Metadata, citation and similar papers at core.ac.uk

Provided by Carolina Digital Repository

The association between dietary factors and risk of rectal cancer
in African Americans and Whites

Christina Dawn Williams

A dissertation submitted to the faculty of the University of North Carolit@hapel Hill in
partial fulfillment of the requirements for the degree of Doctor of Philosapthei
Department of Nutrition, School of Public Health.

Chapel Hill
2009

Approved by:

Jessie Satia, PhD, MPH
Robert Sandler, MD, MPH
June Stevens, PhD
Linda Adair, PhD
Temitope Keku, PhD
Joseph Galanko, PhD


https://core.ac.uk/display/210598364?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

©2009
Christina Dawn Williams
ALL RIGHTS RESERVED



ABSTRACT
Christina Dawn Williams
The association between dietary factors and risk of rectal cancer

in African Americans and Whites
(Under the direction of Jessie Satia, PhD, MPH)

Colorectal cancer (CRC), a commonly diagnosed malignancy in the U.8s,teefe
cancers of the colon and rectum. African-Americans have the highest incatehoertality
rates for CRC; many reasons for this disparity remain unknown. Diet is involved in the
etiology of CRC. There is an abundance of literature on diet and CRC or colon cancer, while
evidence is limited on the role of diet in rectal cancer specifically. Thienrtigion
addresses these issues by examining the relationship between dietasydadtrectal
cancer risk, and determining if these associations differ between wahde&frican-

Americans.

We used the North Carolina Colon Cancer Study-Phase IlI, which included 945 rectal
cancer cases (including sigmoid and rectosigmoid) and 959 controls. The Doey Hist
Questionnaire was used to assess dietary intake, and we examined the follotanyg die
factors: macronutrients, micronutrients, food groups, and dietary patterns.

For macronutrients, we observed no association between fat intake in whites or
African-Americans; only a possible risk reduction in African-Americaits tigh intake of

polyunsaturated fatty acids. In whites, protein (% energy) was assowi#ttdower rectal



cancer risk. In regards to the micronutrients, statistically significaerse associations
were observed in whites for most micronutrients, but only for selenium in African-
Americans. Interestingly, micronutrient intake from dietary supplentkdtsot provide
additional risk reduction. Regarding food groups, non-whole grains and white potatoe
appeared to elevate rectal cancer risk in whites, while fruits, vegetadlgs fidh, and
poultry were inversely related to risk. In African-Americans, high fnigke was positively
associated with risk for rectal cancer. We identified three dietarypattewhites and
African-Americans. The High fat/Meat/Potatoes pattern was similaoth race groups, and
associated with elevated risk in whites.

This work adds to the literature on the relationship between diet and rectd, canc
and suggests that these associations differ by race. It also provides irdoromathe
epidemiology of rectal cancer in African-Americans, for which evidentacksng. Rectal
cancer is preventable, partially by dietary modifications; therefoenggessary to examine

the role of diet in the etiology of rectal cancer, especially in largallsadiverse samples.
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l. Introduction
A. Background

Colorectal cancer (cancer of the colon and rectum) is the fourth most commnecen ca
among U.S. men and women. It is widely accepted that diet is involved in the etiology of
colon and rectal cancer. Numerous mechanisms have been proposed to explain how
components of the diet may play a role in colon and rectal cancer development and
progression. In fact, diet is one of the strongest environmental risk fémtaon cancer.
However, few studies have investigated the relationship between diet andaectal alone.
Therefore, the impact of diet on the risk of rectal cancer specifisdiygs clear. There are
known differences between colon and rectal cancer with respect to tumor develapcthent
progression, recurrence, and survival, but little attention has been given to détenen
dietary risk factors. Examining rectal cancer as a separatg amiit comparing the
associated dietary risk factors to those for colon cancer, is essentialrtoidligig the extent
of the similarities and differences between these two cancers.

There are more cases of colorectal cancer, as well as the highedityrate, among
African-Americans than any other U.S. race/ethnic group. Reasonsdaigparity are
largely unknown. There is evidence that dietary intake differs between whitedrenash A
Americans; therefore, it is important to identify dietary factors thet contribute to the
racial disparity in colon and rectal cancers. Virtually no studies have inlctudadequate

number of African-Americans and examined rectal cancer risk in this partregie/ethnic

group.



This work provides information on possible racial differences in dietary intake and
risk of developing rectal cancer. To address the goals of this study, we tesé&dmahe
North Carolina Colon Cancer Study-Phase Il. This is a population-basedocds#-study
of rectal cancer (including sigmoid and rectosigmoid), in which Africareficans were
over-sampled. We compared mean dietary intakes between African Amsegivé whites
and used multivariate analyses to assess the relationship between numéaoyfadiers

and rectal cancer risk.

B. Research aims

The overall goal of this project was to assess the relationship between diet aiséd of
rectal cancer among African-Americans and whites. This researobsaddrgaps in the
literature by providing valuable information on the etiology of rectal carscrelates to
diet, rectal cancer risk in African Americans, and how dietary intakecaatyibute to racial

differences in risk.

Thespecific aims of this research were to:
1. Determine the association of nutrients (macronutrients: fat, proteinxatant
micronutrients: vitamin C, vitamin E, beta-carotene, selenium; DNA meitrytat
related micronutrients: folate, vitamin B6, vitamin B12) with rectal canskrimi

African Americans and whites.

Hypothesis: The macronutrients fat and protein are associated with elevated risk
of rectal cancer, while micronutrients are associated with redsicgldowever,

the magnitude of these associations differ by race.



2. Determine the association between food groups and rectal cancer riskcamAfri

Americans and whites.

Hypothesis: Food groups such as fruits and vegetables lower rectal cancer risk,
while food groups such as red meat elevate risk; there are racial dé$arethe

association between food groups and risk of rectal cancer.

3. Determine the association between dietary patterns and risk of i@utak cisk
in African Americans and whites.
Hypothesis: Dietary patterns, and their relationship with rectal cancer risk, differ

between African Americans and whites.



II. Literature Review
A. Scope of the problem

Colorectal cancer (CRC) is the fourth most common cancer in the US adgvider
and the second leading cause of cancer-related deaths (1). It is estintated@0& there
will be 108,070 colon cancer cases and 40,740 rectal cancer cases, and colon and rectal
cancers together would result in approximately 49,960 deaths. Here in Nastim&ahe
expected number of incident colorectal cancer cases and deaths in 2008 are 4,380 and 1,400,
respectively (1). In general, rectal cancers account for approxyndtgdercent of all
colorectal cancers. Colon and rectal cancers arise from a combinatioret€t ged
environmental factors (2). Established CRC risk factors include age, faistiyy of CRC,
history of polyps, and inflammatory bowel diseases such as Crohn’s disease ariyellcera
colitis. Some environmental risk factors include physical inactivity, smokingjtgband
diet (2). Given that colorectal cancer is potentially one of the most preventdigeanaies,
it Is necessary to identify factors that contribute to their development, abpewodifiable

risk factors that could aid in prevention, such as diet.

B. Diet and colorectal cancer
It is accepted that diet is involved in the etiology of CRC and is considered a strong
risk factor for colon cancer (3). Epidemiologic studies suggest that CRQeptibke to

modification by dietary factors. For example, Slattery, et al suggiéisat about 12% of



colon cancers can be attributed to consumption of a Western-style diet, which is
characterized as one high in meat, refined grains, and sugar and low intake aiflesgetd

fiber (4). It has been estimated that more than 70% of colon cancers could be prevented
through diet and lifestyle modifications , and that a third of all cancers could beteckby

diet alone (5). The World Cancer Research Fund/American Institute for Gesearch
(WCRF/AICR) provides dietary recommendations for cancer preventiord base
epidemiological evidence and recommendations for preventing other chronic sli&ase
Some of these recommendations include limiting consumption of energy-dense foads, eati
mostly foods of plant origin, limiting intake of red meat and avoiding processed meat, a
limiting alcoholic drinks. Numerous mechanisms have been proposed regarding how these

dietary factors may contribute to the development of colorectal cancer.

1. Macronutrients

Fat, carbohydrate, and protein are considered macronutrients because they are
relatively large molecules (6). In general, the evidence is not cartsisgarding the
association between fat and carbohydrate intake and CRC risk, most likebytdaeriany
sub-components of these two macronutrients. Although there are different tyatss(efg.
saturated and unsaturated), overall animal fat intake is associated wetseatirisk of CRC
(3). Animal models have helped elucidate the effect of fat on colon cancer, tsugteest
specific types of fat may be important determinants of risk (7). The most biogpe
explanation is that dietary fat increases production of bile acids which praumwoaegenesis
and proliferation, and that free fatty acid damages the intestinal eypith@). The effect of

carbohydrates is often examined separately as fiber and non-fiber (ictiveffe



carbohydrate) components. Refined carbohydrates can lead to increasetliesorption

of glucose into the blood, resulting in hyperinsulinemia. This in turn affects inddin-

growth factors that promote proliferation of colorectal cancer (9). Althcugyle has been
conflicting evidence regarding the association between fiber intake and riffids

likely that fiber could reduce risk by diluting fecal content of dietary compsneecreasing
transit time of feces through the bowel, increasing stool weight, lowetiestinal pH, and
producing short chain fatty acids that can induce apoptosis and cell cycldHdyesthere

is no available epidemiological evidence that overall protein intake insr€&&€ risk, but it

has been proposed that protein degradation results in amino acids that breakdown further into
ammonia, which can be carcinogenic (11). Other potentially toxic components af prote
degradation include phenolic compounds, amines, and N-nitroso compounds. However, this
does not seem to be a well-accepted mechanism. Studies usually focus on meas, whic

high in protein, as opposed to overall protein intake.

2. Micronutrients

The micronutrients are vitamins and minerals, and are required in much smaller
guantities than macronutrients. There are a number of mechanisms to explainrthal pote
role of micronutrients in CRC development, all of which suggest that micronutridotsere
the risk of CRC. The antioxidant properties of many of these micronutrients (arginv(c,
vitamin E, selenium, and carotenoids such as beta-carotene) are creditenl foleth risk
reduction (12-14). Antioxidants scavenge free radicals and reactive oxydecutas,
protecting cells against oxidation damage, and vitamins C and E also protast hygjal

peroxidation (15). Abberrant DNA methylation patterns are commonly seen inatalore



tumors (16); therefore, another potentially protective mechanism redatesrients involved
in modulating DNA synthesis, repair, and methylation (13, 17). These nutrients include
folate, vitamin B6, vitamin B12, and methionine. It has been suggested that calcium may
reduce CRC risk by inducing apoptosis and binding bile and free fatty acids (12, 14),
whereas both calcium and vitamin D may reduce epithelial cell prolderétB). It is
important to note that many of these micronutrients have multiple biological pespibiei
can impact colon and rectal cancer development. For example, carotenoids are atstbknow
effect cell growth regulation, modulate gene expression, and possibly ethamntenune
response, thereby preventing CRC development (19). Nutrients such as lycopene and
selenium also have anti-inflammatory properties that help reduce risk of nméemy
illnesses such as inflammatory bowel disease (e.g. ulceratives)alitiich is a predisposing
risk factor for CRC.

The associations of micronutrients with colon and CRC cancer risk have been
extensively studied in large epidemiological studies such as the Nurdds $tedy and
Health Professionals Follow-Up Study (17, 20), and the Cancer PreventionISRMy
Most evidence has confirmed the hypotheses of risk reduction due to adequate neatonutr
intake. Results from clinical trials, however, question the proposed protectivieogffec
micronutrients. For example, the Aspirin/Folate Polyp Prevention Study did nohdeate
a protective effect of folate on colorectal adenomas, while the Women’s Antibxida
Cardiovascular Study found no effect of vitamins C and E and beta-carotene on CRC risk

(22).



3. Food groups

The United States Department of Agriculture (USDA) provides dietary
recommendations in regards to the types and amounts of food to consume daily. The five
primary food groups according to the food guide pyramid are grains, fruitabbggtmilk
(formerly referred to as dairy), and meat (23). The grains food group consigislef
grains (e.g whole wheat bread, brown rice, oatmeal) and refined grainshgegbread,
white rice, most cereals). Consumption of whole grain foods are hypothesized to lower
cancer risk due to their high content of antioxidants, fiber, and certain phytoctse(@ital
Dairy products are a diverse food group that consists of factors that megs@cRC risk
(e.g. high-saturated fat) (25), as well as high calcium and vitamin D thatechage risk
(26). It is suggested that low-fat dairy products, in general, have beneffeiets (27).

Of all associations of diet and colorectal cancer, fruit and vegetable artdkeaeat
consumption are the most commonly investigated food groups. Fruits and vegetables may
protect against colorectal cancer risk through their anti-carcinogenjgocmnts such as
antioxidants, folate, flavonoids, organosulfides, isothiocyanates (28). Some afiditresets
that deactivate carcinogens may also act to prevent chromosomal itystahikch is
considered a precursor to colorectal tumor development (29). Fiber from hdits a
vegetables may decrease transit time, lower pH, and produce potentialigraimegenic
short-chain fatty acids (28). However, studies on fruit and vegetable consuzpti
colorectal cancer have been inconsistent, with a recent pooled analysis of 14whest
showing no protective effect (29).

Several large prospective studies (30, 31), as well as meta-analyses tandhor

case-control studies (32, 33) have shown increased consumption of red and processed meat to



correlate with elevated colorectal cancer risk, yet a protectivet @fféish and poultry.

Several hypotheses have been developed to explain these relationships. Onsibypothe

that the fat component of red meat increases bile acid excretion and this producttan fun

in tumor development and cell proliferation in the colonic mucosa (34). Other hypotheses
relate to the production of N-nitroso compounds found in processed meat that can induce the
formation of DNA adducts in cells in the colon, as well as the potentiallyncayenic

heterocyclic amines and polycyclic aromatic hydrocarbons produced by coo&atg at

high temperatures. The omega-3 fatty acid content in fish is thought to inhibit ttonah g

and reduce the production of eicosanoids that cause inflammation (35).

4. Dietary Patterns

Most research concerning diet and colorectal cancer has focused on individual
nutrients and foods, as previously illustrated. Few published studies have examingd dieta
patterns which take into account the synergistic effect of foods and nutriengsfogids and
nutrients are not consumed in isolation. These eating patterns also refleict, gattatal,
environmental, social, health, and economic influences of eating behavior (36). Dietary
patterns may be useful in understanding disease etiology when there is ognévitience
for diet associations; such is the case for some nutrients and colorectal dahgacal
“Western” dietary pattern is energy dense and consists of high intakestpfefiaad
grains, potatoes, and sugar-containing foods, and less fruits and vegetables.inthis eat
pattern has emerged most frequently from analyses of dietary patterns@edtabtancer
risk. Some studies have shown the “Western” dietary pattern to be positivel\atssadth

colorectal cancer (37-39), while others showed inconclusive results regartinggpedterns



and CRC (40, 41). Other commonly observed patterns include a “vegetable”, “prudent”, and
the “healthy” pattern, all of which are inversely related to CRC risk (37, 39, Ba&¥eT

dietary patterns generally consist of high intakes of fruits and vegetalheanfipoultry,
whole-grain products, and low-fat dairy products. In general, dietarymatteary be more

easily translated into dietary recommendations for colorectal cancenpogve

C. Rationalefor examining diet and rectal cancer

There has been debate whether colon and rectal cancers should be consideled a sing
entity. These two tumor types are usually combined in diagnoses, as well as@pgleat
studies, because they have the same precancerous lesion (i.e. polyp), similaf spoeiad,
some shared etiology, and of course, anatomical proximity (42). Furthetimese two
carcinomas are often grouped together because the boundary between the coloarand rect
not always clearly delineated (43), making it difficult to determine tlaetdocation of the
tumor. However, advances in the diagnosis and staging for rectal cancer (44g and t
increasing variety of treatment options have helped to distinguish between tumor
development processes for colon and rectal cancers (45). The main drawback of cgnsiderin
colon and rectal cancers as a single entity is that possible diffeiareqgdemiological
characteristics are not identifiable. One study pointed out that there getegsphical
variation of rectal cancer, as opposed to colon cancer, and that rectal caancbeslass
susceptible to environmental influences than colon cancer (46). Furthermor@yéhere

differences between colon and rectal cancer that warrant exantieibgd carcinomas

10



separately, and comparing their epidemiological risk factors. Thesewaeeal reasons why

dietary risk factors, in particular, may differentially affect the coloah ectum.

1. Molecular differences

Colon and rectal cancers develop from a combination of genetic and environmental
factors. Commonly mutated genes involved in the carcinogenic process include adenomatous
polyposis coli (47), Kirsten-ras (k-ras), and p53 (12). The APC and p53 genes are tumor
suppressor genes whereas k-ras is an oncogene. Approximately 80% of spavegiitatol
tumors have mutations in the APC gene, 30-50% of colorectal adenomas and carcinomas
have k-ras mutations, and the p53 gene is mutated in up to 70% of colorectal cancers (48).
Of the few studies that have examined biological differences, it has been sddgasthere
are different mechanisms of oncogenesis for colon and rectal carcinomash@r®)is
evidence that k-ras and APC mutations are more common in colon tumors thaunectal t
(42, 48). On the other hand, mutations in the p53 gene are more frequent in rectal tumors
(48, 49). Itis suggested that the different bacterial flora in the rectum reayhaitcontact
between potential carcinogens and lead to increased mutations of p53 (49). Regérdle
the specific genes involved, the number of mutation in colon tumors is significantly higher
than those in rectal tumors (42). Components of the diet may interact with these commonly

mutated genes in the process of colon and rectal cancer development and progression.

2. Differences in risk factors for colon and rectal cancer

Statistical analyses with the outcome of colorectal cancer ignopo$séility of

heterogeneity between colon and rectal cancer. Due to the differémamsras by which

11



colon and rectal carcinomas may develop and other notable distinctions, it may be
inappropriate to assume homogeneity, and established risk factors malpfocancer may
not apply (or be relevant to) rectal cancer. Some studies have made the tattempt
distinguish between predictors for colon versus rectal cancer. It has been lshbobesity,
for example, is a significant predictor of colon cancer, but not rectal cgit:zép).

Likewise studies have consistently shown physical activity to be as=sibwgigh reduced risk
for colon cancer, but no protective effect against rectal cancer has been found53)d#e
possible explanation for this is that insulin sensitivity improves with mordaqathtivity,
and the colon is more susceptible to insulin’s effects (54). Wei et.al observeahiiigt
history of colorectal cancer correlated with a stronger risk for colececdahan rectal cancer,
while smoking was more strongly associated with rectal cancer (55)d Baghke different
methods by which colon and rectal tumors arise, as well as the observed dderenon-
dietary risk factors, it is hypothesized that dietary factors mayditerentially affect risk of

colon and rectal cancers.

3. Hypotheses for differential effects of diet on colon vs. rectum

It is proposed that dietary factors may differentially affect riskotdrc and rectal
cancer for several reasons. In addition to the fact that the colon and rectifroaris
different embryonic tissue as well as have different molecular aspfegctsior development,
they also serve different functions. The colon functions to absorb water and nfioenals
food and transport them into the bloodstream while the rectum serves as a coliectiod s
stores fecal matter until it is eliminated from the body. The presencderkedif mutations

may result in different diet-gene interactions in colon and rectal cancdopiesant.

12



Because the rectum is usually empty until wastes are ready to beagdichirom the body,
there may be a shorter duration of exposure to potentially carcinogenic d@t@ppnents.
The different pH levels (55) and bacterial composition (56) of the colon and rectuadsnay

affect their susceptibility to environmental factors such as diet.

D. Racial differences
In addition to differences between the colon and rectum, there eisd diferences in

dietary behaviors and colorectal cancer outcomes.

1. Colorectal cancer outcomes

Colorectal cancer incidence and mortality differ appreciably bs, fac many
reasons which remain unknown. Specifically, African-Americans have thediigates of
colorectal cancer among all US racial/ethnic groups (1). Howeven a#@mining the
statistics for colon and rectal cancer separately, it is obvious that thatglispmuch greater
for colon than rectal cancer. Between 1999 and 2004, colon cancer incidence rates for
African-Americans and Whites were 44.3 and 35.1 per 100,000 persons, respectively;
corresponding rates for rectal cancer were 13.1 and 13.3. Colon cancer motédifgra
African-Americans and Whites were 21.5 and 14.6, respectively, whilesporrding rates
for rectal cancer were 3.3 and 2.9 (57). So for rectal carcinomas spegifitatience is
higher among Whites while mortality is greater among African-AmascAfrican-
Americans were also less likely to have localized disease and had éacrates of proximal

colon carcinoma (58), and more likely to be diagnosed with advanced stage cotanectsl
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(i.e. Stage lll and Stage IV). Some of the overall disparity can be explairggahbtic,
socioeconomic, and healthcare access differences (59); however difastglrs such as diet

may also play a role.

2. Dietary behaviors

Studies have indicated that dietary behaviors differ widely by race lamidigt (60).
Whites have been shown to consume more fruits and dairy products than African-America
(61), and use lower-fat alternatives in their food preparation (62). Africaméanevomen
were shown to have significantly lower intakes of vitamin D, vitamin E, fodete vitamin
B-6 compared to White women, mostly due to the increased supplement use among Whites
(63). According to data from the National Health and Nutrition Examination Surveys,
African-American men and women reported lower intakes of vegetables, potaasdim
calcium than their White counterparts (64). Similarly, African-Americlaildren were at
increased risk of vitamin A, vitamin E, calcium, iron and zinc deficiency based on t8& UD
Continuing Survey of Food Intakes by Individuals (65). In their assessmentarfydrgake
trends among African-Americans and Whites, Kant, et al suggests that preveitaug risk

factors for African-Americans have not improved (64).

3. Influence of diet on cancer risk

Furthermore, these dietary behaviors have also been observed to diffgraffeatl
risk of disease among these two race subgroups. For example, increasegtonsafm
high animal-fat foods was related to prostate cancer among Africari@ans, but not

Whites (66). African-American men with indicators of poor vitamin D status had an
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appreciably higher risk of cancer incidence and mortality, espeamltahcers of the
digestive system (67). Also, increased alcohol consumption and tobacco useenbwih
a 17-fold risk increase of oral cancer among African-Americans caapara 9-fold
increase among Whites (68). Other findings indicate that dietary intdksedides may
contribute to higher mortality rates of breast cancer among Africaniéamervomen (69).
Preliminary studies by Satia, et al showed that nutrient intake and asstciwatih colon
cancer differed by race (70-72). Given that dietary factors contribute ¢éoediffes in risk
among African-Americans and Whites for other cancer types, such diffeneragealso exist
for rectal cancer. Itis also important to note that genetic polymorphismalstayary by
race and contribute to differences in disease risk. Therefore, when possiitgsrod
interactions should be assessed. However, the genetic contribution to colon anémeetal ¢

risk is outside the scope of this research.

E. Limitationsof current studies

While there is an abundance of evidence for the role of diet on risk of colon cancer
and colorectal cancer, much fewer studies have examined the relationshimlsievead
rectal cancer. Even the comprehensive review done by the World CancecResear
Fund/American Institute for Cancer Research stated that they had leseevodaisk
factors for rectal cancer (3). Of the studies that have attempted to examiEm@ielogic
risk factors by sub-sites of the colorectum, they often had very few cactedr cases,
thereby limiting the statistical power to detect significant assonm This study will help
fill this gap in the literature by providing evidence for dietary riskdescfor rectal cancer

specifically in a large sample of rectal cancer cases and controlberfuote, it will
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provide information on rectal cancer in African Americans, for which the @lailéerature

is lacking, and how diet may contribute to racial differences in risk cdlreghcer.

F. Summary and significance

Colon and rectal cancers are preventable, partially by dietary natidifis. To aid in
the prevention of these cancers and elimination of the racial disparity, iessaeg to
determine environmental and genetic factors that contribute to elevated tsittfdumor
types in racially/ethnically diverse study samples. Because tleefevapublished
epidemiological studies that solely focus on rectal cancer and assocratioaget, and
none that include adequate representation of African-Americans, this shgljpaletermine
dietary factors associated with risk of rectal cancer and assesgdifierences. Currently,
these relationships have not been examined in a racially heterogeneous population. Thi
project contributes appreciably to the knowledge of the etiology of rectegiGaespecially

in African-Americans, and provides possible explanations for racial dispar
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[11. Study Design and M ethods
A. Overview

This proposed study seeks to 1) determine the association between nutrients and ris
of rectal cancer in whites and African Americans, 2) determine the assndietween food
groups and risk of rectal cancer in whites and African Americans, and 3) detehai
association between dietary patterns and risk of rectal cancer in widtédgrecan
Americans. These aims were accomplished using data from the Nortm&&olon
Cancer Study-Phase Il (NCCCS- Phase Il). This population-basedarasa-study of
rectal cancer (including sigmoid and rectosigmoid) was conducted betwsse(@1 and
September 2006. One of the overall goals of the NCCCS-Phase Il was to identify
environmental and lifestyle risk factors for rectal cancer in AfricameAcans and whites;

therefore the specific aims of this proposed research fits well into this broathabje

B. Study area and population
Sudy area
The study area consists of 33 contiguous counties in the central and eastenmngporti

North Carolina. These counties represent the major urban areas of the stateaasarge



segments of rural areas. African-Americans make up about one-third of the ijpopoifat
these counties, and this area provides a good socioeconomic mix of Africarc&mseand
Whites in order to make comparisons. All 59 hospitals in the 33-county study area

participated. Border counties were intentionally excluded to limit theraéfgdrpatients to

non-participating hospitals.

Cases

Cases were identified using the rapid ascertainment system of the Naiin&a
Central Cancer Registry (CCR). This system required hospitals in the 38sdarforward
pathology reports and identifying data for newly diagnosed cases to the Nortm&&@0R
staff in Raleigh, NC within one month of a case’s diagnosis. The CCR staff pedianital
screening checks to determine if the case met the study eligibgityeenents. Eligible
cases were forwarded to the NCCCS-Phase Il study staff weekly eGgibility criteria
included: 40-79 years of age (inclusive) at time of diagnosis, resided in one of #iged3 t
counties, African-American or White, and had a North Carolina driver’s license or
identification card if under 65 (because controls under 65 were selecteDé&mamment of
Motor Vehicle rosters). They also had to be proficient in English and able to cowraplete
interview. Cases had a diagnosis of rectal adenocarcinoma (includirggscahthe sigmoid
and rectosigmoid junction to increase the number of available subjects) betagdn 2001
and September 30, 2006. All diagnoses were confirmed by the study pathologist using
pathology slides and medical records. Cases were excluded if they had diajmuses

invasive carcinoma, a previous diagnosis of colorectal cancer, or were degetise of
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identification. Permission was obtained from each case’s primarygunry$iefore contacting

them about study participation.

Controls

Controls were selected from two sources: 1) North Carolina Division of Motor
Vehicles (DMV) records for those under the age of 65; 2) Center for MedicaMexdidare
Services (CMS, formerly known as the Health Care Financing Administrétiotijose 65
and older. The DMV and CMS have the most comprehensive databases of NC residents
between the ages of 40 and 79. The DMV and CMS can provide a list of NC residents with a
license or ID card and a list of Medicare recipients, respectively, tthireakarchers for
studies that are likely to benefit citizens of NC. All controls were 40-7% ydage, resided
within the 33 target counties, had no previous diagnosis of colorectal cancemAfrica
American or White, alive at time of selection and interview, and proficient indarend
able to complete the interview. The study team received lists of recrutatitels from the
DMV and CMS, containing age, sex, ethnicity, as well as their contact informatignaO
random sub-sample of eligible controls was randomized to recruitment. Camnolirsg and
randomization to recruitment was done at the beginning of the study and at the midpoint of

data collection, using updated lists.

C. Sampling and recruitment

A randomized process was used to determine which cases and controls to contact
regarding participation. This randomized recruitment strategy wasasedttol for
potential confounding by race, age, and sex, and to achieve a race ratio sudficient

statistical efficiency to assess interaction by race (1). Casessampled to yield a 3:1 ratio
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of Whites to African-Americans. One particular benefit of randomizediteeent is that the
main effect of the design variables (race, sex, age) can be estimatethagingum
likelihood estimation in logistic models. A main goal of the NCCCS-Phasddlassess
whether colon/rectal cancer risk indicators differ by race; thexe&bican-American cases
and controls were over-sampled since the African-American population in NortlinGasol
only about 20%.

To implement randomized recruitment, estimates of the relative risksefonatched
design variables were used to derive recruitment probabilities, which in techthie case
and control distributions. All eligible cases and control subjects were assigaadom
number between 0 and 1, and this number was compared to the recruitment probability. If the
random number was less than or equal to the recruitment probability, then the potentia
participant was recruited to participate in the study. As previously mentionedjuee uni
feature of this study was that African-American cases and controlsoweresampled. The
recruitment probability for African-American cases was 1.0 (i.e. atbwecruited) and
African-American controls had higher recruitment probabilities than Vébitérols. The

overall population distribution of cases and controls is shown in Table 1.

Table 1: Population distribution of the NCCCS-Phase Il

Study sample
Cases Controls
Sampled 1831 2345
Eligible 1417 1827
Interviewed 1057 1019
Analyzed 945 959
Response rate* 74% 56%

*response rate=number interviewed/number eligible
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D. Data collection

Data were collected by trained nurse-interviewers during in-persoui@ws using
two main questionnaires: the participant questionnaire and the diet questionnamaerst
were conducted in participants’ homes or another convenient location, such as the local

hospital or health department.

1. Exposure assessment

Diet is the exposure of interest in this proposed research study. The NCC&&eSiPha
used a food frequency questionnaire (FFQ) that assessed portion size and frequency of
consumption. Food frequency questionnaires are thought be a practical tool fomgpllecti
dietary data in large epidemiological studies (2). Compared to other methbdsghe 24
hour recall, the FFQ collects less detail regarding the foods consumed, cookiodsnand
portion size. However, the FFQ is designed to assess usual dietary intake andehe nutr
values obtained can be used to rank individuals based on their nutrient intakes (3). Therefore
it was a suitable dietary assessment tool for this study.

The FFQ used in the NCCCS-Phase Il was the Diet History Questio(IDEif).
The DHQ was developed by the National Cancer Institute and its validityss@ssad in
racially diverse samples. The race/ethnicity distribution in the vadidatudy by Thompson,
et al was 79% White, 10% African American, 5% Latino, and 5% Other (4); theti@aiida
study done by Subar, et al. was 76% White, 14% African American, 4% Latino, and 6%
Other (2). The DHQ is a cognitively-based FFQ and an extension of thBINEK FFQ. It
has been shown that the cognitive improvements in the DHQ provide better measures of

frequency than the Block FFQ (4), and have similar or higher correlationscedito the
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Block FFQ (2). The DHQ consists of 124 separate food items and assesses drejrefu
consumption and portion size consumed for each food item. In addition, it contains ten
guestions about the frequency and dose of dietary supplements used.

The questionnaire was administered by a nurse-interviewer and referred to
participants’ food and beverage intake in the past 12 months to take into account seasonal
variation in food consumption. Cases were asked to estimate their usual intak@rloyea
to diagnosis, and controls were asked to estimate consumption 1 year prior tovintervie
Food and nutrient estimates were determined using the NCI's Diet*cajs@nalogram

which estimates intake based on reported frequency and serving size of eaténfiood i

2. Covariate assessment
The participant questionnaire collected data on many characteristicegand t

following covariates were used in this study:

Demographic characteristics
Demographic information that was collected included age, sex, race, anti@duca
(less than high School, high School or GED equivalent, some college, college oreaidvanc

degree), and annual household income.

Lifestyle factors

Detailed information was collected regarding cigarette, cigar, andgpipking
because smoking has been shown to increase risk for colorectal cancer (5). Stabkeng
was categorized as never smoker, former smoker, or current smoker. bidaram
subjects’ physical activity level (very hard, hard, moderate, lighepsig/relaxing) for

occupational and non-occupational activities was collected, as well as the axiniunet
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spent during typical work and non-work days in different activities during the ome-yea
referent period. Metabolic equivalent task minutes per day for each level afglagdivity

was categorized into quartiles and used to assess confounding by physical activit

Non-steroidal anti-inflammatory drug (NSAID) use

NSAID use was assessed because the literature supports ayeatett of regular
use (3-4 times a week) of NSAIDs such as aspirin (6). The questionnaireaasked
prescription and non-prescription NSAIDs, including the frequency, duration, and use during
the past five years. NSAID use was categorized as regular (more thared&atmonth) and

non-regular users (15 or less times a month).

Family history of CRC

Participants indicated if there was a family history of colorectalezgiyes/no). The
guestionnaire asked for information on the vital status, current age or agéhaadda
history of cancer for all first-degree relatives. For those with a kisfazancer, information

was collected regarding the site and age at diagnosis.

Anthropometric measurements

Study participants’ height and weight were measured by the intendiewalculate
their BMI (weight (kg)/height (). Their waist and hip circumference were also measured.
Participants were asked to recall their weight 1 year and 5 year®agdrom the NCCCS
show that many cases lost weight, possibly as a consequence of theirtilesfere, BMI
1 year ago was assessed as a potential confounder. BMI was categorinetda weight

(18-24.9kg/M), overweight (25-29.9 kg/fhor obesex30 kg/nf) (7).
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E. Statistical analyses

All analyses were performed using SAS software (8). Descriptivetgtatimeans,
standard deviations, and frequencies) were computed for all study varialolesebcontrol
status and race. A 5% significance level was used for all statisticalardt95% confidence

intervals were constructed. Table 2 shows all variables considered in this study.

Table 2: Study variables

Dietary exposur es Outcome Covariates
Macronutrients Rectal cancer | Age
Fat (saturated, monounsaturated, polyunsaturated) Sex
Protein (including Race
sigmoid and | Education
Micronutrients rectosigmoid | Income
Antioxidant nutrients cancers) Smoking status
Vitamin C, Vitamin E, beta-carotene, selenium Physical activity
DNA methylation-related nutrients BMI
Folate, Vitamin B6, Vitamin B12 NSAID use
Family history of
Food groups CRC
Grains, Dairy, Fruits, Vegetables, Meat, Other
Dietary patterns

1. Aim 1: Determine the association of nutriemt&¢ronutrients (fat, protein), antioxidant
micronutrients (vitamin C, vitamin E, beta-carotene, selenium), and DNA methylation-
relatedmicronutrients (folate, vitamin B6, vitamin B12)) with rectal cancer risk in African

Americans and whites.

a) Macronutrients
The goal of this sub-aim was to estimate the risk of rectal casseciated with fat
(total, saturated, monounsaturated, and polyunsaturated) and protein, as well astiieper

energy from fat and protein. Descriptive statistics included means andrdtdrdetions of
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intake for each macronutrient among cases and controls. The Wilcoxon rank sum procedure
was used to determine if mean intake differed between cases and controls.

Logistic regression analyses were used to examine the relationshgebe
macronutrients and rectal cancer risk. We categorized macronutrientimttakeartiles to
reduce the impact of extreme values. Cut-points for quartiles were based @trthetdin
among race-specific controls. Odds ratios were estimated by compadhgjuartile to the
lowest. A test for linear trend was conducted by incorporating a vaigabkaining the
median levels observed for each quartile of macronutrient intake into a logg®ssion
model, and using the resulting p value to determine the presence/absence ofcarsignifi
trend. The tests for linear trend models were weighted by the inverse of treceadn
account for the variance within each quartile. Each macronutrient was analyegghrate

models, and all analyses were adjusted for potential confounders (see)ll.E.4b

b) Micronutrients

The goal of this sub-aim was to estimate the risk of rectal casseciated with two
categories of micronutrients based on their proposed mechanism of effenticamti
micronutrients (vitamin C, vitamin E, beta-carotene, selenium) and DNA tagtmyrelated
micronutrients (folate, vitamin B6, and vitamin B12). Descriptive statistitsded means
and standard deviations of intake for each micronutrient among cases and cdiiteols
Wilcoxon rank sum test was used to determine if mean intake differed betases and
controls. To assess racial differences in micronutrient intake, this testlseaused to
compare mean micronutrient intakes between White and African American controls

Logistic regression analyses were used to determine the associdtieseof

micronutrients with rectal cancer risk. The micronutrients were categanto quartiles to
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reduce the impact of extreme values. Cut-points for quartiles of micronutrigkgsniere
based on the distribution among race-specific controls. Odds ratios were extayat
comparing each quartile to the lowest. A test for trend was conducted by iratorpar
continuous variable representing the median levels observed for each quartile of
micronutrient intake into a logistic regression model, and using the resultihgeptoa
determine the presence/absence of a significant trend. These trend testweodeteighted
by the inverse of the quartile variances. The micronutrients wereXastieed in separate
logistic regression models. We then examined the effect of each micronutritnt w
adjusting for the other micronutrients in the same category to simulatertiened (and
highly correlated) effect of these nutrients in food. All analyses wilbdpested for potential
confounders (see Ill.LE.4b). We performed these analyses with and without adjufstm
fruits and vegetables, which are the primary food sources of these nutrients.

Since a large proportion of micronutrient intake comes from dietary supple@gnts
these analyses were done for micronutrient intake from foods only, as whlas t
micronutrient intake from the combination of foods and supplements. The Diet History
Questionnaire included an additional ten questions on the frequency and dose of single

vitamin/mineral supplement use as well as the use of multivitamins/minerals

2.Aim 2. Determine the association between food groups and rectal cancer risicanAf

Americans and whites

The goal of this aim was to estimate the risk of rectal cancer agsbwiih food

groups defined by the United States Department of Agriculture (USDA).iMé&en&in
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USDA pyramid food groups are grains, fruits, vegetables, dairy, and meakawieed

total intake of these food groups and numerous sub-groups; therefore, our analysiseglas b
on 29 food groups. Descriptive statistics included means and standard deviations of intake
for each food group among cases and controls. The t-test procedure wasdetedtine if
mean intake differs between cases and controls.

Logistic regression analyses were used to obtain odds ratios and 95%reznfide
intervals for the relationship between each food group and rectal cancer riskfdduoks
groups were categorized into quartiles and the cut-points for these quartddsased on
the distribution among race-specific controls. Odds ratios were estilngtcomparing each
guartile to the lowest. A test for linear trend was conducted by inconpgatrariable
containing the median levels observed for each quatrtile of intake into adoggtession
model, and using the resulting p value to determine the presence/absence ofcarsignifi
trend. These logistic regression models for the trend test were weighteelibydrse of the
variance for the quartiles. Each food group was analyzed in separate modells, and a

analyses were adjusted for potential confounders (see Ill.E.4b).

3. Aim 3: Determine the association between dietary patterns and risk of eautal cisk in

African Americans and whites

The goal of this aim was to create dietary patterns using control suvjea, we
assume, represent the general population, and estimate the risk of rectahssociated
with these dietary patterns. We created the dietary patternste®pfzawhites and African
Americans to account for possible racial differences in consumption and ton®la

between food groups. The dietary patterns were based on the same food groups as in Aim 2,
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with some exclusions. The food group totals (i.e. total grains, total fruit, ete )exeluded

so the dietary patterns would be based on mutually exclusive food groups. The organ meat

and soy products were excluded and yogurt was combined with the milk group beeegise th

was a large percentage of non-consumers of organ meat, soy, and yogurt. Alsoaisiowa

excluded because it may be a part of an overall behavior pattern and not just gdietany
There are several methods used to determine dietary patterns. One dcd-tieveat

methods is factor analysis (10). Factor analysis reduces data into ‘faesed on

correlations between foods and assigns factor scores for each factor.tudest 8sing

factor analysis have used the principal components analysis (PCA) methddjsused

when variables are highly correlated, as is the case for most dietaryR€a#areduces the

number of observed variables to a smaller number of principal components that account for

most of the variance of the observed variables. For this aim, we used the PCA method t

identify dietary patterns among race-specific controls. We retéaogors with eigenvalues

>1.0, which indicate that the factor describes more of the variability in théhdata single

variable (11). We also assessed the scree plot and interpretability afttrs.fa8Based on

these criteria, we extracted the factors to be used in subsequent anaitess were

rotated using a varimax (orthogonal) rotation to obtain a more easily ettsf@ solution

and uncorrelated factors. The factor loading matrix illustrates howfeaedgroup

correlated with each factor. These factors represent the dietarypatténe study sample.

Once the dietary patterns were determined by PCA and labeled based on fhddgiwit

factor loadings, factor scores were obtained and applied to each observation, dreshthse

exposure variables in logistic regression models.
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The relationship between factor scores and other dietary and lifestigblea were
analyzed using Pearson and Spearman correlations for continuous and categaldabyari
respectively. Partial Pearson correlations adjusted for total energyobtained for all
dietary variables. Odds ratios and 95% confidence intervals for risk of ractardor each
dietary pattern was estimated using logistic regression analysedinddretrend test was
done by incorporating the median factor scores for each quartile as a contiatiabke in
models, which were weighted by the inverse of the variance. All analysesdyeséed for

potential confounders (see Ill.E.4b).

4. Common statistical methods for all aims

There are several common statistical methods that were applied tovallpre
analyses.
a) Effect modification

Effect measure modification by race was assessed in all analysesvabhilone
using two methods. One method involved using the Breslow-Day test for homogeneity to
test the homogeneity of binary covariates across the two race cesegbhe p value
associated with the Breslow-Day statistic tests the null hypothesithéheovariates are
constant across race strata. The other method was the likelihood ratio test teedogigtac
regression models with and without interaction terms. The likelihood ratio testlhelpe
determine whether the full model including the interaction terms, which alldwenadel to
depart from constancy, maximized the likelihood of the observed data better theahuitedr
model, which contained no interaction terms. If these tests supported the constancy

assumption, we still presented the results stratified by race. Becaasgalktcking
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regarding the epidemiology of rectal cancer in African-Americanms valuable to present
the data separately by race and fill this gap in the literature.

There are different incidence and mortality rates for colon and rectardanenales
and females. In addition, the literature suggests that sex modifiesabedtffisk factors for

colorectal cancer (12); therefore we assessed effect measurecataifby sex.

b) Confounding

To assess confounding, we conducted bivariate analyses of each potential confounde
in a logistic regression model and covariate inclusion was based on a 10 perceatesr g
alteration in the parameter coefficient of continuous dietary variables.ovdtiates that met
this criterion were simultaneously included in a model, and a backwards stepyzisdyse
was done to obtain the final model. This method is most useful when there are a large
number of predictors, as was the case in these analyses. The potential conf@atoiag f
included age, sex, education, income, prior BMI, smoking status, physical activity, fam
history of CRC, and NSAID use.

All analyses were adjusted for total energy and other dietary variabére
appropriate. Absolute nutrient intake is a function of total energy intake and tpesiban
of the diet (3). Therefore, most nutrients, especially macronutrients giulg borrelated
with total energy intake. It is necessary to adjust for total energy inlidedise associations
in order to distinguish the effects of a particular nutrient from that of totedjemgake,

which is mainly determined by body size and physical activity(13).
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c) Offset term

All statistical analyses included an offset term to account for the sampli
probabilities. This resulted in unbiased odds ratios and allowed estimation of theffeeis
for matching variables (14). The offset term used in the analyses wasobasedoriginal
age-sex-race strata from the rosters used to ascertain cases and.ctini@$ necessary to
include this term in all analyses because recruitment was conditioned onxagadsece,
in addition to disease status; thus the odds ratios without the offset term would érave be
biased compared with a traditional design in which recruitment was conditioned om diseas

status alone.
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V. Antioxidant and DNA methylation-related micronutrients and risk of reetater

A. Abstract

Objective: To investigate the relationship between antioxidant nutrients ifvit&rand E,
B-carotene, selenium) and DNA methylation-related nutrients (folasenins B6 and B12)
and rectal cancer risk in whites and African Americans, and to examinesifitakefood

only versus total (food plus dietary supplements) intakes. Methods: Data are fidortthe
Carolina Colon Cancer Study-Phase II, a case-control study of 945 reced @aaoltiding
sigmoid and rectosigmoid junction) cases and 959 controls. In-person interviewsdaptur
usual dietary intake (using the Diet History Questionnaire) and variousategar
Multivariate logistic regression was used to calculate odds ratios (ORB&ndonfidence
intervals (95% CI). Results: High intakes of all antioxidant nutrients weoeiased with
reduced risk in whites, except total vitamin E intake. Only selenium had &icallyis
significant inverse association in African Americans (OR: 0.25, 95% CI 0.08-0.8DNA
methylation-related nutrients had independent inverse associations wallcegwer risk in
whites; there were no statistically significant associations in &frimericans.

Supplements did not provide additional risk reduction beyond intakes from food.
Conclusions: Our findings provide evidence that micronutrients may lower the riskadf rec
cancer, and that optimal micronutrient intakes from food alone may be more lztiefini

supplementation.



B. Introduction

Colorectal cancer (CRC) is the third most common cancer in the U.Sd(igsaurits
from a combination of genetic, epigenetic, and environmental factors (2, 3)is Wieely
believed to play an important role in the development of CRC, and a number of dietary
micronutrients have been associated with CRC risk (4-7). However, resultdemépgbgic
studies are often conflicting. Some observational studies have reported €R&luistions
associated with micronutrient intake (4, 7), while clinical trials found null atipes
associations (8, 9). Therefore, an exploration of these associations driven bydgreooile
mechanisms of action can be very informative. Several biological mechaisvite a
theoretical link between micronutrients and reduced risk of CRC (10, 11) .

Oxidative stress plays a major role in CRC development and progression (12, 13),
and results from an excess production of free radicals or insufficient antiodefenses
(14, 15). Free radicals are unstable, highly reactive, oxygen-containing reslédzat can
cause tissue damage. Therefore, the balance between free radicalsoxibatgiis
critical. Numerous dietary nutrients, such as vitamin C, vitamin E, carotenodisgkenium,
have antioxidant properties (11, 16). Antioxidant nutrients protect against the dgamagin
effects of free radicals, thereby reducing oxidative stress and @tynpaieventing CRC.

Another well-known process involved in colorectal carcinogenesis is DNA
hypomethylation, which is consistently observed in colon neoplasms (3, 17).
Hypomethylation is a result of low levels of S-adenosyl methionine (SAM), and the
production of SAM depends on dietary factors such as folate, vitamin B6, and vitamin B12.
The main role of folate is to provide one-carbon units in several reactions ngées§aMA

methylation and synthesis, while vitamins B12 and B6 serve as cofactors in stiregeof
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reactions (18). Therefore, sustained low levels of these nutrients can lestaitioaglices in
DNA methylation, synthesis, and repair, thus influencing colorectal caemesds.

Despite the biological and mechanistic rationale for the hypothesis thatrtb&ients
could reduce the risk of CRC development, epidemiological studies have yieldedsteansi
results. This may in part be due to different methods of diet assessment, ow ttatfes
had complete data on both dietary and supplemental sources of these nutrients. Itis
particularly important to include intakes from vitamin and mineral supplemeritgg\yas
contribute appreciably to micronutrient intakes (19). Compared to colon cancencvid
limited regarding the association between these micronutrients andcaratal (4-7, 20-22),
although it has been suggested that dietary risk factors may differ for tleesartinomas.
Most published studies have had few rectal cases (5-7, 20, 22); none have reported on these
associations in African Americans.

In this report, we examined associations of total intake of selected miceositri
(from food only and food plus dietary supplements) with risk of rectal cancer amotgy Whi
and African American participants. Specifically, we evaluated the relatpnbetween
antioxidant nutrients (vitamin C, vitamin fcarotene, selenium) and DNA methylation-
related nutrients (folate, vitamin B6, vitamin B12) and the risk of rectakcama
population-based case-control study. We chose these micronutrients based abla plaus
biological rationale, and we further examine the combined effects of nutriggathbgized

to function in similar ways to affect rectal cancer.

C. Methods

1. Study design and population
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Data were obtained from the North Carolina Colon Cancer Study-Phasech, wés
conducted between May 2001 and September 2006. Subjects were eligible for the study if
they resided in one of 33 counties in central and eastern North Carolina, wera Africa
American or White, were 40-79 years of age, had a North Carolina driversé, had no
previous diagnosis of colon or rectal cancer, and were able to give informedtcamse
complete the interview. African Americans were over-sampled to irecthas
representation in the study. This study was approved by the institutional iéedvat the
University of North Carolina-Chapel Hill.

Cases had a primary diagnosis of rectal (including sigmoid and rectosigmoid
junction) cancer during the study period. Cases were obtained from the rapidiaswnt
system of the North Carolina Central Cancer Registry and diagnosesomérened our
study pathologist. Permission was received from the primary physiciare loefmacting
cases. There were a total of 1,831 potentially eligible cases identifie¢gks&en (3%) of
these were excluded for physician refusal and 357 (19%) were found to be ineligflle
remaining 1,417 eligible cases, 118 (8%) could not be contacted and 242 (17%) refused,;
therefore, 1,057 (75%) had an in-person interview. The overall response rate (number of
persons interviewed divided by the total number of eligible persons) forwase&% (76%
and 70% for White and African American cases, respectively).

Controls under the age of 65 were identified using lists providedh&yNorth
Carolina Division of Motor Vehicles and the Center for Medicaid ®ledicare Services for
those 65 and older. Controls were selected using a randomized reatuttracedure based
on sampling probabilities within blocks defined by 5-year age groe, and race (23).

There were a total of 2,345 potentially eligible controls, but 518 (22&6¢ found to be
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ineligible. Of the 1,827 eligible controls identified, 325 (18%) could natdreacted, 483
(26%) refused to be contacted; therefore, 1,019 (56%) were intediiewWide overall
response rate for controls was 56% (58% and 46% for White and A&roanican controls,
respectively).

The analyses were restricted to those who completed all components of the study
(n=1987). We further excluded 83 participants with implausible values for totalyenerg
intake (<800 kcal/day and >5000 kcal/day for men and <600 kcal/day and >4000 kcal/day for
women) (24). Therefore, the analytic sample for this report included 1520 Wigtes

cases, 800 controls) and 384 African Americans (225 cases, 159 controls).

2. Data Collection

Trained nurse-interviewers collected all data in participants’ home oreainoth
convenient location using standard questionnaires. We collected information on age at
diagnosis, socioeconomic indicators, household information, physical activity, medical
history, non-steroidal anti-inflammatory drug use, smoking history, andlégee family
history of colorectal cancer. Dietary information was obtained using thaelfiDiet
History Questionnaire (DHQ), developed by the National Cancer Instit@f (R5, 26).
Participants were asked to recall their intake in the 12 months prior to diagassis)(or
interview (controls). There were 10 frequency options for each food, as \Bethagces to
estimate portion size. Nutrient and total energy intakes were based on the natrient of
each food item, frequency of consumption, and portion size, and were determined using
software provided by the NCI. The DHQ also collected detailed informatiamedyte,

dose, and frequency of dietary supplement use. The nutrients of interest for thisesteidy
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antioxidant nutrients (vitamin C, vitamin fcarotene, selenium) and DNA methylation-

related nutrients (folate, vitamin B12, vitamin B6) from food and supplements.

3. Statistical Analyses

All analyses were done using SAS 9.1 software (SAS Institute, Inc., Cajy\Vie
stratified the analyses by race and compared characteristicesfaras controls. We used
chi-square and Wilcoxon rank-sum tests to make these comparisons with regard to
categorical and continuous variables, respectively. Each nutrient was e goio
guartiles based on intake among race-specific controls. Unconditional logiséssien
models were used to determine odds ratios (OR) and 95% confidence intervals (95846 CI) fo
the association between nutrient intake and risk of rectal cancer. Wenegdimse
associations for nutrient intake from foods only, as well as total intake (food plaig/diet
supplements). Nutrients were examined in separate models. We also simuljaneous
controlled for other micronutrients to examine the combined effect of nutrients in both
categories (i.e. all antioxidant nutrients and all DNA methylatiortedlautrients). All
logistic models included an offset term to adjust for the sampling probabilitysSEsa
confounding, the following covariates were tested in a bivariate model whmeadent:
age (continuous), sex, education (less than or equal to high school, some college, college
graduate/advanced degree), smoking status (never, current, former), priGreBNh the
year prior to interview for controls and diagnosis for cases) (normal, overneigse),
physical activity (quartiles of metabolic equivalent (MET)-minuteg/dé@rst-degree family
history of colorectal cancer (yes, no), non-steroidal anti-inflammaliary use (yes, no), and

total energy intake (continuous). All models were adjusted for total enerlgg iotaccount
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for differences in total energy between cases and controls and whites amath Aimericans.
Covariates that produced at least a 10% change in any of the nutrientieotsffieere

considered potential confounders, and a backwards-stepwise procedure was done to obtain
the final model. Any variable that was a confounder in any model was retainéchodals.

A linear trend test was conducted using median quartile values among reifie-spetrols,

which were incorporated into the logistic regression model as a continuousqradatt
weighted by the inverse of the variance. Interactions were tested by mgcudross-

product term for the variables of interest in the model

D. Results

Table 3 presents demographic and lifestyle characteristics dfcantaer cases and
respective controls stratified by race. In both Whites and African Anmsticases were
slightly younger, had a higher mean BMI one year ago, and greaterdibyatmergy intakes
than their respective controls. Fewer White cases reported using non-seartida
inflammatory drugs compared to controls (35.1% vs. 45.7%, p<0.0001). In African
Americans, significantly more cases had a first-degree familgriiist CRC (p=0.03). In
controls, a larger proportion of African Americans were obese and more whitesallege
graduates.

Mean nutrient intakes for White and African American rectal cances eask
controls are given in Table 4. Nutrient intake was evaluated by the contribvatioricod
sources only and from food and dietary supplements combined. There were significant
differences in intake between cases and controls in both racial groups. lal géfiete

cases hatbwer mean nutrient intakes than controls, while African American cases had
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higher nutrient intakes than their respective controls. In both whites and Africancamsr
total (food plus supplements) mean intakes for most nutrients were signifiddfetgnt
between cases and controls (all p-values < 0.05). More specifically, Whttels had

higher intakes of all nutrients, except selenium, compared to White caseanAmerican
cases reported higher consumption of vitamin C, vitamin E, folate, vitamin B6, andwitami
B12 than their respective controls. The contribution of supplements to total selenium intake
was negligible in both racial groups. In controls, African Americans repagedicantly

lower total mean intakes for most nutrients compared to whites, and the higher imtakes
whites was mainly due to contributions from dietary supplements. For example, dai
vitamin E levels from food sources only in White and African American controls were
similar (12.0 mgTE and 11.1 m@TE, respectively); however, total vitamin E intake was
103 mgaTE among Whites and 47 naJE among African Americans.

Tables 5 and 6 give the associations (OR and 95% CI) between rectalarahcer
nutrients in our study population, stratified by race. The ORs presented at@baaee-
specific quartile cut-points, although ORs estimated using identical cut-pmifitsth races
were similar. Table 3 presents results for antioxidant nutrients (vitamansl € 3-
carotene, and selenium). In whites, the highest quartiles of all nutrietsgsarciated with
a statistically significant lower risk of rectal cancer compared ttothest quartile, except
for total vitamin E intake. The greatest risk reduction was observed fopicéabtene
intake (Q4 vs. Q1 OR: 0.47, 95%CI 0.33-0.66). For vitamins C and E, the association with
risk was stronger for food sources only than from total intake. For example, tho QIghf
vitamin C intake from food only was 0.49 (95% CI 0.35-0.69) and 0.62 (95% CI 0.45-0.86)

from food and supplements combined. In African Americans, high selenium intake had a
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strong inverse association with rectal cancer risk: total selenium intekasgociated with a
75% lower risk (OR: 0.25, 95% CI1 0.08-0.84). The combined effect of all antioxidant
nutrients on risk reduction in whites was less than the significant assoesiabeerved for
single nutrients.

Table 6 gives results for DNA methylation-related nutrients (folati@min B6,
vitamin B12). There were significantly lower risks associated with allenitmtakes in
whites when contrasting the highest and lowest quartiles of intake, but only atigirgin
significant for total folate intake (OR: 0.71, 95% CI1 0.50-1.01). High intake of vitamin B12
from food in Whites had the strongest (58%) reduction in risk (OR: 0.42, 95% CI 0.28-0.63,
p <0.0001). The combined effect of all DNA methylation-related nutrients (Q4 vsRQ1 O
0.62, 95%CI 0.44-0.88) was stronger than the independent associations for total folate and
total vitamin B6. In African Americans, total folate, vitamin B6, and vitamin B1@edlsas
the combined effect of all DNA methylation-related nutrients were stiggeof elevated
risk, although odds ratios were not statistically significant.

Since whites had higher nutrient intakes and less total energy intakearedrtgp
African Americans, the nutrient densities were also greater in whitdken we examined
the effect of energy adjustment, there were slightly stronger assosifir energy-adjusted
estimates compared to ORs not adjusted for total energy. For example, thyeasiested
odds ratio for the highest category of vitamin C intake in whites was 0.62 (95% CI 0.45-
0.86); however, the non-energy-adjusted estimate was 0.69 (95% CI 0.50-0.94). In African
Americans, the energy-adjusted and non-energy-adjusted estimates faitdotal C were

1.45 and 1.91, respectively, although neither was statistically significant.
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E. Discussion

In this large population-based case-control study, all antioxidant nutrieresagsociated
with reduced rectal cancer risk in whites, and selenium reduced risk in Afrroandans.
Inverse associations with DNA methylation-related nutrients wereatrggrved in whites
yet appeared to elevate risk in African Americans. To our knowledge, thisfisdt study to
report associations between micronutrients and rectal cancer risk in Adnoancans.

There were notable differences in mean nutrient intakes between whites ayach Afri
Americans. In general, African American controls reported lowennmgakes than White
controls, primarily due to the greater contribution to intake from dietary supptenm
whites. The prevalence of any dietary supplement use in the last 12 months among our
control population was 72% in Whites and 53% in African Americans. It has beentedtima
that approximately 50-70% of non-institutionalized U.S. adults take dietary sugpem
the form of multivitamin/mineral or single nutrient supplements (19, 27, 28), and Radimer, e
al also noted that supplement use patterns differ by race (19). Therefonecikssary to
collect detailed information on supplement use when assessing the effectasfutrients
on disease risk, especially in diverse populations.

Findings in this present study for whites are consistent with the hypotheses that
dietary antioxidants may reduce the risk of rectal cancer. In addition t@itiiexidant
properties, these nutrients may also inhibit tumor development by stimulatingniogém
system and (2) and regulating cell growth (29, 30). Our results are in agreathesther
observational studies reporting significant inverse associations for digtiaoyidant intake
and colon cancer (4, 7, 31, 32) and colorectal cancer (4, 7). Kune and colleagues reported

rectal cancer risk reductions for high intakes of vitamin C, vitamin E, and sel€hjuamd
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elevated risk of rectal cancer has been observed for low vitamin E intakes im\{&ihe
On the contrary, there was no effect of vitamin E on colon cancer in the Woments Healt
Study clinical trial (33). Most of the current evidence has been limited to fraoaw
American populations; however, Satia et. al. noted significant inverse dsswcwith colon
cancer for high intakes @fcarotene, vitamin C, and vitamin E in African Americans (31).
We also found intakes of DNA methylation-related nutrients to be associated wit
reduced risk of rectal cancer in whites. Results are conflicting regatdireffect of folate
on colorectal cancer development. In a recent report of the Netherlands Codpytist
authors did not find folate to be significantly associated with colorectal caskén men or
women (34). Null findings have also been reported for folate and colon cancer (5, 7, 31, 35,
36). The most recent report from the World Cancer Research Fund/Americardrieti
Cancer Research indicated that there is only limited suggestive evidenioéateateduces
the risk of colorectal cancer (37). Epidemiologic studies of vitamin B6 and Bl12mstied
in comparison to studies on folate intake. The present study is in agreememditdsfi
from an Australian case-control study in which there was a significaiat caacer risk
reduction for the highest category of vitamin B6 and B12 intake (7). On the other hand, two
large prospective studies observed an elevated risk of rectal cancer in veornigih intake
of vitamin B6 (5, 34). These discrepant findings may be due to inherent biases in case-
control studies, the method of dietary assessment, or variation in intakes of these
micronutrients. We did not observe effect modification by alcohol for any of these DN
methylation-related nutrients, although alcohol is a known to interact withnbésents
(38). This may be because the average alcohol intake in our study population was low

(<10g/day), thereby limiting our ability to detect any modifying effdmt alcohol intake.
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The reasons why the associations between micronutrients and rectaldstiacéor
whites and African Americans are not totally clear. Surprisingly, high tattes of all
nutrients except selenium appeared to elevate the risk of rectal cancaecam Afmericans,
although odds ratios were not significant. This direct association may be duedaortieecs
these nutrients; however, after controlling for fruit and vegetable consumptrenitag still
a non-significant positive association with risk. To our knowledge, this is thetfidst to
report such strong rectal cancer risk reduction in African Americans forrt@ake of
selenium (75% risk reduction); however, this could be a chance finding. Also, due to our
small sample of African Americans, we may have missed other sttissgnificant
associations, and these small sample size may also have led to unstablesdRiesailts
from other epidemiologic studies with adequate African American repréiserdae needed
to confirm (or dispute) these findings.

It is interesting to note that for all DNA methylation-related nutriemtshites, the
risk reduction was greater for intake from food sources only compared to total(iotadke
plus supplements). This phenomenon was also seen for vitamins C and E intakes. In African
Americans, the suggested risk elevation was actually greater fomtates ithan from food
alone. Other studies have reported null effects of supplement use on coloreea(&a8@)
and adenomas (9, 40). For example, compared to the placebo, 1mg/day of folic acid did not
reduce the risk of colorectal adenomas, the precursor to colon and rectal canceiyahyd a
increased the risk of advanced adenomas in the Aspirin/Folate Polyp Preventip(®¥tud
There are several possible explanations for these findings. This may be due to¢ ¢fifectua
of folate, depending on dosage and time of exposure. While adequate folate intake ma

suppress tumor development, excessive intake may not offer additional benefit or even
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enhance carcinogenesis, especially when there are pre-existorglgtl). These disparate
findings may also reflect the different chemical structures and biolquathways of natural
folate and synthetic folic acid. Folic acid is more bioavailable and therafore readily
absorbed than natural folate found in food (42). However, high circulating levels of
unmetabolized folic acid may reduce the immune response against carcinotietig ce
reducing the amount of natural killer cells (42). Clinical trials have alsod no evidence

for associations of vitamin C, vitamin E, carotene with reduced risk of CRC (8, 39). One
trial reported a significant inverse association of vitamin E supplemamngatid colon cancer
risk, but there was no statistically significant association with reatader (8). Therefore,
these supplements may have different effects on colon and rectal cancer. tAlsms/C

and E may exert pro-oxidant effects, promoting oxidative DNA damage, at high
concentrations. Our study results suggest that nutrient intake from dietarynseipisienay

not help reduce rectal cancer risk, and that intake from food sources alone margbe m
relevant for risk reduction. This could be because supplement use only benefitsithose w
suboptimal nutrient intakes, while providing no benefit for those with adequate intakes
our study, the mean intake of these micronutrients from food alone was above the daily
recommended intakes for both whites and African Americans (43). In addition, other
compounds of natural foods such as phytochemicals and fiber may be chemopreventive and
act in synergy with these nutrients to reduce rectal cancer risk, antétélysthat past and
long-term supplement use may be associated with rectal cancer risk agldppesent use.
Currently, the overall evidence for recommending supplements for rectal caneak (44,

45).
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A major strength of this study was our large sample size, especially thenam
rectal cancer cases. This allowed us to observe associations that would beabidetec
studies with fewer participants. Our study is among the first reports cdmicient intake
and rectal cancer risk in African Americans. We collected detailedation on dietary
supplement use to include in our assessment of total nutrient intake.

There are some limitations worth noting. Our study was subject to potented mas
case-control studies such as recall bias. It is possible that there wesndii#ll recall
between cases and controls. Differential response rates betweearachsestrols, as well
as between whites and African Americans, could have biased our resultswakeaso the
potential of measurement error; however the diet history questionnaire has lsgeda
although not in African American populations (25). Due to our small sample size cdrAfri
Americans, some significant associations may have been missed becausstafistival
power.

In summary, the present findings add to the evidence that dietary antioxidants
(vitamin C, vitamin EB-carotene, selenium) and DNA methylation-related nutrients (folate,
vitamin B6, vitamin B12) are associated with lower risk of rectal canaehites. Our
results also support the hypotheses of mechanisms by which these nutrieptayraasole
in preventing colorectal cancer. This study provides evidence that selenyrednae risk
in African Americans. We observed striking differences in the relationshwebetthe
micronutrients and rectal cancer in whites and African Americans. Thssasréhe
importance of examining these associations by race in large racialigels@mples.

Furthermore, intakes from dietary supplements appeared to reduce the risioneduct
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some nutrients, suggesting that optimal intakes of these nutrients from foodssianee

may be sufficient to lower risk of rectal cancer.
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F. Tables

Table 3 Characteristics (means and standard deviationsepts) of cases and controls in the North Carolina
Colon Cancer Study-Phase Il (2001-2006), by race

Whites (N=1520)

Cases (n=720)

Controls (n=800) Cases (n=225)

African Americans (N=384)

Controls (n=159)

Sex (%)
Male

Age (years) (%)
40-49
50-59
60-69
70-79
Mean(SD)

Education (%)
<=High School
Some College
College graduate/Advanced degree

Body Mass Index (1yr ago) (%)
Normal (18.5-24.9 kg/f
Overweight (25.0-29.9 kgAn
Obesex30.0 kg/nf)

Mean(SD)

Physical activity (MET-min/da$) (%)
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Mean(SD)

Total energy intake (kcal/day)
Mean(SD)

Smoking Status (%)
Current Smoker
Former Smoker
Never Smoker

NSAID use®(%)
Yes

First degree family history of CRC (%)
Yes

58.3

19.2
275
315
21.8
59.6(10.3)

50.3
25.1
24.6

22.7
38.8
38.5
29.2(6.3)

25.4
24.4
21.1
29.1

2250.0(661.8) 2152.7(473.4)

2245.9(826.2) 2143.0(790.9)

15.6
47.3
37.1

35.1

13.2

60.5

12.1
26.6
34.4
27.0
61.7(9.8)

39.0
25.9
35.1

30.3
40.7
29.0

28.0(5.5)

24.5
23.5
26.5
25.3

135
48.7
37.8

45.7

11.3

52.4

21.3
29.2
33.8
15.7
58.0(10.0)

61.8
22.2
16.0

17.4
31.6
50.9
31.6(7.7)

30.7
255
16.0
27.8

52.2

17.5
227
41.6
18.2
60.3(9.8)

58.5
25.8
15.7

18.1
36.2
45.6
29.9(6.5)

28.9
28.9
19.5
22.8

2178.4(545.5) 2152.8(494.2)

2423.6(953.3) 2207.7(891.6)

22.7
38.2
39.1

24.4

11.8

17.0
42.1
40.9

22.8

5.2

#metabolic equivalent minutes per day

Pgreater than or equal to 15 non-steroidal antaimfihatory drugs (NSAID) per month in the past 5 gear
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V. Associations of red meat, fat, and protein intake with rectal cancer risk

A. Abstract

Studies suggest that red and processed meat consumption elevate the risk o@lcolorect
cancer; however, the relationship between red meat, as well as fat and proteiotadnd re
cancer specifically is not clear. We determined the risk of rectal casseciated with red
and processed meat, fat, and protein intakes in whites and African Americanswéteere
945 cases of rectal cancer (including sigmoid and rectosigmoid) cases amh®6&.c We
assessed dietary intake in the 12 months prior to diagnosis for cases and intarview f
controls. Multivariate logistic regression analyses were used to obtain oddq @) and
95% confidence intervals (95% CI). There was no association between totdLfatesh

fat, or monounsaturated fat and rectal cancer risk. In African AmericarGRtoé rectal
cancer for polyunsaturated fat was 0.28 (95% CI 0.08-0.96). The percent of energy from
protein was associated with a 47% risk reduction in whites (OR: 0.53, 95% CI 0.37-0.77).
Total red meat intake was not related to rectal cancer in either age gut beef/pork/lamb
consumption in whites was associated with a marginally significant risktreal (OR: 0.66,
95% CI 0.43-1.00). Our results do not support the hypotheses that fat, protein, and red meat
increase the risk of rectal cancer. These findings demonstrate the petdogabf

examining these associations by race.



B. Introduction

Colorectal cancer (CRC) is the fourth most common cancer in the U.S. auxhtzcc
for approximately 9% of all cancer deaths (1). Diet is widely believed asbociated with
CRC development, and is a modifiable risk factor. Therefore, there is greasintebetter
understanding which dietary factors may be associated with higher or lowzeri€kRIn
particular, increased consumption of dietary fat, protein (mainly animatdgbratein), and
have shown strong correlations with CRC cancer incidence in ecologidedss(2-5).
Observational studies in the U.S. have generally reported that high intakdsweat and
processed meat may increase risk for CRC (6, 7). A comprehensive reviewbgrtte
Cancer Research Fund/American Institute for Cancer Research concludbdrénavas
convincing evidence that red meat and processed meat increases CRC riskthat that
evidence regarding the role of foods containing animal fat is limited (8¢r&dnypotheses
have been proposed to explain a possible relationship between red meat and CRC sisk. The
hypotheses relate to two primary nutrients in red meat, i.e. fat (9-11) @ethgB, 12), as
well as components of processed red meat such as N-nitroso compounds (9, 13), and factors
produced while cooking red meat at high temperatures, namely heterocyclis amihe
polycyclic aromatic hydrocarbons (5, (3, 9, 13).

Colorectal cancer consists of carcinomas of the colon and rectum, andaect
comprises approximately one-third of all colorectal cancers. It has beerswajtjeat there
are different etiologies for colon and rectal cancer (14, 15); thereforenpastant to
examine risk factors separately for both sites. Some investigators hdiesl issociations

between meat intake and sub-sites of the colorectum (16-18); however, grelgurr
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available evidence regarding the associations of red meat, fat, and pitheiectal cancer
risk is inconclusive.

In this study, we examined associations of red meat, fat, and protein intakeskvit
for rectal cancer in African Americans and whites in a large caseststudy in North
Carolina (NC). This study adds to the literature in two ways: it contriboitd tody of
knowledge regarding diet and rectal cancer risk and is, to our knowledge, the fiydbstud

examine these associations in African Americans.

C. Methods
1. Study design and population

The North Carolina Colon Cancer Study-Phase Il is a population-based study
conducted between May 2001 and September 2006. Cases and controls were selected
through a randomized recruitment approach that used age-, sex-, and raceispelghce
rates to calculate selection probabilities (19, 20). African Americares awer-sampled to
increase their representation in the study. The eligibility criterialf subjects were: age
40-79, resident in one of 33 target counties in central and eastern NC, a NC drivesss, lice
no history of colon or rectal cancer, able to give informed consent, and able to coh®lete t
interview.

Rectal (including sigmoid and rectosigmoid) cancer cases were delaciagh the
rapid ascertainment system (21) of the NC Central Cancer Registrys Wasediagnosed
with a primary adenocarcinoma between May 2001 and September 2006. Our study

pathologist confirmed these diagnoses using pathology slides and medicas$ reControls
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were randomly selected from the NC Department of Motor Vehicles if undéSaged the
Centers for Medicare and Medicaid Services if 65 and older.

A total of 1057 out of 1417 eligible cases and 1019 out of 1827 eligible controls had
an interview. Among those eligible to participate, the overall response ratbgnum
interviewed/number eligible) for cases was 74% (76% for Whites, 70% Africamiéens)
and 56% in controls (58% for Whites, 46% for African Americans). For this analesis
further excluded 89 participants who did not complete all components of the study, and an
additional 86 participants who had implausible energy intake values (<800 kcal/d and >5000
kcal/d for men and <600 kcal/d and > 4000 kcal/d for women (22). The final analyptesam
included 945 cases (720 White, 225 African American) and 959 controls (800 White, 159
African American). This study was approved by the Institutional RevieardBat the

University of North Carolina-Chapel Hill.

2. Data collection

The National Cancer Institute’s (NCI) Diet History Questionndtd@) was used to
assess dietary intake. The DHQ is a 124-item food frequency questiohasireludes
guestions on dietary supplement use and fat added to foods (23, 24). The questionnaire was
administered by trained nurse-interviewers, who asked subjects to recalktra dietary
intake over the 1 year prior to diagnosis for cases or interview for contratsiemM intakes
were determined using software provided by the NCI, and were based on the natrient
of each food item, the frequency of consumption, and portion size. The nutrients of interest
for this study were total fat, saturated fat, monounsaturated fat (MUFAynsaturated fat

(PUFA), protein, and red meat. The two categories of red meat were be&mbrk/
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(including veal, lamb, beef steaks, beef roast, beef mixtures, burgers, ham (not luncheon
meat), pork, bacon, ribs) and processed meat (including sausage, hot dogs, and all)cold-cuts
Interviewers administered a separate questionnaire to collect data omatesvertiuding
demographic and household information, medical history, medication use, physiag},acti

smoking status, and family history of colorectal cancer.

3. Statistical analysis

Analyses were conducted using SAS (version 9.1; SAS Institute, Inc.,NE2ywynd
based on 2-sided p-values. Participants were stratified by race armbnasdstatus. The
Wilcoxon non-parametric rank sum test was used to assess differences inutreant
intakes between White and African American controls. We calculated atipgde ratios
(OR) and 95% confidence intervals (95% CI) using unconditional logistic regressamian
PROC LOGISTIC in SAS was used with an option in the MODEL statement to include
offsets. The offset term takes into account the selection probabilities based @tagend
sex, which were used to identify eligible participants (20). Quartiles eosmrstructed for
nutrient and red meat intakes based on the distribution among race-specific ¢ontrols
stratified analyses. This was done to account for possible differencesvaritteon in
range of intake for whites and African Americans. The following covariagze considered
for inclusion in the multivariate models: age (continuous), sex, educatiugh school,
some college, college graduate/advanced degree), smoking status (nevet,foumen}
prior body mass index (i.e. BMI in the 1 year prior to interview for controls and diagnos
cases)(normal, overweight, obese), physical activity (continuous), firstediegndy history

of CRC (yes, no), non-steroidal anti-inflammatory drug (NSAID) use (yescalzgjum
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(continuous), folate (continuous), fiber (continuous), and total energy intake (continuous).
Multivariate models were created using backward elimination and includedatesdhat
changed the odds ratios of interesthi0%. All covariates met the criteria for inclusion,
except smoking status and folate. P-values for trend were obtained using theintat&
values in controls of each quartile as a continuous variable in the model, which giatedei
by the inverse of the variance. For each red meat category, we constructiid & iate
models: model 1 included age, sex, education, prior BMI, family history, NSAID use,
physical activity, calcium, fiber, and total energy; model 2 consisted abtraiates in

model 1 and energy-adjusted saturated fat; model 3 consisted of the covariates ih model
and energy-adjusted protein. We examined these 3 different models to determxterthe e
to which the association between red meat and rectal cancer can be attributedlito ove
saturated fat or protein intake since it has been suggested that these natrezhtaeat
contribute to the elevated risk of rectal cancer. Therefore, these 3rdifievdel
specifications test the hypothesis that fat and protein intake mediatedbatigs between

red meat and rectal cancer.

D. Results

Table 7 summarizes characteristics of cases and controls by thaespect to
potential confounders and dietary intake. Cases in both race groups were youhlpss ha
education, and a higher mean BMI than their respective controls. Among whitéar cesg
of non-steroidal anti-inflammatory drugs was much more frequent in controfsacedto
cases, and a greater proportion of African American cases had a fastoly luf CRC than

African American controls. Some nutrient intakes and meat consumption patteedsbyar
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race; among controls, on average, whites had significantly greatemsafiber, and alcohol
intakes than African Americans. There were no appreciable differencaséin total
energy, dietary folate, and fat. The percent of energy from protein wasrgmgavhites,
although absolute intakes did not differ significantly by race. Whites reposieghty
higher mean intake of beef/pork/lamb than African Americans (52.1 versus 50.1 g/d,
respectively (p=0.05)), while African Americans had greater processatiaconsumption
than whites (24.5 versus 18.7 g/d, respectively (p=0.006)).

As shown in Table 8, absolute intakes of total fat and the percent of energy from total
fat had null associations with risk in whites and non-statistically signtficaerse
associations in African Americans. The ORs for saturated fat and the p&freeetgy from
saturated fat were not statistically significant in either race gtompever, we observed a
significant inverse trend in African Americans for the percent of eneogy $aturated fat (p-
value for trend = 0.004). With regards to the unsaturated fats (MUFA and PUFA), there
were no associations with risk in whites. In African Americans, the hightesforg of
PUFA intake was associated with a considerable reduced risk (OR: 0.28, 95% CI 0.08-0.96).
The ORs for protein intake were less than one in both race groups, although there was no
association in African Americans. In whites, high absolute protein intake wasguggdé
lower rectal cancer risk (OR: 0.57, 95% CI 0.32-1.01). Also in whites, high percent of
energy from protein yielded a significant risk reduction (OR: 0.53, 95% CI1 0.37-0.77), and
the odds ratios decreased progressively with increasing percent of energydteim (p-
value for trend=0.003).

Table 9 shows the relationship between rectal cancer risk and total red meat,

beef/pork/lamb, and processed meat. For total red meat, we did not find atigaitsitis
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significant associations with risk in whites or African Americans in arth@mMmodels. The
Model 1 ORs for the highest category of beef/pork/lamb consumption were similahin bot
race groups, yet only approached statistical significance in whites (OR: 0.6& 195%3-

1.00). There was a slightly stronger risk reduction in whites when we contialleddrgy

from saturated fat (OR: 0.60, 95% CI 0.39-0.93). Moderately high processed meat
consumption had a significant positive association with risk in whites (Q3 vs. Q1 OR: 1.43,
95% CI 1.02-2.02), which was even stronger when we adjusted for energy from protein (Q3
vs. Q1 OR: 1.56, 95% CI 1.10-2.20). There were no statistically significant asstiati

African Americans, although odds ratios suggest lower risk for all red meat.

E. Discussion
In this large case-control study of 945 rectal (including sigmoid and rectogigmoi
cancer cases and 959 controls, we did not find any evidence of associations bealeed t
saturated fat and rectal cancer risk, although monounsaturated fatty gpadseao reduce
risk in African Americans. Our study does not support the hypothesis that highaedrme
processed meat consumption increases the risk of rectal cancer. Ratioemadvinat that
protein intake and beef/pork/lamb consumption reduces the risk of rectal cancees whi
The results for total fat intake are in agreement with several previousassel
(25, 26) and cohort (27, 28) studies, which generally found no statistically sagmific
association with rectal cancer risk. Several investigations found thiemstap between
overall fat intake and rectal cancer to vary by gender. For example, astedst by
Freudenheim, et al. observed an approximately 2-fold higher rectal cancermales (OR:

1.96, 95% CI 1.19-3.24), but no clear association in females (29). Similarly, a mane rec
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and larger case-control study in Canada found a positive association amongntizfgpts
(OR: 1.7, 95% CI 1.1-2.6), but no association in females (30). We did not find evidence of
effect modification by gender in our analyses of total fat and rectalrcance

When examining the association between dietary fat and rectal cancangorsant
to consider different types of fatty acids because they can have diffeckopposite effects
on risk. Experimental studies have shown that high saturated fat and omega-6 PUFAs
increase the incidence of chemically induced colon cancer in animal models (34), whi
omega-3 PUFAs inhibit colorectal carcinogenesis in rodents (32, 33). It has beestesigge
that the fat content, particularly saturated fat, in red meat may influenCei€iRby
increasing the production of secondary bile acids that can promote colon carciro@ehesi
34). Postulated mechanisms regarding the protective role for omega-3 PUFAs ineiude t
ability to inhibit tumor growth and modulate the expression of pro-inflammatory ¢@hes
36). There is limited evidence that foods containing animal fat increasekiioé GRC (8).
For example, a combined analysis of 13 case-control studies found no evidence of an
association between CRC and saturated fat, PUFAs, or MUFAs (37). This is alasg¢he
for rectal cancer specifically, as studies have observed no associatioarbsatigated fat
and rectal cancer (25-28, 38) as we did in the present study. High intake of PUFAs in our
study was inversely related to risk, but only reached statistical seymscin African
Americans, suggesting a strong risk reduction (72%) in this race group. However, it |
possible that this was a chance finding. Unfortunately, we were not able ngulksti
between omega-3 and omega-6 PUFAs.

Total consumption of protein was significantly associated with reducenhnghkites

and had a non-statistically significant association with lower risk iic#i Americans in the
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present study. There is limited epidemiologic evidence for a relationshipdretwerall
protein intake and rectal cancer risk. A few studies reported no associatiorrbptaeein
intake and rectal cancer risk (26, 28) while a case-control study in Italyee@omarginally
significant risk reduction of rectal cancer for 100 calories/day fromipr(28). These
results are contrary to the hypothesis that increased protein intake metg eéstal cancer
risk due to components of protein degradation such as ammonia, phenolic compounds,
amines, N-nitroso compounds, and possibly sulfides that are known to exert toxgiaffec
animal models and in vitro (12).

Meta-analyses of meat consumption and CRC risk have concluded that red meat and
processed meat increase the risk of CRC, colon cancer, and rectal cancer (&) ¢t
processed meat may be a stronger risk factor than fresh red meat (40, 41)rakt,cont
findings from individual studies have not been consistent (16, 18, 25, 42-45); therefore, the
biological mechanisms relating red meat intake to CRC risk remain speeulbdividual
studies investigating the relationship between red meat and rectal spac#ically are also
conflicting. Some studies have reported a significantly higher risk of &ntakr with
increased red meat consumption (16, 43, 45) while others did not find any statistically
significant associations (17, 18, 25, 28, 44, 46, 47). Our study did not suggest that high total
red meat intake elevates the risk of rectal cancer, although moderatelgthigdsiof
processed meat appear to be associated with significantly higher rigktes\\surprisingly,
we found high beef/pork/lamb consumption to be associated with lower risk in whites.

It was initially hypothesized that the saturated fat and protein content oeggd m
increases rectal cancer risk for reasons previously mentioned. Thisésipdths been

explored in animal studies, and it was found that lean beef did not promote colon
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carcinogenesis in rats (48). When we controlled for energy from saturatedias analyses
the risk estimates for the associations between red meat and rectalvearenot
appreciably altered; however, in whites, there was a trend toward a s$igbtiger risk
reduction for high beef/pork/lamb consumption. Therefore, there was no evidence to indicate
that the association of red meat and rectal cancer was mediated byeddatrattake.
Protein metabolism is another mechanism to explain the relationship betwe¢caacer
risk and red meat intake. Meat is a major source of protein and products of protein
metabolism such as ammonia and N-nitroso compounds are known to have toxic effects (12)
High protein intakes in the present study appeared to reduce the risk otaackd in
whites, mainly as the percent of total energy. Controlling for protein intake imahesas of
red meat and rectal cancer risk in whites resulted in elevated tislatest for total red meat,
removed the significant risk reduction for high beef/pork/lamb intake, and straadtties
positive association with processed meat consumption. Therefore, the protein corgdnt i
meat appears to contribute to rectal cancer risk reduction in whites. Nticsttis
significant changes for were observed in African Americans, although were generally
less favorable risk estimates when adjusting for protein.

Recently, more attention has been given to the potentially carcinogets efffe
heterocyclic amines (HCA) and polycyclic aromatic hydrocarbons (PAH-I ieffort to
explain the association between red meat and increased rectal cancdOskare
mutagenic compounds formed when cooking meat at high temperatures such as grilling,
frying, or oven-broiling, while PAHs are produced when grilling or broiling @reopen
flame (46). In general, studies have shown well-done red meat and high mutagertandices

have strong positive associations with CRC risk (49, 50). However, the risk poseséy t
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compounds may depend on the extent to which they are activated by metabolicseenzyme
(13).

Our findings do not support the hypotheses that fat, protein, and red meat increase the
risk of rectal cancer, although these dietary components have generallgsiseeiated with
elevated colon cancer risk. There are several possible explanations fdinithiegs. Our
results may simply reflect differences in colon and rectal canceraggmeht. There is
evidence that colon and rectal cancer may have distinct etiologies (15, 51) @&s we
differences with regards to the metabolism of bile acids (14), expressionatfaiEng
enzymes (14), bacterial composition and pH (52), and genetic profile (15, 16). Another
explanation may be that red meat intake in our study population was relativegnidw
therefore perhaps below the level necessary to elevate risk. For exaangpsen et al.
reported a 63% increase in rectal cancer risk associated with 120 g/d dfagdh® mean
total red meat intake in our study was 76 g/d. These results may also refleetdlity to
determine the amount of red meat consumed according to doneness and cooking methods,
and thereby estimate the amount of HCAs and PAHSs in the red meat. These rautageni
compounds may be the culpable substances moreso than overall red meat consumption.

The reasons why some of our results differed by race are not totally Nieather
available literature has reported the associations between diet taldaacer in African
Americans. An early study of diet and colon cancer in African Americahsaliobserve
any statistically significant associations between colon cancer andrxepbrk
consumption (53). A population-based case-control study of colon cancer did not report any
associations between colon cancer risk in African Americans and erdjugyea saturated

fat, protein, or red meat intakes (54, 55). This study did find a significant colon cskcer
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reduction for high total fat intake in African Americans. We realize that thgvedy small
sample of African Americans in our study may have resulted in reduced powerdoreate
associations and resulted in unstable estimates. The risk differencasecafser we
estimated odds ratios using the same quartile cut-points in whites and Afrieaicéms;
therefore, variation in the range of nutrient intake is also not a likely exmaratithe
racial differences in risk.

The population-based design and large sample size are among the stetigshs
study. It is noteworthy that this is among the first published reports of assosibetween
fat, protein, red meat and rectal cancer risk in African Americans. #&lwiare collected in-
person using standard questionnaires administered by our nurse-intervieeretsy t
minimizing the potential for misclassification. Recall and response biad lsaué been
introduced in our study and affected our results. We also cannot exclude the possibility
measurement error due to the use of the food frequency questionnaire.

In summary, this study did not provide evidence that total or saturated fatesl tela
rectal cancer risk in whites and African Americans. High intake of podyureged fatty
acids may reduce rectal cancer risk in African Americans, whotein intake may lower
risk in whites. There was no association between total red meat intake ahdapcer,
although beef/pork/lamb appeared reduce risk and processed meat may alkvatehites.
These findings highlight the importance of examining these associatiargércially

diverse populations and add to the knowledge base for dietary risk factors foraectal c
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V1. Dietary patterns, food groups, and rectal cancer risk in Whites and Africancamse

A. Abstract

Background: Associations between individual foods and nutrients and colorectal ltaree
been inconsistent, and few studies have examined associations between food,,nutrients
dietary patterns, and rectal cancer. We examined the relationship betoderdups and
dietary patterns and risk of rectal cancer in non-Hispanic Whites archA#imericans.
Methods: Data were from the North Carolina Colon Cancer Study-Phase Il Ardgdhc
1520 Whites (720 cases, 800 controls) and 384 African Americans (225 cases, 159 controls).
Diet was assessed using the Diet History Questionnaire. Multivaripséidaegression
models were used to estimate odds ratios (OR) and 95% confidence intervals Y95% ClI
Results: Among Whites, non-whole grains and white potatoes were assodthtetbvated
risk of rectal cancer, while fruit, vegetables, dairy, fish, and poultry vesecated with
reduced risk. In African Americans, high consumption of citrus fruit and added sugar
suggested elevated risk. We identified three major dietary patterns iesvehd African
Americans. The High Fat/Meat/Potatoes pattern was observed in both race bubuyess
only positively associated with risk in Whites (OR: 1.84, 95% CI 1.03-3.15). The
Vegetable/Fish/Poultry and Fruit/Whole-Grain/Dairy patterns in Whitdsstgmificant

inverse associations with risk. In African Americans, there was a poddseresponse for
the Fruit/Vegetables pattern{B;<0.0001), and an inverse linear trend for the

Legumes/Dairy pattern {£,3<0.0001). Conclusion: Our findings indicate that associations



of certain food groups and overall dietary patterns with rectal cancer ffisklmbtween
Whites and African Americans, highlighting the importance of examiningadetancer

relationships in racially diverse populations.
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B. Introduction

Colorectal cancer (CRC) is the fourth most common cancer in the United Sta
(U.S.) among men and women (1). Incidence and mortality rates are higloest African
Americans compared to other U.S. race/ethnic groups. While some of this dispariie
attributed to access to care and socioeconomic differences (2), other reasonsangyaly
unknown. It is generally accepted that diet plays an etiologic role in ctalbcaacer
development; however, studies examining associations of specific foods and nuitients
CRC risk have been inconsistent. Moreover, most studies have focused on colon cancer only
or the combination of colon and rectal cancer, while less attention has been giversto the
of rectal cancer specifically.

The majority of diet and cancer studies examine associations of individuahtautri
with disease risk. Examining individual nutrients in relationship to cancer riskéditial
for gaining insight into possible mechanisms of dietary components. This individuahhut
approach, however, is not adequate for considering the synergistic effect gfdugklated
nutrients and other compounds found in foods (3). Other studies have focused on food
groups, which take into account the way the foods are typically consumed. Nonetheless, i
has been suggested that dietary patterns represent a more logicallgmmsdhae analysis of
dietary patterns takes into consideration the synergistic effect of bothdnddsutrients,
neither of which is consumed in isolation. Dietary patterns include numerous dietary
exposures and are often associated with other health behaviors, such as phisigal ac
smoking, and cancer screening (4). A common approach to identifying dietary patterns
factor analysis, which reduces a large number of variables into a small moinfdoetors

based on their degree of correlation (5). These factors then represent @dig&nspn the
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study population and are used as predictors in subsequent analyses of risk. Comparisons
between the food/nutrient and dietary pattern approaches among previous studiestave be
difficult due to differences in study design, study populations, and statistit@adse

As noted above, few studies have examined associations of diet with recéal canc
risk separately, as most have combined rectal and colon cancers. Howeveeciniaaisms
underlying the etiology of colon and rectal tumors may be different (6, 7). Theiabeic
this work is to examine associations of food groups and dietary patterns (basedron fact
analysis) with risk of rectal cancer in a population-based case-controlatndg-Hispanic
Whites (Whites) and African Americans in North Carolina. To our knowledge, tiis fa$t

population-based study to examine these relationships in a racially divergmpution.

C. Methods
1. Study design and population

The North Carolina Colon Cancer Study-Phase Il is a population-based caek cont
study in a 33-county area in central North Carolina. These counties includesubraban,
and urban areas and are socioeconomically diverse. Participants were seiegtad us
randomized recruitment strategy that over-sampled African Americahszolved
matching on 5-year age, sex, and race. This study was approved by the Univéisitiy of
Carolina’s Institutional Review Board.
Cases

Rectal cancer cases were identified by the North Carolina CE&atnaer Registry
rapid ascertainment system and included those with cancers of the rectumd sagrdoi

rectosigmoid junction (ICD 154). Eligibility criteria for cases includede 4@-79 at time of
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diagnosis, diagnosed with a primary adenocarcinoma between May 2001 and September
2006, have a North Carolina driver’s license or identification (because controls under 65
were selected from Department of Motor Vehicle rosters), and ablegonormed consent
and complete the interview. All diagnoses were confirmed by the study paththlogisgh
review of pathology slides and reports. Cases with a non-invasive carcinomawoagre
diagnosis of colorectal cancer were excluded. After notification of thepriphysician,
eligible cases were sent a letter describing the study and a rédeechanrollment specialist
contacted them to explain the study and obtain their consent to participateielwdevere
scheduled for consenting cases. There were a total of 1831 cases sampled, 1417 of whom
were eligible to participate. Of the eligible cases, 118 (8%) were umabéedontacted, 242
(17%) refused, and 1057 (75%) were interviewed. The response rate, (number of persons
interviewed divided by the total number of eligible persons), was 76% and 70% for Whites
and African Americans, respectively.
Controls

Using lists provided by the agencies, controls were randomly identified fiem t
North Carolina Department of Motor Vehicles (NC DMV) (for those less tha®3gand
from the Center for Medicaid and Medicare Services (CMS, formerly known as#ignH
Care Financing Administration), for those age 65 and older. Eligible conteoés4Q-79
years old at the time of selection, resided in the 33-county study area, and hadosprevi
diagnosis of colorectal cancer. Similar to cases, potential controls evdrarsintroductory
letter and contacted by a race-matched enrollment specialist ancam paterviews were
scheduled for controls who agreed to participate. Among eligible controls (1,827 out of 2,345

sampled), 325 (18%) could not be contacted, 483 (26%) refused, and 1019 (56%) were
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interviewed. The response rates were 58% and 46% for White and African &americ

controls, respectively.

2. Data collection

All data were collected by trained nurse-interviewers in participaotse or other
convenient location.

Usual dietary intake was assessed using the Diet History Questiofiidi®
developed and tested for validity by the National Cancer Institute (8-10).nEhigment was
validated in study samples that were racially diverse, with African Asaesirepresenting
10-14% of these study samples (9, 10). The DHQ consists of 124 separate food items and
assesses the frequency of consumption and portion size consumed for each food item.
Participants were asked to estimate their food and beverage intake in the pasti frhe
12-month period was chosen to take into account seasonal variation in food consumption.
Cases were asked to estimate their usual frequency and portion size over tretlgarod
prior to diagnosis, and controls were asked to estimate consumption during the loyear pr
interview. Daily intakes of nutrients and total energy were calculatédseftware provided
by the NCI and developed for the survey instrument. Nutrient intakes were deteusing
the frequency of consumption, reported portion size, and nutrient content. For the food group
analysis, we examined the following U.S. Department of Agriculture (USiyfgmid food
groups (11) : total grains, whole grains, non-whole grains (e.g. white bread, pasth, cer
total vegetables, dark green vegetables, deep yellow vegetables, drameaess, white
potatoes, starchy vegetables, tomatoes, other vegetables(e.g. cabbatmyegwbifussels

sprouts, onions), total fruits, citrus fruits(including melons and berries), other fotitis
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dairy, milk, yogurt, cheese, total meat, beef/pork/lamb (i.e. red meat), pedceeats, organ
meats, fish and other seafood, poultry, eggs(i.e. eggs, egg whites, egg substitutes), soy
products, nuts (e.g. peanuts, walnuts, seeds), added sugar (sugars added duringgprocess
cooking, or at the table), and discretionary fat (i.e. excess fat in foods addéddtta foods).
Average weekly intakes were calculated for each food group. There wae @idaportion of
non-consumers for the yogurt, organ meat, and soy food groups (58%, 49%, 76%,
respectively). For this reason, we dichotomized (consumers vs. non-consumerf)abss
in the food group analysis, and combined the yogurt group with the milk food group and
excluded the organ meat and soy food groups in the factor analysis.

The participant questionnaire queried age at diagnosis, sex, race, education, annual
income, use of non-steroidal anti-inflammatory drugs, smoking history, and fyrstede
family history of colorectal cancer.

The analyses were restricted to participants who completed all compondr@s of t
study (n=1987). Participants with unreliable reported energy intakes (<80dalycanhd
>5000 kcal/day for men and <600 kcal/day and >4000 kcal/day for women) were also
excluded (n=83 (50 men, 33 women)) because they were considered implausible based on
daily energy requirements (12). Thus, the analytic sample for this repodeacl 520

Whites (720 cases, 800 controls) and 384 African Americans (225 cases, 159 controls).

3. Statistical analyses
Descriptive statistics (means, standard deviations, and frequencies)omgputed
for all study variables by case-control status and race to describe thgrdpho and dietary

characteristics of the study population. Results were stratified bypeaegise tests for
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interaction indicated the presence of effect modification by race for sbtne demographic
and dietary variables. Each food group was categorized into quartiles based on the
distribution among race-specific controls. Odds ratios (OR) and 95% confidenealster
(95% CI) were calculated using unconditional logistic regression models to detdhmai
association between the food groups and rectal cancer risk. These food group models
included an offset term to account for the randomized recruitment and to allow us to obtain
unbiased odds ratios, as well as the following covariates: age (continuous), sex,
socioeconomic status (represented by education (less than or equal to high scleol, som
college, college graduate/advanced degree) and income (categorized}) yBat ago (i.e.,

in the year prior to interview for controls and diagnosis for cases) (normal,egatyw
obese), physical activity (continuous), family history (yes, no), non-stémtia
inflammatory drug use (yes, no), and total energy intake (continuous).

Dietary patterns were identified separately among White and AfAczerican
controls using 21 predefined food groups in a principal components factor analysis. This
analysis was conducted using the PROC FACTOR procedure in SAS. To determine the
number of factors to retain, we considered eigenvalues >1, the scree plot, and the
interpretability of the factors. Extraction of these factors was followeatthogonal
rotation (the varimax rotation option in SAS) to obtain uncorrelated factors and enhance
interpretability. For each dietary pattern (factor), a factoresa@s calculated for cases and
controls by summing intakes of the food items weighted by their factor loadingssoRe
and Spearman correlation coefficients were used to examine the correldtdotooscores
for each dietary pattern with other participant characteristics aratyieriables. Partial

Pearson correlation coefficients adjusted for energy were obtained foetiwey dariables.
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Factor scores were categorized into quartiles based on the distribution in té contr
population for African Americans and Whites separately. To determine #ti@nship
between these dietary patterns and rectal cancer, we used unconditionalriegiisision
models to obtain odds ratios and 95% confidence intervals. Test for trend was conducted by
incorporating a variable for the median values of factor scores amongpaaée controls
observed for each food group quartile into a logistic regression model. The trendgest
weighted by the inverse of the variance for the quartiles. All logiggiession models were
adjusted for the same covariates as in the food group models.

All analyses were performed using SAS 9.1 software (SAS Institute, by, IKC).

Statistical tests were two-sided and p<0.05 was considered statistigaificant.

D. Results

The distribution of cases and controls by race is shown in Table 10. Among Whites,
controls were older and more educated, had a slightly lower mean BMI 1 yeandgised
more non-steroidal anti-inflammatory drugs than cases. Among Africariéans, the mean
age was less for cases than controls, while cases had a higher mean BMItidn,addi
larger proportion of African American cases had a family history of CRC aewhpa
controls. All of these participant characteristics were significasp@ated with the risk of
rectal cancer in multivariate models, except annual income, smoking status, and fam
history (data not shown).

Tables 11 and 12 give the covariate-adjusted race-specific odds ratioa{@®8§%
confidence intervals for each food group among Whites and African Americgrestresly.

The odds ratios presented are not mutually adjusted for the other food groups, although
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estimates were similar when we controlled for the other primary food groopsVliites,
high intakes of non-whole grains and white potatoes were significantly positigelgiasd
with rectal cancer risk (Table 11). Conversely, fruit, dark green vegetalbdpsyeléow
vegetables, other starchy vegetables, other vegetables, dairy foods, fish, aydyzoaltr
significantly associated with reduced risk for rectal cancer. High cqrtgamof dark green
vegetables had the strongest inverse association (OR: 0.41, 95% CI 0.29-0.58). The highest
guartile of red meat intake had an OR less than 1, but was not statisticafigangniHigh
intake of other fruit and added sugar were associated with elevated risk imASrmearicans
(OR: 3.25 95% CI 1.52-6.96 for other fruit; OR: 2.65 95% CI 1.11-6.34 for added sugar)
(Table 12). There was a significant lower risk associated with the seaartdegof intake
of total vegetables, other vegetables, total meat, and discretionary fatcanAmericans.
Three dietary patterns were identified separately among White alcdiAkmerican
controls using principal components analysis. These 3 patterns explained 39% of the
variance in Whites and 43% of the variance in African Americans. Table 13 présents t
factor loadings for the food groups on each dietary pattern for eachroage he first
dietary pattern, High Fat/Meat/Potatoes, was similar for both Whites falcdiAAmericans
and had strong positive loadings for discretionary fat, non-whole grains, white pptatbe
and processed meat, cheese, and added sugar. The second and third factors were only
slightly different for Whites and African Americans. For Whites, the secomargipattern
was characterized by high loadings of most vegetables, as well as fish angl podltvas
therefore labeled the “Vegetable/Fish/Poultry” (abbreviated as \&&gHoultry) pattern.
The third dietary factor in Whites was labeled “Fruit/Whole Grain/Dawgtause of its high

positive loadings of fruit, whole grains, and milk/yogurt. In African Americangsfalso
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loaded heavily on the second factor in addition to vegetables. This factor was labeled
“Fruit/Vegetables”. The third factor in African Americans had strongitggsdof nuts,
beans and peas, and milk/yogurt, and was labeled “Legumes/Dairy”.

Table 14 shows correlations of the three separate dietary patterns in &vidites
African Americans with selected participant characteristics andrglieariables. Age was
inversely correlated with the High Fat/Meat/Potatoes pattern for Aoghgroups, whereas
education and income were positively correlated with the Veg/Fish/Poulteyrpat Whites.
The dietary variables presented are those related to energy intake (ien¢ogy, fat,
carbohydrate, protein, alcohol). Folate and fiber were included because of theiotignt
in fruits and vegetables. The High Fat/Meat/Potatoes pattern had thet kighekation with
total energy in Whites (r=0.86) and African Americans (r=0.82), while inversklied to
carbohydrates, alcohol, folate, and fiber. The Veg/Fish/Poultry pattern ied\fad a
strong positive correlation with protein, and the Fruit/Vegetable patternicaAfAmericans
was highly correlated with folate and fiber.

Associations (odds ratios and their 95% CI) of the dietary patterns (accarding t
quartiles of factor scores) with rectal cancer risk, stratified by eaeggiven in Table 15.
Estimates based on race-specific quartile cut-points are shown, althoulgin agsbciations
were observed when quartile cut-points were matched across ethnic groups. Amtasg Whi
high factor scores for the High Fat/Meat/Potatoes pattern had odds vatyestve of
elevated rectal cancer risk (OR: 1.84, 95% CI 1.08-3.15). The second and third patterns in
Whites were significantly associated with reduced risk of rectaetarThe ORs for the
highest quartiles for the Veg/Fish/Poultry and Fruit/Whole-grainyOzatterns were 0.47

(95% CI1 0.33-0.67) and 0.65 (95% CI 0.45-0.93), respectively. In African Americans, the
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High Fat/Meat/Potatoes and Legumes/Dairy patterns were suggestatioéd risk, while
the Fruit/Vegetables pattern suggested elevated risk. None of the quiriiates reached
statistical significance. There was, however, evidence of a positive tiradrfor the
Fruit/Vegetables pattern and an inverse dose-response for the Legunygséiiains
(p<0.0001 for both). We did not observe any effect modification by gender for any of the

food group totals or dietary patterns.

E. Discussion

This population-based case-control study examined the relationship of food groups
and dietary patterns with the risk of rectal cancer in Whites and Africanidansr High
intakes of fruit, vegetables, and dairy were associated with reduced rectd gak in
Whites, while African Americans had an elevated risk associated withfaiiteand added
sugar. We identified three major dietary patterns and investigated ttenstgp between
these patterns and rectal cancer. The first dietary pattern, HighelafifPotatoes, was
similar for Whites and African Americans, while the other two patternsrddfslightly. To
our knowledge, this is the first study to examine these associations in Afmcancans.

Increased consumption of whole grain foods, as well as fruit, vegetables, and dair
products, has generally been associated with reduced colon and rectatis&noer
epidemiologic studies (13-15), although results have not been entirely consistent. T
potentially protective role of these food groups has been attributed to therdident and
micronutrients such as vitamins, carotenoids, calcium, and folate (16-18). Ouslstuesd
that fruit, some vegetables, and dairy foods were associated with reduced riskas. Vi@ur

findings support evidence from a case-control study by Slattery, et alepioated
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significant rectal cancer risk reductions for high consumption of fruit and \deggetia a
predominantly White population (15).

The relationship between fruit and vegetables and rectal cancer risk in gur stud
varied by race and food subgroups. Contrary to our results which showed risk reductions
associated with specific fruits and vegetables among Whites, Michelgl&t abt find a
protective effect for total fruit and vegetable intake, or any subgroups ocafdivegetables,
on colon and rectal cancer incidence (19). High fruit consumption in African Americans
correlated with significantly higher risk of rectal cancer. Thisrgfipositive association
remained after adjustment for other dietary variables such as citrusddet augar, and
total carbohydrate intake. The elevated risk may be due to high intakes of loigl-fcait
juice or low intakes of fresh fruit.

Interestingly, high intake of the red meat in our study population was not sigtiifica
associated with rectal cancer risk. It has been hypothesized that the heglrdrenontent
in red meat enhances free radical production and tumor cell proliferation (20, 2hatnd t
the fat content of red meat may increase the production of bile acids, alswazeikilar
proliferation (22). Some studies have shown elevated rectal cancer risk sotiatas with
high consumption of red meat (23, 24) and processed meat (24, 25). Our results are in
agreement with findings by Wei, et al. which also showed no association betweas@acr
consumption of red meat and rectal cancer risk (7), although our findings do slepgside
risk for high intake of processed meat in Whites.

Fish and other seafood may play an important role in rectal cancer risk reduction
perhaps due to their rich omega-3 polyunsaturated fatty acid (PUFA) contenh,mdoy

reduce the production of pro-inflammatory eicosanoids (26, 27). Although the effasts of f
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and poultry on colon and rectal cancer risk have been examined less often compaded to r
meat, at least five studies have shown fish and poultry to be associated withl nesluoé
colorectal cancer (23, 24, 28-30). Three of these studies reported an inversestefati
between these food groups and risk of rectal cancer specifically (23, 24, 28)didsinvehis
present study among Whites. Fish and poultry had a non-significant positive assoait
risk in African Americans, which may reflect how these foods were prepared. veiQwlee
results did not change when we adjusted for total fat intake.

Three dietary patterns were identified separately among White alcdiAfkmerican
controls using principal components factor analysis. The High Fat/Meat@thetary
pattern was similar in both race groups. Comparable dietary patterns in somesttahest
have found no association of this pattern with colon or rectal cancer risk (31, 32). However
other studies in which this pattern was labeled “Western” and “red meat” dyameed
significant elevated risk of colon cancer and CRC, respectively (4,33). Sulisreor Whites
are consistent with these findings because high factor scores among WhitesHagh
Fat/Meat/Potatoes pattern were associated with elevated risk.

In addition to a type of “Western” dietary pattern, researchers htareidéentified a
presumably healthy pattern that has been labeled “healthy”, “prudent”, andaiiege
patterns in some studies (34-38). Among Whites in our study, potentially heatdmpa
emerged as two distinct dietary patterns, i.e. the Veg/Fish/Poultry akduib®/hole Grain
patterns; both were associated with reduced risk of rectal cancer. Inggyeshe
Veg/Fish/Poultry pattern had weak factor loadings for fruits and dairyptedand the
Fruit/Whole Grain pattern had only weak to modest loadings for most vegetables. This

suggests that it may not be appropriate to combine fruit and vegetables as an infigiual
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group. In African Americans, the two presumably healthy patterns wereuit®/Egetables
pattern and the Legumes/Dairy pattern. There was a positive linear réigtibasveen the
Fruit/Vegetable pattern and rectal cancer. This could be due to the heavy |addiogs
especially citrus fruit, which also showed a significant positive trend inrrigie food group
analysis. The Legumes/Dairy pattern in African Americans suggestedextive effect on
risk, as was expected.

These dietary patterns only accounted for 39% and 43% of the total variance in
Whites and African Americans, respectively, which suggests that othenpadtaest. There
were a total of 5 factors in Whites and 7 factors in African Americanfi#tbéigenvalues
greater than 1.0, and together these factors explained 50% and 65% of the variance,
respectively. However, these factors not presented were difficult to intefigre low
proportion of variance explained by the 3 factors in race group could also be due, in part, to
the limited number of foods entered in the factor analysis, or a reflection @feheal|
complexity of the diet.

Our findings provide evidence that rectal cancer risk differs betweeraAfric
Americans and Whites for certain foods and dietary patterns. Unfortunbtaky are
virtually no studies of diet and colon and rectal cancer associations in AfricamncAnse
Similar racial differences were reported by Satia-Abouta, et al. in a popubmsed study of
food groups and colon cancer (14). Few studies have conducted comparisons of dietary
patterns for Whites and African Americans (39-41). The dietary patteoaws study were
similar to those identified in the Multiethnic Cohort Study, which also used the U&a2A
groups for the factor analysis (41). Bell and colleagues reported that fiteshpamong

Whites and African Americans did not differ. Although the patterns wereagngimilar
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in both race groups in our study, there were some different associationsctaticamcer

risk. The observed heterogeneity in risk may in part be due to racial variati@arydi

intake of certain foods and nutrients as reported in some studies (42-44). We used race-
specific cut-points for food groups and dietary patterns to account for possiblerties in
consumption, although this could have affected our assessment of racial diferernsle

We cannot exclude the possibility that socioeconomic status contributes taitis ra
disparity; however, we controlled for both education and income in our analyses.

Our study has many strengths, including its population-based design and themnclusi
of a large number of rectal cancer cases. Also, the randomized recruitragysised to
select participants minimized the possibility of selection bias in our resbiter-sampling
allowed us to increase the number of African Americans in our study sample foramoef
assess racial differences. Both food group analysis and factor anaysiexamined in the
same population and included the same covariates.

There are also some limitations to our study. The use of predefined food groups in
the factor analysis may have introduced error in our risk estimates. Grdopdsgprevents
the food items within the group from having different loadings on the dietary patterns
identified and may obscure differences in consumption. However, the consistentaws® of f
groupings may enable us to better compare studies of dietary patterns. Foattfreque
guestionnaires, like that used in this study, are subject to measuremen@maayanot
have included some typically consumed Southern foods (45) or foods common to certain
races/ethnicities. Due to our case-control study design, recall bias istalpypsfkesponse
bias may also have been introduced in our study, especially because the regpomas r

lower among African Americans than Whites, and lower among controls cairtparases.
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Although we over-sampled African Americans, the sample size for this subpopwlats
relatively small (N=384). This resulted in less power to detect signifessociations in
African Americans and unstable risk estimates. Therefore, these firsliagkl be
interpreted with caution and need to be confirmed in a larger sample of AfricamcAnse
In summary, this study used two different approaches to investigate thensigs
between diet and rectal cancer risk: food group analysis and factorign&ys results
showed that several food groups and dietary patterns are associated aitbarer risk.
Some of the food groups yielded different associations with risk than the oveih peath
which it was highly correlated. Complex correlations between foods may bedagttered
by dietary patterns, which may also prove to be more amenable to translationtartp die
recommendations, and easier to apply to improve the efficacy of nutrition intervant
prevention programs. Notably, our results suggest that dietary risk factpdiffeaby
race, which highlights the importance of examining diet and cancer assosiin racially

diverse study populations.
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F. Tables

Table 10: Characteristics of participants by case/control status and race (North Carolina Colon Cancer
Study-Phase 1)

Whites (N=1520) African Americans (N=384)
Cases (n=720) Controls (n=800) Cases (n=225) Controls (n=159)
Sex (%)
Male 58 61 52 52
Age (years) (%)
40-49 19 12 21 18
50-59 28 27 29 23
60-69 32 34 34 42
70-79 22 27 16 18
Mean(SD) 59.6(10.3) 61.7(9.8) 58.0(10.0) 60.3(9.8)
Education (%)
<=High School 50 39 62 59
Some College 25 26 22 26
College grad/Adv degree 25 35 16 16
Annual Income (%)
<$20,000 21 18 47 52
$20,000-$34,999 21 18 19 16
$35,000-$49,999 15 15 11 8
$50,000-$74,999 20 23 13 15
>$75,000 24 27 11 10
Body Mass Index (1yr ago) (%)
Normal (18.5-24.9 kg/f 23 30 18 18
Overweight (25.0-29.9 kgfn 39 41 32 36
Obesex30.0 kg/nf) 39 29 51 46
Mean(SD) 29.2(6.3) 28.0(5.5) 31.6(7.7) 29.9(6.5)
Smoking Status (%)
Current Smoker 16 14 23 17
Former Smoker 47 49 38 42
Never Smoker 37 38 39 41
Mean(SD) years of smoking 26.9(15.6) 25.5(16.7) 24.3(16.3) 25.2(17.9)
Physical activity (MET-min/day*)
(%)
Quartile 1 25.4 24.5 30.7 28.9
Quartile 2 24.4 235 25.5 28.9
Quartile 3 21.1 26.5 16.0 195
Quartile 4 29.1 25.3 27.8 22.8
Mean(SD) 2250.0(661.8) 2152.7(473.4) 2178.4(545.5) 2152.8(494.2)

NSAID uset (%)
Yes 35 46 24 23

First-degree family history of
colorectal cancer (%)
Yes 13 11 12 5
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*Metabolic equivalent minutes per day
tgreater than or equal to 15 non-steroidal antdinmatory drugs (NSAID) per month in the past 5rgea
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Table 11: Oddsratiosand 95% confidence intervalsfor rectal cancer among Whites accor ding to food
groups (North Carolina Colon Cancer Study-Phase I 1)*

Food Group Q1 Q2 Q3 Q4 P for

(servings/week) trend
Total grains 154/202 (20.7)% 161/199 (32.3) 181/192.5) 224/200 (60.7)
OR (95% ClI) 1.00 1.09 (0.77-1.55)  1.21 (0.84-1.75)..44 (0.92-2.25) 0.09
Whole grains 204/200 (2.8) 182/203 (6.3) 174/128.2) 160/199 (16.4)
OR (95% ClI) 1.00 1.03 (0.74-1.42)  0.92 (0.66-1.27).93 (0.66-1.31) 0.55
Non-whole grains 140/200 (14.7) 149/201 (23.6) 0/200 (32.3) 231/199 (48.0)
OR (95% ClI) 1.00 1.19 (0.83-1.71) 1.46(1.01-2.12)1.60 (1.01-2.53) 0.04
Total fruit 243/204 (7.35) 190/201 (14.3) 136/1@21.0) 151/199 (32.2)
OR (95% ClI) 1.00 0.83(0.60-1.13) 0.63 (0.45-0.87).62 (0.44-0.86) 0.0021
Citrus fruit 223/200 (1.89) 218/199 (5.6) 145/2(A.7) 134/200 (16.4)
OR (95% ClI) 1.00 0.97 (0.71-1.33)  0.71 (0.51-0.99).61 (0.43-0.86) 0.0012
Other fruit 232/202 (3.01) 161/198 (7.1) 177/2Q4.5) 150/200 (18.5)
OR (95% ClI) 1.00 0.74 (0.54-1.03) 0.83 (0.60-1.14).67 (0.48-0.94) 0.04
Total vegetables 207/202 (14.7) 186/202 (23.7) /168 (31.4) 178/201 (44.6)
OR (95% ClI) 1.00 0.97 (0.70-1.34)  0.76 (0.53-1.09).73 (0.50-1.06) 0.07
Tomato 197/201 (1.3) 190/205 (2.4) 168/197 (3.6) 165/197 (6.5)
OR (95% ClI) 1.00 1.00 (0.73-1.38)  0.89 (0.63-1.25).86 (0.60-1.23) 0.35
Dark green vegetables 277/206 (0.6) 173/196 (1.7)152/198 (3.1) 118/200 (6.4)
OR (95% ClI) 1.00 0.68 (0.50-0.93)  0.59 (0.43-0.81).41 (0.29-0.58) <0.0001
Deep yellow vegetables 286/229 (0.5) 149/181)(1.0 148/196 (1.8) 137/194 (3.6)
OR (95% ClI) 1.00 0.72 (0.52-0.99)  0.60 (0.43-0.83).65 (0.46-0.90) 0.02
Beans and peas 169/179 (0.1) 211/233 (0.6) 186(182) 164/200 (2.7)
OR (95% ClI) 1.00 1.02 (0.74-1.41)  0.97 (0.69-1.37).91 (0.64-1.30) 0.52
White potatoes 112/209 (1.3) 168/198 (3.3) 178/18.6) 262/204 (9.3)
OR (95% ClI) 1.00 1.57 (1.10-2.23) 1.83(1.27-2.63R.55 (1.74-3.73) <0.0001
Other starchy vegetables 204/204 (0.8) 167/188) (1 185/210 (3.0) 164/200 (5.2)
OR (95% ClI) 1.00 0.77 (0.56-1.07)  0.84 (0.61-1.17).64 (0.45-0.91) 0.026
Other vegetables 232/204 (5.0) 159/197 (8.3) 2008/ (11.8) 156/199 (18.5)
OR (95% ClI) 1.00 0.76 (0.54-1.05)  0.79 (0.56-1.09).66 (0.47-0.94) 0.04
Total dairy 203/202 (3.6) 208/201 (6.7) 170/1@8®.9) 139/199 (17.4)
OR (95% ClI) 1.00 0.82 (0.59-1.12) 0.66 (0.47-0.93).47 (0.32-0.69) <0.0001
Cheese 189/191 (0.6) 208/214 (1.5) 155/194 (2.6) 168/201 (5.9)
OR (95% ClI) 1.00 1.02 (0.74-1.41)  0.69 (0.48-0.990.73 (0.50-1.06) 0.06
Milk 183/205 (1.4) 190/198 (3.7) 204/197 (6.6) 431200 (12.7)
OR (95% ClI) 1.00 0.97 (0.70-1.35)  1.02 (0.73-1.42).66 (0.46-0.95) 0.017
Yogurt 435/430 (0.0) 285/370 (0.42)
OR (95% CIj 1.00 0.69 (0.53-0.89)
Total meat 154/200 (4.2) 208/202 (7.0) 184/198.2) 174/200 (15.7)
OR (95% ClI) 1.00 1.29 (0.92-1.82) 0.97 (0.67-1.400.78 (0.50-1.21) 0.07
Red meat 148/199 (1.30) 187/203 (2.7) 198/194)(4 187/200 (7.8)
OR (95% ClI) 1.00 1.14 (0.81-1.60) 1.22 (0.85-1.74).85 (0.56-1.28) 0.26
Organ meatt 380/425 (0.0) 340/375 (0.23)
OR (95% CIJ 1.00 0.89 (0.70-1.13)
Processed meat 131/204 (0.3) 178/202 (0.8) 288(1%) 203/196 (3.1)
OR (95% ClI) 1.00 1.16 (0.82-1.64)  1.45(1.03-2.05)..27 (0.87-1.85) 0.26
Fish 233/194 (0.3) 194/209 (0.9) 157/197 (1.5) 36/200 (2.7)
OR (95% ClI) 1.00 0.72 (0.53-0.99) 0.68 (0.48-0.94).52 (0.36-0.73) 0.0004
Poultry 185/202 (0.6) 210/199 (1.3) 175/194 Y2.2 150/205 (4.0)
OR (95% ClI) 1.00 1.15(0.83-1.59) 0.96 (0.68-1.34).68 (0.47-0.98) 0.01
Eggs 175/192 (0.6) 175/209 (1.4) 149/202 (2.5) 21/297 (4.2)
OR (95% ClI) 1.00 1.05 (0.75-1.47)  0.81 (0.57-1.14)..07 (0.76-1.50) 0.86
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Table 11 continued

Food Group Q1 Q2 Q3 Q4 P for
(servings/week) trend

Nuts 192/216 (0.2) 188/189 (0.7) 199/198 (1.5) 41/197 (4.2)
OR (95% ClI) 1.00 1.24(0.90-1.71) 1.26 (0.90-1.76D.92 (0.64-1.32) 0.24
Soy 558/578 (0.0) 162/222 (0.07)
OR (95% CIj 1.00 0.91 (0.70-1.20)
Added sugar (g) 163/200 (177.5) 144/200 (314.0) 1/200 (489.0) 242/200 (832.7)
OR (95% ClI) 1.00 0.84 (0.60-1.19)  0.90 (0.63-1.28)..19 (0.80-1.77) 0.19
Discretionary fat (g) 146/200 (237.6) 153/200 (FJ3 205/200 (514.2) 216/200 (745.9)
OR (95% CI) 1.00 0.99 (0.69-1.42) 1.37 (0.92-2.05)..32 (0.76-2.28) 0.21

*adjusted for age, sex, education, income. BMI X gga, physical activity, family history, non-statfal anti-
inflammatory drug use, and total energy intake

T OR represents consumers vs. non-consumers (réferent

T number of cases/number of controls (median intak®ntrols)
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Table 12: Oddsratiosand 95% confidence intervalsfor rectal cancer among African Americans
according to food groups (North Carolina Colon Cancer Study-Phase|1)*

Food Group Q1 Q2 Q3 Q4 P for

(servings/week) trend
Total grains 64/40 (20.1)% 60/40 (35.5) 44/4®.%) 57/39 (65.4)
OR (95% ClI) 1.00 0.70 (0.35-1.41) 0.55(0.24-1.28).52 (0.19-1.40) 0.19
Whole grains 72141 (2.9) 59/40 (6.3) 52/39 (0.6 42/39 (18.9)
OR (95% ClI) 1.00 1.19 (0.59-2.39) 0.91 (0.45-1.830.67 (0.21-1.42) 0.20
Non-whole grains 44/40 (14.4) 71/40 (25.7) 49/30.5) 61/39 (53.5)
OR (95% ClI) 1.00 1.18 (0.58-2.43)  0.83 (0.35-2.00)..08 (0.37-3.12) 0.99
Total fruit 42/40 (7.9) 33/40 (13.7) 73/41 (2.8  77/38 (38.5)
OR (95% ClI) 1.00 0.91(0.42-1.97) 2.22(1.05-4.72)1.90 (0.88-4.10) 0.05
Citrus fruit 37/40 (2.3) 60/40 (5.7) 57/41 (10.6  71/38 (21.7)
OR (95% ClI) 1.00 1.97 (0.94-4.17) 1.67 (0.79-6.54)11.54 (0.71-3.35) 0.68
Other fruit 41/40 (3.1) 41/39 (7.4) 43/41 (11.7) 100/39 (20.4)
OR (95% ClI) 1.00 1.18 (0.53-2.62)  1.33 (0.61-2.908.25 (1.52-6.96) 0.0004
Total vegetables 64/40 (11.7) 26/40 (19.3) 60(20.4) 75/39 (45.9)
OR (95% ClI) 1.00 0.36 (0.17-0.79)  0.79 (0.38-1.64).90 (0.40-2.04) 0.58
Tomato 63/46 (0.6) 55/31 (1.4) 47143 (2.4) 60/(3R)
OR (95% ClI) 1.00 0.83(0.40-1.72)  0.58 (0.29-1.19).85 (0.40-1.81) 0.64
Dark green vegetables 61/40 (0.7) 39/40 (1.8) 460/3.6) 75/39 (8.7)
OR (95% ClI) 1.00 0.54 (0.25-1.15)  0.58 (0.28-1.20)L.00 (0.48-2.08) 0.42
Deep yellow vegetables 63/47 (0.3) 45/31 (0.8) /1439(1.5) 58/39 (3.4)
OR (95% ClI) 1.00 1.08 (0.52-2.26) 0.72 (0.35-1.48).78 (0.36-1.66) 0.45
Beans and peas 70/46 (0.1) 71/35 (0.6) 37/39) (1. 47/39 (2.6)
OR (95% ClI) 1.00 1.18 (0.60-2.31) 0.57 (0.27-1.17P.49 (0.23-1.07) 0.02
White potatoes 50/41 (1.0) 63/39 (2.8) 45/4®)4. 67/39 (8.9)
OR (95% ClI) 1.00 0.96 (0.46-1.99) 0.51 (0.23-1.14).97 (0.42-2.26) 0.89
Other starchy vegetables 62/40 (0.8) 52/42 (1.5) 43/37 (2.7) 68/40 (5.3)
OR (95% ClI) 1.00 0.94 (0.46-1.94) 0.61 (0.29-1.29).87 (0.40-1.87) 0.75
Other vegetables 54/42 (3.6) 38/38 (6.5) 60/8B)( 73/40 (17.7)
OR (95% ClI) 1.00 0.39(0.18-0.82) 0.75(0.36-1.570.87 (0.39-1.90) 0.66
Total dairy 37/40 (1.5) 49/40 (3.4) 66/40 (6.8) 73/39 (13.3)
OR (95% ClI) 1.00 0.93(0.44-1.97) 1.04 (0.47-2.32)1.18 (0.53-2.62) 0.55
Cheese 49/36 (0.2) 46/46 (0.8) 68/39 (1.7) 62/88)
OR (95% ClI) 1.00 0.633 (0.30-1.31) 0.84 (0.39-1.81)1.04 (0.44-2.46) 0.50
Milk 37/36 (0.6) 62/44 (2.1) 60/39 (4.1) 66/48.6)
OR (95% ClI) 1.00 0.94 (0.45-1.96) 0.78 (0.35-1.75).90 (0.41-1.95) 0.85
Yogurt 142/104 (0.0) 83/55 (0.21)
OR (95% CIj 1.00 1.08 (0.62-1.87)
Total meat 56/40 (4.2) 34/39 (7.0) 78/41 (11.6) 57/39 (18.9)
OR (95% ClI) 1.00 0.42 (0.19-0.92)  1.03 (0.50-2.14).59 (0.22-1.56) 0.65
Red meat 58/41 (1.0) 39/39 (2.3) 65/39 (3.7) 463(8.8)
OR (95% ClI) 1.00 0.52 (0.25-1.08) 0.97 (0.48-1.970.72 (0.30-1.71) 0.70
Organ meat 65/56 (0.0) 160/103 (0.09)
OR (95% CIJ 1.00 1.09 (0.63-1.87)
Processed meat 44/41 (0.3) 84/38 (1.0) 43/4Q) (2. 54/38 (3.5)
OR (95% ClI) 1.00 1.73 (0.86-3.49) 0.48 (0.21-1.08).89 (0.37-2.11) 0.23
Fish 43/39 (0.3) 61/41 (0.9) 69/41 (2.0) 52/332)
OR (95% ClI) 1.00 1.68 (0.80-3.54) 1.29 (0.62-2.58)..14 (0.51-2.54) 0.88
Poultry 49/40 (0.7) 69/43 (1.7) 52/36 (2.9) 55/¢5.0)
OR (95% ClI) 1.00 1.27 (0.63-2.55)  1.18 (0.57-2.44)..17 (0.53-2.59) 0.82
Eggs 57142 (0.7) 45/38 (1.8) 57/40 (3.1) 66(8%)
OR (95% ClI) 1.00 0.78 (0.38-1.60) 1.18 (0.59-2.35)1.53 (0.73-3.20) 0.16
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Table 12 continued

Food Group Q1 Q2 Q3 Q4 P fortrend

(servings/week)
Nuts 60/41 (0.1) 62/37 (0.4) 36/40 (0.9) 67/214)
OR (95% ClI) 1.00 0.90 (0.44-1.81) 0.40 (0.18-0.86).73 (0.34-1.58) 0.57
Soy 176/128 (0.0) 49/31 (0.04)
OR (95% CIJ 1.00 0.97 (0.52-1.81)
Added sugar (g) 38/40 (188.7) 41/39 (351.7) 55(845.1) 91/39 (1036.3)
OR (95% ClI) 1.00 1.20 (0.57-2.50) 1.64 (0.74-3.66p.65 (1.11-6.34) 0.02
Discretionary fat (g) 57140 (222.5) 42/40 (387.7) 67/40 (551.2) 59/39 (823.2)
OR (95% ClI) 1.00 0.45 (0.21-0.97) 0.51 (0.21-1.25).31 (0.09-1.11) 0.10

*adjusted for age, sex, education , income, BMIdr ygo, physical activity, family history, non-stietal anti-
inflammatory drug use, and total energy intake

T OR represents consumers vs. non-consumers (méfere

¥ number of cases/number of controls (median iniak®ntrols)
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Table 15: Oddsratiosand 95% confidence intervalsfor rectal cancer according to dietary pattern

quartiles, by race (North Carolina Colon Cancer Study-Phasel1)*

Dietary Pattern Q1 Q2 Q3 Q4 P for trend
Whites
High fat/Meat/Potatoes
Cases/controls 126/200 148/200 221/200 25/200
OR (95% ClI) 1.00 1.25(0.86-1.80) 1.82(-2.68) 1.84 (1.08-3.15) <0.0001
Veg/Fish/Poultry
Cases/controls 266/200 214/200 118/200 22/2D0
OR (95% CI) 1.00 1.00 (0.74-1.35) 0.640-0.80) 0.47 (0.33-0.67) <0.0001
Fruit/Whole-grain/Dairy
Cases/controls 221/200 196/200 155/200 48/2D0
OR (95% CI) 1.00 1.04 (0.76-1.43) 0.0%6-1.09) 0.65 (0.45-0.93) <0.0001
African Americans
High fat/Meat/Potatoes
Cases/controls 45/39 59/41 59/39 62/40
OR (95% ClI) 1.00 0.81(0.39-1.70) 0.088-1.91) 0.89 (0.27-3.00) 0.80
Fruit/Vegetables
Cases/controls 52/40 37/40 59/39 77/40
OR (95% CI) 1.00 0.77 (0.35-1.70) 1.046-2.07) 1.50(0.71-3.18) <0.0001
Legumes/Dairy
Cases/controls 57/39 46/40 57/41 65/39
OR (95% CI) 1.00 0.83(0.40-1.73) 0.086-1.59) 0.74 (0.35-1.59) <0.0001

*adjusted for age, sex, education , income, BMIdr ago, physical activity, family history, non-stietal anti-
inflammatory drug use, and total energy intake
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VI1I. Conclusions
A. Review of aims

The overall objective of this dissertation was to investigate the relatobstween
dietary factors and rectal cancer in whites and African Americans in Rartilina. The
North Carolina Colon Cancer Study-Phase Il was a very appropriatetdatsprovided
extensive information on dietary intake in a racially heterogeneous poputaaaspecific
geographic area, with a large and fairly equal number of rectal casesrarad controls.
The specific aims of this research were to: 1) determine the associdti@ebeutrients and
risk of rectal cancer, 2) determine the association between food groupskanid-eistal

cancer, and 3) determine the association between dietary patterns andeciilafancer.

B. Summary of findings
1. Nutrient intake and rectal cancer risk
a) Micronutrients

Antioxidants micronutrients (vitamin C, vitamin E, beta-carotene, seleniuin) ha
significant independent inverse associations with rectal cancer risk mswhitggesting a
24-53% reduction in risk. The combined effect of these antioxidant nutrients in whies wa
associated with a 34% risk reduction (OR: 0.66, 95% CI 0.47-0.91). With the exception of
selenium, there were no statistically significant associations inaihfidanericans. The odds

ratio for total selenium intake in African Americans was 0.25 (95% CI 0.06-0.68).



High intakes of DNA methylation-related nutrients (folate, vitamin B@mih B12)
appeared to have a protective effect on rectal cancer in whites, with indepestdent ri
reductions ranging from 29% to 58%. The combined effect of these nutrients was also
associated with lower risk (OR: 0.62, 95% CI 0.44-0.88). In African Americans ieeee
no statistically significant odds ratios, but we did observe a positive lireal fior vitamin
B6 intake from food (p<0.0001).

For most of the micronutrients, the risk estimates associated with inbakédod
only was more favorable than the risk associated with total intake (i.e. fromrfdod a
supplements). This finding challenges the notion that supplement use aids inaectal
risk reduction and supports the idea that adequate intakes from food may be sufficient for

risk reduction.

b) Macronutrients

In regards to macronutrient intake, neither total fat nor any subtypes ofréat we
associated with risk of rectal cancer in whites. In African Ameridhese was a possible
risk reduction associated with high polyunsaturated fatty acid intake (OR: 0.28,19508€C
0.96). In whites, absolute intake of protein suggested lower rectal cancer risk, whi& the

reduction was stronger for the percent of energy from protein (OR: 0.53, 95% CI 0.37-0.77).

2. Food groups and rectal cancer risk

In whites, non-whole (refined) grains and white potatoes were positively @esbci
with the risk of rectal cancer. The following food groups had statistisggjhjificant inverse
associations with risk: fruit, vegetables (specifically, dark green Vagsialeep yellow

vegetables, other starchy vegetables (i.e. excluding white potatoes), othablejedairy,
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fish, and poultry. In African Americans, other (non-citrus) fruit and added segar
associated with elevated risk, yet no statistically significaktreductions were observed.
These findings suggest that there are racial differences in recter cesk associated with

many of the USDA predefined food groups.

3. Dietary patterns and rectal cancer risk

We identified three major dietary patterns among race-specificot®nin whites,
the following three patterns emerged: High fat/Meat/Potatoes, VegékadléBoultry, and
Fruit/Whole grain/Dairy. The High fat/Meat/Potatoes dietary patteas agsociated with
elevated risk of rectal cancer (OR: 1.84, 95% CI 1.08-3.15), while the other two patterns
were associated with reduced risk. In African Americans, the followieg thatterns
resulted: High fat/Meat/Potatoes, Fruit/Vegetables, and Legumeg/Didiere were no
statistically significant risk estimates observed in African Aoczers; however, there was a
positive trend related to the Fruit/Vegetables patterns and there was ap inseds
associated with the Legumes/Dairy dietary pattern. The High fat/Riatatoes pattern in
both whites and African Americans was highly correlated with total gri€earsons’

r=0.86 and 0.82, respectively), and inversely correlated with alcohol, folate, and fiber.

C. Limitations

One limitation is the possibility for response bias resulting from tiwbeerefuse to
participate. The response rate in controls was less than that in cases, ambtise nege in
African Americans was much less than the rate in whites. Non-respondeb® rddferent

from those who chose to participate, and this could have jeopardized the validitytafithe s
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Recall bias of past exposures is also possible. Recall bias could alsohaf$ect t
analyses if cases recalled their dietary intake differently thamnoteiats a consequence of
their iliness. Dietary information was limited to the one year prior toiiee or diagnosis.
This short interval helped to limit recall errors. Cases were interviewiedftes they
recovered from surgery in an effort to minimize differential recdth@dugh diet in the more
distant past may be more relevant to cancer development, there is greatialdote
inaccurate recall when assessing diet in the remote past.

Measurement error was also possible due to the use of a food frequency
guestionnaire, such as the Diet History Questionnaire (DHQ), and the nd#aiahases.
Possibly, this error was reduced by using trained nurse-interviewersatteapt to
standardize the way the questions were asked and interpreted. It is imponiatet that
measurement error from food frequency questionnaires usually atteratateges of
disease risk. Also, it is possible that the DHQ possibly did not include certaindawsl it
common to certain race/ethnic groups or southern diets.

Another limitation is that we had a small sample of African Americans, desynit
efforts to over-sample and increase their representation in the study. This ea@uld ha
prevented us from observing more statistically significant results, thienekipg our ability

to accurately assess racial differences in risk.

D. Strengths

The major strength of this study is that it is one of the $insdies to examine the association
of dietary factors and rectal cancer risk in a large sawiphdrican-Americans and Whites
recruited from the same geographic area. This will enable obderve associations that

may not have been detectable in smaller studies. It wihdurallow us to assess possible
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racial differences in risk for rectal cancer, for which ¢hisrcurrently no evidence. The case-
control study design is useful for exploring exposure-diseasorahips when the disease
is rare and/or has a long latency period, such as cancer. The poph&ded feature of our
study improves the generalizability of our findings and the rarmeshrecruitment feature

minimized potential selection bias.

E. Public health significance

Colorectal cancer (CRC) is the fourth most common cancer in the U.S. Recel ca
accounts for approximately one-third of all colorectal cancers. Diet planggaa role in
CRC development because everything we consume comes in contact with the lihang of t
colon and rectum to some extent. While there is abundant evidence regarding the effect of
diet on colorectal and colon cancer, much less is known about the relationship between
dietary factors and risk of rectal cancer. In addition, African Ameribame the highest
incidence and mortality of colon and rectal cancer. While some of this dyspatiie to
socioeconomic status and access to care, these factors do not fully explaifricdnry A
Americans are disproportionately affected by CRC. Nationally repegsee data has
shown that dietary intake differs between whites and African Americamsfdhe it is
logical to assume that differences in consumption may correlate wignethitfes in risk. It
was important to investigate this possibility since colon and rectal caregpartially
preventable by dietary modifications.

This dissertation supports the hypothesis that there are some differenatari di
intake and risk associated with rectal cancer between whites and Africamcans, which
may contribute to racial disparities. It further emphasizes the needrnorexdiet-cancer

associations in large racially diverse samples to confirm (or dispute)fiheisgs. This
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study adds to the literature on the epidemiology and etiology of rectal caspecially in
African Americans. Because some of the associations we observed focaactr in this
study contradict what has been suggested for colon cancer, this stressgsttance of

examining these carcinomas separately when trying to identify risk$act
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