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Abstract 

 

Association of Dietary Polyamines with Incident, Sporadic Colorectal Adenomas 

By, Kehinde Oladunni Raji 

PURPOSE:  To investigate the association of dietary polyamines with risk of incident, 
sporadic colorectal adenoma. 

METHODS:  To investigate the association of dietary polyamines and risk for incident, 
sporadic colorectal adenoma, data from the Minnesota Cancer Prevention Research Unit 
case-control study were analyzed. The colonoscopy-/community-based case-control study 
conducted 1991-1994, enrolled 30-74 year old 564 incident, sporadic, colorectal 
adenomas participants, 684 polyp-free controls, and 535 community controls. Diet was 
assessed using a 153-food item semi-quantitative Willet food frequency questionnaire 
(FFQ). Polyamine exposure was quantified based on responses to the food frequency 
questionnaire and a previously published report on the polyamine content of select food 
items. Polyamine intakes were categorized according to the quartiles based on the 
distribution among the community controls and analyzed using unconditional 
multivariate logistic regression. 

RESULTS:  Polyamine intake was inversely associated with risk for colorectal 
adenomas. The odds ratios (OR) for the highest relative to the lowest category of 
polyamine intake were 0.57 (95% confidence interval (CI), 0.33 – 1.00; p trend 0.0001) 
and 0.76 (CI 0.43 – 1.33; p trend 0.04) in the comparisons with the colonoscopy and 
community-based controls, respectively. The inverse associations tended to be stronger 
among those with a more positive oxidative balance, no family history of colorectal 
neoplasms, and women who did not take hormone replacement therapy, and for smaller 
and distal adenomas. 

CONCLUSIONS:  These findings suggest that higher polyamine intakes may be 
associated with lower risk for incident, sporadic colorectal adenomas, perhaps especially 
for smaller and distal adenomas. 
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CHAPTER I: BACKGROUND AND LITERATURE REVIEW 

 
Colorectal adenomas are benign polyps that form along the walls of the colon and 

can, over time, lead to colorectal cancer (1-6). There are several lines of evidence 

supporting the adenoma-carcinoma sequence. Most adenomas appear 7-8 years earlier 

than carcinomas (3, 5). Countries with higher incidences of colorectal cancer also have a 

higher prevalence of adenomas than do countries with lower CRC incidence rates (2, 5, 

7). Analyses of colon tumors containing carcinoma were also found to contain 

adenomatous tissue (4, 5, 8). These studies provide evidence for the lineage hypothesis of 

colorectal adenomas as precursors to CRC, and thereby highlight the importance of 

investigating avenues to potentially prevent or reduce the risk of colorectal adenomas, in 

order to decrease the incidence of colorectal cancer. 

 

Descriptive epidemiology 
 
Colorectal cancer is the third most common cancer in the United Sates among 

both men and women (9, 10), with a reported 75,590 men and 71,380 women diagnosed 

in 2009 (11). Colorectal cancer declined 2.8% in men and 2.2% in women in the U.S. 

from 1998 to 2005 (10-12), but this decline was specific to adults aged 50 years and 

older. However, a recently published article on incidence trends among younger adults 

(ages 20-49 years) found, using data from 13 SEER cancer registries, that overall 

incidence rates of colorectal cancer per 100,000 young adults increased 1.5% per year in 

men and 1.6% per year in women (12). This changing trend is interesting given that age 
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older than 50 is one of the known risk factors for CRC (11), and 92% of diagnoses are in 

people age 50 and above (9, 11, 12).   

The distribution of CRC incidence varies across different sub-populations. For 

instance, a study that utilized data from the National Program of Cancer Registries 

(NPCR) and SEER from 1994 to 2004 found that, overall, men had a higher age-adjusted 

incidence rate (61.1 per 100,000) than did women (44.2 per 100,000), and the greatest 

difference in rates were seen among those who were ≥50 years of age (13). Incidence 

rates were higher in blacks (57.2 per 100,000) than in Asian/Pacific Islanders, American 

Indian/Alaska Natives, and whites (50.8 per 100,000) (13). These results suggest that race 

and sex need to be considered as potential effect modifiers in our analyses. 

Studies on U.S. migrants also suggest that environmental exposures play a major 

role in colorectal cancer etiology. For instance, in Israel, male Jews born in Europe or in 

the U.S. have a higher risk of developing colorectal cancer than those born in Africa or 

Asia (14). In addition, a study of Japanese immigrants to the U.S. found that the 

incidence of CRC, previously a low-incidence disease in Japan, eventually increased to a 

rate similar to that in native-born Americans. Also, the incidence of CRC increased 

dramatically from 1950 to 1970 in Japan, and was thought to be related to the increased 

westernization of their diet (9, 15). These findings highlight the major role that 

environmental exposures, especially diet, play in increasing the risk of developing CRC 

and the importance of investigating various preventative measures for reducing the 

burden of this avoidable disease. 
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International trends 

The worldwide disease burden of colorectal cancer is also an important factor that 

cannot be ignored given the high morbidity and mortality of this disease. With about 

850,000 people being diagnosed with and 500,000 dying annually of the disease, its 

impact both on a population’s health and its economy is vast. It is the fourth most 

common cancer among men and the third most common among women worldwide, and 

represents about 20% of the cancer burden (9, 11, 16, 17). Although the advent and 

implementation of screening and advances in treatment options has led to a modest 

decline in the United States, this same decline has not been noted in other populations, 

especially in lesser developed populations.  A study of international trends in incidence 

rates of CRC found that there were statistically significant increases in incidence rates for 

both males and females in 27 of 51 cancer registries across the world that were 

considered in the analysis (10, 11, 16, 18). Most of the registries that found this trend 

were mostly countries in Eastern Europe, most of Asia, and a few countries in South 

America, all of which are less economically developed than the U.S. (16, 18). Thus, 

investigating ways to lessen the incidence of colorectal cancers, not only locally, but 

globally is crucial to the health status of the world population.  

 

Financial cost burden 

Another important burden that high incidence diseases, such as CRC, place on a 

population is that of the huge financial cost of managing the disease from screening, to 

diagnosis, to treatment. This reason highlights the importance of investigating possible 

targets for prevention. Just in the U.S. alone, colorectal cancer is estimated to account for 
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about 12% of cancer costs and 1% of the total health care costs (11, 19). This is a huge 

financial burden that can be avoided since most cases of colorectal cancer are thought to 

be preventable given the modifiable environmental nature of most of the risk factors. The 

national cost of managing CRC is estimated to be from $4.5 billion to $9.6 billion, a 

staggering sum of money considering the already unsustainable nature of our health care 

system (11, 20). Models have projected that if these current trends in disease burden 

continue, the national cost of CRC management could rise to 14.1 billion dollars by 2020 

(11, 21). Although screening measures such as colonoscopies and sigmoidoscopies have 

lessened the incidence of this disease, they have also contributed to the financial costs of 

management (22-24). It is therefore important to consider other measures of prevention 

that would simultaneously reduce disease burden and not add to the financial cost of 

management leading to decreases in incidence rates and costs. 

 

Analytic epidemiology 

Identification of risk factors and exposures associated with an increased (or 

decreased) risk of colorectal cancer is crucial to determining realistic preventive 

strategies. Similar to most other cancers, sporadic cases of colorectal cancer are 

multifactorial. Epidemiologic studies have provided consistent evidence that diets high in 

fat and red meat consumption are associated with higher risk of CRC (14, 25).  The U.S. 

Nurses’ Health Study found that after adjustment for total energy intake, animal fat 

consumption was associated with increased risk of CRC (relative risk[RR] 1.89, 95% CI: 

1.13 to 3.15) comparing the highest to the lowest quintile. No association was found with 

vegetable fat (14, 26).  
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Dietary fiber is another factor proposed to account for differences in colorectal 

cancer rates between Africa and westernized countries. Although there have been 

inconsistent findings on the association between dietary fiber overall and CRC risk, when 

this association was analyzed according to fiber sources, fiber derived from fruits and 

vegetables were inversely associated with risk of CRC, while a null association was 

found between cereal fiber and CRC risk (14). This indicates there may be other 

component of fruits and vegetables responsible for this association. Although there are 

numerous repeated studies of the association between diet and CRC (27, 28), the 

association between diet and adenoma has received far less attention. Dietary factors may 

influence different stages of adenoma formation from incidence, to recurrence, to 

progression of adenomas to malignancy (28). Fruits and vegetables have been 

hypothesized to be associated with lower risk for colorectal adenomas. Of nine (6, 29-36) 

case-control studies that were reviewed, six (6, 29, 31, 32, 34, 36) found significant 

inverse association between fruits and vegetable consumption and colorectal adenomas.  

An inverse association of physical activity with colorectal cancer risk has been 

consistently found. Numerous occupational cohort studies and case-control studies found 

evidence that men who engage in greater occupational or recreational physical activity 

tend to have lower risk of developing CRC, and this association remains even after 

confounding factors are controlled for (14). Other factors such as the waist-to-hip ratio 

and BMI have been found to be directly associated with CRC risk (14, 37). Furthermore, 

obesity has also been found to be directly associated with colorectal adenomas (14, 25). 

There has also been increasing evidence for an inverse association of hormone 

replacement therapy (HRT) with risk of CCR. Ten of nineteen published studies on HRT 
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and risk of colorectal cancer support an inverse association (statistically significant in 

five), and long-term users (5-10 years) were at the lowest risk, approximately 50% 

lower.(14) An inverse association of non-steroidal inflammatory drugs (NSAIDs) use 

with colorectal cancer risk is also well established. Multiple randomized clinical trials 

(RCT) found that NSAIDs reduced adenoma recurrence by about 40-50%, while 

numerous observational studies, including cohort and case-control studies, consistently 

found NSAID use to be inversely associated with invasive CRC (38).  

Several in vivo and in vitro studies have suggested that vitamin D and calcium 

have anti-colon carcinogenetic effects (39-43). Analytic epidemiological studies have 

extensively examined the association of these nutrients with colorectal cancer risk. 

Studies that combined multiple sources of vitamin D or measured serum 25-OH D3 levels 

consistently found that intake or serum levels that are above average to be associated with 

lower risk for colorectal cancer (43, 44). However, studies that measured only dietary 

vitamin D intake tend to yield mixed results, probably because diet provides only 5 – 

10% of total vitamin D (44). A pooled analysis of 10 cohort studies found calcium and 

milk consumption to be inversely associated with colorectal cancer risk (43). 

Reactive oxygen species (ROS) have also been implicated as initiators and 

promoters of carcinogenesis. They directly alter nucleic acids, damage cell membrane 

lipids and proteins, and modify expression of genes responsible for cell differentiation 

and growth (45-47). The balance between pro-oxidant and anti-oxidant factors (which 

determine ROS production and neutralization) determine the degree and extent of ROS-

induced damage. Several environmental exposures, such as diet (high fat and red meat 

intake) and inhaled tobacco smoke increase the oxidative burden (46). Whereas 
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associations of individual antioxidant micronutrients with colorectal neoplasms have 

been inconsistent, Goodman et al found an oxidative balance score to be strongly 

inversely associated with risk for colorectal adenomas. 

 
Molecular basis of colorectal cancer 

Colorectal tumors develop as a result of accumulated alterations in oncogenes and 

tumor suppressor genes (48-51). Vogelstein and colleagues found four genetic alterations 

(APC, K-ras, and p53 gene mutations, and an allelic deletion in chromosome 18) that 

were involved in the various stages of colorectal tumor development.  These alterations 

occurred in a parallel fashion to the clinical progression of tumors supporting the model 

of colorectal tumorigenesis occurring as a result of activation of an oncogene coupled 

with subsequent inactivation of tumor-suppressor genes (48, 52). Additional support for 

this model was generated from studies conducted on the well-defined hereditary 

syndromes FAP and HNPCC which significantly increase the risk of developing 

colorectal cancer. 

Individuals with familial adenomatous polyposis (FAP) have an almost 100% risk 

of developing CRC by age 40 years while those with hereditary non-polyposis colon 

cancer syndrome (HNPCC) carry a 40% lifetime risk of developing CRC (52, 53). FAP is 

an autosomal dominant genetic disorder that affects about 1 in every 7,000 people (52, 

53). Individuals with FAP develop anywhere from hundreds to thousands of adenomatous 

polyps in their colon as early as 20 to 30 years of age, and if left untreated, ultimately 

develop malignancy (52). Truncating mutations of the APC gene located on chromosome 

5 causes FAP (52, 54-56). HNPCC is another genetic disorder caused by mutations in one 
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of three DNA mismatch repair (MMR) genes (MSH2, MLH1, and PMS2), which 

ultimately leads to microsatellite instability in other genes such as BAX and TGFBRII (52, 

57, 58). Although, individuals with HNPCC develop polyps at a normal rate, their 

progression through the stages of carcinogenesis occurs rapidly (1, 52). FAP and HNPCC 

together account for about 6% of CRC cases. About 10%-20% of cases have a family 

history of the disease, whereas ~75% of cases have no family history of the disease (52) 

(Fig 1). The study population on which our investigation will be focused excludes 

individuals with FAP or HNPCC, since our outcome of interest is sporadic colorectal 

adenomas. 

 

Biological plausibility 

Dietary polyamines are involved in different stages of colorectal cancer 

development. Polyamines are naturally occurring aliphatic polycations found 

ubiquitously in all mammalian cells. Their essential role in the regulation of cellular 

proliferation and differentiation is well established (59, 60). The main polyamines, 

spermidine and spermine, are derived from the conversion of ornithine to putrescine by 

the rate-limiting enzyme ornithine decarboxylase (ODC), and, subsequently, the 

conversion of putrescine first to spermidine, and then to spermine by polyamine 

synthetases (60, 61). To control intracellular levels of polyamines, their biosynthesis is 

highly regulated through various pathways involving ODC, which catalyzes the first step 

in polyamine metabolism (60, 62). Although naturally produced, polyamines can also be 

introduced exogenously via the gastrointestinal tract (63). Therefore, diet can influence 

the levels of polyamines available to cells at any one time. For instance, increased 
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consumption of dietary arginine leads to increased polyamine levels due to the 

conversion of arginine to ornithine in the urea cycle (64) (Fig.2).  

ODC activity is thought to be involved in carcinogenesis, in part since higher 

activity and polyamine levels were found in tumors relative to normal tissue, including 

colorectal cancer compared to normal-appearing colorectal mucosa (62). However, 

studies of colorectal adenomas found either higher, the same, or lower ODC activity in 

adenoma tissue than in normal tissue, but these conflicting results may have been due to 

the various methodologies in the different studies for measuring ODC activity. Hixson 

and colleagues, using a more sensitive means of quantifying polyamine content and ODC 

activity in neoplastic polyps, found significant differences between these polyps and 

normal colorectal tissue, which led them to conclude that the hyperproliferation of these 

colorectal adenomas is due to the higher ODC activity and polyamine content located in 

the cells, which in turn promotes tumor progression. Other studies reported that most 

dietary polyamines are degraded in the gut and only 20% are released into the systemic 

circulation in healthy adults. Interestingly, the presence of tumors in the intestinal 

mucosal was significantly associated with enhanced uptake of dietary polyamines (61, 

65). Also, several investigators found that adenomatous and cancerous tissues had 

significantly elevated levels of ODC activity and polyamine concentrations (60). These 

findings suggest that polyamines may play a role in tumor proliferation and progression, 

but there are little to no data on whether or not they may play a role in tumor incidence. 

  The main focus of this study is to investigate whether dietary polyamines are 

associated with incident, sporadic colorectal adenomas, while a secondary association of 

interest is between polyamine intake and various adenoma characteristics such as polyp 
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size, location, histologic type (villous, tubular, tubulovillous), and degree of dysplasia 

(mild, moderate, or severe). A polyamine index score will be constructed using the 

information reported by subjects on a food questionnaire in conjunction with the 

polyamine content contained in certain food items reported by Zoumas-Morse et al (66). 
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CHAPTER II: MANUSCRIPT 
 

Title:  Association of Dietary Polyamines with Incident, Sporadic Colorectal Adenomas. 
 
Author:  Kehinde Oladunni Raji, Roberd M. Bostick 
 

Abstract 

PURPOSE:  To investigate the association of dietary polyamines with risk of incident, 
sporadic colorectal adenoma. 

METHODS:  To investigate the association of dietary polyamines and risk for incident, 
sporadic colorectal adenoma, data from the Minnesota Cancer Prevention Research Unit 
case-control study were analyzed. The colonoscopy-/community-based case-control study 
conducted 1991-1994, enrolled 30-74 year old 564 incident, sporadic, colorectal 
adenomas participants, 684 polyp-free controls, and 535 community controls. Diet was 
assessed using a 153-food item semi-quantitative Willet food frequency questionnaire 
(FFQ). Polyamine exposure was quantified based on responses to the food frequency 
questionnaire and a previously published report on the polyamine content of select food 
items. Polyamine intakes were categorized according to the quartiles based on the 
distribution among the community controls and analyzed using unconditional 
multivariate logistic regression. 

RESULTS:  Polyamine intake was inversely associated with risk for colorectal 
adenomas. The odds ratios (OR) for the highest relative to the lowest category of 
polyamine intake were 0.57 (95% confidence interval (CI), 0.33 – 1.00; p trend 0.0001) 
and 0.76 (CI 0.43 – 1.33; p trend 0.04) in the comparisons with the colonoscopy and 
community-based controls, respectively. The inverse associations tended to be stronger 
among those with a more positive oxidative balance, no family history of colorectal 
neoplasms, and women who did not take hormone replacement therapy, and for smaller 
and distal adenomas. 

CONCLUSIONS:  These findings suggest that higher polyamine intakes may be 
associated with lower risk for incident, sporadic colorectal adenomas, perhaps especially 
for smaller and distal adenomas. 

 

 

 

 



12 

 

 

Introduction 

Colorectal cancer (CRC) is the third most common cancer in the United Sates 

among both men and women (9, 10). Recent advances in screening methodology have 

increased early detection and modest declines in incidence rates (18).  Ecologic and 

migration studies point to the importance of modifiable environmental factors, especially 

diet (9, 67, 68) and physical activity (9, 69), in the etiology, and thus the prevention of 

the disease. A dietary factor that has received little attention is polyamines. Polyamines 

are naturally occurring polycations found in all mammalian cells, although they can be 

introduced endogenously into the human gut through diet (61, 65). The main polyamines, 

spermidine and spermine, are derived from the conversion of ornithine to putrescine by 

the rate-limiting enzyme ornithine decarboxylase (ODC) (60, 61). They function in the 

proliferation and differentiation of both prokaryotic and eukaryotic cells and are thought 

to play a role in tumor progression and carcinogenesis (62). Several experimental studies 

found that colorectal adenomatous and cancerous tissues had substantially higher levels 

of ODC activity and polyamine concentrations compared to normal mucosa (60).  

To our knowledge, there are no published human epidemiologic studies of the 

association between dietary polyamines and colorectal neoplasms. However, 

observational studies of the association between endogenous polyamines and colon 

cancer exist. A case-control study analyzing 4-6 multiple rectal biopsies from normal 

controls and case patients with colon cancer found that the odds ratios for spermine and 

spermidine levels, in comparison to levels in controls, were 4.8, [95% CI, 1.6 – 33.7] and 

2.3, (95% CI, 1.2 – 6.3) respectively (70) . Studies targeting endogenous polyamine 

synthesis by oral administration of difluoromethylornithine (DMFO) and sulindac for 
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chemoprevention of colon cancer, and assessing the effect of polyamine-restricted diets 

in prevention of colorectal neoplasm (59, 71-74) found that decreasing levels of 

endogenous polyamines resulted in a 70% reduction in recurrence of all adenomas, and 

was associated with lower risk for colorectal neoplasms. In a recent abstract presented at 

the 2010 American Society of Clinical Oncology (ASCO) annual meeting, it was 

reported that there was a statistically significant direct association of dietary polyamine 

intake with tissue polyamine concentrations, and that high dietary polyamine was 

associated with adenomas >1cm, high-grade adenomas, and advanced adenomas. (75). 

This was the only human epidemiologic study to investigate the association of dietary 

polyamines with colorectal adenomas, but since it was reported in abstract form, our 

findings will be the first full report on the association of dietary polyamines with 

incident, sporadic colorectal adenomas. 

The main objective was to investigate the association of dietary polyamines with 

incident, sporadic colorectal adenomas, while a secondary objective was to investigate 

the association with adenomas with various characteristics such as polyp size, location, 

histologic type (villous, tubular, tubulovillous), and degree of dysplasia (mild, moderate, 

or severe). We analyzed data from the colonoscopy-/community-based Minnesota Cancer 

Prevention Research Unit case-control study. A polyamine index score was constructed 

using the information reported by subjects on a food questionnaire in conjunction with 

the polyamine content contained in certain food items reported by Zoumas-Morse et al 

(66).  
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Methods 

This study was a secondary analysis of data collected in the Minnesota Cancer 

Prevention Research Unit (CPRU) case-control study from 1991-1994. The case-control 

study was a collaborative effort of units within the University of Minnesota and a large 

multi-clinic private gastroenterology practice (Digestive Healthcare (DH)). At the time of 

the study, the practice was responsible for about 60% of all colonoscopies conducted in 

metropolitan Minneapolis. The original study was approved by the Emory University 

Institutional Review Board (IRB), but the analysis conducted here was not subject to IRB 

review because the dataset was de-identified. 

Study subjects 

 The participants included in this study were patients between 30-74 years of age 

who were scheduled for colonoscopies between April 1991 and April 1994. Patients who 

fulfilled specific eligibility criteria (see below) were recruited into the study and 

completed questionnaires prior to their scheduled colonoscopy, and thus diagnosis, to 

reduce bias. 

Eligibility criteria for cases and controls included, residency in Twin Cities 

metropolitan area within specific zip codes, age 30-74 years, able to speak English, no 

history of a predisposition to colonic neoplasia, no history of inflammatory bowel disease 

(IBD), and no individual history of cancer (with the exception of non-melanoma skin 

cancer). Cases were patients with first diagnosis of incident colon or rectal adenomatous 

polyps on colonoscopy, and those who were polyp-free on colonoscopy were deemed 

colonoscopy-negative controls.  
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The recruitment protocol was undertaken utilizing staff and resources of both DH 

and University of Minnesota Divisions of Epidemiology and Biostatistics. The DH 

patient coordinators scheduled colonoscopies, screened patients for initial eligibility, and 

mailed out an introductory letter explaining the study along with questionnaires and 

consent forms. A few days later, a DH nurse called the study subject to confirm that they 

received the study material, and asked for verbal permission for them to be contacted by 

University of Minnesota study staff, who would then explain the study in more detail and 

answer any questions patients had. At the time of the scheduled colonoscopy the forms 

were collected and the patients had their blood drawn. All polyps detected during the 

colonoscopy were removed and placed in separate containers. The size of the polyp as 

well as the site where it was detected was recorded. Determination of polyp size was 

carried out by comparing the in vivo polyps with fully opened standard-sized flexible 

colonoscopy forceps. Histologic examination of all polyps removed during colonoscopy 

was carried out by a study index pathologist, and utilizing the diagnostic criteria from the 

National Polyp Study (76). Histologic type (adenoma, hyperplastic, or other), and if an 

adenoma, histologic subtype (tubular, villous, or tubulovillous), and degree of dysplasia 

was also recorded. Study participants were assigned into one of three groups according to 

the colonoscopy results. The adenomatous polyp group consisted of 574 participants 

(cases), the hyperplastic-polyp only group was not included in the control for this 

analysis, and the colonoscopy-negative group (n=707) served as one of our control 

groups. The participation rate for all patients who underwent colonoscopy was 68%. 

A second control group, a population-based control group, was selected utilizing 

the 1991 Minnesota State Drivers License Registry. Each control was frequency matched 



16 

 

 

to the age (5-year interval), sex, and zip code of the case population. After an initial 

phone call with the prospective participants, those who fulfilled the eligibility criteria 

were mailed a package identical to the one mailed to the colonoscopy population. 

Incomplete questionnaires resulted in call-backs to all participants for specific questions. 

The community control participants were asked to self-report on their colonic neoplasia 

status. Blood samples were not collected from this control group. The participation rate 

for the community controls was 65%.  

Data collection  

A modified (expanded) 153-food item version of the Willett food frequency 

questionnaire was utilized to collect information on usual dietary intake over the previous 

12 months. Participants were also asked to provide data on demographic characteristics, 

personal medical history, physical activity levels, family history of colorectal polyps, and 

for women only, reproductive history, use of oral contraceptives (OC), and hormone 

replacement therapy (HRT).  

Data Analysis  

Polyamine index score 

Dietary polyamine intake, our study main exposure of interest, was not originally 

an output of the Willett Food Frequency Questionnaire. Therefore, we created the 

variable using dietary information collected from study participants in conjunction with 

information on the polyamine content of food items published by Zoumas-Morse et al 

(66), who reported the polyamine content in each food item two different ways. 

Polyamine content in some food items was reported according to serving size 

(nmol/serving size), while information on some food items only included the average 
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polyamine contribution to the daily diet per day (nmol/day). For food items that Zoumas-

Morse et al reported the polyamine content by serving size (nmol/serving size), the value 

of a participant’s frequency of daily intake was simply multiplied by the reported  

polyamine content. For instance, individuals who reported eating corn 2-4 times a day 

were determined to have a daily intake of 3 servings/day, and this value was then 

multiplied by the polyamine content in corn (902,880 nmol/serving size) yielding a daily 

polyamine intake of 2,708,620 nmol from corn. This same methodology was applied to 

all food items for which polyamine content was reported in a similar manner. 

For food items for which only information on the average polyamine contribution 

to the daily diet was available, we used information on the average frequencies of intakes 

of these select food items reported by community controls in our study to calculate the 

average daily intake of the food item. For instance, baked potato was reportedly eaten on 

average once per week by community controls, yielding an average daily intake value of 

1 serving/7 days or 0.0667servings/day. We then divided each individual study 

participant’s daily intake by the study population’s average daily intake and multiplied it 

by the food item’s average daily polyamine contribution (nmol/day) to the diet as 

reported by Zoumas-Morse et al, to yield the daily amount of dietary polyamines that the 

food item contributed to a participant’s total daily polyamine intake. For example, for an 

individual who reported eating baked potato 2 to 3 times per week (2.5 servings/7 days) = 

0.357servings/day, the polyamine intake from potatoes was calculated as divided by the 

study population’s average daily consumption of baked potato (0.0667 servings/day) 

multiplied by the average daily polyamine contribution of baked potato (2,388 nmol/day) 

as reported by Zoumas-Morse et al. Thus, the individual’s baked potato intake will have 
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contributed, on average, 12, 278 nmol of polyamines to this individual’s diet per day. The 

same procedure was repeated for all food items in which polyamine content was reported 

in a similar manner 

Next, the amounts of polyamines contributed by each food item were summed up 

for each study participant. The resulting continuous variable was then categorized into 

quartiles based on the distribution among the community controls ranging from lowest 

intake to highest intake. 

Participants missing more than 10% of the FFQ information were excluded from 

the analysis. Those who had missing values for some of the selected food items were 

determined to have a polyamine value of 0 for that particular food item; that is, the food 

item was deemed not to have contributed to their total daily polyamine intake. A total of 

564 cases, 684 colonoscopy-negative controls, and 535 community-based controls were 

included in the analysis. 

Other key analytic variables 

Several factors a priori known to be pro-oxidant exposures (saturated fat intake, 

total iron intake, and smoking history) and anti-oxidant exposures (tocopherol (vitamin 

E), carotene, vitamin C, lycopene, lutein, and regular aspirin and NSAID use) were 

selected and used to create a single oxidative balance score (OBS) as reported by 

Goodman et al (46). Continuous variables reflecting pro-oxidant exposures were 

categorized into high (0 points) and low (1 point) categories according to the median 

value among the community controls. By contrast, anti-oxidant exposure variables were 

given 1 point for each high level exposure and 0 points for each low level exposure (high 
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(1 point); low (0 points)). For dichotomous variables, study participants were assigned a 

point for every antioxidant exposure and 1 point for the absence of each pro-oxidant 

exposure. The points assigned to each individual OBS component were summed to yield 

an overall score, with higher values indicating mostly antioxidant exposures and lower 

values indicating predominantly pro-oxidant exposures.  

Factors that were considered as covariate include age, sex, BMI, waist/hip ratio, 

physical activity METs-hours/week, daily alcohol consumption (grams/day), pack years 

of smoking (defined as pack of cigarettes smoked per day multiplied by years of 

smoking), history of colon cancer in a first-degree relative (father, mother, sibling, or 

child), serum 25-OH vitamin D (only measured in cases and clinic controls), dietary 

vitamin D (IU/day), calcium intake (IU/day), ever use of hormone replacement therapy 

(HRT), and regular NSAID use. Dietary covariates included total daily energy intake, 

intakes of fat, total fruits/vegetables (derived by adding total fruits and vegetable intake 

values measured in dataset), dietary fiber, and red meat. 

 

Statistical analysis 

Unadjusted mean baseline characteristics for cases and controls were compared 

using analysis of covariance (ANOVA) for continuous variables and the chi-square test 

for categorical variables. All continuous variables were assessed for normality, and if 

found to violate normality assumption were either transformed to meet the normality 

assumptions, or in instances where transformation did not normalize the variable, 

categorized. Categorization of continuous variables, when necessary, was based on the 

median value of the variable among the community controls. Variables that were 
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transformed (log-transformation) included intakes of alcohol, total fat, fruits and 

vegetables, red meat, calcium, vitamin D, total polyamine intake, and years of HRT use. 

Continuous variables that were categorized included pack-years of smoking, physical 

activity METs hours/week, and waist-to-hip ratio. These variables were categorized 

according to the median distribution among the community controls. 

Multivariate unconditional logistic regression was used to assess the association 

between polyamine intake and incident, sporadic adenomas while appropriately 

controlling for confounding. Variables considered as potential  covariates were age, sex, 

physical activity, pack-years of smoking, oxidative balance score, waist-to-hip ratio, 

BMI, total daily intake of alcohol, fat, red meat, dietary fiber, fruits and vegetables, 

calcium, dietary vitamin D (cases vs. community controls), 25-OH vitamin D (cases vs. 

colonoscopy-negativecontrols), and family history of CRC in a first degree relative. 

Interaction assessment was conducted by first screening variables for effect modification 

utilizing multiple, individual logistic regression models that contained the main exposure 

(E), each potential effect modifier (C), and the multiplicative interaction term (E x C). A 

chunk test for significance was carried out, and if found to be statistically significant (p-

value ≤0.1), was included in the next step of the interaction assessment process. After 

screening, variables found to be statistically significant in the analysis of cases versus 

colonoscopy-negative controls, included age, sex, pack-years of smoking, alcohol intake, 

family history of CRC, regular NSAID use, hormone replacement therapy, waist-to-hip 

ratio, oxidative balance score, and red meat intake. 

 All remaining eligible variables were assessed for confounding by running 

multiple bivariate (exposure and potential confounder) and minimally-adjusted (age, sex, 
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and total energy intake) models. Total daily intake of fat and dietary fiber, pack-years of 

smoking, and 25-OH vitamin D were found to confound our measure of association (odds 

ratio) by ≥10%. Correlation analyses, using a proc corr procedure to generate correlation 

coefficients, were conducted on all continuous variables to check for any association 

among the variables, which would indicate collinearity problems (r ≥0.6), but none were 

detected. All potential effect modifiers and confounders were then assessed in one 

comprehensive logistic model, and the backwards elimination procedure was used to 

generate the final model.  

After screening for effect modification in the comparison of the cases to the 

community controls, the product terms of age, sex, alcohol intake, family history of CRC 

and polyamines were found to be statistically significant (p-value ≤0.1). All remaining 

eligible variables were assessed for confounding and intake of fruits/vegetables, dietary 

fiber, calcium, fat, red meat, dietary vitamin D, HRT use, physical activity, pack-years of 

smoking, BMI, regular NSAID use, waist-to-hip ratio, and the oxidative balance score 

were found to confound our association of interest by ≥10%. Correlation analyses were 

also conducted on all continuous variables in order to assess any collinearity problems (r 

≥0.6). Calcium and dietary vitamin D intake, intake of fat and red meat, and intake of 

dietary fiber and total fruits/vegetables were found to be highly correlated; therefore 

dietary vitamin D, red meat intake, and fruits/vegetables intake were dropped from 

further analyses. Backwards elimination procedures conducted on a comprehensive 

model was used to generate the final model. Effect modifiers were appropriately 

addressed through stratification and confounders were adjusted for in the model. Several 

variables that were found to be effect modifiers in the assessment comparing cases to 
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clinic controls were also found to confound the association when comparing cases to 

community controls. These variables were appropriately addressed either through 

stratification or adjustment. 

The inclusion criteria for variables in the final models were biological plausibility, 

whether they fit the model at statistical significance at p-value <0.05, and/or whether 

inclusion of the variable changed the association by ≥10%. Hormone replacement therapy 

could not be assessed in the same model containing sex due to complete collinearity. The 

final models were adjusted for age, sex, total energy intake, physical activity, pack-years 

of smoking, calcium and dietary fiber intake, and regular NSAID use. The final model for 

the assessment between cases and colonoscopy-negative controls was further adjusted for 

serum 25-OH vitamin D.  

Separate analyses were conducted for the cases and the two control groups and 

results are presented as cases versus colonoscopy-negative controls and cases versus 

community-based controls. 

 

Results 

Selected descriptive characteristics of the cases (n = 564), colonoscopy-negative 

controls (n = 684), and community-based control (n = 535) groups are presented in Table 

1. The cases, on average, were older, more likely to be male, smokers, consume more 

alcohol, and be less physically active than controls. On average, cases also tended to have 

lower polyamine intake, higher total energy, fat, and red meat intakes, and lower intakes 

of dietary fiber (versus community controls), fruits and vegetables, calcium, dietary 

vitamin D (versus community controls), and lower levels of serum 25-OH vitamin D 
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(versus colonoscopy-negative controls). On average, they also tended to have a higher 

BMI and waist-to-hip-ratio, and were less likely to regularly take an NSAID. Female 

cases were less likely to have ever used hormone replacement therapy (HRT) than 

controls. 

The crude and multivariate-adjusted associations of polyamine intake with 

incident, sporadic adenomas are presented in Table 2. In the crude analysis, relative to the 

lowest quartile of polyamine intake, the highest quartile of polyamine intake was 

inversely associated with colorectal adenomas (OR, 0.72, 95% CI 0.53 – 0.99) in the 

comparison of the cases to the colonoscopy-negative controls. After multivariable 

adjustments, we observed a stronger inverse association of the highest quartile of intake 

with colorectal adenoma risk (OR, 0.57, 95% CI, 0.33 – 1.00). There was no change in 

the OR for the comparison of the cases to the community controls after multivariable 

adjustments although, the multivariate-adjusted association of the third quartile of 

polyamine intake with adenomas was stronger (OR 0.68, 95% CI, 0.40 – 1.15) than the 

crude estimates (OR, 0.88, 95% CI, 0.63 – 1.22), however this pattern was not reflected 

among the other quartiles of polyamine intake.  The multivariate-adjusted inverse 

associations between quartiles of polyamine intake and colorectal adenomas were much 

weaker in the comparison involving the community controls than in the comparison 

involving the colonoscopy-negative controls.  A statistically significant trend with 

increasing polyamine intake was observed across both control group comparisons (Ptrend, 

0.0001; colonoscopy-negative controls and 0.04; community controls) 

The multivariate-adjusted association between polyamine intake and risk for 

adenomas was assessed according to factors established to be associated with colorectal 
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cancer risk and the results are presented in Table 3. Among individuals with lower 

oxidative balance scores (OBS < 4), there was a consistent pattern of lower adenoma risk 

for those in the highest quartile of polyamine intake across comparisons with both control 

groups, although the inverse association was much stronger in the comparison of the 

cases to the colonoscopy-negative controls (OR 0.60, 955 CI, 0.26 – 1.38), than in the 

comparison of the cases to the community controls (OR, 0.88, 95% CI, 0.40 – 1.93). The 

reverse was observed among individuals with a more positive OBS (≥ 4). The highest 

quartile of polyamine intake was associated with a stronger reduction in risk of adenomas 

in the comparison of the cases to the community controls (OR, 0.39, 95% CI, 0.18 – 0.84) 

than in the comparison of cases to colonoscopy-negative controls (OR, 0.51, 0.22 – 1.20). 

Overall, there were much stronger inverse associations of polyamine intake with 

adenoma risk among individuals with a more positive OBS than individuals with a lower 

OBS.  

There were no notable differences in the association of quartiles of polyamine 

intake with adenoma risk, between levels of waist-to-hip ratios and alcohol intake for 

both control group comparisons. However, statistically significant lower risks for 

adenoma, across increasing quartiles of polyamine intake, were observed among 

individuals with no family history of colorectal cancer. A statistically significant 60 

percent lower risk for adenoma among those in the highest quartile of polyamine intake 

(OR, 0.40, 95% CI, 0.19 – 0.86) was noted in the comparison of the cases to the 

colonoscopy-negative controls, while a halving of risk in this same level of intake was 

observed in the comparison of the cases to the community controls (OR, 0.52, 95% CI, 

0.29 – 1.00).   
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Among females who did not take hormone replacement therapy (HRT) and 

consumed high amount of polyamines (quartile 4), there was 60 percent lower risk for 

adenoma in the comparison of the cases to the colonoscopy-negative controls (OR, 0.11 – 

1.32) and a 70 percent lower risk for adenomas in the comparison of the cases to the 

community controls (OR 0.30, 95% CI, 0.09 – 1.03). Females who took HRT and had 

high polyamine consumption were at higher risk for colorectal adenomas in the 

comparison of the cases to the colonoscopy-negative controls (OR, 1.22, 95% CI 0.32 – 

4.56), and the association was inverse, although weak, in the comparison of the cases to 

the community controls.  

There was evidence that the association of polyamines with colorectal adenomas 

differed according to adenoma characteristics. The highest quartile of polyamine intake 

was associated with the lowest risk for distal and rectal polyps in the comparison of the 

cases to colonoscopy-negative controls (OR, 0.52, 95% CI, 0.28 – 0.98), as well as in the 

comparisons of the cases to community controls (OR, 0.50, 95% CI, 0.28 – 0.91); both of 

these associations were statistically significant. This same pattern was noted for polyps 

<10 mm in diameter and with tubular histology across comparisons with both control 

groups. The highest quartile of polyamine intake was also associated with a low risk for 

mild-to moderate dysplasia (OR, 0.48, 95% CI, 0.24 – 0.97) and pedunculated polyp 

shape (OR, 0.60, 95% CI, 0.31 – 1.16), although this was only evident in the comparison 

of the cases to community controls. There was no discernable pattern or notable 

difference in the association of quartiles of polyamine intake with adenomas with 

advanced characteristics (polyps located in proximal colon, polyp size ≥10 mm in 
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diameter, tubulovillous/villous histology, or moderate/severe atypia), in the comparisons 

with both control groups.  

 

Discussion 

Our findings suggest that a higher polyamine intake may be associated with lower 

risk for incident, sporadic colorectal adenomas. Our findings also suggest that this 

association may be stronger among those with a more positive oxidative balance, no 

family history of CRC, and, among women, no use of hormone replacement therapy. The 

pattern in the data observed was in contrast to the hypothesis of a positive association 

between dietary polyamine intake and colorectal adenomas. Instead, an inverse, dose-

response association was observed. Notably, there was a more enhanced reduction in 

adenoma risk in the comparison of the cases to the colonoscopy-negative controls, than in 

the comparison of the cases to the community controls. There was also evidence that the 

highest polyamine intake was associated with the lowest risk for distal and nonadvanced 

adenomas and adenomas that were small (<10 mm), or had mild/moderate dysplasia, or 

tubular histology, while there was little evidence for an association with proximal or 

advanced adenoma characteristics. These results are incongruent with the role that 

polyamines have been shown be play in tumor growth and progression (60, 62, 71). 

 High polyamine intake was associated with lower risk for colorectal adenomas 

among individuals with more positive oxidative balance (higher exposure to anti-oxidants 

than pro-oxidants) than among individuals with lower oxidative balance (higher exposure 

to pro-oxidants). This suggests anti-oxidants may work in concert with polyamines to 
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further decrease adenoma risk. This is plausible given that one study suggests that 

polyamines may have anti-oxidant properties (77).  

 Although the association of polyamine intake with colorectal adenomas could 

differ across high ( ≥0.925) and low (< 0.925) levels of waist-to-hip ratios (WHR), given 

that at least two studies found evidence of greater waist-to-hip ratios to be associated with 

risk of adenomas (37, 78), we found no evidence to suggest that WHR modified the 

polyamine-adenoma association. However, there was evidence to suggest that family 

history of CRC modified this association. Among individuals with a family history of 

CRC in a first degree relative, a strong risk factor for CRC (6, 79), a low polyamine 

intake was associated with an increase in colorectal adenoma risk, although this finding 

should be interpreted cautiously given the small numbers in the strata, and subsequently, 

the large confidence intervals. On the other hand, consistent strong inverse associations 

were noted among individuals with no family history of colorectal cancer, across 

quartiles of polyamine intake. Women who took hormone replacement therapy and had 

high polyamine consumption also had lower risk for colorectal adenomas. 

The association of dietary polyamines with colorectal cancer is relatively under-

investigated, and even more so are their association with colorectal adenomas. Most of 

the studies measured in vitro levels of polyamines and ODC activity in colorectal polyps 

and cancer tissue specimens and compared the levels to those in normal-appearing 

mucosa tissue (60, 62). Almost consistently, polyamine and ODC activity levels were 

found to be higher in the tumor tissue samples than in the normal tissue. There is 

evidence suggesting that the presence of tumors enhance the uptake of polyamines (61, 

65). Therefore it is possible that polyamines do not play a role in the etiology of 
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adenomas, as originally hypothesized, but, instead, only play a role in carcinogenesis 

after the occurrence of advanced adenomas, by promoting tumor growth (60, 62). Our 

findings are therefore, biologically plausible. 

 Also supporting the biological plausibility of our findings is that the main sources 

of exogenous polyamines are fruits, vegetables, and cheeses (28, 66, 80). Given that fruits 

and vegetables are generally inversely associated with colorectal adenomas (28, 33, 35, 

36), and that they are the major dietary contributors of polyamines,  it is possible that 

other macronutrients in these food items, such as folate, carotenoids, vitamin C, 

flavonoids, organosulfides, isothiocyanates, and protease inhibitors that may prevent 

DNA damage and mutations (27, 28), may be responsible for the inverse association 

observed with colorectal adenomas. Also, the fermentable fiber  in fruits and vegetables, 

which increases bulk, reduces colon transit time, produces anti-carcinogenic short-chain 

fatty acids, and lowers pH (27, 28), may also have contributed to the inverse association 

observed between polyamine intake and adenoma.  

Although our hypothesis was not supported by our study results, there are several 

possible reasons for this. Polyamine exposure was quantified primarily from food items 

thought to be healthy, such as fruits and vegetables, are fairly consistently inversely 

associated with adenoma risk (28, 33, 35, 36). This may be the primary reason for the 

inverse association observed between polyamine content and adenoma risk. Also, studies 

of exogenous polyamines found a paradox of high supply/low utilization of luminal 

polyamines; that is, only about 20% of the relatively small amount of polyamines 

introduced into the intestinal lumen is utilized for growth support throughout the body 

(65, 81, 82). It is plausible that the amounts of exogenous polyamines, gained from diet, 
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do not substantially contribute to the role that endogenous polyamines play in tumor 

progression (60, 62, 63); therefore, the a priori established hypothesis of the association 

of endogenous polyamines with higher colorectal adenoma risk (60, 62, 63) would not be 

observed in analyses utilizing dietary polyamines. Perhaps much higher polyamine intake 

than that measured in our study population would be positively associated with 

adenomas, but further studies would be required to elucidate this.  

 

Strengths and limitations 

This study had several strengths. It is one of the first to assess the association of 

dietary polyamines with adenoma risk. Although the risk estimates were in contrast to the 

direction hypothesized, they are biologically plausible, and most of the associations were 

statistically significant. Also, a relatively large sample size (N = 1783) was employed in 

the analyses assessing the association of dietary polyamines with incident, sporadic 

colorectal adenomas. 

Standard limitations associated with case-control studies are not excluded from 

this study. The design of the community- and colonoscopy-based case-control study here 

led to selecting colonoscopy-negative controls from individuals who may have been 

referred for colonoscopy, due to the presence of signs and symptoms that suggest they 

were at high risk for colorectal adenomas.  Controls may have had similar dietary 

exposures as cases, which could have led to underestimation of adenoma risk. Also, there 

is some suggestion of misclassification bias since most of the associations were slightly 

weaker in the analyses using community controls, some of whom may have had 

undiagnosed adenomas. As in most dietary epidemiologic studies, utilization of food 
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frequency questionnaire (FFQ) for measurement of dietary exposures has inherent 

limitations such as recall error (83). The validity of using quartile values among 

community controls as a cutoff for our continuous variables is also questionable, 

especially for exposures that produce a threshold effect or when the controls may not be 

representative of the general population (46, 84, 85).   

Furthermore, as much as utilizing actual quantified amounts of polyamine intake 

for the main exposure measurement is one of the strengths of our investigation, the 

method of quantification is subject to some limitations. Since we utilized a previously 

published dietary polyamine database to measure intake among our study population, our 

measurements were limited to the food items for which information on polyamine content 

was presented. That is, we could only estimate polyamine levels of food items 

investigated in both the Zoumas-Morse et al study and our study. This could potentially 

have led to an underestimation of polyamine intake in our study population. Also, 

utilization of information from another study subjects our analyses to the limitations and 

measurement errors present in the other study.  

 

Conclusions 

Overall, taking into account the strengths and limitations of this study, our 

findings suggest dietary polyamines intake (derived primarily from fruit and vegetable 

sources) may be inversely associated with adenomas, perhaps especially for small and 

distal adenomas.  
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Tables of Results 

Table 1. Selected characteristics of study population, Cancer Prevention Research Unit Case-
Control Study, 1991 - 1994 

Characteristics 
Cases 
(N‽=564)* 

Colonoscopy-
negative 
controls 
(N‽=684)* 

Community-
based controls 
(N‽=535)* 

P-
valuea‡  

P-
valueb‡ 

Demographics           
   Age (years) 58.1(0.4) 52.8 (0.4) 57.7 (0.4) 0.0001 0.46 
   Men (%) 61.7 37.6 55.1 0.0001 0.03 
   Education       
   > 12 years (%) 62.8 67.5 63.2 0.25 0.41 

Family History        
of CRC in 1°      
relative (%) 20.0 34.2 9.4 0.0001 0.0001 

Cigarette smoke           
 Pack-years for 

     ever smokers 
(%)           
0 1.1 1.4 1.7 0.002** 0.26** 

≤ 22 45.3 56.4 48.6     
> 22 53.6 42.2 49.7     

Alcohol Use           
 Daily use      
(gm/day) 0.7 (0.05) 0.5 (0.05) 0.6 (0.06) 0.0001 0.005 

Physical activity           
    Moderate-     
    vigorous MET    
h  hours/wk (%)           

0 2.0 1.8 1.5 0.89** 0.62** 
≤25 49.3 50.2 48.6     
>25 48.8 48.1 49.9     

Dietary intake           
    Total energy            

I intake 
(kcal/day) 2,090.7 (32.7) 2,017.2 (27.6) 2,054.5 (31.1) 0.08 0.42 

   Total fat intake 
(gm/day) 73.1 (1.4) 68.9 (1.2) 70.2 (1.4) 0.05 0.23 

     Dietary Fiber                    
(       (gm/day) 21.8 (0.4) 21.7 (0.4) 22.2 (0.4) 0.90 0.40 

    Total fruits and 
vegetables 

(servings/wk) 42.3 (1.0) 43.9 (1.0) 44.5 (1.0) 0.28 0.03 
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    Red meat intake 
(servings/wk) 4.7 (0.2) 4.6 (0.1) 4.4 (0.1) 0.87 0.25 

    Total calcium                          
(     (mg/day) 959.4 (22.4) 985.2 (20.1) 987.7 (23.9) 0.27 0.37 

 25-OH serum            
v  vitamin D levels    

(IU) 23.8 (0.4) 24.7 (0.4)              -  0.14       - 
    Dietary vitamin 

(IU/day)  325.8 (10.8) -  354.7 (11.4) -  0.05 

Hormone 
replacement 
therapy (females)           
    Ever use (%) 38.8 49.7 44.17 0.009 0.24 
    Years used (no.) 5.8 (0.9) 5.9 (0.5)  5.9 (0.7) 0.93 0.89 
Anthropometrics           
    Height (m) 1.7 (0.0) 1.7 (0.0) 1.7 (0.0) 0.0001 0.19 
    Weight (kg) 81.7 (0.7) 76.8 (0.6) 79.3 (0.7) 0.0001 0.02 
   Body mass index 

(kg/m2) 27.4 (0.2) 26.9 (0.2) 26.8 (0.2) 0.07 0.05 
 Waist/hip ratio 

(%)           
< 0.925 45.4 66.8 51.0 0.0001 0.061 
≥ 0.925 54.6 33.2 49.0     

  Regular NSAID 
use (%) 2.0 5.1 5.1 0.003 0.005 

Oxidative balance 
score (OBS) (%)           

≤ 2 27.8 21.6 19.4 0.01** 0.0007** 
3 to 6 67.0 72.2 73.3     
≥ 7 5.1 6.1 7.3     

Polyamine intake           
   Daily Polyamine   
I intake (nmol/day) 

335,191.5 
(8,814.7) 

357,233.34 
(8123.7) 

354,521.1 
(9,115.6) 0.06 0.17 

* Values are mean (standard error) unless otherwise noted 
   a refers to p-value comparing cases vs. colonoscopy-negative controls 

  b refers to p-value comparing cases vs. community controls 
   ‡ ANOVA used for continuous variables and Chi-square test used for categorical variables 

 ‽ Numbers may not sum up to total study sample due to missing data 
  ** P-value for trend test reported. 
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Table 2. Crude, age-, sex-, and total-energy intake-adjusted, and multivariate-adjusteda associations of polyamine intake level with 
incident, sporadic colorectal adenomas.  

Exposure 
 

Crude ORs (95% 
CI) 

  

Age-, sex-, and 
total energy 

intake-adjusted 
ORs (95% CI) 

 

Multivariate- 
adjusteda/b             
ORs (95% CI) 

 

Polyamine 
quartilesc   

Cases vs. 
colonoscopy-
negative controls 

Cases vs. 
Community 
controls   

Cases vs. 
colonoscopy-
negative controls 

Cases vs. 
Community 
controls 

Cases vs. 
colonoscopy-
negative 
controlsa 

Cases vs. 
Community 
controlsb 

1 
 

1.00ref 1.00ref 
 

1.00ref 1.00ref 1.00ref 1.00ref 
2 

 
0.79 (0.58 - 1.07) 0.93 (0.67 - 1.29) 

 
0.76 (0.55 - 1.05) 0.89 (0.64 - 1.23) 0.56 (0.35 - 0.90) 0.90 (0.57 - 1.40) 

3 
 

0.88 (0.63 - 1.22) 0.73 (0.52 - 1.02) 
 

0.73 (0.51 - 1.05) 0.68 (0.48 - 0.96) 0.52 (0.30 - 0.90) 0.68 (0.40 - 1.15) 
4 

 
0.72 (0.53 - 0.99) 0.78 (0.56 - 1.09) 

 
0.59 (0.41 - 0.85) 0.69 (0.47 - 0.99) 0.57 (0.33 - 1.00) 0.76 (0.43 - 1.33) 

p-trend   0.19 0.22   0.0001 0.08 0.0001 0.04 
aModel adjusted for age, sex, total energy intake, pack-years of smoking, physical activity, NSAID use, dietary fiber, calcium intake, and serum 25-OH vitamin 
D. 
bModel adjusted for age, sex, total energy intake, pack-years of smoking, physical activity, NSAID use, dietary fiber, and calcium intake. 

cPolyamine intake level categorized according to quartile cut points. 1:  <=  202287.56 nmol/day, 2: 202,287.6 nmol/day to 317,071.6 nmol/day, 3: 
317,071.6 nmol/day to 451,683.1 nmol/day, 4:  > 451,683.1 nmol/day  
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Table 3. Multivariate-adjusteda/b associations of polyamine intake level and risk for incident, sporadic colorectal adenomas according to 
levels of the risk factors for colorectal neoplasms.  

  
Cases 

 

vs. Colonoscopy-negative 
controlsa 

 
vs. Community controlsb 

    N   N OR 95% CI   N OR 95% CI 

 
Oxidative balance score (OBS)c 

  
    

     

 
Low OBS (<4) 

         

Polyamine 
quartilesd 

1 101 
 

104 1.00ref 
  

80 1.00ref 
 2 83 

 
95 0.69 0.38 - 1.24 

 
54 1.03 0.58 - 1.81 

3 40 
 

45 0.58 0.27 - 1.24 
 

35 0.92 0.45 - 1.90 

 
4 37 

 
38 0.60 0.26 - 1.38 

 
29 0.88 0.40 - 1.93 

 
p-trend 

   
0.0001 

   
0.25 

 

 
High OBS (≥4) 

         

Polyamine  
quartilesd 

1 62 
 

62 1.00ref 
  

53 1.00ref 
 2 71 

 
104 0.40 0.17 - 0.92 

 
81 0.62 0.30 - 1.30 

3 79 
 

93 0.47 0.20 - 1.09 
 

98 0.36 0.17 - 0.77 

 
4 91 

 
143 0.51 0.22 - 1.20 

 
105 0.39 0.18 - 0.84 

 
p-trend 

   
0.0003 

   
0.04 

 

 
Waist-to-hip ratio 

         

 
Low waist-to-hip (< 0.925) 

         

Polyamine  
quartilesd 

1 79 
 

109 1.00ref 
  

77 1.00ref 
 2 65 

 
131 0.53 0.27 - 1.03 

 
68 0.75 0.39 - 1.44 

3 60 
 

98 0.64 0.30 - 1.35  
 

70 0.64 0.31 - 1.32 

 
4 52 

 
119 0.64 0.28 - 1.44 

 
58 0.53 0.23 - 1.19 

 
p-trend 

   
0.001 

   
0.71 
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High waist-to-hip (≥ 0.925) 

Polyamine  
quartilesd 

1 84 
 

57 1.00ref 
  

56 1.00ref 
 2 89 

 
68 0.60 0.29 - 1.21 

 
67 0.88 0.48 - 1.63 

3 59 
 

40 0.41 0.18 - 0.96 
 

63 0.56 0.28 - 1.12 

 
4 76 

 
62 0.52 0.23 - 1.18 

 
76 0.73 0.36 - 1.48 

 
p-trend 

   
0.0005 

   
0.005 

 
 

Daily alcohol intake (mg/day) 
  

    
     

 
Low alcohol intake (<0.63) 

         

Polyamine  
quartilesd 

1 102 
 

123 1.00ref 
  

85 1.00ref 
 2 102 

 
153 0.53 0.29 - 0.96 

 
93 0.72 0.40 - 1.28 

3 78 
 

107 0.44 0.21 - 0.91 
 

101 0.44 0.23 - 0.87 

 
4 77 

 
132 0.62 0.30 - 1.27 

 
103 0.43 0.22 - 0.86 

 
p-trend 

   
0.0001 

   
0.06 

 
 

High alcohol intake (≥0.63) 
         

Polyamine  
quartilesd 

1 61 
 

43 1.00ref 
  

48 1.00ref 
 2 52 

 
46 0.60 0.26 - 1.38 

 
42 0.92 0.46 - 1.85 

3 41 
 

31 0.56 0.26 - 1.35 
 

32 0.75 0.35 - 1.63 

 
4 51 

 
49 0.49 0.19 - 1.26 

 
31 0.99 0.43 - 2.29 

 
p-trend 

   
0.01 

   
0.72 

 
 

Family history of CRC 
         

 
Yes 

         

Polyamine  
quartilesd 

1 26 
 

43 1.00ref 
  

6 1.00ref 
 2 34 

 
54 1.75 0.52 - 5.84 

 
8 1.53 0.27 - 8.59 

3 14 
 

40 0.69 0.16 - 3.05 
 

12 0.65 0.08 - 5.12 

 
4 17 

 
50 0.97 0.24 - 3.93 

 
11 1.70 0.21 - 13.44 

 
p-trend 

   
0.18 

   
0.62 
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No 

Polyamine  
quartilesd 

1 106 
 

84 1.00ref 
  

81 1.00ref 
 2 98 

 
110 0.44 0.24 - 0.83 

 
101 0.56 0.31 - 0.98 

3 85 
 

67 0.54 0.26 - 1.10 
 

92 0.52 0.29 - 0.97 

 
4 75 

 
99 0.40 0.19 - 0.86 

 
84 0.52 0.26 - 1.00 

 
p-trend 

   
0.0001 

   
0.05 

 

 

 
 
 
 

HRT (Ever use)e 
         

 
Yes 

         

Polyamine  
quartilesd 

1 35 
 

45 1.00ref 
  

29 1.00ref 
 2 16 

 
67 0.15 0.04 - 0.61 

 
26 0.17 0.05 - 0.63 

3 16 
 

49 0.30 0.07 - 1.32 
 

30 0.18 0.05 - 0.71 

 
4 16 

 
51 1.22 0.32 - 4.56 

 
21 0.76 0.19 - 3.10 

 
p-trend 

   
0.01 

   
0.05 

 
 

No 
         

Polyamine  
quartilesd 

1 41 
 

57 1.00ref 
  

32 1.00ref 
 2 35 

 
67 0.29 0.11 - 0.78 

 
35 0.70 0.25 - 1.97 

3 29 
 

42 0.53 0.17 - 1.66 
 

36 0.64 0.20 - 2.10 

 
4 26 

 
49 0.38 0.11 - 1.32 

 
31 0.30 0.09 - 1.03 

  p-trend       0.07       0.51   
aModel adjusted for age, sex, total energy intake, pack-years of smoking, physical activity, NSAID use, dietary fiber, calcium intake, and 25-OH vitamin D. 
bModel adjusted for age, sex, total energy intake, pack-years of smoking, physical activity, NSAID use, dietary fiber, and calcium intake. 
cHigh OBS (≥ 4; higher exposure to antioxidants) and low OBS (< 4; higher exposure to pro-oxidants). Dichotomized at median in community controls. 
dPolyamine intake level categorized according to quartile cut points. 1:  <= 202,287.6 nmol/day, 2: 202,287.6 nmol/day to 317,071.6 nmol/day, 3: 317,071.6 
nmol/day to 451,683.1 nmol/day, 4:  > 451,683.1 nmol/day. 
eStratification of HRT use only assessed in female population and model used to  to assess stratification on HRT use did not include sex due to collinearity 
issues. 
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Table 4. Multivariate-adjusteda/b associations of polyamine intake level and risk for incident, sporadic colorectal 
adenomas according to selected adenoma characteristics.    

 
N 

(Cases/Colonoscopy-
negative controls)a 

 
OR (95% C.I.) 

   
  1 2 3 4 p-trend 

Location 
            Distal colon and           

r      rectum 377/684 1.00ref 0.63 (0.38 - 1.04) 0.61 (0.34 - 1.10) 0.52 (0.28 - 0.98) 0.0006 
       Proximal colon 183/684 1.00ref 0.51 (0.26 - 1.01) 0.43 (0.20 - 0.92) 0.86 (0.41 - 1.80) 0.0001 
Size 

              <10mm 343/684 1.00ref 0.58 (0.35 - 0.98) 0.61 ( 0.34 - 1.09) 0.54 (0.29 - 1.01) 0.0001 
          ≥10mm 161/684 1.00ref 0.74 (0.41 - 1.34) 0.58 (0.28 - 1.18) 0.84 (0.41 - 1.71) 0.01 
Histology 

              Tubular 375/684 1.00ref 0.58 (0.34 - 0.98) 0.62 (0.34 - 1.13) 0.60 (0.32 - 1.16) 0.0001 
        Tubulovillous/ 
         Villous 191/684 1.00ref 0.63 (0.34 - 1.17) 0.46 (0.22 - 0.96) 0.65 (0.31 - 1.36) 0.02 
Dysplasia 

           Mild-moderate 246/684 1.00ref 0.58 (0.31 - 1.07) 0.53 (0.27 - 1.04) 0.60 (0.29 - 1.24) 0.0002 

         Severe atypia 318/684 1.00ref 0.60 (0.35 - 1.01) 0.58 (0.31 - 1.08) 0.63 (0.33 - 1.18) 0.0001 
Shape 

         Pedunculated 136/684 1.00ref 0.68 (0.38 - 1.19) 0.71 (0.37 - 1.36) 0.53 (0.26 - 1.07) 0.001 
         Sessile 297/684 1.00ref 0.52 (0.31 - 0.90) 0.54 (0.30 -0.96) 0.64 (0.36 - 1.16) 0.0001 
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N(Cases/Community-

based controls)b 1 2 3 4 p-trend 
Location 

 
  

          Distal colon and 
       rectum 377/535 1.00ref 0.81 (0.50 - 1.30) 0.60 (0.35 - 1.04) 0.50 (0.28 - 0.91) 0.03 

Proximal colon 183/535 1.00ref 0.81 (0.44 - 1.48) 0.47 (0.23 - 0.97) 0.83 (0.41 - 1.66) 0.12 
Size 

             <10mm 343/535 1.00ref 0.74 (0.46 - 1.20) 0.52 (0.30 - 0.90) 0.47 (0.26 - 0.85) 0.01 
        ≥10mm 161/535 1.00ref 1.13 (0.65 - 1.96) 0.68 (0.35 - 1.31) 0.94 (0.48 - 1.83) 0.4 
Histology 

            Tubular 375/535 1.00ref 0.77 (0.47 - 1.26) 0.61 (0.35 - 1.07) 0.58 (0.32 - 1.05) 0.07 
      Tubulovillous/ 
      Villous 191/535 1.00ref 0.84 (0.47 - 1.49) 0.46 (0.23 - 0.92) 0.64 (0.32 - 1.38) 0.33 
Dysplasia 

      Mild-moderate 246/535 1.00ref 0.74 (0.42 - 1.31) 0.51 (0.26 - 0.98) 0.48 (0.24 - 0.97) 0.02 

      Severe atypia  318/535 1.00ref 0.83 (0.51 - 1.36) 0.60 (0.34 - 1.05) 0.68 (0.38 - 1.21) 0.27 
Shape 

            Pedunculated 136/684 1.00ref 1.06 (0.63 - 1.79) 0.78 (0.43 - 1.42) 0.60 (0.31 -1.16) 0.37 
      Sessile 297/684 1.00ref 0.67 (0.42 - 1.07) 0.47 (0.27 - 0.81) 0.55 (0.32 - 0.97) 0.02 
              
a Model adjusted for age, sex, total energy intake, pack-years of smoking, physical activity, NSAID use, dietary fiber, calcium intake, and 25-OH vitamin D. 
bModel adjusted for age, sex, total energy intake, pack-years of smoking, physical activity, NSAID use, dietary fiber, and calcium intake. 

 dPolyamine intake level categorized according to quartile cut points. 1:  <= 202,287.6 nmol/day, 2: 202,287.6 nmol/day to 317,071.6 nmol/day, 3: 317,071.6 
nmol/day to 451,683.1 nmol/day, 4:  > 451,683.1 nmol/day. 
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Figures 

 

 

Figure 1 Breakdown of the causes of CRC. The p
 percentage of cases caused by each cause is indicated. 
 ‘Sporadic” cases consist of women and men aged 50 
 years and above with no known increased risk factors. 
 FAP--familial adenomatous polyps; HNPCC
 hereditary non-polyposis colorectal cancer; IBD
 inflammatory bowel diseases; FH-- positive family
 history. 

  

 

 

Figure 2 Schematic of polyamine transport via 
import, export, anabolism, and catabolism. 
Arginine is imported into the cell, and is then 
converted into ornithine via the urea cycle. 
Ornithine is then converted into polyamine by 
Ornithine decarboxylase (ODC). Decreased 
catabolism or export further increases 
polyamine pools. 
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CHAPTER III: SUMMARY, PUBLIC HEALTH IMPLICATIONS, AND 
FUTURE DIRECTIONS 

 

The findings of this study add to the sparse literature on the association between 

dietary exposures and colorectal cancer. There was a statistically significant inverse 

association between dietary polyamines and incident, sporadic colorectal adenomas, 

especially for smaller, distal adenomas. The main sources of dietary polyamines are 

derived from fruits and vegetables (28, 66, 80); it is plausible that the inverse association 

observed here may be due to macronutrients present in fruits and vegetables, which have 

been inversely associated with colorectal adenomas (28, 33, 35, 36), but not in the case-

control study population that this analyses was based on.  

There are several notable implications of our findings in the context of public 

health. First, colorectal cancer is an avoidable disease due to the environmental nature of 

the etiology of most cases. Since the advent of the fast-food nation, diet has substantially 

contributed to both morbidity and mortality rates in the U.S.(86). However, there has 

been a recent change in the tide, with major campaigns advocating for healthier food 

choices and organic diet life styles. Given the results of this investigation, further 

research into possible role that dietary polyamines, particularly from fruits and vegetables 

sources, may play in lowering adenoma risk is needed. 

On a larger scale, further confirmatory studies, in conjunction with our findings 

could inform policies that could lead to recommendations by appropriate agencies, on 

what precise range of polyamine intake is needed to reduce adenoma risk. Consequently, 

this could make in-roads for polyamine contents to become basic nutritional information 

available on food labels to allow consumers to plan for a balanced polyamine intake as 
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part of their adoption of healthier life styles. Furthermore, findings of interactions 

between several risk factors and dietary polyamines could perhaps lead to specific, 

targeted interventions for individuals based on their risk profile. Those found with risk 

factors that act synergistically on the inverse association of polyamines with adenoma 

risk can be encouraged and educated on how to adopt diets centered on balancing 

polyamine intake. Conversely, individuals with risk factors that act antagonistically on 

the association of polyamines with adenomas can be targeted for adoption of a 

polyamine-restricted diet. At the very least, the methodology illustrated here can serve as 

a baseline for other, larger-scale studies to further assess this association.  

There are several avenues of future research needed to further investigate the 

association of dietary polyamines with adenoma risk. The polyamine species, spermine, 

spermidine, and putrescine may play somewhat different roles in carcinogenesis. 

Spermine and spermidine were found to be higher in polyps and tumor tissue samples 

compared to normal mucosa, whereas putrescine levels were not found to differ much 

between the three samples (60-62). These findings suggest that it would be worthwhile to 

investigate the association of species-specific polyamines with colorectal adenomas. This 

could address whether certain polyamine sub-species have stronger associations with 

adenoma risk compared to the others, or whether some are positively associated with 

adenoma risk, while others sub-species are inversely associated as was found in our 

study.  

 Also, in order to address the role of dietary polyamines on adenoma incidence, a 

long-term, follow-up study could be conducted measuring polyamine intake as the 

exposure of interest and adenomatous polyps as the outcome. This could perhaps, 
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elucidate what role dietary polyamines may play in the incidence of sporadic adenomas. 

That is, address the question of whether increased polyamine levels in tumor tissue 

samples were due only to the enhanced uptake by the tumors, or whether intake of dietary 

polyamines increased risk of tumor incidence. 

Since polyamines have been established to be positively associated with 

colorectal neoplasms (60, 62), a randomized clinical trial may be unethical, although such 

a study would allow us to directly measure and comment on the effect that dietary 

polyamines have on risk for incident, sporadic colorectal adenomas. Overall, our findings 

support further research on the potential association of dietary polyamines with colorectal 

adenomas.  
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APPENDICES 
Polyamine Quantification Information 

 

Table of Polyamine content by serving size of food items as reported by Zoumas-Morse et al 

Food item Serving size 
Polyamine (nmol) per 
serving size 

Putrescine 
 

  
Corn (fresh/canned) ½ cup 560,000/902,880 

Grapefruit juice 1 cup 276,640 
Oranges 1 medium 174,230 
Orange juice 1 cup 154,629 
Grits 1 cup 99,728 
Crab (canned) ½ cup 93,555 
Grapefruit ½ medium 90,176 
Cream of potato soup 1 cup 70,930 

Tortilla chips 
1 small 

bag 56,717 
Tomato and V8b juice 1 cup 56,181 
Spermidine 

 
  

Corn (fresh/canned) ½ cup 137,682/221,111 
Green pea soup 1 cup 65,552 
Pear 1 medium 60,756 
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Cheese enchilada 1 medium 48,770 
Tempeh 3 oz 42,618 
Soy burgers 1 39,616 
Peas (fresh/canned) ½ cup 35,920/38,165a 
Lentil soup 1 cup 37,117 

Pasta with meat sauce 1 cup 36,059 
Tofu hotdog 1 27,121 
Spermine 

 
  

Green pea soup 1 cup 36,988 
Chicken liver 4 oz 33,226 
Chili with meat and beans 1 cup 26,441 
Chicken breast (grilled/roasted) 1 large 21,560/24,420a 
Black bean soup 1 cup 23,786 
Pear, fresh 1 medium 23,572 
Peas (fresh/canned) ½ cup 20,840/22,143a 

Bean with bacon soup 1 cup 22,062 
Ground turkey 3 oz 21,535 
Tempeh 3 oz 20,565 
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Table of Polyamine content of food items by average contribution to diet as reported by Zoumas-Morse et al 

Food item 

Polyamine 
contribution 
(nmol/day) 

Putrescine   

Orange juice and grapefruit juice 44,441 
Oranges, grapefruit, and tangerines (not including 

juice) 17,613 
Fresh tomatoes 10,042 
Bananas 7,344 
Beer (all types) 6,374 
Corn and hominy 5,832 
Cheese (eg, American, cheddar) 5,592 
Potato chips, tortilla chips, corn chips, puffs, and 

pretzels 4,595 
Burritos, tacos, tostadas, and quesadillas 4,411 
Green pepper and green chilies 4,343 

Spermidine   
Green peas 3,283 
Cheese, such as American and cheddar 3,124 
Lasagna and pasta with meat sauce 2,900 
Potatoes (boiled, baked, and mashed) 2,388 
Burritos, tacos, tostadas, and quesadillas 1,890 
Dark breads (including dark bagels and rolls) 1,736 
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Green salad (lettuce or spinach) 1,535 
Low- or reduced-fat cheese 1,456 
Corn and hominy 2,765 
Broccoli 1,347 
Spermine   
Ground meat 2,186 
Lunch meats (eg, ham, turkey, bologna, and salami) 1,977 
Green peas 1,905 
Lasagna and pasta with meat sauce 1,443 
Peanut butter, peanuts, and other nuts and seeds 1,237 

Rice, noodles, and other grains 1,136 
Chili with meat and beans 1,027 
Bean soups such as pea, lentil, and black bean 747 
Cheese (eg, American, cheddar) 670 
Stew, pot pie, and casseroles with meat or chicken 656 
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Method of Polyamine quantification  

Polyamine intake calculation according to frequency of consumption of food item    
Polyamine content for which food items were reported by average contribution to diet per day by Zoumas-Morse et al   

Food Item N 
Frequency of 
consumption  

Food item's  
average 
polyamine 
contribution to 
diet Zoumas et 
al 

Daily intake 
according to 
frequency of 
consumption 
(servings/day) 

Study population 
average daily 
intake 
(servings/day) 

Ratio (individual 
intake/population 
average intake 

Ratio x 
average 
polyamine 
contribution 
(nmol/day) 

Baked potato 61 
Never or less than once 
per month 2388 0 0.143 0 0 

  484 1-3 per month 2388 0.067 0.143 0.5 1114.4 
  685 Once per week 2388 0.143 0.143 1.0 2388.0 
  1077 2-4 times per week 2388 0.429 0.143 3.0 7164.0 
  221 5-6 times per week 2388 0.786 0.143 5.5 13134.0 
  101 Once per day 2388 1.000 0.143 7.0 16716.0 
  7 2-3 times per day 2388 2.500 0.143 17.5 41790.0 
  4 4-5 times per day 2388 4.500 0.143 31.5 75222.0 
  1 6+ times per day 2388 6.000 0.143 42.0 100296.0 
  

      
  

Banana 311 
Never or less than once 
per month 0 0 0.143 0.0 0.0 

  539 1-3 per month 7344 0.067 0.143 0.5 3427.2 
  450 Once per week 7344 0.143 0.143 1.0 7344.0 
  823 2-4 times per week 7344 0.429 0.143 3.0 22032.0 
  176 5-6 times per week 7344 0.786 0.143 5.5 40392.0 
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  318 Once per day 7344 1.000 0.143 7.0 51408.0 
  25 2-3 times per day 7344 2.500 0.143 17.5 128520.0 
  1 6+ times per day 7344 6.000 0.143 42.0 308448.0 
  

      
  

Beansoup 1558 
Never or less than once 
per month 0 0.000 0.067 0.0 0.0 

  826 1-3 per month 747 0.067 0.067 1.0 747.0 
  198 Once per week 747 0.143 0.067 2.1 1600.7 
  49 2-4 times per week 747 0.429 0.067 6.4 4802.1 
  4 5-6 times per week 747 0.786 0.067 11.8 8803.9 
  

      
  

Bologna 985 
Never or less than once 
per month 0 0.000 0.067 0.0 0.0 

  796 1-3 per month 1977 0.067 0.067 1.0 1977.0 
  389 Once per week 1977 0.143 0.067 2.1 4236.4 
  336 2-4 times per week 1977 0.429 0.067 6.4 12709.3 
  70 5-6 times per week 1977 0.786 0.067 11.8 23300.4 
  32 Once per day 1977 1.000 0.067 15.0 29655.0 
  28 2-3 times per day 1977 2.500 0.067 37.5 74137.5 
  5 4-5 times per day 1977 4.500 0.067 67.5 133447.5 
  

      
  

Low-fat Cheese 848 
Never or less than once 
per month 0 0.000 0.067 0.0 0.0 

  898 1-3 per month 1456 0.067 0.067 1.0 1456.0 
  489 Once per week 1456 0.143 0.067 2.1 3120.0 
  301 2-4 times per week 1456 0.429 0.067 6.4 9360.0 
  40 5-6 times per week 1456 0.786 0.067 11.8 17160.0 
  40 Once per day 1456 1.000 0.067 15.0 21840.0 
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  8 2-3 times per day 1456 2.500 0.067 37.5 54600.0 
  2 4-5 times per day 1456 4.500 0.067 67.5 98280.0 
  

      
  

Broccoli 462 
Never or less than once 
per month 0 0 0.067 0.0 0.0 

  997 1-3 per month 1347 0.067 0.067 1.0 1347.0 
  692 Once per week 1347 0.143 0.067 2.1 2886.4 
  420 2-4 times per week 1347 0.429 0.067 6.4 8659.3 
  49 5-6 times per week 1347 0.786 0.067 11.8 15875.4 
  20 Once per day 1347 1.000 0.067 15.0 20205.0 
  1 2-3 times per day 1347 2.500 0.067 37.5 50512.5 
  1 4-5 times per day 1347 4.500 0.067 67.5 90922.5 
  1 6+ times per day 1347 6.000 0.067 90.0 121230.0 
  

      
  

Dark Bread 1152 
Never or less than once 
per month 0 0.000 0.067 0.0 0.0 

  616 1-3 per month 1736 0.067 0.067 1.0 1736.0 
  353 Once per week 1736 0.143 0.067 2.1 3720.0 
  295 2-4 times per week 1736 0.429 0.067 6.4 11160.0 
  72 5-6 times per week 1736 0.786 0.067 11.8 20460.0 
  98 Once per day 1736 1.000 0.067 15.0 26040.0 
  31 2-3 times per day 1736 2.500 0.067 37.5 65100.0 
  4 4-5 times per day 1736 4.500 0.067 67.5 117180.0 
  

      
  

Green pepper 1442 
Never or less than once 
per month 0 0 0.067 0.0 0.0 

  698 1-3 per month 4343 0.067 0.067 1.0 4343.0 
  297 Once per week 4343 0.143 0.067 2.1 9306.4 
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  150 2-4 times per week 4343 0.429 0.067 6.4 27919.3 
  25 5-6 times per week 4343 0.786 0.067 11.8 51185.4 
  15 Once per day 4343 1.000 0.067 15.0 65145.0 
  3 2-3 times per day 4343 2.500 0.067 37.5 162862.5 
  

      
  

Chips  974 
Never or less than once 
per month 0 0 0.067 0.0 0.0 

  843 1-3 per month 4595 0.067 0.067 1.0 4595.0 
  438 Once per week 4595 0.143 0.067 2.1 9846.4 
  299 2-4 times per week 4595 0.429 0.067 6.4 29539.3 
  45 5-6 times per week 4595 0.786 0.067 11.8 54155.4 
  32 Once per day 4595 1.000 0.067 15.0 68925.0 
  12 2-3 times per day 4595 2.500 0.067 37.5 172312.5 
  1 4-5 times per day 4595 4.500 0.067 67.5 310162.5 
  

      
  

Pasta 134 
Never or less than once 
per month 0 0 0.143 0.0 0.0 

  780 1-3 per month 4343 0.067 0.143 0.5 2026.7 
  978 Once per week 4343 0.143 0.143 1.0 4343.0 
  657 2-4 times per week 4343 0.429 0.143 3.0 13029.0 
  76 5-6 times per week 4343 0.786 0.143 5.5 23886.5 
  16 Once per day 4343 1.000 0.143 7.0 30401.0 
  3 2-3 times per day 4343 2.500 0.143 17.5 76002.5 
  1 6+ times per day 4343 6.000 0.143 42.0 182406.0 
  

      
  

Peanut Butter 805 
Never or less than once 
per month 0 0 0.143 0.0 0.0 

  644 1-3 per month 1237 0.067 0.143 0.5 577.3 
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  440 Once per week 1237 0.143 0.143 1.0 1237.0 
  468 2-4 times per week 1237 0.429 0.143 3.0 3711.0 
  116 5-6 times per week 1237 0.786 0.143 5.5 6803.5 
  121 Once per day 1237 1.000 0.143 7.0 8659.0 
  36 2-3 times per day 1237 2.500 0.143 17.5 21647.5 
  7 4-5 times per day 1237 4.500 0.143 31.5 38965.5 
  3 6+ times per day 1237 6.000 0.143 42.0 51954.0 
  

      
  

Tomato 346 
Never or less than once 
per month 0 0 0.143 0.0 0.0 

  899 1-3 per month 10042 0.067 0.143 0.5 4686.3 
  665 Once per week 10042 0.143 0.143 1.0 10042.0 
  587 2-4 times per week 10042 0.429 0.143 3.0 30126.0 
  86 5-6 times per week 10042 0.786 0.143 5.5 55231.0 
  46 Once per day 10042 1.000 0.143 7.0 70294.0 
  11 2-3 times per day 10042 2.500 0.143 17.5 175735.0 
  1 4-5 times per day 10042 4.500 0.143 31.5 316323.0 
  

      
  

White Rice 652 
Never or less than once 
per month 0 0 0.067 0.0 0.0 

  1282 1-3 per month 1136 0.067 0.067 1.0 1136.0 
  484 Once per week 1136 0.143 0.067 2.1 2434.3 
  182 2-4 times per week 1136 0.429 0.067 6.4 7302.9 
  16 5-6 times per week 1136 0.786 0.067 11.8 13388.6 
  11 Once per day 1136 1.000 0.067 15.0 17040.0 
  4 2-3 times per day 1136 2.500 0.067 37.5 42600.0 
  

      
  

Meat dishes 320 
Never or less than once 
per month 0 0.000 0.143 0.0 0.0 
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  784 1-3 per month 656 0.067 0.143 0.5 306.1 
  808 Once per week 656 0.143 0.143 1.0 656.0 
  635 2-4 times per week 656 0.429 0.143 3.0 1968.0 
  63 5-6 times per week 656 0.786 0.143 5.5 3608.0 
  26 Once per day 656 1.000 0.143 7.0 4592.0 
  4 2-3 times per day 656 2.500 0.143 17.5 11480.0 
  

      
  

Meat dishes 2 396 
Never or less than once 
per month 0 0.000 0.143 0.0 0.0 

  932 1-3 per month 656 0.067 0.143 0.5 306.1 
  810 Once per week 656 0.143 0.143 1.0 656.0 
  447 2-4 times per week 656 0.429 0.143 3.0 1968.0 
  39 5-6 times per week 656 0.786 0.143 5.5 3608.0 
  19 Once per day 656 1.000 0.143 7.0 4592.0 
  5 2-3 times per day 656 2.500 0.143 17.5 11480.0 
                

Cheese 376 
Never or less than once 
per month 0 0.000 0.143 0.0 0.0 

  807 1-3 per month 9386 0.067 0.143 0.5 4380.1 
  648 Once per week 9386 0.143 0.143 1.0 9386.0 
  587 2-4 times per week 9386 0.429 0.143 3.0 28158.0 
  103 5-6 times per week 9386 0.786 0.143 5.5 51623.0 
  75 Once per day 9386 1.000 0.143 7.0 65702.0 
  32 2-3 times per day 9386 2.500 0.143 17.5 164255.0 
  1 4-5 times per day 9386 4.500 0.143 31.5 295659.0 
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Food items for which polyamine content was reported by serving size Zoumas-Morse et al   

Food Item N Frequency of consumption  

Food item's  
polyamine 
content by 
serving size 
(nmol/serving 
size) to diet 
Zoumas et al 

Daily intake according 
to frequency of 
consumption 
(servings/day) 

Frequency x 
polyamine 
contribution 
(nmol/day) 

Liver 2336 
Never or less than once per 
month 33226 0.0 0.0 

  275 1-3 per month 33226 0.1 1114.4 
  22 Once per week 33226 0.1 2388.0 
  3 2-4 times per week 33226 0.4 7164.0 
  1 Once per day 33226 1.0 13134.0 
  

    
  

Corn 384 
Never or less than once per 
month 902880 0.0 0.0 

  1092 1-3 per month 902880 0.1 60192.0 
  813 Once per week 902880 0.1 128982.9 
  328 2-4 times per week 902880 0.4 386948.6 
  20 5-6 times per week 902880 0.8 709405.7 
  7 Once per day 902880 1.0 902880.0 
  1 2-3 times per day 902880 2.5 2257200.0 

     
  

Grape fruit juice 1944 
Never or less than once per 
month 276640 0.0 0.0 

  379 1-3 per month 276640 0.1 18442.7 
  107 Once per week 276640 0.1 39520.0 
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  125 2-4 times per week 276640 0.4 118560.0 
  26 5-6 times per week 276640 0.8 217360.0 
  34 Once per day 276640 1.0 276640.0 
  9 2-3 times per day 276640 2.5 691600.0 

     
  

Grape fruit 1361 
Never or less than once per 
month 90176 0.0 0.0 

  677 1-3 per month 90176 0.1 6011.7 
  257 Once per week 90176 0.1 12882.3 
  236 2-4 times per week 90176 0.4 38646.9 
  35 5-6 times per week 90176 0.8 70852.6 
  58 Once per day 90176 1.0 90176.0 
  5 2-3 times per day 90176 2.5 225440.0 
  1 4-5 times per day 90176 4.5 405792.0 
  1 6+ times per day 90176 6.0 541056.0 

     
  

Pear 1675 
Never or less than once per 
month 84328 0.0 0.0 

  697 1-3 per month 84328 0.1 5621.9 
  160 Once per week 84328 0.1 12046.9 
  78 2-4 times per week 84328 0.4 36140.6 
  10 5-6 times per week 84328 0.8 66257.7 
  9 Once per day 84328 1.0 84328.0 

     
  

Peas 559 
Never or less than once per 
month 60308 0.0 0.0 

  1063 1-3 per month 60308 0.1 4020.5 
  747 Once per week 60308 0.1 8615.4 
  249 2-4 times per week 60308 0.4 25846.3 
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  17 5-6 times per week 60308 0.8 47384.9 
  7 Once per day 60308 1.0 60308.0 
  1 4-5 times per day 60308 4.5 271386.0 

     
  

Tofu 2472 
Never or less than once per 
month 63183 0.0 0.0 

  101 1-3 per month 63183 0.1 4212.2 
  36 Once per week 63183 0.1 9026.1 
  22 2-4 times per week 63183 0.4 27078.4 
  2 5-6 times per week 63183 0.8 49643.8 
  4 Once per day 63183 1.0 63183.0 

     
  

Tomato Juice 1724 
Never or less than once per 
month 56181 0.0 0.0 

  640 1-3 per month 56181 0.1 3745.4 
  171 Once per week 56181 0.1 8025.9 
  84 2-4 times per week 56181 0.4 24077.6 
  10 5-6 times per week 56181 0.8 44142.2 
  5 Once per day 56181 1.0 56181.0 

Chicken- No skin 418 
Never or less than once per 
month 23010 0.0 0.0 

  563 1-3 per month 23010 0.1 1532.7 
  751 Once per week 23010 0.1 3284.3 
  776 2-4 times per week 23010 0.4 9852.9 
  89 5-6 times per week 23010 0.8 18063.6 
  18 Once per day 23010 1.0 22990.0 
  10 4-5 times per day 23010 2.5 57475.0 
  1 6+ times per day 23010 6.0 137940.0 
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