.30 .34 .34 (.76,2.18) 

History of Previous Polyps 3.99 .90 <.001 (2.56,6.22) 

Male Ex-Smokers (n = 775) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Pack-Years 
Never Smoked 1.00 

.66 .15 .07 (.42, 1.03) 
2nd .45 .12 .002 (.27, .74) 
3'"*' .97 .21 .90 (.63, 1.49) 

Age 1.00 .01 .80 (.98, 1.02) 

Body Mass Index {kg/m2) 1.02 .02 .33 (.98, 1.06) 

Family History (I first degree 
relative with colon cancer) 1.22 .26 .35 (.80, 1.86) 

History of Previous Polyps 4.23 .72 <.001 (3.02,5.92) 
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Table 26: Bivariate Odds Ratios for Prevalent Large Adenomas 

Variable Odds Ratio CI P-value 

Age 1.00 (.99, 1.01) .98 

Gender (male) L22 (.97, L55) .09 

Body Mass Index (BMI) 
(AgZ/ir) 

1.01 (.98, 1.03) .50 

Family History of Colon Cancer 
(1 first degree relative) 

.94 (.70, 1.26) .68 

History of Previous Polyps .55 (.43, .71) <.001 
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Table 27: Adjusted Odds Ratios of Predictors of Baseline Large Adenomas' 

Variable Odds Ratio CI P-value 

Smoking Status Never 1.00 

Current .95 (.64, 1.40) .80 
Ex-Smoker 1.12 (.85, 1.47) .43 

Cigarettes per Day 1.00 (.99, 1.01) .62 

Intervals of Cigarettes per Day 
Never 1.00 

<5 1.30 (.79,2.15) .30 
6-10 .67 (.40,1.12) .13 

11-15 .82 (.44,1.52) .53 
16-20 1.12 (.80, 1.56) .52 
21-30 .159 (1.01,2.49) .04 
31-40 1.05 (.66, 1.66) .83 

>40 1.06 (.65, 1.70) .83 

Pack-Years 1.00 (1.00, 1.01) .17 

Tertiles of Pack-Years Never 1.00 
1" l.OI (72, 1.40) .97 

2nd 1.01 (.72, 1.42) .96 
3̂ " 1.27 (.91,1.76) .16 

Age at Start of Smoking .99 (.96,1.02) .66 

Years of Smoking 1.01 (.99,1.01) .09 

Tertiles of Years Smoking Never 1.00 

.95 (.68, 1.33) .76 
2nd 1.12 (.80, 1.56) .52 
3'"'' .127 (.91, 1.77) .17 

' Adjusted for age, gender, BMI, Family history, and history previous poiyp(s) 



97 

Table 28: Adjusted Odds Ratios of Predictors of Baseline Large Adenomas' 

Variable Odds Ratio 95% CI P-value 

Level of Education 
(elenu, high, college, grad) 

.98 (.93, 1.03) .47 

Exercise Level ^ 1.03 (.91, 1.17) .62 

Alcohol Intake {gm/day) 1.00 (.99, 1.01) .52 

Dietary Fat {gm/dayy .99 (.99, I.OO) .16 

Dietary Fiber (gm/dayY 1.00 (.99, 1.02) .91 

Adjusted for age, gender, BMI, Family history, and history previous polyp(s) 
* Exercise was classified as seldom, 2-3 times/wk, 4-5 times/wk, and everyday. 
^ Calorie Adjusted 
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Table 29: Full Model of Adjusted Probability of Large Adenomas Without Other 
Adenoma Characteristics (n = 1266) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Years Smoked LOO .003 .16 (1.00, 1.01) 

Age 1.00 .007 .40 (.99, 1.02) 

Gender (male) 1.18 .16 .21 (.91, 1.54) 

Body Mass Index (kg/m2) 1.01 .01 .55 (.98, 1.04) 

Family History (l first degree .96 .16 .90 (.69, 1.33) 
relative with colon cancer) 

.96 .16 .90 

History of Previous Polyps .54 .07 <.001 (.42, .69) 

Dietary Fat Intake .99 .004 .02 (.98, 1.00) 

Dietary Fiber Intake .98 .01 .04 (.95, 1.00) 
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Table 30: Full Model of Adjusted Probability of Large Adenomas With Other 
Adenoma Characteristics (n = 1027) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Years Smoked l.Ol .004 .11 (1.00, 1.02) 

Age 1.00 .01 .97 (.98, 1.02) 

Body Mass Index (kg/m2) 1.00 .02 .94 (.97, 1.02) 

Family History (i first degree 
relative with coion cancer) 

1.15 .23 .49 (.77, 1.72) 

History of Previous Polyps .51 .10 <.001 (.37, .72) 

Dietary Fat Intake .98 .01 .003 (.97, .99) 

Dietary Fiber Intake .96 .01 .003 (.93, .99) 

Highest Pathology 
Detected 

3.64 .46 <.001 (2.84,4.67) 

Intervals of Number of 
Adenomas 

1.40 .16 .004 (1.11,1.75) 
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Table 31: Model of Adjusted Probability of Large Adenomas for 
Females (n = 422) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Years Smoked I.Ol .006 .16 (1.00, 1.02) 

Age I.Ol .01 .47 (.98, 1.03) 

Body Mass Index (kg/m2) .98 .02 .52 (.95, 1.03) 

Family History (I first degree .69 .22 .24 (.37 1.29) 
relative with colon cancer) 

.69 .22 .24 

History of Previous Polyps .57 .14 .02 (.36, .91) 

Dietary Fat Intake 1.00 .008 .82 (.98, 1.01) 

Dietary Fiber Intake 1.00 .02 .90 (.96, 1.04) 
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Table 32: Model of Adjusted Probability of Large Adenomas for 
Males (n = 844) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Years Smoked 1.00 .004 .42 (1.00, 1.01) 

Age LOO .009 .76 (.99, 1.02) 

Body Mass Index (kg/m2) 1.02 .018 .17 (.99, 1.06) 

Family History (I first degree 1.13 .22 .53 (.77, 1.67) 
relative with colon cancer) 

1.13 .22 .53 

History of Previous Polyps .52 .08 <.001 (.38, .70) 

Dietary Fat Intake .98 .006 .007 (.97,1.00) 

Dietary Fiber Intake .97 .14 .02 (.94, .99) 

' One First-Degree Relative with a History of Colorectal Cancer 
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Table 33: Model of Adjusted Probability of Large Adenomas for Females by 
Smoking Status 

Female Current Smokers (n = SOI) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Years Smoked 1.00 .01 .90 (.99, 1.01) 

Age 1.00 .01 .73 (.98, 1.02) 

Body Mass Index (kg/m2) l.Ol .02 .76 (.97, 1.02) 

Family History (l first degree 
relative with colon cancer) 

.79 .21 .37 (.47, 1.32) 

History of Previous Polyps .60 .13 .02 (.39, .92) 

Dietary Fat Intake 1.00 .01 .38 (.98, 1.01) 

Dietary Fiber Intake .99 .02 .63 (.96, 1.03) 

Female Ex-Smokers (n =! 561) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Years Smoked 1.01 .01 .24 (.99, 1.02) 

Age 1.00 .01 .93 (.98, 1.02) 

Body Mass Index (kg/m2) 1.00 .02 .90 (.97, 1.02) 

Family History (I first degree 
relative with colon cancer) 

.80 .20 .37 (.48, 1.31) 

History of Previous Polyps .61 .12 .02 (.41, .91) 

Dietary Fat Intake .98 .01 .02 (.97,1.00) 

Dietary Fiber Intake .97 .02 .06 (.94,1.00) 
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Table 34: Model of Adjusted Probability of Large Adenomas for Males by Smoking 
Status 

Male Current Smokers (n = 538) 

Odds Standard Confldence 
Variable Ratio Error P-Value Interval 

Years Smoked 1.00 .01 .62 (.99, 1.01) 

Age 1.00 .01 .73 (.98, 1.02) 

Body Mass Index (kg/m2) 1.01 .02 .77 (.97, 1.05) 

Family History (I first degree 
relative with colon cancer) 

1.11 .26 .66 (.70, 1.77) 

History of Previous Polyps .60 .13 .01 (.40, .90) 

Dietary Fat Intake .99 .01 .05 (.97,1.00) 

Dietary Fiber Intake .97 .02 .07 (.93,1.00) 

Male Ex-Smokers (n = 948) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Years Smoked 1.01 .004 .03 (1.00, 1.02) 

Age 1.00 .01 .88 (.98, 1.02) 

Body Mass Index (kg/m2) 1.01 .02 .73 (.97, 1.04) 

Family History (1 first degree 
relative with colon cancer) .89 .17 .54 (.61, 1.29) 

History of Previous Polyps .60 .09 .001 (.44, .80) 

Dietary Fat Intake .99 .01 .05 (.98,1.00) 

Dietary Fiber Intake .97 .01 .05 (.95,1.00) 
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Table 35: Bivariate Odds Ratios for Prevalent Villous Adenomas 

Variable Odds Ratio 95% CI P-value 

Age 1.01 (.99, 1.03) .12 

Gender {male) 1.03 (.79, 1.34) .85 

Body Mass Index (BMI) 
{kg/m") 

1.02 (.99, 1.05) .12 

Family History of Colon Cancer 
(I first degree relative) 

1.00 (.71, 1.40) .99 

Previous Polyps .45 (.33, .60) <.001 
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Table 36: Adjusted Odds Ratios of Predictors of Baseline Villous Adenomas* 

Variable Odds Ratio CI P-value 

Smoking Status Never 1.00 

Current .67 (.42,1.05) .08 
Ex-Smoker .79 (.58, 1.07) .13 

Cigarettes per Day 1.00 (.99, 1.01) .90 

Intervals of Cigarettes per Day 
Never 1.00 

<5 1.08 (.61, 1.93) .79 

6-10 .51 (.29, .90) .02 
11-15 .70 (.35, 1.43) .33 

16-20 .86 (.59, 1.26) .45 

21-30 .64 (.36. 1.14) .13 

31-40 .56 (.32, .99) .05 
>40 .95 (.56, 1.62) .86 

Pack-Years 1.00 (.99, 1.00) .20 

Tertiles of Pack-Years Never 1.00 

1'* .79 (.54, 1.14) .21 
2iid .69 (.46, 1.02) .06 
3̂ " .80 (.54, 1.16) .34 

Age at Start of Smoking .98 (.95, 1.02) .39 

Years of Smoking .99 (.99,1.00) .07 

Tertiles of Years Smoking Never 1.00 

1" .82 (.56, 1.20) .30 
2nd .82 (.56, 1.20) .30 
3rd .70 (.47,1.03) .07 

' Adjusted for age, gender, BMI, Family history, and history previous polyp(s) 
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Table 37: Adjusted Odds Ratios of Predictors of Baseline Villous Adenomas' 

Variable Odds Ratio CI P-value 

Level of Education 
(elem., high, college, grad) 

1.01 (.95, 1.07) .75 

Exercise Level ^ 1.03 (.89, 1.19) .72 

Alcohol Intake (gm/day) 1.00 (.99, 1.01) .66 

Dietary Fat (gm/day)^ 1.00 (.99, 1.01) .42 

Dietary Saturated Fat (gm/day)^ 1.01 (.99, 1.04) .21 

Dietary Fiber {gm/dayY .98 (.96,1.01) .16 

Tertiles of Dietary FibeH 

Low 
Medium 

High 

1.00 
.68 
.69 

(.49, .96) 
(.49, .97) 

.03 

.03 
' Adjusted for age, gender, BMI, Family history, and history previous polyp(s) 
^ Exercise was classified as seldom, 2-3 times/wic, 4-5 times/wic, and everyday. 
^ Calorie Adjusted 
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Table 38: Full Model of Adjusted Probability of Villous Adenomas Without Other 
Adenoma Characteristics (n = 1029) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Years Smoked 
Never Smoked 1.00 

1" 
2nd 

3'" 

.78 

.78 

.63 

.15 

.15 

.13 

.19 

.21 

.02 

(.53, 1.14) 
(.53, 1.15) 
(.43, .94) 

Age 1.02 .01 .004 (1.01,1.04) 

Gender (male) 1.04 .16 .81 (.77, 1.41) 

Body Mass Index (kg/m2) 1.03 .02 .09 (1.00,1.06) 

Family History (i first degree 
relative with colon cancer) 

1.10 .21 .60 (.77, 1.59) 

History of Previous Polyps .43 .07 <.001 (.32, .59) 

Tertiles of Dietary Fiber 
Intake 

.79 .07 .01 (.67, .95) 
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Table 39: Full Model of Adjusted Probability of Villous Adenomas With Other 
Adenoma Characteristics (n = 1029) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Years Smoked 
Never Smoked 1.00 

isl 
2nd 
3'''' 

.84 

.79 

.62 

.17 

.16 

.13 

.40 

.23 

.02 

(.57, 1.25) 
(.53, 1.17) 
(.41, .93) 

Age 1.02 .01 .01 (1.01,1.04) 

Gender (male) 1.01 .16 .96 (.74, 1.38) 

Body Mass Index (kg/m2) 1.02 .02 .14 (.99, 1.06) 

Family History (l first degree 
relative with colon cancer) 

1.02 .20 .89 (.70, 1.50) 

History of Previous Polyps .47 .08 <.001 (.34, .64) 

Tertiles of Dietary Fiber 
Intake 

.81 .08 .02 (.95, 1.48) 

Numbers of Adenomas 1.19 .13 .13 (.46, .64) 

Size of Largest Adenoma 
Detected 

3.80 .40 <.001 (3.08,4.68) 
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Table 40: Model of Adjusted Probability of Villous Adenomas for 
Females (n = 339) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Years Smoked 
Never Smoked 

1" 
2nd 

1.00 
.69 
1.16 
1.03 

.28 

.40 

.35 

.37 

.66 

.93 

(.31, 1.55) 
(.59, 2.28) 
(.53, 2.00) 

Age 1.03 .02 .05 (1.00, 1.06) 

Body Mass Index (kg/m2) 1.04 .02 .13 (.99, 1.09) 

Family History (i first degree 
relative with colon cancer) 

.64 .23 .22 (.31, 1.30) 

History of Previous Polyps .54 .15 .03 (.32, .93) 

Tertiles of Dietary Fiber .89 .14 .48 (.65, 1.22) 
Intake 
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Table 41: Model of Adjusted Probability of Villous Adenomas 
for Males (n = 690) 

Odds Standard Confidence 
Variable Ratio Error P-Value Interval 

Tertiles of Years Smoked 
Never Smoked 

l»t 
2nd 

a''" 

1.00 
.71 
.63 
.47 

.16 

.15 

.12 

.13 

.06 
.003 

(.31, 1.55) 
(.59,2.28) 
(.53, 2.00) 

Age 1.02 .01 .04 (1.00,1.06) 

Body Mass Index (kg/m2) 1.02 .02 .28 (.99, 1.09) 

Family History (I fint degree 
relative with colon cancer) 1.41 .31 .13 (.31,1.30) 

History of Previous Polyps .39 .07 <.001 (.32, .93) 

Tertiles of Dietary Fiber .77 .08 .02 (.65, 1.22) 
Intake 



Table 42: Model of Adjusted Probability of Villous Adenomas for Females by 
Smoking Status 

Female Current Smokers (n = 404) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Years Smoked 
Never Smoked 

1" 
2nd 

3^" 

1.00 
Tertiles of Years Smoked 

Never Smoked 
1" 

2nd 

3^" 
.29 
.86 

.23 

.35 
.12 
.71 

(.06, 1.36) 
(.39, 1.89) 

Age 1.03 .01 .04 (1.01,1.06) 

Body Mass Index (kg/m2) 1.04 .02 .11 (.99, 1.09) 

Family History (l first degree 
relative with colon cancer) 

.88 .26 .67 (.49,1.57) 

History of Previous Polyps .44 .11 .002 (.27, .73) 

Tertiles of Dietary Fiber 
Intake 

.75 .11 .04 (.57, .99) 

Female Ex-Smokers (n = 453) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Years Smoked 
Never Smoked 

2nd 

3^" 

1.00 
.62 

1.035 
.87 

.24 

.47 

.40 

.22 

.40 

.77 

(.29, 1.33) 
(.67, 2.69) 
(.35,2.16) 

Age 1.02 .01 .06 (1.00,1.05) 

Body Mass Index (kg/m2) 1.03 .02 .12 (.99, 1.08) 

Family History (I first degree 
relative with colon cancer) 1.00 .27 .99 (.58, 1.71) 

History of Previous Polyps .47 .11 .002 (.30, .76) 

Tertiles of Dietary Fiber 
Intake 

.98 .11 .09 (.62,1.03) 



Table 43: Model of Adjusted Probability of Villous Adenomas for Males by 
Smoking Status 

Male Current Smokers (n = 437) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Pack-Years 
Never Smoked 

ist 
^ad 

3rd 

1.00 
1.28 
.97 
A1 

1.65 
.53 
.16 

.85 

.96 

.03 

(.10, 15.96) 
(.33, 2.83) 
(.23, .93) 

Age 1.04 .01 .005 (1.01,1.07) 

Body Mass Index (kg/m2) 1.04 .02 .10 (.99, 1.09) 

Family History (I first degree 
relative with colon cancer) 

1.15 .31 .60 (.68, 1.96) 

History of Previous Polyps .45 .11 .001 (.28, .74) 

Tertiles of Dietary Fiber 
Intake 

.73 .10 .03 (.56, .97) 

Male Ex-Smokers Smokers (n = 768) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Years Smoked 
Never Smoked 

1« 
2nd 
3rd 

1.00 
.80 
.70 
.57 

.16 

.16 

.15 

.28 

.12 

.04 

(.54, 1.20) 
(.45, 1.09) 
(.34, .97) 

Age 1.02 .01 .02 (1.00,1.04) 

Body Mass Index (kg/m2) 1.03 .02 .14 (.99, 1.06) 

Family History (I first degree 
relative with colon cancer) 

1.06 .22 .79 (.70, 1.60) 

History of Previous Polyps .41 .08 <.001 (.33, .66) 

Tertiles of Dietary Fiber 
Intake 

.78 .08 .01 (.64, .96) 
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Table 44: Full Model of Adjusted Probability of Proximal Adenomas Excluding 
Subjects With a History of Previous Polyps (n = 628) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Pack Years 
Never Smoked 

1" 
2nd 
3rd 

1.00 
.57 
.58 
.69 

.16 

.17 

.20 

.05 

.07 

.19 

(.33,1.01) 
(.32, 1.04) 
(.39, 1.21) 

Age .99 .01 .48 (.97, 1.01) 

Gender (male) 1.27 .29 .29 (.81, 1.98) 

Body Mass Index (kg/m2) 1.01 .02 .77 (.96, 1.05) 

Family History (I first degree 
relative with colon cancer) 

1.01 .28 .98 (.58, 1.75) 
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Table 45: Full Model of Adjusted Probability of Distal Adenomas (n = 1029) 

Variable 
Odds 
Ratio 

Standard 
Error P-Value 

Confidence 
Interval 

Tertiles of Pack Years 
Never Smoked 

1" 
2nd 
3"" 

1.00 
1.94 
1.79 
1.27 

.40 

.38 

.25 

.001 

.006 
.23 

(1.30,2.90) 
(1.19, 2.71) 
(.86, 1.87) 

Age 1.00 .01 .61 (.99, 1.02) 

Gender (male) .82 .13 .22 (.60, 1.12) 

Body Mass Index (kg/m2) .98 .02 .16 (.95, 1.01) 

Family History (I first degree 
relative with colon cancer) 

.74 .14 . 1 1  (.51, 1.07) 

History of Previous Polyps .25 .04 <.001 (.19, .34) 
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