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ABSTRACT 

 

Putrescine, spermidine and spermine are the polyamines biosynthesized by human cells 

via ornithine decarboxylase (ODC) and are also sourced from the diet. Polyamines are 

required for malignant and normal cell growth and development. Pharmacological 

suppression of polyamine biosynthesis, by difluoromethylornithine, and inflammation, 

via sulindac, has demonstrated ~70% efficacy in preventing premalignant colorectal 

adenomas (CRA) in a clinical trial; however, high polyamine intakes mitigated this 

preventative action. Further, dietary polyamines increase the dysplasia of CRA in 

initiated animal models of colorectal cancer (CRC) and are hypothesized to function as 

tumor promoters. Human research on dietary polyamines was limited until the 

development of a dietary database in 2007 but, continues to be limited by the lack of a 

biomarker of exposure. Chapter 1 of this dissertation tests the hypothesis that dietary 

polyamines increase risk of CRA in polyp-formers (n = 1164) and found evidence to 

support this hypothesis. However, only women, younger participants and certain 

genotypes experienced more risk of CRA with high polyamine exposure. Chapter II tests 

the hypothesis that dietary polyamines increase the risk for CRC in an average risk cohort 

of post-menopausal women (n = 87,620) and did not find evidence to support this 

hypothesis in the whole population. Rather, dietary polyamines were non-significantly 

protective against CRC and significantly protective when paired with aspirin use and 

against CRC-specific death. There was some evidence to support an increase in risk of 
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CRC in younger participants with high polyamine exposure. Overall, the first two 

chapters suggest that dietary polyamines protect the colorectum in normal risk 

individuals but promote carcinogenesis in high risk individuals. Chapter III tests the 

hypothesis that dietary polyamine intake correlates with urinary polyamine output in a 

group of overweight/obese, older men (n = 36) and Chapter IV tests the hypothesis that 

intake of highly ripe sweet cherries will increase urinary polyamine output in a subgroup 

of 10 men from Chapter III. The findings from these chapters suggest there may be a 

positive correlation, but that a better measure of dietary polyamine intake is needed to 

determine if urinary polyamines are biomarkers of exposure to polyamines. 
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INTRODUCTION 

 

Colorectal Cancer: Incidence and Prevalence 

 Over 1.2 million cases of colorectal cancer (CRC) were estimated worldwide in 

the most recent report from GLOBOCAN in 2008.(1) Men developed CRC more often, 

(an estimated 663,000 cases for men versus 571,000 cases for women) whereas women 

had slightly higher rates of mortality from the disease (~50% mortality for women versus 

~48% mortality for men). Incidence and percent survival generally increased with the 

“Westernization” of a country or region. Over half of all new cases occur in developed, 

“Westernized” regions. Specifically, Australia/New Zealand, western and southern 

Europe and Northern American share the highest burden of CRC but these countries also 

have significantly lower rates of death from this disease. Conversely, most of Africa, 

south-central Asia and Central America share the lowest burden of disease but experience 

more deaths from CRC.(1, 2)  With respect to other cancers, CRC is the third most 

common cancer for men and the second most common for women. For both sexes, CRC 

is the fourth leading cause of cancer-related death worldwide. The five-year prevalence 

of this disease is estimated to be over 3.2 million, of which over 2.1 million cases will 

come from developed regions of the world.(1, 2) CRC is primarily a disease of first world 

nations, including the United States. 
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 In the United States, the age-adjusted incidence rate for CRC is ~46 new cases per 

100,000 people per year as reported by Surveillance Epidemiology and End Result 

(SEER).(3) Overall American men (54 new cases per 100,000 men per year) have CRC 

more frequently than women (40.2 new cases per 100,000 women per year). Incidence is 

highest in African American males (66.9 new cases per 100,000 African American men 

per year) and lowest in Hispanic women (31.5 new cases per 100,000 Hispanic women 

per year). When considering race/ethnicity alone, the risk of CRC decreases in the 

following order: African American; White; American Indian/Alaskan Native; 

Asian/Pacific Islander; Hispanic. The majority of those diagnosed with CRC are over 45 

years of age, with a median age at diagnosis of 69 years. The risk of dying from this 

disease is increased with age. Overall, the age-adjusted death rate for CRC is ~17 people 

in every 100,000 Americans every year. In the United States, men (20.2 for men versus 

14.1 deaths for women per every 100,000 men or women, respectively) are more likely to 

die from CRC. African American’s have the highest mortality rates from CRC.(3, 4) 

 In the past 30 years, the incidence and mortality rates of CRC have declined for 

all ethnicities and both sexes in the United States.(4) This improvement in survival and 

decrease in incidence has been predominately attributed to increased use of screening for 

early disease via endoscopic examinations prompted by positive fecal blood tests and/or 

other clinical signs/symptoms.(5, 6) Overall, the percent of advanced metastatic CRC (i.e. 

stage III and IV disease) decreased while the percent of localized (i.e. local/regional 

disease) CRC and premalignant (adenoma) lesions in the colorectum increased.(5) This 

supports the notion that colorectal screening guidelines proposed in the 1980’s have led 
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to detection of disease at an earlier stage, resulting in significant reductions in CRC-

specific mortality.  Further, the promotion of endoscopy for early detection (colonoscopy 

and sigmoidoscopy) has resulted in a significant decline due to removal of the 

premalignant adenomatous polyps, particularly in the distal colon and rectum.(5, 7-9)  

  It should be noted that endoscopy as a screening tool is not without limitations. 

The highest efficacy of endoscopic examination of the colorectum is for the detection of 

distal (left-sided) lesions.(10)  Moreover, endoscopy requires colon preparation and time 

away from work with a low, but present, risk of perforation particularly with 

colonoscopy.(8) Disparities in both access to and uptake of CRC screening also exist and 

explain part of the racial/ethnic differences in the incidence, mortality and prevalence of 

CRC.(11) In average, men develop CRC earlier in their lifetimes then women, which 

leads to a different incidence rates dependent on age, sex and race/ethnicity. Despite 

these limitations, advances in screening and access to care have greatly contributed to 

decreasing CRC incidence and mortality. However, despite all these successes, CRC still 

occur frequently in the population and the pathogenesis of this disease, which is heavily 

influenced by diet, is discussed below.  

 

Colorectal Cancer: Molecular Pathogenesis 

 CRCs are commonly subdivided into carcinomas originating from the colon, the 

rectosigmoid junction and the rectum. CRC is hypothesized to arise from the epithelial 

cells of the mucosal layer in the large intestinal lumen through so called “multi-step 

tumorigenesis” as follows: 1) normal epithelium; 2) hyperplastic epithelium (epithelia 
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with excessive growth but normal histology); 3) early, intermediate and  late adenoma 

(exophytic epithelia with increasing excessive growth and dysplasia); 4) carcinoma  

(epithelia with excessive growth and dysplasia that has invaded nearby stromal tissues); 

5) invasive/metastatic carcinoma (carcinoma that has invaded non-colonic 

tissues/organs). This model of colorectal carcinogenesis follows the canonical concepts 

of carcinogenesis in which normal colonic epithelia can undergo an initiation event to 

become an adenoma and an adenoma can undergo a promotion event to become a 

carcinoma. The carcinoma can progress into metastatic disease due to a progression 

event.(12) However, recent advances in endoscopic screening have led to a better 

understanding of colorectal lesions and are challenging this multi-step model of 

tumorigenesis in some histopathological situations.(13, 14) Protruded lesions 

(pedunculated, subpedunculated and sessile polyps) and flat elevated lesions of the 

mucosa (with or without a central depression) seem to follow the previously described 

multi-step model of tumorigenesis and are relatively easy to detect using traditional 

endoscopic methods. Conversely, flat lesions (including both flat and depressed lesions in 

the mucosa) are more difficult to detect without advanced endoscopic techniques and do 

not seem to require a polypoid/exophytic histopathology in order to transition into a 

carcinoma.(15, 16) The differences between flat and polypoid lesions are especially 

important in cancer prevention as many studies use modulation of adenomatous polyps as 

a surrogate for cancer risk. This suggests that previous CRC prevention studies may have 

failed to capture the effect of experimental agents on flat lesions which are estimated to 

account for ~20% of adenomatous lesions in the colorectum.(16) Work on the 
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mechanistic differences between exophytic and flat/depressed adenomatous lesions is 

ongoing.  

 

 CRCs arise through a decades long process that requires an oncogenic 

environment to develop.(12) Three genomic instability pathways, various mutations in 

tumor suppressor and/or oncogenes, deregulated expression of RNAs and microRNA 

alternations and numerous epigenetic changes are all observed and postulated to work in 

concert to establish an optimal oncogenic environment that give rise to different 

histopathological phenotypes of CRC.(17) The genomic instability pathways are 

described in more detail below:  

1) The chromosomal instability  pathway in which tumor suppressor genes are suppressed 

while oncogenes are activated by chromosomal alterations. The genes affected by this 

pathway include APC, TP53, DCC, SMAD2, and SMAD 4 due to losses in chromosome 

5q, 17p and 18q. 

2) The microsatellite instability pathway wherein DNA mismatch repair mechanism are 

suppressed due changes in the length of repeating DNA sequences. The genes affected by 

this pathway include TGFβRII, EGFR, and BAX in addition to genes related to 

proliferation, cell cycle, apoptosis and DNA repair. 

3) The CpG island methylator phenotype (CIMP) pathway where hypermethylation of 

CpG islands results in altered transcription. The genes affects by this pathway include 

p16, p14, MGMT and hMLH1 due to epigenetic gene silencing. 
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The chromosomal instability pathway is thought to occur in 50-85% of CRCs (both 

sporadic CRC and Familial Adenomatous Polyposis) and to be the more common 

molecular type in left-sided tumors. The microsatellite instability pathway occurs in 

~15% of CRCs (both sporadic and Lynch syndrome CRCs) with an enrichment of 

microsatellite instability phenotypes often seen in right-sided tumors.. The CIMP 

pathway occurs in 35-40% of CRCs and exhibits mostly right-sided tumors. This multi-

pathway approach to classification of the disease makes assigning exact etiology of a 

specific CRC challenging.(17, 18) 

 Issa(19) describes three parallel models that merge the previously described 

molecular events (i.e. genomic instability pathways with genetic and epigenetic 

alterations) in order to predict distinct clinical endpoints for sporadic CRC. The three 

models are described as follows:  

1) The traditional model: APC mutation/loss leads to a tubular adenoma, then TP53 

suppression and chromosomal instability that lead to distal CRC. This occurs in ~50-70% 

of all CRC. 

2) The alternative model: CIMP, KRAS activating mutation and APC loss/mutation (or 

potentially other cancer-related genes) lead to a villous adenoma then, the CIMP pushes 

the adenoma to a carcinoma with a poor prognosis. This occurs in ~10-30% of all CRC.  

3) The serrated model: CIMP and BRAF activation lead to a serrated adenoma (18, 19) 

(an adenoma with a “saw tooth”-like appearance that is either polypoid or flat)(20) then 

MLH1 silencing and microsatellite instability lead to higher rates of proximal or right-

sided tumors that generally have a good prognosis. This occurs in ~10-20% of all 
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CRC.(18, 19)  While CRCs can arise from different pathways, it is important to note that  

>90% of all CRCs exhibit loss of the APC gene early in carcinogenesis as a primary 

event. Further, close to half of CRCs acquire KRAS mutations, chromosome 18 and/or 

p53-related changes.(12) 

 Over 85% of CRC are sporadic while only 5-10% are inherited.(21) Hereditary 

CRCs arise from known germline mutations and therefore the mechanisms of 

carcinogenesis are more clear for this small, yet significant population. The two most 

common CRC syndromes are familial adenomatous polyposis (FAP) and Lynch 

syndrome (i.e. hereditary non-polyposis colorectal cancer; HNPCC). FAP causes ~1% of 

all CRC and is a result of a germline mutation in the exons of the APC gene. FAP 

patients experience many adenomatous polyps throughout the colon and usually require 

colorectal resection. HNPCC causes ~3-4% of all CRC and is a result of germline 

mutations in mismatch repair genes (i.e. MLH1, MSH2 and MSH6). The lifetime risk of 

CRC is ~80% in these patients and they are, therefore, continually monitored or undergo 

colon resection. Due to the severity of the resulting DNA errors, tumors are not limited to 

the colon and some female HNPCC patients opt to undergo prophylactic hysterectomy 

and bilateral oophorectomies due to the risk of endometrial cancer.(21, 22) Due to the 

differences in risk and the speed of disease formation, CRC prevention trials for sporadic 

CRC generally avoid inclusion of participants with hereditary cancers in their studies. 

CRC prevention trials for both sporadic and hereditary disease are discussed in some 

below. 
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Colorectal Cancer: Risk Factors and Prevention 

RISK FACTORS IN COLORECTAL CANCER. The non-genetic risk factors for CRC 

can be divided into modifiable (i.e. diet and lifestyle choices) and non-modifiable (i.e. 

inherited risk) factors.(23) In 2007, a landmark publication due to a joint consortium of 

experts brought together by both the World Cancer Research Fund and the American 

Institute for Cancer Research, reviewed the modifiable risk factors for all cancer types, 

including CRC.(24) Factors for which there was convincing evidence that they modified 

CRC risk included physical activity which decreases risk while processed meat, red meat, 

alcohol (men only), body fatness, adult weight gain and greater birth weight which 

increase risk. Several other risk factors were evaluated and deemed as having probable or 

limited-suggestive evidence to support a causal link to CRC. This is due to the many, 

sometimes conflicting, epidemiological studies that provide evidence on the role of diet 

and lifestyle in CRC risk. Meta-analyses have been used extensively in the field in an 

attempt to quantify the levels of evidence supporting each potential risk factor. For 

example, 10 independent meta-analyses that included over 100 independent prospective 

cohort studies of CRC risk were summarized in 2009 by Huxley, et al.(25) Their findings 

update some of the consortium findings (24) and indicate that alcohol (relative risk; RR = 

1.56, 95% confidence interval; 95% CI = 1.42 – 1.70), diabetes (RR = 1.23, 95% CI = 

1.17 – 1.30), red meat (RR = 1.21, 95% CI = 1.13 – 1.29), processed meat (RR = 1.19, 

95% CI = 1.12 – 1.27), obesity (RR = 1.19, 95% CI = 1.11 – 1.29) and smoking (RR = 

1.16, 95% CI =1.09 – 1.24) increase risk of CRC while physical activity (RR = 0.81, 95% 

CI = 0.77 – 0.86), fruits (RR = 0.99, 95% CI = 0.90 – 1.08), vegetables (RR = 0.95, 95% 
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CI = 0.88 – 1.04), fish (RR = 0.93, 95% CI = 0.84 – 1.04) and poultry (RR = 0.96, 95% 

CI = 0.86 – 1.08) decrease risk.  

 As suggested by some dissimilarities in the biology of tumors found at different 

anatomical sites, the effect of risk factors on the colorectum differs by anatomical site. 

For example, fruit intake is generally more protective in the rectum while physical 

activity is more protective in the colon. Red meat and alcohol lead to increased risk in the 

rectum with a lesser effect in the colon.(25) In 2012 we published an update on the non-

genetic, dietary risk factors for CRC.(26) The factors discussed in this section are 

arguably the most commonly studied risk factors for CRC, although a myriad of other 

factors have also been considered.  

 As previously mentioned, the dietary and nutrient risk factors for CRC discussed 

in the above studies have been more recently reviewed by this author.(26) In brief, 

processed and red meats exert their effects on the colorectum through hypothesized 

mechanisms that include heme exposure (which promotes damaging  N-nitroso 

compounds) (27, 28) and via exposure to heterocyclic amines (known carcinogens) in 

overcooked meats.(29-32) Excessive alcohol exposure is hypothesized to deplete folate 

levels (necessary for DNA synthesis) and cause reactive oxygen species and DNA adduct 

production.(33, 34) Folate deficiencies themselves can lead to DNA damage (via uracil 

misincorporation) and hypomethylation.(35) Taken together, many common dietary 

exposures put the colorectum at risk for carcinogenesis. 

 Conversely, there are also common dietary exposures that function to protect the 

colorectum from carcinogenesis. Dietary fiber is able to decrease transit time for stool in 
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the colorectum, alter gut flora and increase stool size which all favorably alter the colonic 

microenvironment.(36-39) Supplemental calcium can inhibit cell growth, promote 

differentiation (a common, anti-carcinogenic mechanism),(40) and bind secondary biles 

acids (i.e. pro-carcinogenic deoxycholic acid) or fatty acids.(41, 42) Like calcium, dietary 

vitamin D can evoke signaling cascades that lead to prodifferentiation and 

antiproliferation effects.(43) Milk and cheese are believed to exert their effects through 

their high calcium and vitamin D content. Saturated fats, from animals, are pro-

inflammatory (via prostaglandin E2)(44, 45) and can increase CRC risk by altering both 

bile acid metabolism and the gut flora.(46, 47) Conversely, intake of fatty fish is anti-

inflammatory (via omega-3 fatty acid mediated events) and fatty fish also contain 

relatively high amounts of vitamin D.(48)  Fruits and vegetables contain fiber, anti-

oxidents and other micronutrients that protect against colorectal carcinogensis.(49) 

Finally, selenium in the diet and in supplements (when included in selenocysteine-

containing proteins) functions to prevent oxidative damage,(50) promotes apoptosis(51) 

and  affects many other cancer-related pathways. Given the multifactorial and opposite 

effects of different dietary components on CRC risk, the challenge of assigning specific 

relative risks is clear. 

 

  From a dietary standpoint, the study of single nutrients is limited because humans 

consume many food items that, together, comprise a dietary pattern.  To this end, a recent 

but smaller meta-analysis of dietary patterns and risk of CRC was reported by Magalhães, 

et al.(52) In this analysis, three distinct dietary patterns were identified that separated 
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individuals and their risk of CRC was estimated. These results are summarized along 

with their defined dietary patterns as follows: 1) Participants adhering to a “Drinker” 

dietary pattern, defined by high alcohol consumption, had a non-significant lower relative 

risk of CRC; 2) Participants with a “Healthy” dietary patterns, defined by high fruit and 

vegetable intake had a significant 20% reduction in risk for the colon whereas the effect 

on the colon was non-significant; 3) Participants with a “Western” dietary pattern, 

defined by high red and processed meat intake, had a 29% increase in relative risk in the 

colon and no significant change in risk for rectal cancer. However, due to a lack of 

standardized methodology for defining dietary patterns and the relatively low number of 

studies, more studies are needed to make definitive conclusions about the effects of 

dietary patterns on CRC risk.(53, 54)  

  

 As previously mentioned smoking, physical activity and a few other non-dietary 

factors also modify risk of CRC.(25) Specifically, a significant ~20% increase in relative 

risk of CRC has been observed in participants who have ever smoked,(55) and is 

attributed to carcinogens in tobacco that can induce DNA adducts.(56) Physical activity 

is among the most consistent risk reducing factors, with several studies reporting reduced 

CRC risk in non-sedentary individuals. Although, the exact “dose” of physical activity 

needed to decrease CRC risk is unclear. Specifically, physical activity is able to decrease 

risk for obesity and its comorbidities, decrease stool transit time, improve bile acid 

metabolism and decrease inflammation.(57) Consistent with the protective effects of 

physical activity through obesity prevention, high body mass index (BMI; e.g. 
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overweight and obesity),(58) and excess body fat increase risk of CRC but the effect 

varies somewhat by gender. For example, BMI or measures of central obesity, obesity 

increases the risk of CRC by 50-100% for men but, only 20-50% in women. The 

mechanism by which excess adiposity is believed to promote CRC is via an increase in 

circulating insulin, which promotes the activation of growth factors. For women, excess 

adiposity increases circulating sex hormone which can have an effect on the colorectum 

(59) and this effect is discussed below in some detail. The mechanism of risk associated 

with obesity is exacerbated in diabetes mellitus which significantly increases RR of CRC 

by ~30% via dysregulation of insulin signaling that leads to anti-apoptotic and pro-

tumorigenic effects.(60) Further both obesity and diabetes lead to chronic inflammation 

(via elevated circulating leptin, interleukin-6 and insulin)(61) and oxidative stress,(62) 

both of which play an important etiological role in CRC.  

 

 In addition to diet and lifestyle factors, a number of pharmacological agents have 

been associated with a reduced risk of CRC. The most well studies are use of hormone 

replacement therapy (HRT) anti-inflammatory drugs, including non-selective (NS) non-

steroidal anti-inflammatory drugs (NSAIDs) and selective cyclo-oxygenases (COX)-2 

inhibitors. In a recent meta-analysis, the use of unopposed estrogen or any use of 

combined estrogen plus progesterone was associated with a significantly lower risk of 

CRC (RR = 0.70, 95% CI = 0.57 – 0.85; RR = 0.79, 95% CI = 0.69 – 0.91,  

respectively).(63) A number of hypotheses about the mechanism of sex hormone benefits 

have been proposed with considerable interest in the role of the estrogen receptor β, 
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which has been shown to induce apoptosis and decrease cell proliferation in colon cancer 

cells when activated.(64)  However, it should be noted that clinical trials of these 

hormones (discussed below) have produced conflicting results.(65, 66) NS-NSAIDS, 

including aspirin, are now recognized as pharmacological preventative agents in the 

colorectum. As a class, these drugs act as inhibitors of the COX enzyme system that 

includes the inducible COX-2 (and the constitutive COX-1 for non-selective inhibitors) 

which results in inhibition of the of formation of prostaglandin E2 (PGE2). PGE2 is 

thought to be the active mediator of tumorigenesis as a signaling molecule by promoting 

angiogenesis and tumor cell growth, while protecting against apoptosis and decreasing 

immune surveillance.(67) Other, COX-independent mechanisms of colonic 

chemoprevention have been proposed including, the NFκB and peroxisome proliferator-

activated receptor (PPAR) pathways.(68) The status of these and other agents in 

Randomized Control Trials (RCT)s is discussed in the next section. 

 

PREVENTION TRIALS IN COLORECTAL CANCER. As discussed above, CRC arises 

over a long period of time (decades) as such the premalignant colorectal adenomas 

(CRA) has been investigated in human studies as an intermediate endpoint of cancer risk. 

Colonoscopy detection and removal of CRA by polypectomy decreases the risk of CRC 

(69) and CRC death (70); evidence that these lesions are the precursors of CRC. CRA are 

common in the adult population occurring in 25-50% of adults over the age of 50 yeears 

with about half of these polyp formers developing a subsequent lesion in 3-5 years. 

Therefore, a number of RCTs have tested the effects of anti-inflammatory agents (aspirin, 
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other NSAID and antioxidants), calcium, folic acid, and vitamin D on the development of 

CRA in healthy and at risk populations. These so called “polyp prevention trials” are 

used to obtain evidence of an agent’s efficacy in order to support conducting larger 

studies on the much more rare CRC endpoints. A summary table of the findings across all 

RCTs to date is provided here (Table 1).These RCTs use a combination of polyp, CRA 

and CRC endpoints. Overall, only the aspirin RCTs had reasonable follow-up time in 

which to measure modulation of CRC risk. At 75 mg/day, aspirin use for a minimum of 5 

years is associated with long term (20 year) 70% decreases in colon and 42% decreases in 

rectal cancer risk at doses in RCTs.(71)  NS-NSAIDs show similar prevention 

effects.(72) However, risks of gastrointestinal side-effects (bleeds ulceration) out-weigh 

any short-term benefits from aspirin and NS-NSAIDs in average risk populations.(72, 73) 
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Table 1. Colorectal cancer prevention randomized control trials 

 

In FAP/HNPCC
4
 patients 

In patients with a history of 

CRA/CRC
5 

In the general population 

Intervention Dose Duration Results Dose Duration Results Dose Duration Results 

Aspirin  

(74) 

600 

mg/day 1 yr 

No ∆ polyp number 

(FAP) 

81-325 

mg/day 3 yrs 

↓ risk of 

CRA 

100-325 

mg/day 5-10 yrs 

No ∆ CRC 

risk 

 

  2.5 yrs 

No ∆ CRC/CRA risk 

(HNPCC) 

   

300-1500 

mg/day 1-7 yrs 

No ∆ CRC 

risk 

 

  4 yrs ↓ time to CRC (HNPCC) 

   

300-1500 

mg/day >10 yrs
 

↓ risk of 

CRC 

Other 

NSAIDs
1
  

(74) Various 

4-12 

mo. 

↓ polyp size and number 

(FAP) 

400 mg/day 

celecoxib 3 yrs 

↓ risk of 

CRA N/A
6 

    

Antioxidants 
2
 (74) N/A     Various 2-5 yrs 

No ∆ CRA 

risk Various 5-12 yrs 

No ∆ CRC 

risk 

Folic acid 

(74) N/A     

0.5 - 1.0 

mg/day 3 yrs 

No ∆ CRA 

risk 

2.5-20 mg/day 

+ other B 

vitamins 5-7 yrs 

No ∆ CRC 

risk 

Calcium  

(74, 75) 

1500 

mg/day 6 mo. 

No ∆ polyp number 

(FAP) 

1000-1200 

mg/day 3-4 yrs 

↓ risk of 

CRA 

1000-1500mg + 

400 IU vitamin 

D/day 4-7 yrs 

No ∆ CRC 

risk 

DFMO
3
 + 

sulindac 

(76) N/A     

500 mg + 

150 mg/day 3 yrs 

↓ risk of 

CRA N/A     

 

1
 Non-steroidal anti-inflammatory drugs (NSAIDs) 

2 
Antioxidants include vitamins (A, C, and E), beta-carotene and selenium 

3
 Difluoromethylornithine (DFMO), an inhibitor of polyamine biosynthesis 

4 
Familial adenomatous polyposis (FAP)/hereditary non-polyposis colorectal cancer (HNPCC), inherited forms of colorectal 

cancer 
5 

Colorectal adenoma (CRA)/colorectal cancer (CRC) 
6 

Not applicable (N/A), meaning no known studies of good quality 
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 NS-NSAID-induced gastrointestinal toxicity is mediated via COX-1 inhibition in 

the stomach; therefore, selective COX-2 inhibitors were developed to overcome these 

issues.(77) The selective COX-2 inhibitors, celecoxib and rofecoxib, significantly 

reduced risk of CRA recurrence by 36% (78) and 24%,(79) respectively. However, 

participants on rofecoxib experienced more gastrointestinal complications (e.g. 

perforations, obstructions, ulcers and/pr bleeds) than placebo(79) whereas participants on 

celecoxib did not.(78) Of greater importance was the observation that both drugs 

increased the risk of serious cardiovascular events compared to placebo.(78, 79) Prior to 

the publication of these results, our group moved celecoxib into a phase III RCT for the 

prevention of polypoid CRA with 4 arms (400 mg/day celecoxib + placebo, 200 mg/day 

selenized yeast + placebo, celecoxib + selenium, double placebo).(80) In 2004, we 

suspended the celecoxib arms of our trials and it is still on-going as a trial for the 

prevention of CRA using selenium alone. This suspension was a result of advice from our 

External Data and Safety Monitoring Committee due to the serious risk of cardiac events 

attributed to use of “coxib”s.(78-80) Taken together, selective NSAIDs are no longer 

ideal CRC prevention agents and the use of NS-NSAIDs in CRC risk reduction warrants 

caution in average risk indivudals. 

 

DIFLOUROMETHYLORNITHINE AND COLORECTAL CANCER PREVENTION. 

Difluoromethylornithine (DFMO) is an irreversible inhibitor of putrescine biosynthesis 

and putrescine is part of a group of polyamines required for malignant growth.(81) 

However, early phase I and II, high dose RCTs for DFMO alone in the treatment of 
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colorectal, lung,(82)  melanoma,(83) and prostate (84) malignancies did not demonstrate 

efficacy and were limited by ototoxicities. In preclinical studies, DFMO was known to be 

cytostatic and not cytotoxic(85) and had demonstrated chemopreventative effects in the 

gut of animal models.(86) Based on this preclinical evidence, Meyskens, et al.(87) 

considered DFMO for use in chemoprevention trials and conducted a dose de-escalation 

study to find an ideal dose. This study found that even low dose DFMO decreased rectal 

mucosa putrescine content in a dose dependent manner and that lower doses were 

associated with an acceptably smaller frequency of side-effects. DFMO was then moved 

into the most highly effective, double agent CRC chemoprevention trial to date. Using 

CRA as a surrogate endpoint, the combination of difluoromethylornithine (DFMO) and 

sulindac, a NS-NSAID, demonstrated a 70% reduction in all, and a >90% reduction for 

advanced polypoid CRA recurrence in a group of polyp formers.(76) Sulindac is thought 

to work through both COX-dependent and –independent mechanisms (81) and generally 

displays low gastrointestinal toxicity.(88) Although promising, this study is limited by its 

design of double agent vs. double placebo. The lack of single agent arms makes assigning 

causality to either agent impossible and has prompted an on-going study to test single 

agent efficacy. Additionally, increases in cardiovascular- (P = 0.44), gastrointestinal- (P 

= 0.11) and oto-toxicities (P = 0.05) were noted; but, this study was not adequately 

powered to test all toxicities.  

 In summary, drug-based chemoprevention efforts are generally limited by side-

effects but demonstrate efficacy in preventing high risk pre-neoplastic lesions. The 

toxicities associated with these drugs may be lower for some individuals (89, 90) and the 
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benefits of these drugs may outweigh the side-effects in a small, at risk population. The 

DFMO and sulindac CRA prevention trial served as a proof of principle for the 

hypotheses on dietary polyamine intake and colorectal neoplasia outcomes proposed in 

the dissertation. 

 

 

Polyamines: Overview 

BIOSYNTHESIS. Putrescine (1,4-diaminobutane), spermidine (1,8-diamino-4-

azaoctane) and spermine (1, 12-diamino-4,9-diazadodecane) are the only polyamines 

produced by mammalian cells, are small polycationic molecules, and exist in their 

protonated state at physiological pH.(91) Putrescine is biosynthesized after ornithine, a 

urea cycle product, is decarboxylated by ornithine decarboxylase (ODC; Figure 1). 

Putrescine can be subsequently propylaminated by spermidine synthase to spermidine 

and spermidine to spermine by spermine synthase. The propylamine groups are donated 

from decarboxylated (dc) S-adenosylmethionine (SAM), which connects polyamine 

biosynthesis to the methionine/homocysteine cycle and the one-carbon metabolism 

cycle.(92, 93) After removal of the propylamine group, dcSAM is converted to 5’-

methylthioadenosine (MTA). MTA can be resalvaged back to SAM or metabolized to 

adenosine monophosphate.(94)  

 Recycling of polyamines occurs first via acetylation of spermidine and spermine 

by spermidine/spermine-N1-acetyltransferase (SSAT), then oxidatation by polyamine 

oxidase to putrescine and spermidine, respectively. Alternatively, spermine can be 



 30 

 

oxidized back to spermidine via spermine oxidase. Thus, polyamines function as a 

putative “pool”.(92, 93) High levels of polyamines promote SSAT expression and export 

of polyamines from the cell via a diamine exporter.(95, 96) Similarly, high cellular levels 

of spermidine and spermine promote translation of ODC antizyme (OAZ) via a 

frameshift event. OAZ binds to the ODC monomer, prevents homodimerization and then 

ODC monomers are degraded by the proteomsome in a non-ubiquitin dependent fashion. 

Conversely, under low polyamine levels ODC activity increases, OAZ levels decrease 

and polyamine import increases.(97) In the gastrointestinal tract import and export of 

putrescine is thought to occur via the same solute carrier (SLC3A2), but export may also 

occur via endocytosis-related mechanisms.(98, 99) Taken together, cellular polyamine 

levels are commonly regulated by their own concentrations but other, external stimuli 

also play a role. 
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Figure 1. Biosynthesis of polyamines 

Overview of polyamine biosynthesis and dietary sources related to the polyamine 

pathway. Polyamines come from exogenous sources (mainly the diet; in black) or they 

can be biosynthesized in the cell (in red). Putrescine is synthesized after arginine is 

converted into ornithine via the urea cycle (in orange). Ornithine is then decarboxylated 

by the rate-limiting enzyme in polyamine synthesis, ornithine decarboxylase (ODC; in 

red). The addition of a propyl-amine group to putrescine gives rise to spermidine. This 

propyl-amine group is donated by decarboxylated S-adenosylmethionine (dcSAM) via 

spermidine synthase. Spermidine can be subsequently propyl-aminated by spermine 

synthase to make spermine. Spermine can be recycled back to spermine and then 

eventually putrescine via polyamine oxidase (100). The polyamine cycle is closely tied to 

the methionine (Met) cycle (in blue) via S-adenosylmethionine. SAM is derived from 

adding an adenosine group to Met and can be decarboxylated by SAM decarboxylase to 

form dcSAM, which is vital for polyamine biosynthesis. SAM can also be demethylated 

to S-adenosylhomocysteine (SAH), homocysteine (hCys), and eventually recycled to 

Met. Met can also be derived from the diet. The conversion of hCys to Met is a required 

co-reaction to the 5-methyl tetrahydrofolate (THF) to THF. This is the link between the 

Folate (in green) and Met cycles (in blue). THF can then go on to purine synthesis or be 

converted to 5,10-methyl THF for pyramidine synthesis. Like Met, THF can be derived 
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from the diet. However, dietary folate must first be converted to dihydrofolate (DHF) and 

then THF. 

 ODC is a polymorphic gene with multiple single nucleotide polymorphisms 

(SNP), of which the G>A functional SNP at +316 from the start site is the most well 

characterized.(97, 101) Population level studies demonstrate that approximately half of 

the population has any A allele (~10% homozygous A-carriers) at +316 while the other 

half of the population are homozygote G-carriers.(89, 93, 102, 103) ODC transcription is 

promoted by multiple growth factors, hormones, and tumor promoters due to multiple 

binding sites in its promoter region.(97) However, for the scope of this dissertation, we 

will limit this discussion to the APC- and G316A-dependent regulation of ODC, OAZ and 

SSAT in normal versus tumor cells. The binding of myc, a promoter, versus mad, a 

repressor, is altered by the +316 genotype due to its placement between the two e-boxes 

where these substrates bind. A-alleles bind both myc and mad better than G-alleles. In 

normal cells, APC promotes OAZ while inhibiting c-myc transcription and allowing mad 

to bind to A-alleles. Thus A-alleles confer lower risk of CRC in participants with wild 

type APC. Additionally, KRAS levels are generally low and so SSAT is able to function 

in response to cellular polyamines levels.(95, 97) Overall, polyamine levels and ODC 

activity are lower in non-transformed colorectal epithelial cells. Conversely, the high 

levels of polyamines seen in CRC cells coincide with higher ODC activity(104) and APC 

mutation in >80% of all cases.(105) Loss of APC functionality leads to decreased OAZ 

function and increased c-myc expression which binds preferentially to the A-allele and 

promotes ODC expression. Thus, in an APC mutant background the A-allele confers 

more risk. Similarly, the higher activity of KRAS seen in some CRCs leads to 
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suppression of SSAT expression via inhibition of PPARɣ.(95) Overall, the cellular 

polyamine concentrations play a vital role in CRC and their putative mechanisms of 

effect are discussed below (Polyamines: Role in Colorectal Cancer and Health). 

EXOGENOUS SOURCES OF POLYAMINES. As depicted in Figure 1, cellular 

polyamines are also derived from exogenous sources including the diet, and 

gastrointestinal tract bacteria, sloughed cells and digestive excretions.(95, 98, 99, 106-

113) Dietary polyamines are thought to be the largest source of polyamines in the 

gut,(114) and are taken into the mucosa via the afore mentioned endocytic- and solute 

carrier-mechanisms. Of the consumed polyamines, 60-80% of ingested dietary 

putrescine, the most common dietary polyamine, is taken up by the small intestine after 

approximately two hours in humans. Of this, ~20% reaches the sera as acetylated-

spermidine and –spermine derivatives. Subsequently, the acetylated polyamines are 

metabolized by the liver and/or excreted in the urine. The rest of the dietary putrescine is 

retained by gastrointestinal epithelial cells.(111, 115) Studies of labeled putrescine in the 

diet of rodents found that labeled-putrescine accumulates in various growing tissues 

including, skeletal muscle over a 6 month feeding period.(116) These results show that 

dietary polyamines immediately contribute to the intestinal cell polyamine pools, as well 

as eventually being distributed to a number of non-gastrointestinal tissues. Further, 

excess polyamine intake is likely excreted in the urine as acetylated moieties.  

 Human exposure to dietary polyamines is difficult to estimate as it is highly 

dependent on the age of, ripeness of and bacterial activity in foods.(117) Two distinct 
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databases exist for the estimation of dietary polyamines exposure. The first, developed by 

our collaborators, was published in 2007 by Zoumas-Morse, et al.(113) and was designed 

to be used in conjunction with the Fred Hutchinson Cancer Center Food Frequency 

Questionnaire (FFQ). This database was adapted to other FFQ and is used in this 

dissertation. Using a literature review for all food items with peer-reviewed, measured 

levels of putrescine, spermidine and spermine (n = 117 food items), Zoumas-Morse 

developed this polyamine database. Food polyamine concentrations were usually 

measured using high performance liquid chromatography (HPLC) and came from a 

variety of locations in the world across multiple decades of time. For items not measured 

in the literature, a research dietitian extrapolated their values from known values 

whenever possible (n = 253 food items). This database was first used to estimate dietary 

polyamine exposure in a convenience samples (n = 165) of adult polyp-formers. Overall, 

putrescine (159.1 μmol/day) contributed the most to total dietary polyamine intake, 

followed by spermidine (54.7 μmol/day) and spermine (35.7 μmol/day). Orange and 

grapefruit juice, their fruits, fresh tomatoes and bananas were the largest contributors to 

average putrescine intake. Spermidine content came from green peas and cheese mostly, 

while spermine content came from ground and lunch meats. The second database was 

developed by Ali, et al.(118) in conjunction with a 7-day dietary recall and was used to 

compare dietary polyamines intake in adolescents Swedes (n = 93) to the dietary 

recommendations of The Swedish National Food Administration.(119) This group also 

employed an extensive literature search to determine the polyamines content of foods (n 

> 250 food items) but, additionally, conducted their own HPLC analysis to determine the 
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specific polyamine content of dairy items.(118) Average total dietary polyamine intake in 

adolescents was 316 μmol/day where 215.5 μmol/day, 66.0 μmol/day and 34.5 μmol/day 

came from putrescine, spermidine and spermine, respectively. Of interest, had the 

participants followed the recommended diet, their intake of polyamines would have been 

>500 μmol/day which would have been attributed to increasing their vegetable 

consumption. In this study, the majority of polyamines came from fruits and 

vegetables.(119) Estimates of average exposure to dietary polyamines in a United States 

population have not been completed, but this dissertation describes the estimated dietary 

polyamine exposure in polyp-forming adults (see Chapter 1), post-menopausal women 

(see Chapter 2) and middle-aged, overweight/obese men (see Chapter 3) using the 

Zoumas-Morse database described above. 

 

Polyamines: Role in Health and Colorectal Cancer 

POLYAMINE MECHANISMS OF EFFECT. In growth, polyamines are required for 

embryonic survival (120) and dietary polyamines are vital for early gastrointestinal 

development in murine models.(121) In adult animals, DFMO decreases wound healing 

in rats (122) and inhibits both normal and tumorous cell growth, which can be rescued 

with the addition of exogenous polyamines.(123) Further, the addition of exogenous 

polyamines evokes increased nucleotide and protein synthesis,(124) and increases the 

rate of mucosal growth in the intestinal lumens of rats.(125) Nonetheless, the exact 

mechanism by which polyamines are involved in normal and tumorous growth is not 

understood. In vitro, positively charged spermine binds negatively charged nucleic acids, 
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including both DNA and RNA, to alter their charge and configuration. Additionally, 

spermidine is required for hypusine formation and subsequent activation of the 

eukaryotic initiation factor 5a (eIF5a).(126) Taken together, polyamines are likely 

required for normal transcription and translation events but no specific molecular 

mechanism explains the cell’s necessity for polyamines. 

POLYAMINES IN COLORECTAL CANCER. Polyamines have been hypothesized to 

act in tumor promotion and progression.(126) In traditional two-step models of 

carcinogenesis, ODC overexpression promotes papilloma development in initiated-mouse 

skin and is reversed by treatment with DFMO.(127, 128) DFMO also decreases 

pulmonary metastasis in mouse melanoma models.(129) In humans, the polyamine 

content and ODC activity in colorectal polyps and CRC is significantly higher than 

adjacent mucosa.(104) Similarly, high urinary concentrations of diacetylatedspermine 

(N1,N12-diacetylspermine) are observed in CRC patients.(130) However, the strongest 

evidence for a role of polyamines in CRC is the previously mentioned RCT of DFMO 

with Sulindac (see DIFLOUROMETHYLORNITHINE AND COLORECTAL CANCER 

PREVENTION).(76)   

Polyamines: Dietary Polyamines and Colorectal Cancer  

ANIMAL STUDIES ON DIETARY POLYAMINES AND COLORECTAL CANCER. 

Due to the chemopreventive effects associated with low levels of cellular polyamines,(76, 

85, 87, 104, 130) the role of dietary polyamine exposure in CRC prevention is of great 

interest. In a rather complex experiment, Paulsen et al.(131) randomized rats that were 
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treated with control, azoxymethane (AOM; a conditional, complete tumor promoter), or 

AOM + DFMO to low, medium or high polyamine diets (putrescine, spermidine and 

spermine were modified) and measured aberrant crypt foci (ACF) frequency. DFMO 

alone decreased animal growth rates by 30% but dietary polyamine content prevented this 

growth stunting in a dose-dependent manner. ACF are premalignant intestinal lesions and 

the frequency of large, but not all lesions were increased with higher dietary polyamine 

exposure. Further, DFMO’s ability to prevent ACF in AOM-treated mice was mitigated 

in the presence of higher dietary polyamines. This study suggests dietary polyamines can 

compensate for decreased cellular polyamine biosynthesis and that they function as 

putative tumor promoters, and not initiators, as untreated rats fed high polyamines did not 

develop ACF. Similarly, rats treated with dimethylhydrazine (an intestinal chemical 

carcinogen) and fed a low polyamine diet experienced decreased mucosal putrescine and 

spermidine levels and developed less ACF.(132) The ACF-inducing potential of 

dimethylhydrazine was restored when spermidine was added back to the diet. A third 

study found that APC deficient mice fed high levels of dietary putrescine (but still 

comparable to the human diet), developed more dysplastic intestinal polyps than animals 

on a control diet. Further, dietary putrescine increased the intestinal concentrations of 

polyamines and was able to overcome the chemopreventive activity of sulindac in the 

gut. Of note, dietary putrescine intake did not increase the number of intestinal 

polyps.(133)  This is further evidence that dietary polyamines promote but do not initiate 

CRC. In summary, animal models support a role of dietary polyamines in the promotion 

of CRC. 
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HUMAN STUDIES ON DIETARY POLYAMINES AND COLORECTAL CANCER. 

Compared to studies on the role of polyamine biosynthesis in CRC, little data have been 

collected on the role of dietary polyamines in CRC. This field has been greatly limited by 

a lack of reasonable methods for estimating dietary polyamine exposure in a large 

population but has been overcome in recent years by the development of two dietary 

polyamine databases (see EXOGENOUS SOURCES OF POLYAMINES).(113, 118) 

Specifically, the Zoumas-Morse database(113) has been applied to 188 of the 267 

participants from the DFMO + sulindac trial (76) in to determine the effects of dietary 

polyamines in the presence of these chemopreventative agents by Raj, et al.(134) In this 

sub-study, total average dietary polyamine intake was 233 μmol/day, most of which came 

from putrescine. Participants in the highest quartile of dietary polyamine intake, did not 

have a significantly different number of CRA when comparing double placebo to DFMO 

+ sulindac treatment groups (P-value = 0.56). Conversely, participants in the first three 

quartiles experienced a significant protective effect of the agents when compared to 

participants in the same quartile but randomized to placebo. Similar to animal 

studies,(131-133) this study provides evidence that dietary polyamines can overcome 

pharmacological inhibition of polyamine biosynthesis and COX-2 and, presumably, 

replenish cellular polyamine pool levels.  However, Raj and colleagues (134) did not find 

a correlation between dietary polyamine and rectal mucosa tissue levels, and this study 

was limited by a small sample size. 

 The safety of a low polyamine diet has been explored by researchers in France 

using small clinical feeding trials plus antibiotics in prostate cancer patients. Antibiotic 
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treatment depletes gastrointestinal flora that also contribute to exogenous polyamine 

exposure. Cipolla, et al.(135) measured the polyamine content in over 200 foods, 

beverages and seasonings using highly accurate mass spectrophotometry and assigned 

food items to three categories of polyamine exposure (Group I <100 nmol total 

polyamines/g or ml of item; Group II 101–200 nmol total polyamines/g or ml of item; 

Group III >201 nmol total polyamines/g or ml of item). Consistent with the Zoumas-

Morse database,(113) oranges and orange juice were found to have especially high 

dietary polyamine content. Participants (n = 33) were instructed to avoid group III, limit 

group II and consume group I foods. Overall, this low polyamine diet was well tolerated 

but treatment with an antibiotic led to expected gastrointestinal upset. Overall, this study 

supports suggests that long-term polyamine depleted diets are feasible and tolerable for 

men for up to 64 months 

 

 

 

 

 

 

. 
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Hypothesis: Dietary Polyamines and Colorectal Cancer  

 Current evidence suggests that dietary polyamines function as colorectal tumor 

promoters and, therefore, play a role in CRC risk. This dissertation addresses the 

hypothesis that dietary polyamine intake increases risk of colorectal neoplasia. This 

hypothesis is addressed by two specific sub-hypotheses as follows: 

1) Dietary polyamine intake increases risk of CRA in an at-risk population (see Chapter 

I)  

2) Dietary polyamine intake increases CRC risk in a population of post-menopausal 

women (see Chapter II) 

Further, the existing dietary polyamine databases (113, 118) are not validated due to a 

lack of a biomarker of dietary polyamine exposure. Dietary polyamines are excreted in 

the urine therefore this dissertation discusses the results of testing the following 

hypothesis: Dietary polyamine intake is associated with urinary polyamine output (see 

Chapter III and IV). 
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CHAPTER I: DIETARY POLYAMINE INTAKE AND RISK OF COLORECTAL 
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Abstract 

BACKGROUND: Putrescine, spermidine, and spermine are the polyamines required for 

human cell growth. The inhibition of ornithine decarboxylase (ODC), which is the rate-

limiting enzyme of polyamine biosynthesis, decreases tumor growth and the development 

of colorectal adenomas. A database was developed to estimate dietary polyamine 

exposure and relate exposure to health outcomes.  

OBJECTIVE: We hypothesized that high polyamine intake would increase risk of 

colorectal adenoma and that the allelic variation at ODC G>A +316 would modify the 

association. 

DESIGN: Polyamine exposure was estimated in subjects pooled (n = 1164) from the 

control arms of 2 randomized trials for colorectal adenoma prevention [Wheat Bran Fiber 

low-fiber diet arm (n = 585) and Ursodeoxycholic Acid placebo arm (n = 579)] by using 

baseline food-frequency questionnaire data. All subjects had to have a diagnosis of 

colorectal adenoma to be eligible for the trial. 

RESULTS: A dietary intake of polyamines above the median amount in the study 

population was associated with 39% increased risk of colorectal adenoma at follow-up 

(adjusted OR: 1.39; 95% CI: 1.06, 1.83) in the pooled sample. In addition, younger 

participants (OR: 1.94; 95% CI: 1.23, 3.08), women (OR: 2.43; 95% CI: 1.48, 4.00), and 

ODC GG genotype carriers (OR: 1.59; 95% CI: 1.00, 2.53) had significantly increased 

odds of colorectal adenoma if they consumed above-median polyamine amounts. 



 43 

 

CONCLUSIONS: This study showed a role for dietary polyamines in colorectal adenoma 

risk. Corroboration of these findings would confirm a previously unrecognized, 

modifiable dietary risk factor for colorectal adenoma. 
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Introduction  

Polyamines (e.g., putrescine, spermidine, spermine) are small, cationic molecules 

necessary for cell growth that are derived from intrinsic (i.e., intracellular biosynthesis) 

and extrinsic (i.e., diet, gut flora, sloughed cells, and digestion-related secretions) sources 

(Figure 1). The combination of polyamine sources results in submicromolar levels of 

polyamines in sera (95, 98, 99, 106-113). Polyamines move across the gastrointestinal 

epithelial barrier via apical transporters and accumulate in intestinal and colonic cells at 

near-millimolar concentrations. Transport of polyamines from intestinal epithelia to other 

tissues occurs via basolateral transporters (99).  

Putrescine is the most abundant of the polyamines in humans with de novo 

synthesis dependent on arginine and ornithine (Figure 1). Ornithine is decarboxylated by 

the rate-limiting enzyme ornithine decarboxylase (ODC) (95, 112, 136, 137). Both 

spermine and spermidine are dependent on the methionine pool, as decarboxylated S-

adenosyl-methionine acts as the propyl-amine donor (95, 99, 138).  

Increased polyamine synthesis is common in epithelial tumors, and inhibition of 

polyamine biosynthesis reduces tumor growth in experimental models (108-111, 137). 

Hixson, et al.(104) documented that colorectal cancers display approximately double the 

amount of putrescine (0.17 ± 0.17 nmol/mg protein) and spermidine (0.52 ± 0.37 

nmol/mg protein) than normal rectal mucosa. Further, synthesis of polyamines via ODC 

differs between individuals as a result of G-to-A genetic variation at the +316 position in 

intron 1 of the ODC gene (rs2302615) wherein carriage of a G allele has been associated 
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with increased risk of colorectal adenoma (89, 103, 139). While synthesis has been most 

widely studied in tumorigenesis, animal studies suggest that colonic mucosa growth is 

dependent on exogenous polyamines. For colon tumorigenesis, feeding Apc(Min/+) mice 

a diet high in putrescine reduced efficacy of sulindac, a non-selective, non-steroidal anti-

inflammatory drug shown to prevent tumorigenesis in this model of human 

carcinogenesis(133). However, despite experimental evidence, the assessment of 

polyamines in the human diet, and exposure- related cancer risk, has been largely 

unstudied. Recently, Zoumas-Morse et al. (113) developed a dietary polyamine content 

database for polyamine exposure using data from 165 subjects in which the average 

exposure was 159.1 µmol of putrescine, 54.7 µmol of spermidine and 35.7 µmol of 

spermine per day. This polyamine database was designed for estimating individual- and 

population-level polyamine exposures from foods in order to relate exposure to health 

outcomes (e.g. colorectal neoplasia).  

Therefore, to test hypotheses about the effect of dietary polyamine exposure on 

colorectal neoplasia risk, we applied the polyamine content database to food frequency 

data collected from participants in the control arms of two large completed, randomized 

chemoprevention trials with colorectal adenoma as an endpoint. Further, we also 

explored the relationship between the high risk ODC +316 genotype, dietary polyamines 

and colorectal adenoma incidence. 
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Methods 

STUDY POPULATION. Patients who had a colorectal adenoma detected at a recent 

qualifying examination were recruited to participate in one of two clinical trials in order 

to test the effect of an agent to prevent metachronous colorectal adenomas (i.e. 

development of colorectal adenoma during follow-up). Patients were excluded if they had 

familial adenomatous polyposis, hereditary non-polyposis colorectal cancer or strong 

family history of colorectal cancer (i.e. two or more first degree relatives). Briefly, the 

Wheat Bran Fiber (WBF) Trial (recruitment of study participants began in September 

1990 and was completed July 1995) was a randomized, double-blinded, controlled trial 

that tested the effect of a high-fiber versus low-fiber cereal supplement on the prevention 

of metachronous colorectal adenoma (140). The Ursodeoxycholic Acid (UDCA) Trial 

(recruitment of study participants began on November 11, 1995, and was completed on 

December 17, 1999) was a randomized, double-blinded, placebo-controlled trial that 

tested the effect of UDCA on the prevention of metachronous colorectal adenoma (141). 

The present study includes only participants from the two control arms; WBF low-fiber 

(n = 585) and UDCA placebo (n = 579). Participants in the treatment arms were excluded 

in order to eliminate potential confounding by the interventions. Additionally, only 

participants who successfully completed the trial (i.e. had a follow-up colonoscopy) were 

included in this analysis (95.9% completion rate for WBF low-fiber arm; 93.9% 

completion rate for UDCA placebo arm). Participants who did not complete the trial were 

either lost to follow-up, withdrew from the trials, or died. Participants in this study had a 

mean follow-up time to physician-determined colonoscopy of 3.5 ± 1.3 years (3.8 ± 1.4 
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years for WBF low-fiber arm; 3.2 ± 1.2 years for UDCA placebo arm). Further, this study 

evaluated adenoma endpoints including characterization of adenomas. Advanced 

adenoma was defined as an adenoma that included one or more of the following 

characteristics: 1) ≥ 1 cm, 2) villous histology, 3) high-grade dysplasia, or 4) ≥ 3 

adenomas detected. The Institutional Review Board at the University of Arizona 

approved both original studies and ancillary studies of dietary factors. All subjects 

provided written informed consent prior to enrollment.  

 

DIETARY MEASUREMENTS OF POLYAMINES AND OTHER NUTRIENTS. 

Dietary intake was measured at the time of study enrollment in both study populations 

using one of two versions of the validated Arizona Food Frequency Questionnaire 

(AFFQ) (142, 143). The AFFQ is a semi-quantitative multi-item questionnaire that is a 

modified version of the Block NCI Health Habits and History Questionnaire food 

frequency component (144). The AFFQ asks respondents to report the frequency of 

foodstuff consumption over the prior 12-month period. Additionally, participants are 

queried on their usual portion size (i.e., small, medium, or large). The polyamine 

database, originally developed for use with the Fred Hutchinson Cancer Research Center 

food frequency questionnaire, served as the basis for development of the AFFQ-specific 

measures (113). AFFQs administered prior to mandatory folate fortification in the United 

States (1998) derived dietary folate intake using pre-fortification values, whereas AFFQs 

administered after folate fortification derived dietary folate intake from post-fortification 

levels. All WBF and 11% of UDCA participants used an earlier version of the AFFQ 
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(113 items) whereas the other 89% of UDCA participants used an updated version (153 

items). 

Polyamine values for AFFQ food items that were not listed in the original 

polyamine database developed by Zoumas-Morse et al. (113) were imputed using 

previously described methodology by the same research group at the University of 

California, San Diego. Polyamine values for individual food items were merged into the 

proprietary Metabolize software for the AFFQ using established protocols and were 

reported as nmol/serving. Average daily intake of putrescine, spermidine, and spermine, 

were calculated; the sum of these three measures yielded total polyamine intake. 

 

ODC GENOTYPES. As noted above, polyamine synthesis is dependent on the activity of 

the ODC enzyme. ODC contains a single nucleotide polymorphism of G (major allele) or 

A (minor allele) at the +316 nucleotide position (rs2302615) that influences the binding 

efficiency of the transcriptional repressor Mad and the inducer Myc (103).  A portion of 

participants in each trial donated blood from which DNA was extracted, as previously 

described (143). Briefly, samples were genotyped for rs2302615 (145). The WBF low-

fiber group had 168 (54.7%) GG and 139 (45.3%) GA/AA participants, compared with 

251 (54.2%) GG and 212 (45.8%) GA/AA participants in the UDCA placebo arm. Both 

control arms individually, and their combination, were in Hardy-Weinberg equilibrium 

(data not shown).  
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STATISTICAL ANALYSIS. Participant and adenoma characteristics were compared 

between WBF and UDCA trials using two-sample t-tests for continuous variables and 

chi-square tests for categorical variables. For measurements of dietary intake, variables 

were first log-transformed, and mean levels estimated from the trial populations were 

compared using two-sample t-tests. In the case of supplemental folic acid, values were 

compared using a Wilcoxon rank-sum test, because many participants reported zero 

intake and the levels of intake were ordinal-like rather than continuous. Correlations 

between measurements of dietary intake were calculated using Pearson’s correlation 

coefficient for the pooled population. The association between total polyamine intake 

(sum of spermidine, spermine, and putrescine) and colorectal adenoma development was 

tested using unconditional logistic regression, treating polyamine intake as a binary 

(above or below the median of 289.2 mol/day), categorical (quartiles) or continuous 

variable. The binary version is similar to the ~233 mol/day polyamine intake cut point 

used by Raj et al. (134). Odds ratios (OR) and 95% confidence intervals (CI) were 

calculated for the effect of baseline polyamine exposure on adenoma risk at follow-up 

colonoscopy, which occurred on average 3.5 years after baseline. Multivariate models 

were adjusted for age, sex, trial (WBF or UDCA), total energy intake (continuous and 

log-transformed), total folate intake (food plus supplements, continuous and log-

transformed), and follow-up time (continuous). Separate stratified analyses were 

performed based on sex, age (< 65 versus ≥ 65 years), and folate. Potential interactions 

between polyamine intake and sex, age, arginine, methionine and folate intake on 

colorectal adenoma development were tested using likelihood ratio tests. All statistical 
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analyses were performed using Stata 12.1 (StataCorp, College Station, Texas), and all 

statistical tests were two-sided. 

 

Results 

BASELINE CHARACTERISTICS OF BOTH CONTROL GROUPS OF THE WBF 

AND UDCA TRIALS. The combined study population (n = 1164) was predominantly 

non-Hispanic white (94.9%) and male (65.8%) (Table 2). Participants were followed for 

an average of 3.5 years, and nearly half (48.1%) had a colorectal adenoma at follow-up 

colonoscopy. No significant differences were noted between the two trials with respect to 

sex, race, aspirin use, and proportion of participants with advanced colorectal adenoma at 

study entry. In contrast, compared with UDCA participants, WBF patients were slightly 

younger (65.5 versus 66.5 years, P = 0.049) with lower body mass index (BMI; 27.6 

versus 28.2 kg/m
2
, P = 0.013), and they were much less likely to report use of 

supplemental folic acid (35.7% versus 54.2%, P < 0.001). Furthermore, WBF patients 

were less likely to report a personal history of any colorectal polyp prior to qualifying 

colonoscopy (39.3% versus 45.5%, P = 0.044) or a family history of colorectal cancer 

(16.8% versus 29.5%, P < 0.001). Additionally, WBF patients’ qualifying colorectal 

adenoma was less likely to be located in the proximal region of the colon (48.4% versus 

54.3%, P = 0.045), and they were more likely to develop any adenoma at follow-up 

(52.3% versus 43.9%, P = 0.004). 
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Table 2. Patient and adenoma characteristics of control groups, by trial (Wheat Bran 

Fiber Trial low-fiber arm and Ursodeoxycholic Acid Trial placebo arm) 

Characteristic Combined trials 

(n = 1164) 

WBF Trial 

(n = 585) 

UDCA Trial 

(n = 579) 

Age (y), mean ± SD 66.0 ± 8.6* 65.5 ± 8.9 66.5 ± 8.3 

BMI (kg/m
2
), mean ± SD

1
 27.9 ± 4.6* 27.6 ± 4.4 28.2 ± 4.8 

Male sex, n (%) 766 (65.8) 385 (65.8) 381 (65.8) 

White race, n (%) 1096 (94.9%) 561 (95.9%) 535 (93.9%) 

Aspirin use, n (%)
2
 317 (27.2) 156 (26.7) 161 (27.8) 

Supplemental folic acid use, n (%)
3 

 523 (44.9)* 209 (35.7) 314 (54.2) 

Family history of colorectal cancer, n 

(%)
1,4

 

263 (23.4)* 92 (16.8) 171 (29.5) 

Baseline advanced adenoma status, n 

(%)
1,5

 

597 (51.5) 300 (51.7) 297 (51.3) 

Baseline proximal adenoma, n (%)
1
 580 (51.4)* 266 (48.4) 314 (54.3) 

Any adenoma at follow-up, n (%) 560 (48.1)* 306 (52.3) 254 (43.9) 

 

* Significant difference between the two trials, using t-tests for continuous variables and 

chi-square tests for categorical variables (P < 0.05) 
1 

Data missing for BMI (0 WBF and 7 UDCA), family history (38 WBF and 0 UDCA), 

baseline advanced status (5 WBF and 0 UDCA), and baseline proximal adenoma (35 

WBF and 1 UDCA) 
2 

Regular use of aspirin within the month prior to enrollment 
3 

Any supplement containing any amount folic acid 
4 

A parent, sibling, or child with a history of colorectal cancer 
5 

Any adenoma ≥ 1 cm, villous histology, high-grade dysplasia or ≥ 3 adenomas at 

qualifying colonoscopy  

 

BASELINE DIETARY INTAKES OF POLYAMINES, ARGININE, METHIONINE 

AND FOLATE. Mean daily dietary intakes of selected nutrients were compared between 

the two trials. No significant differences were noted for total energy, protein, arginine, 

methionine, total fiber, total polyamines, putrescine, spermine, or spermidine (Table 3). 

However, WBF participants consumed more total fat (67.5 versus 60.7 g/day, P < 0.001) 

and saturated fat (22.3 versus 19.6 g/day, P < 0.001) than UDCA participants. Overall, 
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putrescine was the primary contributor of polyamines in the diet, accounting for 72.3% of 

total polyamine intake in both trials combined.  

Table 3. Mean daily dietary intake of select nutrients at baseline of control groups, by 

trial (Wheat Bran Fiber Trial low-fiber arm and Ursodeoxycholic Acid Trial placebo arm) 

Nutrient, mean ± SD Combined trials 

(n = 1164) 

WBF Trial 

(n = 585) 

UDCA Trial 

(n = 579) 

Total energy (kcal) 1914.2 ± 721.8  1896.5 ± 678.0 1932.0 ± 763.6 

Total protein (g) 72.0 ± 27.9 71.0 ± 25.8 73.0 ± 29.7 

Arginine (g) 3.31 ± 1.34 3.34 ± 1.30 3.27 ± 1.37 

Methionine (g) 1.40 ± 0.57 1.42 ± 0.55 1.39 ± 0.59 

Total fat (g) 64.1 ± 29.8* 67.5 ± 29.5 60.7 ± 29.8 

Saturated fat (g) 20.9 ± 10.8* 22.3 ± 10.9 19.6 ± 10.5 

Total fiber (g) 21.9 ± 10.1 22.0 ± 10.0 21.7 ± 10.2 

Total polyamines (µmol)
1 

332.5 ± 195.8 331.7 ± 199.5 333.4 ± 192.2 

Putrescine (µmol) 238.6 ± 173.7 240.3 ± 179.9 236.9 ± 167.4 

Spermidine (µmol) 62.0 ± 27.2 59.8 ± 24.0 64.2 ± 29.8 

Spermine (µmol) 31.9 ± 14.5 31.6 ± 13.7 32.3 ± 15.2 

Folate, food only (µg)
2 

396.7 ± 204.7* 326.8 ± 139.1 467.4 ± 234.0 

Folic Acid, supplements 

only (µg)
3 

196.9 ± 245.1* 155.2 ± 230.5 239.0 ± 252.4 

Total folate (µg)
4 

593.6 ± 336.1* 481.9 ± 265.9 706.4 ± 361.2 

 

* Significant difference in intake between the two trials (P < 0.05), using a Wilcoxon 

rank-sum test (folic acid supplements) or t-tests (all other variables, first log-transformed) 
1 

Sum of putrescine, spermidine, and spermine in foods and beverages
 

2 
Folate originating from foods and beverages but not dietary supplements (i.e., 

multivitamins)
 

3 
Folic acid originating from dietary supplements only

 

4 
Sum of food-only and supplement-only folate 

 

Consistent with secular trends, all three measures of folate/folic acid intake (food, 

supplements, and total) were lower in WBF than UDCA patients (all P < 0.001; Table 3). 

A majority of participants in both trials (64.0%) demonstrated total folate intakes above 

the recommended dietary allowance of 400 g/day, though the proportion was 

significantly higher in UDCA than WBF (77.4% versus 50.8%, P < 0.001).  
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Table 4. Dietary constituent correlations* in the control arms from both trials (Wheat 

Bran Fiber Trial low-fiber arm and Ursodeoxycholic Acid Trial placebo arm, n = 1,164) 

Nutrient Total 

polyamines
1 

Putrescine Spermidine Spermine Folate, 

food 

only
2 

Arginine 

Total 

polyamines
1       

Putrescine 0.977      

Spermidine 0.757 0.622     

Spermine 0.533 0.376 0.849    

Folate, food 

only
2 0.605 0.511 0.746 0.619   

Arginine
 

0.534 0.394 0.804 0.887 0.626  

Methionine 0.485 0.353 0.747 0.837 0.597 0.975 

 

* Pearson correlation coefficients are provided for each log-transformed variable (all P < 

0.001) 
1 

Sum of putrescine, spermidine and spermine in foods and beverages
 

2 
Folate originating from foods and beverages but not dietary supplements (i.e., 

multivitamins)
 
 

 

DIETARY SOURCES OF POLYAMINES. Grapefruit juice, orange juice, bananas, 

specific cheeses (Cheddar, Monterey Jack, Swiss, and cream cheeses), oranges, and 

tangerines contributed ~50% of total dietary polyamines in both trials; grapefruit juice 

was the single highest dietary contributor. Our findings were slightly different from those 

of Zoumas-Morse, et al.(113) as they found that the major contributors of polyamines to 

their participants’ diets (n = 165) were citrus juice (putrescine), green peas (spermidine), 

and ground meat (spermine). Given the limited exploration of dietary polyamines and 

adenoma risk in previous studies, and since each food/beverage item contains multiple 

nutrients; we examined correlations of nutrients. Specifically, we looked at folate (146-

148), arginine (149), and methionine (150) which have previously been shown to modify 
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adenoma risk. In our pooled population, arginine, methionine and food-derived folate 

intakes were strongly correlated with total and individual polyamines (Table 4).  

ASSOCIATION BETWEEN BASELINE POLYAMINE INTAKE AND RISK OF 

ADENOMA AT FOLLOW-UP. With both trials combined (Table 5), participants in the 

top two quartiles of polyamine intake had non-significantly higher odds of colorectal 

adenoma at follow-up compared with those in the lowest quartile after adjusting for age, 

sex, trial, energy and total folate intake, and follow-up time.  When treated as a 

continuous variable, we observed a non-significant increase for colorectal adenoma 

development (OR: 1.04; 95% CI: 0.80, 1.36). Because colorectal adenoma risk differs by 

age and sex (151, 152), we conducted stratified analyses to examine the effect of 

polyamine intake in different subgroups. For women, the risk of colorectal adenoma 

development showed a significant positive trend with increasing population-based (P-

trend = 0.005) and sex-specific quartiles (P-trend = 0.037) of polyamine exposure. 

However, there was no significant association between adenoma in women and 

polyamine exposure treated as a continuous variable (OR: 1.17; 95% CI: 0.75, 1.82). In 

men, we saw no main effect of polyamine exposure, regardless of modeling strategy. 
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Table 5. Effect of polyamine intake on colorectal adenoma at follow-up colonoscopy in 

the control arms from both trials (Wheat Bran Fiber Trial low-fiber arm and 

Ursodeoxycholic Acid Trial placebo arm), stratified by sex and quartile of polyamine 

exposure. 

 

Polyamine intake 

 

All 

OR (95% CI)
1 

Women 

OR (95% CI)
1 

Men 

OR (95% CI)
1 

 

Regular quartiles
2 

   

1 1.00 1.00 1.00 

2 0.96 (0.67, 1.36) 0.62 (0.33, 1.15) 1.11 (0.71, 1.73) 

3 1.41 (0.97, 2.06) 1.65 (0.87, 3.13) 1.30 (0.81, 2.07) 

4 1.28 (0.85, 1.92)  2.29 (1.13, 4.66)* 1.03 (0.63, 1.70) 

P trend 0.082 0.005* 0.829 

    

Sex-specific quartiles
3 

   

1  1.00 1.00 1.00 

2  0.95 (0.67, 1.35) 0.85 (0.45,1.61) 0.96 (0.63, 1.48) 

3  1.29 (0.89, 1.88) 1.46 (0.75, 2.84) 1.22 (0.77, 1.92) 

4  1.21 (0.81, 1.82) 1.85 (0.90, 3.80) 1.00 (0.31, 1.64) 

P trend 0.169 0.037* 0.772 

    

Continuous  1.04 (0.80, 1.36) 1.17 (0.75, 1.82) 0.97 (0.70, 1.36) 

* P < 0.05 
1
 Odds ratio (OR) and 95% confidence interval (CI) calculated using unconditional 

logistic regression adjusted for age, sex, trial, energy intake, total folate intake, and 

follow-up time 
2 

Polyamine intake (μmol/day) quartile ranges for both sexes pooled: Quartile 1 (35 – 

194); Quartile 2 (194 – 289); Quartile 3 (289 – 412); Quartile 4 (412 – 1295) 
3 

Polyamine intake (μmol/day) quartile ranges for each sex separately: Quartile 1 

(women, 35 – 177; men, 40 – 207); Quartile 2 (women, 187 – 262; men, 207 – 297); 

Quartile 3 (women, 266 – 396; men, 298 – 425); Quartile 4 (women, 398 – 1183; men, 

425 – 1295) 

 

 Based on the apparent threshold effect in the total population near the median of 

polyamine exposure (289 μmol/day), we subsequently used this value as the cut point for 

low versus high polyamine intake to assess the consistency of the main effect across sex, 
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age, and study (Figure 2). We found that women with polyamine intake above the 

population median had significantly increased odds of colorectal adenoma in the pooled 

sample (OR: 2.43; 95% CI: 1.48, 4.00). There was no association for men and a test for 

polyamine-by-sex interaction was significant, P = 0.010. When stratified by age, subjects 

≤ 65 years showed significantly increased odds of colorectal adenoma with higher 

polyamine consumption (OR: 1.94; 95% CI: 1.23, 3.08), nonetheless there was no 

association in older (> 65 years) participants (test for polyamine-by-age interaction, P = 

0.129). Stratifying by both age and sex simultaneously revealed that high polyamine 

consumers that were women, regardless of age, had significantly higher odds of adenoma 

(age < 65 years OR: 2.46; 95% CI: 1.09, 5.56; age > 65 years OR: 2.38; 95% CI: 1.26, 

4.47). Among men, only younger participants with higher polyamine intakes had 

increased risk (OR, 1.76; 95% CI, 1.01–3.07); there was no significant association in 

older men (OR: 0.83; 95% CI: 0.54, 1.27; test for polyamine-by-age interaction in men, P 

= 0.096). All associations were similar in magnitude and direction in each of the 

individual trials. 

 

POLYAMINE INTAKE LEVELS BY SEX AND AGE. When adjusted for energy 

intake, women had significantly higher mean polyamine intake than men (200.2 ± 102.1 

versus 166.8 ± 83.0 µmol/1000 kcal; P < 0.001), and individuals age ≤ 65 years had 

significantly lower mean intake than older subjects (158.7 ± 82.0 versus 191.7 ± 94.9 

µmol/1000 kcal; P < 0.001). Thus, while we did not see a significant three-way 

interaction (P = 0.38) between sex, age, and polyamine intake on odds of colorectal 
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adenoma, there were clear sex- and age-specific differences in consumption of 

polyamine-rich foods.  

 

 

Figure 2. Forest plot of odds ratios for associations between total polyamine intake (high 

versus low) and adenoma development in the Wheat Bran Fiber (low-fiber arm) and the 

Ursodeoxycholic Acid (placebo arm) chemoprevention trials.  

Each sample was also stratified by sex or age. Logistic regression models were adjusted 

for age, sex, study, energy and total folate intake, and follow-up time. The P-values of 

interactions with respect to odds of metachronous adenoma were as follows: polyamine-

by-sex, P = 0.010; polyamine-by-age, P = 0.129; polyamine-by-sex-by-age, P = 0.38. 
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EFFCT OF ARGININE, METHIONINE AND FOLATE ON RISK OF ADENOMA AT 

FOLLOW-UP. As mentioned above, de novo synthesis of polyamines is dependent on 

arginine (putrescine) and methionine (spermine and spermidine) availability (149, 150). 

To explore the potential contribution of de novo synthesis of polyamines on adenoma 

risk, we assessed whether or not dietary intakes of arginine or methionine increased odds 

of adenoma development. We observed no association for arginine or methionine intake 

and colorectal adenoma risk in the pooled sample (P = 0.42 and 0.66, respectively). 

Further, exploratory analyses conducted in the total population and by sex did not support 

an interactive effect of arginine or methionine levels with risk of adenoma (data not 

shown). In contrast,  analyses of polyamine intake stratified by folate levels showed a 

significant interaction for polyamine (continuous)-by-folate and polyamine (quartiles)-

by-folate in women only (P = 0.029 and 0.044, respectively). Exploratory stratified 

analyses suggest that high folate levels may partially modify the risk of adenoma 

associated with high polyamine intake (Table 6). However, small numbers yielded 

unstable estimates. Polyamine-associated risk of adenoma among women with high folate 

intake was limited to those with the highest polyamine consumption (p-trend = 0.043), 

but risk in women with low folate intake was inconsistent across polyamine quartiles 

with no clear trend. Of note, when polyamine intake was treated as a continuous variable 

and stratified by folate levels, the interaction was significant for both men and women.  

Importantly, the apparent risk reducing effect of folate was also present when we 

stratified at the recommended daily allowance of 400 μg/day of folate (data not shown). 
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Table 6. Effect of polyamine intake (by quartile) on colorectal adenoma at follow-up colonoscopy in the control arms from 

both trials (Wheat Bran Fiber Trial low-fiber arm and Ursodeoxycholic Acid Trial placebo arm), stratified by sex and sex-

specific folate exposure 

Polyamine 

intake  

 

(Sex-specific 

quartiles
2
) 

Women 

Low folate 

(<579 μg/day) 

Women 

High folate 

(>579 μg/day) 

Men 

Low folate 

( <552 μg/day) 

Men 

High folate 

(>552 μg/day) 

 OR (95% CI)
1
 n OR (95% CI)

1
 n OR (95% CI)

1
 n OR (95% CI)

1
 n 

1 1.00 64 1.00 36 1.00 115 1.00 77 

2 0.99 (0.42–2.36) 49 0.77 (0.30–2.01) 50 1.21 (0.68–2.14) 109 0.67 (0.34–1.32) 82 

3 2.65 (1.00–7.05) 38 0.99 (0.39–2.53) 62 0.83 (0.45–1.54) 85 1.52 (0.77–2.99) 107 

4 1.40 (0.50–3.91) 48 2.63 (0.94–7.36) 51 0.96 (0.49–1.89) 74 0.94 (0.45–1.97) 117 

P trend
3 

0.262 0.043* 0.619 0.586 

 * P < 0.05 
1
 Odds ratio (OR) and 95% confidence interval (CI) calculated using unconditional logistic regression adjusted for age, sex, 

trial, energy intake and follow-up time 
2 

Polyamine intake (μmol/day) quartile ranges for each sex separately: Quartile 1 (women, 35 – 177; men, 40 – 207); Quartile 2 

(women, 187 – 262; men, 207 – 297); Quartile 3 (women, 266 – 396; men, 298 – 425); Quartile 4 (women, 398 – 1183; men, 

425 – 1295) 
3 

P value for the interaction between folate (above or below sex-specific medians) and polyamines (continuous) intake by sex 

calculated using a likelihood ratio test: in women (P = 0.033) and in men (P = 0.718) 
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POTENTIAL EFFECT MODIFICATION OF ODC GENOTYPE ON THE 

ASSOCIATION BETWEEN POLYAMINE INTAKE AND RISK OF ADENOMA AT 

FOLLOW-UP. Although we have demonstrated that dietary polyamine exposure above 

the median increased odds of colorectal adenoma at follow-up by 39% overall (Figure 2), 

it is unknown if this risk is modified by ODC +316 genotype. Although we detected no 

main effect of the GG genotype on risk of colorectal adenoma in the pooled control arms 

(data not shown), GG carriers (i.e., the ‘high-risk’ genotype) with high polyamine 

consumption had a significant 59% increased odds of metachronous adenoma compared 

with GG carriers with low polyamine consumption intake (Table 7). In contrast, we 

detected no effect of polyamine intake on metachronous colorectal adenoma at follow-up 

among carriers of the AA/AG genotypes, which previously have been associated with 

lower risk of colorectal adenoma at follow-up (test for polyamine-by-genotype 

interaction, P = 0.171). We lack sufficient numbers of participants to explore the effect of 

polyamine intake on adenoma development in subgroups defined by sex, age, and ODC 

genotype simultaneously. 
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Table 7. Main effect of polyamine intake on colorectal adenoma at follow-up 

colonoscopy in the control arms from both trials (Wheat Bran Fiber Trial low-fiber arm 

and Ursodeoxycholic Acid Trial placebo arm), stratified by ODC genotype (rs2302615). 

ODC genotype Polyamine intake n/total (%) adenoma OR (95% CI)
1 

 

GG 
   

 Low
 

95/210 (45.2) 1.00 

 High
 

110/209 (52.6) 1.59 (1.00, 2.53)* 

AA/AG    

 Low
 

82/170 (48.2) 1.00 

 High
 

77/181 (42.5) 0.80 (0.49, 1.32) 

  

*
 
P < 0.05

 

1 
Odds ratio (OR) and 95% confidence interval (CI) calculated using unconditional 

logistic regression adjusted for age, sex, trial, energy intake, total folate intake, and 

follow-up time 

 

Discussion 

 This study provides the first evidence to support an association between high 

dietary polyamine intake and risk of colorectal adenoma. Further, we observed that the 

relationship between polyamine consumption and adenoma risk was modified by sex and 

ODC genotype.  

 Little is known about dietary exposure to polyamines, but our data suggest there is 

a distribution of exposure that varies by sex and age. Although, we cannot definitively 

explain the apparent interaction of polyamine exposure with age or sex. Our data suggest 

that being female or older is associated with higher polyamine consumption, adjusted for 

energy intake, as follows: older women > younger women = older men > younger men. 

While these data support a relationship between polyamines and adenoma risk, we did 

not find consistent evidence of a linear relationship between polyamine intake and risk of 
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metachonous colorectal adenoma. In the total population, our results suggest a threshold 

effect of polyamine intake for increased risk of colorectal adenoma near the median 

intake of polyamines that was significant in women and not present in men. Notably, 

when adjusted for energy intake, women had significantly higher exposure levels than 

men to total polyamines from their diets. The median level of the population 

approximates the exposure from two 8 oz glasses of processed orange juice daily, which 

was one of the primary sources of exposure in our population. For women, the risk of 

colorectal adenoma development showed a positive trend with increasing quartiles of 

polyamine intake, however when treated as a continuous exposure, the association 

between polyamine intakes and adenoma risk in women was not significant suggesting 

that the association may be non-linear. Future studies are needed to examine the dose-

response relationship in women and possibly in younger men as well as exploring 

potential effect modification by folate. Notably, our data suggest that this level of 

exposure could be modified to potentially reduce the risk for adenoma in select 

subgroups of the population.  

 A polymorphic nucleotide at the +316 position (rs2302615) of the ODC gene 

influences polyamine content in rectal tissue (GG carriers have higher rectal polyamine 

levels) and relative baseline risk of colorectal adenoma (102, 139, 145, 153). To assess a 

gene-by-diet interaction, we investigated the relationship between this polymorphism and 

dietary polyamine intake on colorectal adenoma risk by stratifying by ODC genotype. 

Participants with higher polyamine intake and GG genotype had significantly higher odds 

of colorectal adenoma compared with the same genotype but lower polyamine intake. We 
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observed no effect of polyamine exposure on colorectal adenoma risk among carriers of 

any A allele. These findings suggest that a gene (ODC)-by-diet (polyamine exposure) 

interaction may influence risk of colorectal adenomas. Although the exact mechanism of 

this relationship is unknown, it is possible that certain ODC genotypes are able to reset 

polyamine homeostatic pathways thereby affecting polyamine transport processes. 

However, future studies are required to identify this exact relationship and to inform on 

specific recommendations regarding polyamine intake in those at risk for adenomas 

based on individual genotype of ODC. 

 Although our findings are supported by studies in the Apc(Min/+) mouse model 

of colorectal carcinogenesis, in which high dietary polyamine intake increases the degree 

of polyp dysplasia(133), there are limited studies in humans relating polyamine exposure 

from dietary intake and colorectal adenoma development. With the same database as was 

used in the present study, Raj et al. (134) reported a positive correlation between 

polyamine intake on rectal mucosa polyamine content. Further, this group showed that 

the efficacy of targeted inhibition of polyamine synthesis was modified by dietary 

polyamine levels. Previous studies have demonstrated a 70% reduction in risk of 

colorectal adenoma upon treatment with DFMO and sulindac (76, 87). However, Raj et 

al. (134) found that among individuals in the upper quartile of polyamine intake, there 

was no reduction in risk with DFMO/sulindac. Notably, the DFMO/sulindac trial (76, 87) 

was 76% male with a mean age of ~60 years, and the upper quartile of polyamine intake 

was equivalent to the median intake of our population (134).  
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 While our study has a number of strengths, including replication of the results 

across the two cohorts and a strong biological basis, it is a secondary analysis and should 

be considered hypothesis generating. Further, inherent to any FFQ analysis of dietary 

intake is the recall bias of subjects, the inaccuracy of portion sizes, and the limited food 

options on the FFQ or in the polyamine database itself. Additionally, we found that 

polyamine content in food is positively correlated with other nutrients that modify 

adenoma risk (i.e. folate, methionine, and arginine). Intakes of these other nutrients could 

confound our findings, despite our attempts to control for statistically relevant factors. 

Specifically, arginine (149), the precursor of ornithine and therefore putrescine, has pro-

neoplastic effects on the colon, whereas methionine, an important methyl donor, has anti-

neoplastic effects (150). The correlation between folate/folic acid and polyamine intake is 

also of great interest because, in our own previous study supplemental folic acid was 

shown to be protective against adenoma in individuals with low plasma folate, whereas 

increased risk was observed in subjects with replete plasma folate who were exposed to 

high folic acid levels (147). Our results for polyamine exposure and adenoma risk by 

folate suggest that higher folate levels may act to partially mitigate the neoplastic effect 

of polyamines in the colorectum and shift the tumorigenic dose of polyamines higher. If 

corroborated, manipulation of the joint effects of folate and polyamine exposure may 

offer a dietary approach for risk reduction for colorectal neoplasia. 

  An important limitation when pooling study populations is the inherent 

differences in secular dietary trends across time as described for differences in WBF and 

UDCA due to the mandatory folate fortification that took place after the WBF trial (147). 
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Therefore, in order to address dietary and other differences between the trial populations, 

we conducted all of our analyses in each study separately. The magnitude and direction 

of the effects found in both the pooled sample and the individual control arms of the two 

trials were similar and therefore provide consistency to our findings across more than one 

study. Lastly, because there is no study that has measured dietary polyamine exposure in 

a representative U.S. population and, because our sample includes only participants with 

a history of adenoma, our findings may not be generalizable to the U.S. population at 

large.  

 

Conclusions 

  Although our findings describe the first human evidence linking polyamine intake 

to risk of colorectal neoplasia, future studies are needed to both confirm these findings 

and determine the thresholds at which dietary polyamine intake may protect against 

and/or promote disease. This effort should include gaining a better understanding of 

polyamine exposure in the general population, by age and sex, and consideration of 

genetic background as a modifier of risk. The development of an accurate biomarker of 

dietary polyamine exposure at systemic (urinary) and/or tissue-specific levels would 

improve the accuracy of exposure measurements beyond FFQ estimates. Additionally, 

biomarkers would establish the reliability of the existing database for estimating 

polyamine content in common diet items. Given the abundance of polyamines in the food 
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supply and the strong preclinical data relating polyamine exposure to tumor growth, our 

findings support the need for more investigation of dietary polyamines in human health. 
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Abstract 

BACKGROUND: Dietary polyamines (putrescine, spermidine and spermine) are 

involved in both normal and malignant growth in the colorectum. Dietary polyamines 

increase risk of premalignant lesions in animals and humans who are at risk for colorectal 

cancer (CRC); but, no studies have looked at CRC outcomes in a normal risk cohort. 

METHODS: Study participants were from the Women’s Health Initiative Observational 

Study (n = 87620) and were observed for an average of 12 years. Dietary polyamine 

exposure at baseline was calculated using an existing dietary polyamine database that was 

adapted to be compatible with the Women’s Health Initiative food frequency 

questionnaire. CRC, CRC-specific death and all-cause mortality outcomes were collected 

throughout follow-up, verified and adjudicated. Intestinal polyp outcomes were self-

report only.  

RESULTS: Overall, dietary polyamine intake was associated with a lower risk of CRC 

(non-significant) and  CRC-specific death (Hazard Ratioadj: 0.84; 95% Confidence 

Interval: 0.32 – 0.90 in quintile 5 versus quintile 1 of polyamine intake). In aspirin users, 

dietary polyamine intake above the median significantly decreased risk of CRC by 33%. 

In younger participants, dietary polyamine intake above the median significantly was 

significantly associated with an increased risk of 4%.  

CONCLUSIONS: Dietary polyamines demonstrated an inverse association with CRC in 

a normal risk cohort of post-menopausal women and was significantly protective when 

paired with aspirin use.  
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Introduction  

 Worldwide, colorectal cancer (CRC) incidence is estimated at >1 million cases 

per year with a 5-year prevalence rate of 3.2 million cases, the majority of which come 

from the developed world.(1, 2) CRC risk is strongly coupled to dietary factors and is 

considered a largely preventable disease.  Extensive preclinical and clinical evidence 

support a role for cellular polyamine content as one of the modifiable factors in CRC 

development where pharmacologic inhibition of polyamine synthesis associated with 

potent anti-tumor activity.(87, 95, 131, 133)  

 Chemically, initiated animal models of CRC fed high polyamine diets display an 

increase in the severity of premalignant colorectal aberrant crypt foci and adenomatous 

polyps (131, 133) whereas animals fed low polyamine diets are growth stunted and 

experience less aberrant crypt foci.(131, 132) Additionally, high dietary polyamine intake 

is able to overcome the chemoprevention effects of  difluoromethylornithine (DFMO), an 

irreversible inhibitor of putrescine biosynthesis, and sulindac, a non-steroidal anti-

inflammatory drug  (NSAID), in the intestines of murine models. (131, 133) In humans, 

the combination of sulindac and DFMO demonstrated a 70% reduction in pre-malignant 

polypoid colorectal adenomas (87) and its efficacy was modulated by the dietary 

polyamine exposure of participants.(134)  

 Humans are exposed to polyamines via endogenous biosynthesis, rate limited by 

the enzyme ornithine decarboxylase (ODC), and exogenous sources are taken up in the 

gastrointestinal tract, including diet, gut flora and digestive-related excretions.(95, 98, 99, 
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106-108, 111, 112) In general, mammalians require polyamines for normal embryonic 

(120) and early gastrointestinal development (121), at least in part due to their critical 

role in cell growth.(95) The polyamines (putrescine, spermidine and spermine) are found 

in higher concentrations in rapidly proliferating tissues, including CRCs that are 

hypothesized to require polyamines for promotion and progression.(104, 126, 154) 

 Polyamines can be found throughout the human diet, mostly in produce and 

fermented/aged foods/beverages.(93, 113, 117) These dietary polyamines are 

hypothesized to be the primary contributor to exogenous polyamine exposure in the 

gut.(114) The safety of reducing dietary polyamine exposure has been demonstrated 

(135), which supports the potential for modulating dietary polyamines in order to prevent 

CRC as a viable alternative to pharmacological agents.  

 Although experimental evidence supports a role for dietary polyamines in the 

prevention of CRC in animals,(131-133) the role of dietary polyamines in CRC risk in 

humans has largely been understudied due to lack of a method for estimating dietary 

polyamine exposure in population studies from food frequency or food recall instruments. 

More recently, the development of an American dietary polyamine database by Zoumas-

Morse et al.(113)  in 2007, and a Swedish database by Ali, et al.(118) in 2011 have made 

these studies more feasible. Using the American database, we have recently demonstrated 

that dietary polyamine intakes above the population median (> 289 μmol/day) increased 

risk of adenomatous polyp recurrence by 30% in a group of polyp-formers, and by 

approximately two-fold in women and participants < 65 years of age.(93) To our 
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knowledge however, no studies have examined the association between dietary 

polyamine intake in a “healthy” population and longitudinal CRC endpoints. 

 Thus, based on the available evidence, we tested the hypothesis that dietary 

polyamine intake increases risk of CRC in post-menopausal women enrolled in the 

longitudinal observational study of the Women’s Health Initiative (WHI). Further, based 

on our prior findings suggesting that dietary polyamines act as tumor promoters, we 

hypothesized that the effect of dietary polyamines would be modified by age and other 

factors that increase risk of CRC. In addition, we explored the effect of dietary 

polyamines on secondary outcomes that included intestinal polyps, CRC-related death 

and overall mortality. 

Methods 

STUDY POPULATION. The study sample included 93,676 post-menopausal women, 

age 50-79 years who were enrolled in the WHI Observational Study.  The study 

population has been described in detail previously.(155)  Briefly, the population included 

women throughout the U.S. who either were not eligible for the clinical trial arms of the 

WHI and/or expressed interest in the observation study directly. Women were ineligible 

if they had a medical condition in which life expectancy was less than three years.  Our 

analysis includes participant data from both the original (1993 ~ 2005) and the WHI 

extensions studies (2005-2010 and 2010-2015) with follow-up time through September 

17, 2012. However, our study excludes participants without follow-up (n = 473), with 

reported daily energy intakes of <600 or >5000 kcals/day (n = 3534), with missing food 
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frequency questionnaire (FFQ)s (n = 93), with no calculated polyamine values (n = 

1973), and one participant who did not complete the entire baseline FFQ . Participants 

missing calculated polyamine values were from the Hawaiian cohort who used a Hawaii-

specific FFQ and, therefore, was not compatible with the dietary polyamine database set-

up for the regular WHI FFQ. The final 87,620 women included in this analysis were 

followed for over a decade on average, during which data were repeatedly collected, and 

is described below.  

NON-DIETARY DATA COLLECTION AND VARIABLE SOURCES. At baseline, 

multiple questionnaires detailing medical, demographic, dietary supplement, other 

personal and family history were completed by participants.(155) Outcome reports for 

CRC, CRC-specific mortality and all-cause mortality were obtained, confirmed and 

adjudicated annually during all observation years. Self-report intestinal polyp frequency 

was also reported annual, but was not adjudicated or confirmed. NSAID and aspirin use 

was also self-reported annually. All of the above data were provided to us from the WHI. 

The data from baseline questionnaires were used to generate all variables tested as 

potential confounders.  For select variables thought to act as effect modifiers (a priori), 

data were also obtained at baseline from questionnaires and tested appropriately. 

DIETARY DATA COLLECTION AND VARIABLE SOURCES. Dietary intake was 

measured at baseline using the 122 line item WHI FFQ that assesses average daily dietary 

intake over the preceding three months. FFQ-derived dietary estimates were provided to 

us from the WHI. The data, directly from baseline FFQs was used to generate all 
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variables tested as potential confounders  and effect modification in this analysis with the 

exception of energy and polyamine intake. When compared to four-day food records and 

24-hour dietary recalls, the WHI FFQ performed just as well.(156) However, in a sub-

group study using doubly-labeled water, dietary energy misreporting was modified by 

age, body mass index, ethnicity/race, income and physical activity in a predictable 

fashion.(157) Calibrated energy, derived by applying the formula from the doubly-

labeled water study to estimated energy intake from the FFQs, was highly associated with 

cancer risk, whereas un-calibrated energy exposure was not.(158) Therefore, we used 

calibrated energy exposure in all analyses requiring energy-adjustment. Dietary 

polyamine exposure was estimated by using the Zoumas-Morse (113)   method and is 

described in more detail below. 

 Dietary polyamine (putrescine, spermidine, spermine) estimates were completed 

by the Fred Hutchinson Cancer Research Center Nutrition Assessment Shared Resources 

who adapted the Zoumas-Morse (113)  dietary polyamine database for use with the WHI 

FFQ. Calculations were performed using the Nutrient Data System for Research (NDSR; 

software version 2005), developed by the Nutrition Coordinating Center, University of 

Minnesota, Minneapolis, MN, Food and Nutrient Database.  

STATISTICAL METHODS. The correlation between dietary nutrients related to CRC 

and/or polyamines was assessed using Pearson correlation. Percent contribution of 

specific foods to dietary polyamine exposure was calculated by determining the percent 

contribution per food per person and then finding the mean of those percent 
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contributions. For adjudicated outcomes, including CRC, CRC-specific death and overall 

mortality, time-to-event Cox regression was used to determine the Hazard Ratio (HR) 

and 95% confidence interval (CI). For self-report polyps, which are a non-adjudicated 

outcome, multinomial regression was used to determine the Risk Ratio (RR) and 95% CI. 

Initially a model adjusted only for age (Model 1) and age and regression calibrated 

energy (Model 2) were generated for use in Cox-regression (for adjudicated outcomes), 

Kaplan-Meier estimates (for adjudicated outcomes where covariates were centered on 

their means), and multinomial logistic regression (for self-report polyp outcomes). 

Additional potential confounders of the association between calculated dietary polyamine 

consumption and CRC were considered based on their distribution across the quintiles of 

polyamines, seen in Table 8.  If adjustment for the baseline characteristics produced a 

meaningful change in the estimated effect of polyamines, the characteristic was 

considered a confounder and retained in the final model (Model 3). Further Regression 

was conducted after stratification on the following baseline characteristics: age (> 65 or < 

65 years old); personal history of bowel screening (i.e. sigmoido- or colonoscopy); 

personal history of CRC; family history of CRC; personal history of removed intestinal 

polyp; folic acid supplementation (yes or no); non-aspirin NSAID use (> 1 year of use or 

< 1 year of use); any hormone use ever (any, estrogen alone or estrogen plus 

progesterone). Site-specific outcomes for CRC (colon only, rectal only, rectosigmoid 

only, colon plus rectosigmoid and rectal plus rectosigmoid) were tested in model 3 using 

Cox regression. Schoenfeld Residuals were tested for all Cox models to determine if the 

proportional hazards assumption was violated and likelihood ratio test were conducted to 
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analyze potential interaction terms. P-values were <0.05 were considered statistically 

significant and all analyses were completed using STATA SE (Statacorp, College 

Station, TX; version 12.0). 

Results 

BASELINE PARTICIPANT AND DIETARY CHARECTERISTICS. We included 

87,602 participants in our analyses and these participants were followed for 12 years (±4 

years), were 63 years old (±7.4 years), and had a BMI of 27.3 kg/m
2
 (±5.9 kg/m

2
) on 

average at baseline. Mean daily calibrated energy intake was 2050.8 kcals/day (± 200.2 

kcals/day) and total polyamine intake (the sum of putrescine, spermidine and spermine) 

was 289.2 μmol /day (± 127.4 μmol /day). Mean exposures to specific dietary polyamines 

were as follows: putrescine intake was 189.5 μmol/day, spermidine intake was 64.7 

μmol/day, and spermine intake was 34.9 μmol/day. When baseline characteristics were 

stratified across quintiles of total dietary polyamine exposure (Table 8), the majority of 

diet-related factors increased as quintiles of dietary polyamine increased. Smoking, in 

pack years, displays an inverse relationship while physical activity, as metabolic 

equivalents (METs) per week, displays a positive relationship with polyamine intake. 

Both previous personal history of CRC and a polyp/adenoma display a “U”-shaped 

relationships with polyamine intake at baseline. 

DIETARY POLYAMINE SOURCES AND CORRELATES AT BASELINE. The 

majority of total dietary polyamine intake came from citrus fruits with line item specific, 

mean percent contributions as follows: orange juice/grapefruit juice (20.6 % ± 19.1%); 
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oranges/grapefruits (11.0 % ± 13.0%); bananas (4.7 % ± 5.2 %); Cheddar/Swiss/cream 

cheeses (4.2 % ± 5.8 %); apples/pears (3.1 % ± 4.0%). Total dietary polyamine intake 

was significantly and positively correlated with all dietary factors at baseline (Table 9).  

Particularly high correlations were noted between total polyamine intake and dietary fiber 

(ρ = 0.669, P –value = <0.001) and folate (ρ = 0.820, P –value = <0.001).  

OUTCOME DATA. There were 1245 cases of adjudicated CRC observed during follow-

up, of which 1047 were of colonic and 157 were of rectal origin (Table 10). Among 

those cases with stage information, 479 presented with localized disease and 464 with 

metastatic disease.  With respect to tumor grade, the majority of cases with grade were 

moderately differentiated (n = 669). Of the 11,607 death events during the observational 

period, 335 were due to CRC while, 4353 were due to any cancer event. Over 20,000 

intestinal polyps were reported by participants during follow-up. 
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Table 8. Participant characteristics at baseline across quintiles of total dietary polyamine intake (n = 87,602) 

 
Quintiles of polyamine intake 

Characteristics Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 

Age (y), mean ± SD 63.3 ± 7.4 63.5 ± 7.4 63.7 ± 7.3 63.9 ± 7.3 63.7 ± 7.4 

BMI (kg/m
2
), mean ± SD

1* 
27.5 ± 6.0 27.3 ± 5.9 27.2 ± 5.7 27.1 ± 5.8 27.3 ± 6.0 

Ethnicity, n (%)
*
      

White 14173 (81.2) 15004 (85.9) 15224 (87.1) 15492 (88.7) 15257 (87.3) 

Black or African American 1807 (10.4) 1344 (7.7) 1266 (7.2) 1053 (6.0) 1210 (6.9) 

Hispanic/Latino 884 (5.1) 636 (3.6) 542 (3.1) 509 (2.9) 587 (3.4) 

Other 598 (3.4) 479 (2.7) 453 (2.6) 411 (2.4) 431 (2.5) 

Education, n (%)
* 

     

< High school diploma 5072 (29.2) 3928 (22.6) 3415 (19.6) 2969 (17.1) 2660 (15.3) 

Some college 8467 (48.7) 8510 (49.0) 8482 (48.8) 8368 (48.1) 8021 (46.2) 

> College graduate 3838 (22.1) 4935 (28.4) 5492 (31.6) 6049 (34.8) 6695 (38.5) 

Annual household income, n (%)
* 

     

<$10k-$19,999 3349 (20.7) 2542 (15.7) 2380 (14.6) 2181 (13.4) 2168 (13.3) 

$20k - $49,999 7319 (45.2) 7107 (43.8) 7099 (43.5) 7107 (43.6) 6877 (42.3) 

$50k - $99,999 4112 (25.4) 4805 (29.6) 4953 (30.4) 5065 (31.1) 5255 (32.3) 

$100k - >$150k 1406 (8.7) 1782 (11.0) 1876 (11.5) 1953 (12.0) 1961 (12.1) 

Previous personal history of colonoscopy, n (%)
2*

      

Previous polyp/adenoma removed, n (%)
3* 

1705 (19.6) 1695 (18.8) 1673 (18.3) 1702 (18.0) 1728 (18.1) 

Previous colorectal cancer, n (%)
* 

185 (1.1) 145 (0.8) 132 (0.8) 172 (1.0) 176 (1.0) 

Family history of colorectal cancer, n (%)
* 

2624 (16.6) 2704 (16.9) 2592 (16.2) 2750 (17.1) 2751 (17.1) 

Any hormone replacement therapy use, n (%)
* 

     

Never 7292 (41.7) 6791 (39.8) 7042 (40.2) 7004 (40.0) 7124 (40.7) 
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Ever (past/current) 10211 (58.3) 10527 (60.2) 10466 (59.8) 10500 (60.0) 10380 (59.3) 

Unopposed estrogen use, n (%)
* 

     

Never 10826 (61.8 ) 10937 (62.5) 11067 (63.2) 10994 (62.8) 11167 (63.8) 

Ever (past/current) 6681 (38.2) 6597 (37.5) 6444 (36.8) 6513 (37.2) 6342 (36.2) 

Estrogen plus progesterone use, n (%)
* 

     

Never 13038 (74.4) 12476 (71.3) 12395 (70.8) 12414 (70.9) 12420 (70.9) 

Ever (past/current) 4477 (25.6) 5034 (28.8) 5122 (29.2) 5103 (29.1) 5090 (29.1) 

Aspirin use in the past 20 years, n (%)
* 

     

< 1 year 15234 (87.0) 15103 (86.2) 14831 (84.7) 14771 (84.3) 14699 (83.9) 

>1 year 2287 (13.1) 2417 (13.8) 2690 (15.4) 2749 (15.7) 2820 (16.1) 

Any NSAID use in the past 20 years, n (%)
4* 

     

< 1 year 15575 (88.9) 15476 (88.3) 15491 (88.4) 15552 (88.8) 15419 (88.0) 

> 1 year 1946 (11.1) 2044 (11.7) 2030 (11.6) 1968 (11.2) 2100 (12.0) 

Smoking (pack years), mean ± SD
* 

11.7 ± 20.3 10.8 ± 19.4 9.9 ± 18.2 9.3 ± 17.8 8.9 ± 17.7 

Physical activity (METs/wk), mean ± SD
5* 

10.7 ± 12.8 13.1 ± 14.1 13.8 ± 14.1 14.9 ± 14.5 16.4 ± 15.5 

Alcohol (servings/week), mean ± SD
* 

1.9 ± 4.2 2.4 ± 4.9 2.6 ± 5.5 3.0 ± 5.5 3.1 ± 6.0 

Total Polyamine intake (µmol/day), mean ± SD
6 

136.1 ± 30.8 211.9 ± 118.3 273.5 ± 17.7 342.0 ± 22.8 482.5 ± 95.7 

Putrescine intake (µmol/day), mean ± SD 74.8 ± 24.5 127.9 ± 26.3 176.4 ± 30.7 229.2 ± 35.5 339.2 ± 90.2 

Spermidine intake (µmol/day), mean ± SD 38.4 ± 11.4 53.7 ± 14.5 62.7 ± 17.8 73.7 ± 20.3 95.2 ± 30.8 

Spermine intake (µmol/day), mean ± SD 22.8 ± 8.3 30.3 ± 10.3 34.3 ± 12.0 39.0 ± 13.3 48.1 ± 18.5 

Total energy intake (kcals/day), mean ± SD 
1128.0 ± 

369.7 

1388.0 ± 

436.6 

1545.3 ± 

477.3 

1730.9 ± 

518.1 

2078.8 ± 

677.8 

Calibrated energy intake (kcals/day), mean ± SD
7* 2007.2 ± 

194.5 

2038.7 ± 

198.0 

2049.5 ± 

193.0 

2062.6 ± 

196.7 

2095.9 ± 

207.7 

Total fat intake (g/day), mean ± SD 41.9 ± 20.5 49.2 ± 25.0 53.3 ± 27.3 58.2 ± 29.9 68.2 ± 37.0 

Total saturated fat intake (g/day), mean ± SD 14.0 ± 7.5 16.4 ± 9.1 17.7 ± 9.8 19.5 ± 10.8 23.0 ± 13.4 

Red meat intake (medium servings/day), mean ± 

SD 
0.5 ± 0.4 0.6 ± 0.5 0.6 ± 0.6 0.7 ± 0.7 0.8 ± 0.7 



 79 

 

Total protein intake (g/day), mean ± SD 45.9 ± 16.2 58.3 ± 19.7 65.4 ± 21.9 73.7 ± 24.0 88.9 ± 32.4 

Arginine (g/day), mean ± SD 2.4 ± 0.9 3.0 ± 1.1 3.4 ± 1.2 3.8 ± 1.3 4.6 ± 1.7 

Methionine (g/day), mean ± SD 1.1 ± 0.4 1.3 ± 0.5 1.5 ± 0.5 1.7 ± 0.6 2.0 ± 0.8 

Total fiber intake (g/day), mean ± SD 10.3 ± 3.7 14.0 ± 4.5 16.2 ± 5.1 18.8 ± 5.6 23.6 ± 7.3 

Dietary folate equivalents (DFE/day), mean ± SD
8 

335.4 ± 147.2 427.5 ± 160.8 484.7 ± 166.2 548.3 ± 180.3 662.5 ± 218.0 

Any current supplemental folic acid use, n (%) 7667 (43.8) 8448 (48.2) 8763 (50.0) 9120 (52.1) 9214 (52.6) 

Total calcium (mg/day), mean ± SD
9 

906.6 ± 653.4 
1107.4 ± 

750.6 

1217.2 ± 

806.0 

1363.9 ± 

690.4 

1587.3 ± 

769.0 

Dietary calcium (mg/day), mean ± SD 559.6 ± 323.7 718.1 ± 364.7 819.3 ± 388.0 943.8 ± 427.9 
1156.9 ± 

531.4 

Any current supplemental calcium use, n (%) 9404 (53.7) 10406 (59.4) 10624 (60.6) 11080 (63.2) 11227 (64.1) 

Note: mean ± standard deviation (SD) for continuous variables; frequency and percent of total (%) for categorical variables. 

 
1 
Body mass index (BMI) 

2 
Any personal history of colonoscopy or sigmoidoscopy 

3 
Only participants with a history of colonoscopy or sigmoidoscopy were considered for this variable 

4 
Metabolic equivalents (METs) 

5 
Non-steroidal anti-inflammatory drug use (NSAID), not including aspirin use 

6 
The sum of dietary putrescine, spermidine and spermine 

7 
Calibrated energy intake was calculated using previously described methods by Prentice, et al. (2009) in the manuscript titled 

”Biomarker-calibrated energy and protein consumption and increased cancer risk among postmenopausal women” 
8 
Dietary folate equivalents (DFE) were derived from the sum of both dietary folate and folic acid, but not supplemental folic acid 

9 
The sum of dietary calcium and supplemental calcium 

 
*
 Number of missing observations for each baseline characteristic: BMI 1,029; ethnicity 242; education 701; annual household income 

3,823; previous colonoscopy/sigmoidoscopy and polyp/adenoma removed 41,723; previous history of colorectal cancer 7,556; family 

history of colorectal cancer 834; any hormone replacement therapy use 85; estrogen use 64; estrogen plus progesterone use 33; Aspiring 

use 1; NSAIA use 1; smoking status 3,241; smoking 3,856; physical activity 992; alcohol use 29; adjusted energy intake 8,370. 
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Table 9. Pearson’s correlation of select dietary nutrients at baseline (n = 87,602) 

 

 
Total 

polyamines Putrescine 

Calibrated 

Energy
1 

Total 

fat 

Saturated 

fat 

Red 

meat 

Protei

n Arginine Methionine Fiber DFE
2 

Total 

polyamin

es 

1.000           

Putrescin

e 
0.958 1.000          

Calibrate

d energy
1 0.155 0.079 1.000         

Total fat 0.315 0.173 0.354 1.000        

Saturated 

fat 
0.301 0.166 0.348 0.962 1.000       

Red meat 0.191 0.075 0.314 0.695 0.674 1.000      

Protein 0.549 0.348 0.356 0.704 0.691 0.613 1.000     

Arginine 0.531 0.329 0.357 0.746 0.710 0.688 0.970 1.000    

Methioni

ne 
0.502 0.307 0.363 0.709 0.701 0.648 0.989 0.970 1.000   

Fiber 0.669 0.508 0.156 0.287 0.243 0.083 0.580 0.553 0.499 1.000  

DFE
2
  0.560 0.432 0.206 0.395 0.365 0.208 0.624 0.581 0.569 0.706 1.000 

Dietary 

calcium 
0.459 0.335 0.203 0.378 0.424 0.168 0.739 0.579 0.691 0.506 0.634 

 
1 

Calibrated energy intake was calculated using previously described methods by Prentice, et al. (2009) in the manuscript titled 

”Biomarker-calibrated energy and protein consumption and increased cancer risk among postmenopausal women” 
2 

Dietary folate equivalents 
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Table 10. Colorectal neoplasia outcomes during the observation period (n = 87,602) 

Characteristics Outcomes (n) 

Invasive colorectal cancer 1245 

     Colon cancer 1047 

     Rectal cancer 157 

     Rectosigmoid junction 70 

     Other (overlapping tumors/unknown/missing) 29 

Colorectal cancer stage  

     In situ 48 

     Localized 479 

     Regional 464 

     Distant 142 

     Unknown/missing 112 

Colorectal cancer tumor grade  

     Well differentiated 91 

     Moderately differentiated 669 

     Poorly differentiated/anaplastic/b-cell 231/22/1 

     Unknown/missing 150 

Colorectal cancer mortality 335 

  

Intestinal polyps (self-report)* 20042 

  

Total cancer events 13949 

Deaths, from cancer 4353 

Deaths, all-cause 11607 

 
*
 Only 87,428 participants with intestinal polyp self-report data during the observation 

period 

Note: These data reflect follow-up time through 9/17/2012 

 

DIETARY POLYAMINE INTAKE IS PROTECTIVE AGAINST COLORECTAL 

CANCER. Across all models, quintiles 2-5 of  total dietary polyamine exposure were 

consistently, but not always significantly, associated with a lower risk of CRC when 

compared to quintile 1 (Table 11; Figure 3). However, there was no evidence of a dose-

response effect. Rather, participants in quintile 1 of dietary polyamine intake had a near 
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significant HRmodel 3 of 1.17 (95% CI, 0.99 – 1.38), where participants in quintile 5 

displayed a non-significant, small reduction in risk (HRmodel 3: 0.95, 95% CI: 0.80 – 1.14) 

when compared to participants in quintiles 2-4. This suggests that low polyamine intake 

increases risk of CRC while higher intakes may be protective. A similar, non-significant 

15-20% decrease in HRs were noted for quintiles 2-5 as compared to quintile 1 for colon 

(with and without rectosigmoid outcomes) site specific CRC outcomes, but no consistent 

effect was seen in the rectum (Table 12).  

We found some evidence of a small, but not consistently significant, risk reducing effect 

of dietary polyamine intake on risk of intestinal polyps, across all statistical models and 

dietary polyamine categories (Table 11).  As with CRC, participants in quintile 1 of total 

dietary polyamine exposure experienced a small, but near significant increase in risk 

whereas participants in quintile 5 experienced a small, but near significant decrease in 

risk of intestinal polyp (RRmodel 3: 1.03, 95% CI: 1.00 – 1.07; RRmodel 3: 0.97, 95% CI: 0.93 

– 1.00, respectively). 

DIETARY POLYAMINE INTAKE IS PROTECTIVE AGAINST COLORECTAL 

CANCER SPECIFIC-DEATH. Dietary polyamine intake was protective against CRC-

specific mortality in all models, with particularly significant protection observed for 

quintile 5 participants (HRmodel 3: 0.84; 95% CI: 0.32 – 0.90;Table 11). Further, in all 

models, the risk decreased successively between all quintiles except between quintiles 3 

and 4. However, dietary polyamine intake did not consistently modify risk of all-cause 

mortality (reference quintile 1; quintile 2 HRmodel 3: 0.93, 95% CI: 0.87 – 0.99; quintile 3 
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HRmodel 3: 0.92, 95% CI: 0.86 – 0.98; quintile 4 HRmodel 3: 0.94, 95% CI: 0.88 – 1.01; 

quintile 5 HRmodel 3: 1.01, 95% CI: 0.93 – 1.09) in fully-adjusted models. 
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Figure 3. Kaplan-Meier plots for colorectal cancer outcomes by quintiles of dietary polyamine intake in the Women’s Health 

Initiative (WHI) observational study (OS). 

Probability of a colorectal cancer event on study overtime stratified by quintiles of polyamine intake and adjusted for all model 

3 covariates (age, calibrated energy, income, smoking, physical activity, dietary fat, dietary arginine, dietary fiber, dietary 

folate equivalents and dietary calcium; n = 76,560). 

0
.0

0
0
.0

1
0
.0

2

P
ro

b
a
b

ili
ty

 o
f 
E

v
e
n

t

0 24 48 72 96 120 144 168 192
Months

Quintile 1 Quintile 2

Quintile 3 Quintile 4

Quintile 5

Fully-Adjusted Polyamines and Colorectal Cancer in the WHI OS Study



 85 

 

Table 11. . Dietary polyamine intake at baseline and colorectal neoplasia and colorectal cancer-specific death outcomes during 

the observation period 

Outcome 

Quintiles of total 

dietary polyamine 

intake
 

Model 1
1 

Model 2
2 

Model 3
3 

HR (95% CI)
4 

P-

value
4 

HR (95% CI)
4 

P-value
4 

HR (95% CI)
4 

P-value
4 

Colorectal cancer       

 

21.789 – 179.608 

μmol/day 1.00    1.00    1.00   

179.610 – 242.988 

μmol/day 0.87 (0.73 – 1.03) 0.114 0.84 (0.70 – 1.00) 0.055 0.84 (0.69 – 1.02) 0.077 

  

242.998 – 304.875 

μmol/day 0.82 (0.69 – 0.98) 0.026 0.80 (0.66 – 0.96) 0.016 0.82 (0.67 – 1.00) 0.053 

  

304.876 – 384.730 

μmol/day 0.90 (0.76 – 1.07) 0.233 0.88 (0.74 – 1.06) 0.171 0.93 (0.76 – 1.15) 0.496 

  

384.735 – 1293.660 

μmol/day 0.83 (0.70 – 0.99) 0.035 0.78 (0.64 – 0.93) 0.007 0.84 (0.65 – 1.07) 0.153 

        

Colorectal cancer-specific  death        

 

21.789 – 179.608 

μmol/day 1.00  1.00  1.00  

 

179.610 – 242.988 

μmol/day 0.79 (0.58 – 1.09) 0.154 0.80 (0.57 – 1.13) 0.211 0.84 (0.59 – 1.20) 0.341 

 

242.998 – 304.875 

μmol/day 0.72 (0.52 – 0.99) 0.043 0.77 (0.53 – 1.05) 0.098 0.77 (0.53 – 1.13) 0.183 

 

304.876 – 384.730 

μmol/day 0.75 (0.55 – 1.03) 0.076 0.75 (0.53 – 1.05) 0.095 0.78 (0.52 – 1.18) 0.239 

 

384.735 – 1293.660 

μmol/day 0.53 (0.37 – 0.75) <0.001 0.49 (0.33 – 0.72) <0.001 0.54 (0.32 – 0.90) 0.018 

        

        



 86 

 

1 
Model 1 is adjusted for age only; n = 87, 602 for colorectal cancer (CRC) and CRC-specific death outcomes and 87,428 for 

intestinal polyp outcomes 
2 

Model 2 is adjusted for age and calibrated energy; n = 79,232 for CRC and CRC-specific death outcomes and 79,081 for 

intestinal polyp outcomes 
3 

Model 3 is adjusted for age, calibrated energy, income, smoking, physical activity, dietary fat, dietary arginine, dietary fiber, 

dietary folate equivalents and dietary calcium; n = 76,560 for CRC and CRC-specific death outcomes and 76,415 for intestinal 

polyp outcomes 
4 

Hazard Ratios (HR), 95% confidence interval (CI) and P-values generated by Cox regression using Breslow method for ties 
5 

Risk Ratios (RR), 95% confidence interval (CI) and P-values generated by log-binomial regression 

 

 

 

 

 

 

 

  RR (95% CI)
5 

P-

value
5 

RR (95% CI)
5 

P-value
5 

RR (95% CI)
5 

P-value
5 

Intestinal polyp       

 

21.789 – 179.608 

μmol/day  1.00   1.00  1.00  

179.610 – 242.988 

μmol/day 0.99 (0.95 – 1.03) 0.484 0.97 (0.93 – 1.01) 0.194 0.95 (0.91 – 1.00) 0.031 

  

242.998 – 304.875 

μmol/day 1.03 (0.99 – 1.07) 0.151 1.00 (0.96 – 1.05) 0.845 0.99 (0.94 – 1.03) 0.532 

  

304.876 – 384.730 

μmol/day 1.01 (0.97 – 1.05) 0.690 0.99 (0.95 – 1.03) 0.627 0.96 (0.92 – 1.01) 0.111 

  

384.735 – 1293.660 

μmol/day 1.01 (0.98 – 1.05) 0.486 0.98 (0.94 – 1.02) 0.275 0.94 (0.89 – 0.99) 0.017 
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Table 12. Dietary polyamine intake at baseline and site specific colorectal cancer outcomes during the observation period 

Outcome Quintiles of total dietary 

polyamine intake HR (95% CI)
1,2 

P-value
1,2 

Colon cancer 21.789 – 179.608 μmol/day 1.00  

 179.610 – 242.988 μmol/day 0.83 (0.68 – 1.03) 0.087 

 242.998 – 304.875 μmol/day 0.78 (0.63 – 0.98) 0.029 

 304.876 – 384.730 μmol/day 0.90 (0.72 – 1.13) 0.353 

 384.735 – 1293.660 μmol/day 0.80 (0.61 – 1.05) 0.107 

    

Rectal cancer 21.789 – 179.608 μmol/day 1.00  

 179.610 – 242.988 μmol/day 0.87 (0.51- 1.49) 0.611 

 242.998 – 304.875 μmol/day 0.83 (0.47 – 1.46) 0.513 

 304.876 – 384.730 μmol/day 1.12 (0.63 – 1.97) 0.704 

 384.735 – 1293.660 μmol/day 1.01 (0.51 – 1.07) 0.974 
1 

All analyses are adjusted for model 3, which is adjusted for age, calibrated energy, income, smoking, physical activity, 

dietary fat, dietary arginine, dietary fiber, dietary folate equivalents and dietary calcium; n = 76,560 for CRC outcomes 
2 

Hazard Ratios (HR), 95% confidence interval (CI) and P-values generated by Cox regression using Breslow method for ties 
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A. Colorectal cancer outcomes according to dietary polyamine intake (above as compared to below median intake) stratified by 

baseline characteristics, hazard ratio (HR) and 95% confidence interval (CI) 

.

.

.

.

Bowel screening

Has screening history and high polyamine intake

No screening history andhigh polyamine intake

Age

>65 years old and high polyamine intake

<65 years old and high polyamine intake

Personal history of colorectal cancer

Personal history of CRC and high polyamine intake

No personal history of CRC and high polyamine intake

Family history of colorectal cancer

Family history of CRC and high polyamine intake

No family history of CRC and high polyamine intake

Characteristics

0.97 (0.79, 1.18)

1.02 (0.83, 1.26)

0.86 (0.71, 1.04)

1.19 (0.96, 1.48)

1.32 (0.62, 2.82)

0.98 (0.84, 1.13)

0.95 (0.68, 1.31)

0.97 (0.82, 1.15)

HR (95% CI)

0.97 (0.79, 1.18)

1.02 (0.83, 1.26)

0.86 (0.71, 1.04)

1.19 (0.96, 1.48)

1.32 (0.62, 2.82)

0.98 (0.84, 1.13)

0.95 (0.68, 1.31)

0.97 (0.82, 1.15)

HR (95% CI)

  
1.4 .6 .8 1 2 3 4

Risk of colorectal cancer by polyamine intake after stratification on baseline variables
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B. Intestinal polyp outcomes according to dietary polyamine intake (above as compared to below median intake) stratified by 

baseline characteristics, risk ratio (RR) and 95% confidence interval (CI) 

 

Figure 4. Risk of colorectal cancer and intestinal polyp after stratification for baseline characteristics

.

.

.

.

.

Bowel screening

Has screening history and high polyamine intake

No screening history andhigh polyamine intake

Age

>65 years old and high polyamine intake

<65 years old and high polyamine intake

Personal history of an intestinal polyp, removed

Personal history of a polyp removed and high polyamine intake with screening history

No personal history of a polyp removed and high polyamine intake with screening history

Personal history of colorectal cancer

Personal history of CRC and high polyamine intake

No personal history of CRC and high polyamine intake with screening history

Family history of colorectal cancer

Family history of CRC and high polyamine intake

No family history of CRC and high polyamine intake

characteristics

1.02 (0.98, 1.06)

1.04 (0.99, 1.10)

1.00 (0.95, 1.05)

1.04 (1.00, 1.08)

0.98 (0.91, 1.06)

1.03 (0.99, 1.08)

0.94 (0.66, 1.34)

1.02 (0.99, 1.06)

0.98 (0.92, 1.05)

1.04 (1.00, 1.08)

RR (95% CI)

1.02 (0.98, 1.06)

1.04 (0.99, 1.10)

1.00 (0.95, 1.05)

1.04 (1.00, 1.08)

0.98 (0.91, 1.06)

1.03 (0.99, 1.08)

0.94 (0.66, 1.34)

1.02 (0.99, 1.06)

0.98 (0.92, 1.05)

1.04 (1.00, 1.08)

RR (95% CI)

  

1.6 .7 .8 .9 1 1.5 2

Risk of intestinal polyps by polyamine intake after stratification on baseline variables
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THE EFFECTS OF DIETARY POLYAMINE INTAKE WERE MODIFIED BY 

BASELINE CHARACTERISTICS. The relationship baseline between dietary polyamine 

intake (above versus below the median) and CRC during observation was not 

significantly modified by baseline personal history of CRC, family history CRC or 

personal history of bowel screening (Figure 4A). However, exposure to above average 

amounts of dietary polyamines increased risk of CRC in participants < 65 years old 

(HRmodel 3: 1.19, 95% CI: 0.96 – 1.48) but decreased risk in participants >65 years old 

(HRmodel 3: 0.86, 95% CI: 0.71 – 1.04) at baseline in a non-significant fashion, as 

compared to participants with below average polyamine exposures (Pinterax with 

agecategorical = 0.542 in model 3). The effect of dietary polyamines was also modified by 

any aspirin use, where above median intakes of total dietary polyamines significantly 

decreased risk of CRC in aspirin users (HRmodel 3: 0.67; 95% CI: 0.45 – 0.99) but there 

was no evidence of an effect in non-users (HRmodel 3: 1.06; 95% CI: 0.91 – 1.24; Pinterax 

with aspirincategorical use = 0.023 in model 3). There was also no evidence of effect 

modification by baseline folic acid supplementation, non-aspirin NSAID use, or any 

hormone use (any, estrogen alone or estrogen plus progesterone) on the dietary 

polyamine-CRC relationship (data not shown).  

 The effect of age on the relationship between dietary polyamine intake and 

intestinal polyps was similar to the CRC results, where high polyamine intake 

significantly increased risk in younger participants (RRmodel 3: 1.04; 95% CI: 1.00 – 1.08) 

but not older participants (Figure 4B). Unlike the CRC outcomes, elevated dietary 

polyamine intakes was associated with a non-significant increase in intestinal polyp risk 
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for participants without a family history of CRC (RRmodel 3: 1.04; 95% CI: 1.00 – 1.08) 

and a significant increase for participants with any history of estrogen plus progesterone 

use at baseline (RRmodel 3: 1.07; 95% CI: 1.01 – 1.13) as compared to participants with 

lower polyamine exposures. No clear effect of dietary polyamines was seen in 

participants with a family history or those without any estrogen plus progesterone use 

(data not shown). There was no evidence of effect modification by baseline bowel 

screening history, personal history of CRC, personal history of a removed intestinal 

polyp, folic acid supplementation, aspirin, non-aspirin NSAID use, or any other hormone 

use (any or estrogen alone) on the dietary polyamine-intestinal polyp relationship (data 

not shown). 

Discussion 

 To our knowledge, this is the first study to demonstrate a protective effect of 

dietary polyamines, which predominately come from citrus fruits and cheeses, on risk of 

CRC-related events in a post-menopausal cohort. Women with the lowest total dietary 

polyamine exposure (quintile 1: 21.789 – 179.608 μmol/day) experienced a non-

significant 17% and 3% higher risk of CRC and intestinal polyp, respectively, while 

participants exposed to the highest levels of dietary polyamines (quintile 5: 384.735 – 

1293.660 μmol/day) experienced a non-significant 5% and 3% decrease in risk of CRC 

and intestinal polyp, respectively, as compared to average polyamine consumers 

(quintiles 2-5).  Similar to our findings in patients with adenomatous polyps, (93)  the 

effect of dietary polyamines was modified by age, where older participants demonstrated 
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a decrease and younger participants demonstrated an increase in risk of CRC associated 

with above average polyamine exposures. In participants with a baseline history of 

aspirin use (> 1 year), above average dietary polyamine intake significantly decreased 

risk of CRC by 33% during follow-up but there was no evidence of a similar effect in 

non-aspirin users. Further dietary polyamine intake was associated with a dose-related 

decrease in risk of CRC-specific death, where the lowest quintile of dietary polyamine 

intake had a significant 46% reduced risk of dying from CRC, but there was no evidence 

of an effect on all-cause mortality or difference by anatomic location of tumors in the 

colorectum. 

 These findings are consistent with previous publications that describe polyamines 

as necessary nutrients for reproductive health, tissue/organ development, healing and 

cellular maintenance in healthy backgrounds.(120-123, 159) In murine models, the loss 

of the ODC gene is lethal,(120) the use of DFMO to inhibit ODC function prevents 

wound healing,(122) and  diets low in polyamines induce hypoplastic intestinal 

development.(121). However, murine models of colorectal carcinogenesis suggest that 

inadequate polyamine biosynthesis can be overcome by dietary polyamine contributions 

to the cellular “pool” of polyamines. Specifically, Paulsen, et al. (131) demonstrated that 

a diet high in polyamines can prevent the growth-stunting and anti-carcinogenic effects of 

DFMO in chemically-induced rat models of CRC. Similarly, using the American 

polyamine database, Raj, et al. (134) found that human polyp-formers were non-

responsive to the CRC-chemopreventive effects of sulindac plus DFMO if they were 

exposed to high levels of dietary polyamines. This argues that dietary polyamines act as 
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essential or, perhaps, conditionally essential nutrients in the colorectum, dependent on the 

current level of polyamines in cellular pools and cellular requirements. This notion is 

supported by our findings where higher baseline polyamine intakes were associated with 

reduced risk of CRC and CRC-specific death in otherwise healthy, average risk women 

followed over time.  Presumably, higher levels of polyamine intake are able to improve 

the colorectum’s ability to respond to insults though increased wound healing,(122) DNA 

repair (160) and chromatin stability,(161) whereas inadequate intake may decrease the 

ability of the colorectum to recover from injury. This adequate versus inadequate intake 

response is a common nutrient phenomena in healthy populations. 

 Although aspirin has demonstrated chemopreventative effects in other studies,(71, 

73) no significant effect of aspirin on CRC incidence was seen in this cohort of the WHI 

trial.(162) Co-treatment with DFMO and aspirin is more efficient at preventing 

premalignant lesions than single agents in the intestines of carcinogen-treated mice,(163) 

which suggests that inflammation and polyamine metabolism work together to modify 

the gut environment. Therefore, in a healthy colorectum, it is logical that adequate intake 

of polyamines coupled with the anti-inflammatory effect of aspirin would decrease risk of 

CRC. Our observations that dietary polyamines coupled with aspirin use decrease risk of 

CRC support this hypothesis. 

 There is evidence that the effect of dietary polyamines in groups that are 

genetically predisposed to CRC or have already experienced initiating events is proto-

oncogenic largely because tumors require more polyamines than normal tissue.(93, 131-
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134) Using the same Zoumas-Morse, et al. (113) -derived polyamine database, we have 

previously reported that dietary polyamine intakes above 289 μmol/day significantly 

increase odds of colorectal adenomatous polyps by 39% in a group of polyp formers and 

that this effect is only significant in participants < 65 years of age, not in an older 

population. We see a similar increase in risk of CRC in participants < 65 years of age in 

this study, which may elude to a dietary polyamine-by-genetic predisposition effect since 

genetics are more likely to play a role in the development of CRC at a younger age.(164) 

However, we saw no evidence that participants with a personal and/or family history of 

CRC or a personal history of intestinal polyp, had an increased risk of neoplasia in 

response to high polyamine intake.  However, the lack of information on CRC screening 

history prior to study entry (other than previous polyp or ever having been screened) and 

while on study (other than polyp detected) limits our ability to address confounding due 

to differential screening in participants at higher baseline risk due to family or personal 

CRC history.  

 In our previous study of adenoma formers, (93)  we found evidence that 

polyamines only increase risk of colorectal adenoma development in women but not men. 

This supports a role of sex hormones in the effect of dietary polyamines and is supported 

by our findings in this paper that dietary polyamines increase risk of an intestinal polyp 

only in participants who have used of estrogen plus progesterone. The results of using 

estrogen plus progesterone as CRC preventative agents in the WHI trial has recently been 

met with controversy; but, the final conclusions are that these agents may promote a 

delay in diagnosis and are not clearly effective in preventing CRC.(65, 165, 166) These 
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findings make understanding the relationship between dietary polyamines, sex hormones 

and neoplastic growth in the colon challenging. 

 This study is supported by many strengths including, the large sample size, the 

quantity of measured variables, the adjudicated cancer outcomes and a long follow-up 

period. However, this study’s biggest limitation, in addition to the lack of information on 

bowel screening, is in the estimation of dietary polyamine exposure. Dietary polyamine 

exposure is dependent on ripeness, bacterial activity and age of the food.(117) This likely 

leads to high levels of misclassification of exposure, which is exacerbated by the use of a 

FFQ, complete with its own set of limitations, and a dietary polyamine database that has 

not been validated. (113)   Nonetheless, we expect that the large number of participants 

and events in this study helped to minimize the effect of misclassification in our main 

analyses but our stratified analyses may be more sensitive to misclassification.  

Additional limitations to this study include the high correlation between polyamines and 

other dietary factors that may affect the colorectum, the self-reported nature of polyp 

outcomes, the nonexistence of data on colorectal screening while under observation, the 

absence of data on the genetic background of participants, and the lack of biomarker 

measurements. Future studies should focus on the development of a dietary polyamine 

biomarker in order to improve the ability to estimate exposure.  
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Conclusions 

 In contrast to our original hypothesis, this study provides the first evidence that 

higher dietary polyamine intake is associated with a decreased risk of CRC, CRC-specific 

death and intestinal polyp in a group of post-menopausal women followed for an average 

of 12 years. Further, our findings suggest that the effect of dietary polyamines on CRC 

varies by age and aspirin use. The development of a biomarker of exogenous polyamine 

exposure would greatly further this area of research. 
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Abstract 

BACKGROUND: The polycationic polyamines putrescine, spermidine and spermine, 

found in the human diet, play an essential role in cell growth influencing cell processes 

including tumor growth. Despite the abundance of polyamines in the human diet, the 

study of dietary polyamines in human disease risk has been limited. This is partly due to 

the lack of biomarkers of exposure.  

OBJECTIVE: Determine dietary correlates of urinary polyamines.  

METHODS: Dietary polyamines were estimated from a food frequency questionnaire 

and correlated with urinary levels of mono- and di-acetylated polyamines in 36 men with 

24-hour urine samples.  

RESULTS: Dietary estimates of polyamines were positively but non-significantly 

correlated with total acetylated and individual monoacetylated amines, N1- and N8-

acetylspermidine. After adjusting for energy intake, the correlations with dietary 

polyamines were no longer present. Independently, dietary energy intake was positively 

and significantly correlated with total and individual acetylated polyamines. Other dietary 

factors positively correlated with urinary polyamines, considering energy, included folic 

acid from food with N1,N12-diacetylspermine (ϱadj=0.341, P <0.05) whereas folate from 

food was inversely associated with the diacetylated amines (ϱadj= -0.39, P <0.05). 

Further, red and processed meat intake levels were inversely correlated with acetylated-
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monoamines, particularly N8-acetylspermidine (ϱadj=-0.43 and -0.45, respectively; P 

<0.05).  

CONCLUSIONS: Our findings suggest that energy, folate, folic acid, saturated fat and 

red/processed meat intake, as opposed to estimated dietary polyamines, are correlated 

with urinary monoacetylated polyamines (positively and negatively, respectively). 

However, we are unable to determine if urinary polyamine are poor estimates of dietary 

polyamine exposure. 
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Introduction 

 Polyamines are small, cationic amines required for normal and tumor cell 

growth.(167) Mammalian tissues contain three polyamines (putrescine, spermidine and 

spermine). The major sources of polyamines include exogenous polyamines obtained 

through the diet or produced by the gut microbiota as well as endogenous polyamines 

synthesized intracellularly in tissues.(93, 95, 111, 113) Endogenous tissue biosynthesis is 

rate-limited by the enzyme ornithine decarboxylase (ODC) and is induced as a result of 

numerous, predominantly growth stimuli and high levels are observed in inflammation, 

growth and tumorigenesis.(97, 168)  

 The digestion and absorption of dietary polyamines in humans has received less 

attention than other essential dietary factors. One human feeding trial found that the 

majority of ingested labeled putrescine (putrescine is the most prominent polyamine in 

the diet) is taken up from the duodenum and jejunum via passive diffusion. Subsequently, 

the majority of the labeled putrescine is metabolized and degraded by gastrointestinal 

epithelial cells. However, a fraction of dietary putrescine intake does progress to systemic 

circulation and is excreted in the urine.(111) Experimental models demonstrate that 

ingested polyamines are taken up by enterocytes via apical and/or basolateral routes that 

are both saturable and carrier-mediated.(98, 99, 111, 169) 

 Regardless of their source, polyamines are believed to act as a “pool” once they 

are inside the cell.(168) Cells are able to convert putrescine into spermidine and 

spermidine into spermine using the propyl-amine donor decarboxylated S-
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adenosylmethionine and then reverse the process by acetylating the polyamines using 

spermidine/spermine-N1-acetyl-transferase (SSAT). Acetylated moieties are either 

oxidized back to their immediate polyamine precursor by polyamine oxidase or, in times 

of excess, they are exported from the cell.(95, 96, 169) If exported from the cell, 

polyamines enter systemic circulation and are primarily excreted in the urine.(126) Both 

the parent polyamines and the acetylated derivatives (e.g. N1-acetylspermidine, N8-

acetylspermidine, N1-acetylspermine and N1,N12-diacetylspermine) can be measured in 

healthy human urine.(130, 170)   

 Polyamines, by supporting growth, act as tumor promoters in a number of 

cancers.(171) In murine models of colorectal carcinogenesis, excess dietary putrescine 

increases the grade of dysplasia in adenomatous polyps, but not the absolute number of 

polyps. Further, suppression of adenomatous polyps with difluoromethylornithine 

(DFMO), a suicide inhibitor of ODC, is reversed in animal fed putrescine; results that 

support a growth effect of polyamines on established neoplasia.(133) In humans, DFMO 

combined with sulindac (a non-steroidal anti-inflammatory drug) has demonstrated 

efficacy in the prevention of colorectal adenomatous polyps.(76) Specifically, in 

individuals receiving the drug combination, the risk of developing adenomatous polyps 

was reduced by 70% compared to the placebo control. In secondary analyses, Raj, et 

al.(134) found that subjects who consumed polyamines in the upper quartile of intake and 

who received the drug combination received no benefit from the intervention; results that 

suggests that high intakes of dietary polyamine were able to compensate for the 

pharmacological inhibition, much like in the animal studies.  
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Similar to Raj, et al. (134) and using the same Zoumas-Morse dietary polyamine 

database,(113) we have previously reported a 40% increase in odds of colorectal 

adenoma in a population of adenoma formers with above median exposure to dietary 

polyamines.(93) In spite of preclinical and early population evidence favoring a 

polyamines as putative dietary tumor promoters, the role of dietary polyamine intake and 

cancer end points remains very limited. This is in part due to the lack of validated 

methods for estimating polyamine exposure, which includes the absence of an exposure 

biomarker. 

Despite their elimination in urine, the association between dietary estimates of 

polyamine intake and urinary polyamine levels has not been thoroughly investigated. In 

this study, we sought to correlate dietary estimates of polyamine intake levels to 

measured urinary polyamine concentrations. We hypothesized that the polyamine content 

of 24-hour urine collected from healthy, overweight men would be positively correlated 

with dietary polyamine exposure as estimated using food frequency questionnaires (FFQ) 

and the previously mentioned polyamine database to estimate exposures of putrescine, 

spermidine and spermine.(113) Given the lack of data on factors that modify urinary 

polyamines, we conducted exploratory analysis on the association between other dietary 

and participant characteristics and urinary polyamine concentrations.  
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Methods 

STUDY POPULATION. To test our hypothesis, we used a convenience sample of 39 

men recruited to participate in a feeding study of cherries for which 24-hour urine 

samples were available. Using standard recruiting methods (print, television and 

electronic advertisements), 105 respondents were screened for eligibility to enroll in an 

unrelated dietary feeding trial. The 39 participants selected for the trial met all of the 

following inclusion criteria: male sex; > 50 years of age; body mass index (BMI) between 

25-45 kg/m
2
; no tobacco use; agreeable to discontinuing use of non-multivitamin dietary 

supplements and non-low dose aspirin, anti-inflammatory medications for 1 week prior to 

enrollment and during trial; cancer-free for greater than 1 year; no other major illnesses. 

We obtained written, informed consent from all participants prior to enrollment. The 

study protocol was approved by the Institutional Review Board at The University of 

Arizona. After enrollment, participants completed a one-week washout where they 

avoided excessive anthocyanin exposure and consumed no greater than five servings of 

fruits and vegetables per day. Only 36 participants were included in this cross-sectional 

analysis (two participants did not complete the washout period and one participant had 

excessive dietary intake, total estimated energy intake of >9000 kcals/day, according to 

the Arizona FFQ; AFFQ). In the analysis, one participant was missing a urine sample for 

the N1,N12-diacetylspermine, and therefore tests involving N1,N12-diacetylspermine 

(including calculated total acetylated polyamines) are conducted using 35 participants. 
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DIETARY MEASUREMENT OF POLYAMINES AND OTHER NUTRIENTS. The 

AFFQ was administered to all participants directly after the washout period in order to 

assess dietary intake patterns over the last three months. The AFFQ is a validated 

questionnaire (172) modified to capture foods consumed in the Southwest and was used 

in our previous study to approximate dietary polyamine exposure.(93) 

ANTHROPOMETRICS. All anthropometrics were measured by a trained professional 

after the washout period. Height was measured by wall-mounted stadiometer, without 

shoes. Weight was measured with a calibrated, double ruler standing scale. Waist 

circumference was measured using a Gulick II measuring tape.  

SAMPLE COLLECTION AND STORAGE. Urine was collected by participants using 

standardized protocols over a 24-hour consecutive time period after the washout period. 

The urine was stored either in the refrigerator or on ice during the collection and transport 

of the specimen to our laboratory. The urine volume was measured and the sample 

vortexed and aliquoted. The aliquots were then further centrifuged and 2 ml were re-

aliquoted in tubes and stored at -80˚C until analysis.  

URINARY ANALYSIS. Urinary polyamines and related metabolites were measured 

using reverse-phase high-performance liquid chromatography (HPLC) as previously 

described.(170) Briefly, samples were precipitated with an equal part of perchloric acid 

(.4M). 1% 1,7-diaminoheptane was used as an internal standard. Samples were injected at 

a total volume of 100 µl into the HPLC (Waters, Milford, MA). Additionally, an external 

standard solution, containing known amounts of target molecules, was injected at the 
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beginning and then after every five samples. All results were normalized to the internal 

standard and the closest external standard. 

 For the N1,N12-diacetylspermine analysis, the 24-hour urine was shipped on ice 

packs to Alfresa Pharma Cooporation (Osaka, Japan). The N1,N12-diacetylspermine 

quantification was performed as previously described using an enzyme-linked 

immunosorbent assay.(130, 173)  

STATISTICAL ANALYSIS. To determine if participant characteristics, dietary 

characteristics and food groups were correlated with urinary polyamine values, 

Spearman’s rank correlation (crude model) was used due to the non-parametric nature of 

the data. Further, all variables were ranked and Pearson’s partial correlation was used to 

determine if correlations were present after adjusting for dietary energy, folate or folic 

acid. Experimental analyses to determine if specific dietary food groups were correlated 

with urinary polyamines were also conducted using both of the above mentioned 

statistical tests. All statistical tests were two-sided tests completed using Stata 12.0 

(StataCorp) and all P-values were considered significant if P <0.05. 

Results 

PARTICIPANT AND DIETARY CHARACTERISTICS. Thirty-six participants with a 

median age of 60.2 years and a median BMI of 31.4kg/m
2
 were included in the cross-

sectional analyses (Table 13). Study participants were mostly Caucasian (88.9%), highly 

educated (44.4% had a graduate degree) and reported engaging in physical activity 
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greater than three times per week (44.4%). The median daily exposure to total dietary 

polyamines was 297.0 μg (calculated from the sum of dietary putrescine, spermidine and 

spermine); the majority of which came from putrescine. The average daily consumption 

of key nutrients included: 2056.2 kcals of total energy; 302.4 μg of dietary folate; 155.0 

μg of dietary folic acid; 378.0 μg of supplemental folate. The top foods contributing to 

total dietary polyamine exposure by percent contribution, as estimated from the AFFQ, 

are shown in Table 14. These included cheeses (8.3%), oranges/tangerines (6.7%), 

bananas (3.6%), orange juice (2.8%) and Mexican dishes (2.3%). Some of the foods 

contributing to dietary polyamines were also major contributors to dietary saturated fat, 

fiber, and folate exposure. 
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Table 13. Participant and dietary characteristics of at baseline (n = 36), mean ± standard 

deviation (SD) and median (25th, 75th percentile) or frequency (n) and percent of total 

(%) 

Participant Characteristics mean ± SD
 median (25

th
, 75

th
 percentile) 

Age (y) 61.7 ± 7.7 60.2 (56.6, 64.9) 

BMI (kg/m2) 31.7 ± 4.4 31.4 (28.0, 34.4) 

Waist circumference (cm) 111.9 ± 12.0 111.8 (104.1, 118.8) 

   

 n (%)  

Ethnicity   

     Caucasian 32 (88.9)  

     Other 4 (11.1)  

Highest Education Reported   

     High school degree or below      2 (5.6)  

     Undergraduate or below 18 (50.0)  

     Graduate degree of below 16 (44.4)  

Physical activity   

     Seldom or never 13 (36.1)  

     1-2 times per week 7 (19.4)  

     > 3 times per week 16 (44.4)  

   

Dietary Characteristics mean ± SD
 median (25

th
, 75

th
 percentile) 

Total energy (kcal) 2056.2 ± 677.5 2006.7 (1566.7, 2442.4) 

Total protein (g) 86.5 ± 31.1 77.8 (65.4, 101.2) 

Arginine 4.19 ± 1.73  3.60 (3.04, 4.95) 

Methionine 1.74 ± 0.64 1.54 (1.32, 2.09) 

Total fat (g) 77.4 ± 28.0 70.8 (54.6, 90.3) 

Saturated fat (g) 25.3 ± 8.7 23.3 (18.2, 31.4) 

Total fiber (g) 23.7 ± 12.7 21.3 (14.7, 28.7) 

Red meat (g) 25.7 ± 26.6 15.2 (9.6, 31.1) 

Processed meat (g)
1 

457.0 ± 293.6 491.8 (158.7, 700.4) 

Total folate (DFE)
2 

595.0 ± 273.0 535.7 (360.5, 757.5) 

Folate, food only (µg)
3
 302.4 ± 174.6 268.4 (198.9, 341.5) 

Folic Acid, food only (µg)
4 

155.0 ± 110.9 120.5 (62.5, 229.3) 

Folic Acid, supplemental only (µg) 378.0 ± 879.1 0.00 (0.00, 352.1) 

Total polyamines (µmol)
5
 283.0 ± 130.5 297.0 (169.8, 365.4) 

Putrescine (µmol) 179.3 ± 99.9 166.4 (90.6, 240.9) 

Spermidine (µmol) 67.2 ± 27.5 62.9 (46.6, 84.6) 

Spermine (µmol) 36.5 ± 15.6 32.5 (25.6, 43.5) 

 
1
 Includes all processed meats (red and white) 
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2 
Total amounts of dietary folate equivalents (Dietary folate equivalents; DFE) in 

supplements, foods and beverages combined 
3 

Folate originating from foods and beverages but not dietary supplements (i.e., 

multivitamins) 
4 

Folic acid originating from foods and beverages but not dietary supplements (i.e., 

multivitamins) 
5 

Sum of putrescine, spermidine and spermine in foods and beverages
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Table 14. List of top five foods contributing to average daily dietary polyamine exposure 

(n = 36), percent (%) median (25th, 75th percentiles) 

 Contribution 

(%)
1 

 
Contribution 

(%)
1 

Total dietary polyamines
2 

Total dietary energy
 

Cheeses 8.3 (5.0, 18.0) Eggs, scrambled/boiled 2.1 (1.1, 3.9) 

Orange/tangerine 6.7 (3.9, 15.1) Cheeses 2.0 (1.2, 4.9) 

Bananas 3.6 (1.4, 9.1) Whole grain breads 1.8 (0.4, 4.3) 

Orange juice 2.8 (0.0, 7.8) Chips and crackers 1.5 (0.3, 3.7) 

Mexican dishes 2.3 (1.4, 3.4) Bacon or pork sausage 1.5 (0.6, 3.9) 

    

Dietary putrescine Dietary saturated fat 

Orange/tangerine 9.8 (7.0, 24.2) Cheeses 8.5 (4.4, 18.1) 

Cheeses 9.6 (6.1, 20.6) Butter 5.6 (0.2, 8.3) 

Bananas 5.9 (1.9, 16.1) Eggs, scrambled/boiled 3.9 (1.8, 7.0) 

Orange juice 4.3 (0.0, 12.7) Bacon or pork sausage 3.6 (1.2, 7.4) 

Tomatoes 2.9 (1.0, 5.1) Mexican dishes 1.7 (0.8, 2.8) 

    

Dietary spermidine Dietary fiber 

Cheeses 6.7 (3.9, 15.1) Bananas 3.3 (1.6, 6.3) 

Whole grain breads 3.2 (0.7, 6.3) Whole grain breads 3.1 (0.8, 5.7) 

Mexican dishes 3.1 (1.9, 4.9) Apple/pear 1.9 (1.0, 5.3) 

Apple/pear 1.5 (0.9, 3.9) Mexican dishes 1.5 (1.0, 2.8) 

Broccoli 1.5 (0.0, 3.6) Orange/tangerine 1.5 (0.7, 2.8) 

    

Dietary spermine Dietary folate, food only
3 

Bacon and pork sausage 3.4 (1.1, 7.9) Eggs, scrambled/boiled 3.0 (1.6, 4.7) 

Stew/pot pie/casseroles 3.3 (0.0, 7.2) Whole grain breads 2.8 (0.9, 6.3) 

Cheeses 2.6 (1.4, 5.5) Bananas 2.0 (0.9, 4.6) 

Beef, fat trimmed off 2.2 (0.9, 3.9) Orange/tangerine 1.4 (0.7, 2.3) 

Mexican dishes 2.0 (1.0, 2.6) Coffee 1.4 (0.0, 3.8) 

    

 Dietary folic acid, food only
4 

  Whole grain cereals 11.3 (0.0, 26.1) 

  White breads 3.5 (0.0, 8.4) 

  Pizza 2.0 (1.1, 4.0) 

  Whole grain breads 1.7 (0.4, 6.4) 

  Pasta dishes 1.5 (0.0, 2.5) 
 

1 
Average per participant percent contribution of each food group to the specified dietary 

exposure 
2 

Sum of putrescine, spermidine and spermine in foods and beverages 
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3 
Folate originating from foods and beverages but not dietary supplements (i.e., 

multivitamins) 
4 

Folic acid originating from foods and beverages but not dietary supplements (i.e., 

multivitamins) 

 

 

 

 

 

Table 15. Urinary metabolite characteristics in 24-hour urine samples at baseline (n = 

36), mean ± standard deviation (SD) and median (25th, 75th percentile) 

Urinary Metabolite (µmol) mean ± SD
 

median (25
th

, 75
th

 

percentile)
 

Total polyamines
1 

0.47 ± 0.41 0.32 (0.21, 0.68) 

Putrescine 0.08 ± 0.16 0.00 (0.00, 0.12) 

Spermidine 0.12 ± 0.09 0.08 (0.07, 0.15) 

Spermine 0.27 ± 0.36 0.15 (0.00, 0.38) 

Total acetylated polyamines
2, 3 

3.43 ± 2.17 3.16 (2.03, 4.44) 

N1-acetylspermidine 1.73 ± 1.82 1.31 (0.09, 1.84) 

N8-acetylspermidine
 

1.70 ± 1.09 1.55 (0.96, 2.19) 

N1-acetylspermine  0.17 ± 0.36 0.00 (0.00, 0.14) 

N1,N12-diacetylspermine
3 

0.11 ± 0.06 0.12 (0.06, 0.15) 
 

1 
Sum of putrescine, spermidine and spermine in 24 hour urine samples  

2
 Sum of N1-acetylspermidine, N8-acetylspermidine, N1-acetylspermine and N1,N12-

diacetylspermine in 24 hour urine samples  
3 

Only 35 participants are included in these analyses 
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URINARY POLYAMINE CHARACTERISTICS. Participants had median total urinary 

polyamine concentrations (i.e., the sum of urinary putrescine, spermidine and spermine) 

of 0.32 μmol, whereas the median total urinary acetylated polyamines (i.e., the sum of 

urinary N1-acetylspermidine, N8-acetylspermidine, N1-acetylspermine and N1,N12-

diacetylspermine) values were much higher at 3.43 μmol (Table 15). N1-

acetylspermidine, N8-acetylspermidine and N1,N12-diacetylspermine median urinary 

values were 1.73 μmol, 1.70 μmol and 0.11 μmol, respectively. The urinary biomarker 

values were not normally distributed. There were 24, 13 and 25 participants with values 

below detectible limits for urinary putrescine, spermine and N1-acetylspermine, 

respectively.  

 

CORRELATIONS BETWEEN DIETARY EXPOSURES AND URINARY 

POLYAMINES. Total estimated dietary polyamine intake was positively correlated with 

N8-acetylspermidine levels in the urine (ϱ = 0.367, P = 0.03), however the association 

was significantly attenuated after adjusting for total energy intake (ϱadj = 0.076, P = 0.66; 

Table 16). No other significant correlations were noted between the dietary polyamines 

and any of the other urinary polyamine as all ϱ-values were attenuated after energy-

adjustment. Total energy intake was positively correlated with all urinary polyamines and 

significantly correlated with total acetylated polyamines (ϱ = 0.401, P = 0.02), N1-

acetylspermidine (ϱ = 0.40, P = 0.02) and N8-acetylspermidine (ϱ = 0.46, P = 0.005). 

Further, saturated fat was positively correlated with a number of the urinary polyamines 
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retaining significance with total urinary polyamines after controlling for total energy 

intake (ϱadj = 0.35, P = 0.042). After adjusting for total energy, processed and red meat 

intake were significantly inversely correlated with urinary total acetylated polyamines 

(ϱadj = -0.398, P = 0.02; ϱ = -0.42, P = 0.01, respectively), N1-acetylspermidine (ϱadj = -

0.378, P = 0.025; ϱ = -0.41, P = 0.02, respectively), and N8-acetylspermidine (ϱadj = -

0.43, P = 0.01; ϱadj = -0.45, P = 0.007, respectively). Dietary folate was significantly 

inversely correlated with urinary N1, N12-diacetylspermine (ϱadj = -0.390, P = 0.023) and 

total urinary polyamines (ϱadj = -0.38, P = 0.03), independent of total energy intake. In 

contrast, dietary estimates of folic acid were significantly positively associated with 

urinary N1, N12-diacetylspermine (ϱadj = 0.341, P = 0.048), after controlling for energy 

intake. 

FOLATE- AND FOLIC ACID FROM FOOD-ADJUSTED CORRELATIONS 

BETWEEN DIETARY EXPOSURES AND URINARY POLYAMINES. Because of the 

metabolic dependence of the polyamine and folate metabolic pathways (174) and the 

strong correlation between sources of dietary polyamines and dietary folate in our study, 

we explored the effect of adjusting our correlations for dietary folate (Table 17). Of 

interest, dietary folic acid remained significantly and positively associated with total 

acetylated polyamines (ϱadj = 0.42, P = 0.01), N8-acetylspermidine (ϱadj = 0.40, P = 0.02) 

and N1,N12-diacetylspermine (ϱadj = 0.36, P = 0.04) in 24-hour urines after controlling for 

the effect of dietary folate. Additionally, many of the other correlations found in Table 3 

remained after folate-adjustment. Dietary spermidine intake became significantly 

correlated with total urinary polyamines (ϱadj = 0.436, P = 0.009) after adjusting for 
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dietary folate. A similar analysis where we adjusted for dietary folic acid (Table 17) 

resulted in an attenuation of the correlation between total energy and urinary polyamines. 

The relationship between folate and urinary polyamines was also attenuated resulting in 

only saturated fat, processed meat and red meat retaining strong, significant correlations 

to any urinary polyamine.  
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Table 16. Crude and energy-adjusted correlations of select urinary polyamines from 24-hour urine samples with participant 

and dietary characteristics at baseline (n = 36) 

 Urinary Metabolites (μmol) 

 Total polyamines
6
 

Total acetylated 

polyamines
7,8

 

N1-acetyl-

spermidine 

N8-acetyl-

spermidine 

N1,N12-diacetyl- 

spermine
8
 

 Crude
†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 

Participant Characteristics 

Age (y) 0.022 0.052 0.082 0.136 0.121 0.177 -0.075 -0.025 0.141 0.149 

BMI (mg/m
2
) -0.148 -0.098 0.058 0.151 0.140 0.240 0.036 0.142 0.013 0.033 

Waist 

circumference (cm) 

-0.297 -0.264 -0.084 -0.003 0.087 0.179 -0.106 -0.014 -0.142 -0.111 

 

Dietary Characteristics 

Total polyamines 

(μmol)
1
 

0.142 -0.038 0.305 0.032 0.254 -0.048 0.367* 0.076 0.094 0.018 

Putrescine (μmol) 0.095 -0.061 0.309 0.090 0.256 0.013 0.372* 0.142 0.090 0.025 

Spermidine (μmol) 0.263 0.112 0.309 -0.039 0.253 -0.136 0.348* -0.048 0.079 -0.024 

Spermine (μmol) 0.177 0.005 0.190 -0.147 0.187 -0.148 0.255 -0.115 -0.103 -0.261 

Total energy (kcal) 0.251  0.401*  0.399*  0.456*  0.116  

Protein (g) 0.172 -0.069 0.232 -0.212 0.268 -0.132 0.269 -0.233 0.034 -0.116 

Arginine (g) 0.235 0.087 0.215 -0.127 0.205 -0.140 0.261 -0.122 0.047 -0.050 

Methionine (g) 0.212 0.054 0.202 -0.179 0.210 -0.130 0.233 -0.168 0.078 -0.005 

Saturated fat (g) 0.419* 0.346* 0.355* 0.134 0.338* 0.120 0.379* 0.129 0.117 0.062 

Fiber (g) 0.175 -0.035 0.279 -0.058 0.261 -0.077 0.353* -0.001 0.069 -0.032 
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Processed meat (g)
2
 -0.059 -0.118 -0.265 -0.398* -0.257 -0.378* -0.283 -0.434* -0.108 -0.135 

Red meat (g) -0.143 -0.201 -0.278 -0.421* -0.288 -0.414* -0.300 -0.447* -0.247 -0.282 

Total food folate 

(DFE)
3
 

0.160 -0.068 0.402* 0.144 0.317 0.009 0.437* 0.141 0.139 0.079 

Folate, food only 

(μg)
4 -0.009 -0.375* 0.146 -0.318 0.180 -0.259 0.231 -0.264 -0.138 -0.390* 

Folic acid, food 

only (μg)
5 

0.218 0.130 0.436* 0.319 0.305 0.176 0.427* 0.296 0.354* 0.341* 

 

* P-value <0.05 as determined by Spearman’s correlation or Pearson Partial Correlation, as appropriate 
†
 Unadjusted Spearman’s rank correlation coefficients are provided for all variable combinations 

‡ 
Energy-adjusted,

 
Pearson partial correlation coefficients are provided for all ranked variables 

 

1 
Sum of putrescine, spermidine and spermine in foods and beverages

 

2
 Includes all processed meats (red and white) 

3 
Total amounts of dietary folate equivalents (Dietary folate equivalents; DFE) in supplements, foods and beverages combined 

4 
Folate originating from foods and beverages but not dietary supplements (i.e., multivitamins) 

5 
Folic acid originating from foods and beverages but not dietary supplements (i.e., multivitamins) 

6 
Sum of putrescine, spermidine and spermine in 24 hour urine samples  

7
 Sum of N1-acetylspermidine, N8-acetylspermidine, N1-acetylspermine and N1,N12-diacetylspermine in 24 hour urine 

samples  
8 

Only 35 participants are included in these analyses 
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Table 17. Folate from food- and folic acid from foods-adjusted correlations of select urinary polyamines from 24-hour urine 

samples with participant and dietary characteristics at baseline (n = 36) 

 Urinary Metabolites 

 Total polyamines
6
 

Total acetylated 

polyamines
6,7

 

N1-acetyl-

spermidine 

N8-acetyl-

spermidine 

N1,N12-diacetyl- 

Spermine
7
 

 

Folate 

and 

energy-

adjusted
†
 

Folic 

acid and 

energy-

adjusted
‡
 

Folate 

and 

energy-

adjusted
†
 

Folic 

acid and 

energy-

adjusted
‡
 

Folate 

and 

energy-

adjusted
†
 

Folic 

acid and 

energy-

adjusted
‡
 

Folate 

and 

energy-

adjusted
†
 

Folic 

acid and 

energy-

adjusted
‡
 

Folate 

and 

energy-

adjusted
†
 

Folic 

acid and 

energy-

adjusted
‡
 

Participant Characteristics 

Age (y) -0.048 0.092 0.051 0.246 0.117 0.226 -0.108 0.037 0.045 0.270 

BMI (mg/m
2
) -0.131 -0.106 0.142 0.140 0.227 0.231 0.123 0.131 0.014 0.014 

Waist 

circumference 

(cm) 

-0.328 -0.248 -0.042 0.011 0.153 0.195 -0.064 -0.007 -0.171 -0.103 

 

Dietary Characteristics 

Total 

polyamines 

(μmol)
1
 

0.100 -0.031 0.148 0.051 0.057 -0.029 0.172 0.089 0.163 0.038 

Putrescine 

(μmol) 
0.048 -0.057 0.191 0.106 0.110 0.034 0.220 0.148 0.145 0.039 

Spermidine 0.274 0.112 0.075 -0.035 -0.052 -0.142 0.045 -0.054 0.121 -0.019 
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(μmol) 

Spermine 

(μmol) 
0.030 -0.008 -0.139 -0.196 -0.144 -0.172 -0.098 -0.141 -0.263 -0.322 

Protein (g) 0.089 -0.062 -0.098 -0.198 -0.039 -0.129 -0.152 -0.223 0.047 -0.094 

Arginine (g) 0.139 0.076 -0.099 -0.155 -0.118 -0.157 -0.097 -0.146 -0.008 -0.075 

Methionine (g) 0.085 0.051 -0.136 -0.157 -0.123 -0.140 -0.157 -0.177 0.021 -0.005 

Saturated fat 

(g) 
0.355* 0.386* 0.125 0.235 0.104 0.153 0.111 0.191 0.047 0.164 

Fiber (g) 0.177 -0.074 0.116 -0.154 0.052 -0.135 0.151 -0.083 0.194 -0.134 

Processed meat 

(g)
2
 

-0.150 -0.125 -0.437* -0.414* -0.412* -0.391* -0.463* -0.455* -0.168 -0.137 

Red meat (g) -0.228 -0.225 -0.453* -0.477* -0.436* -0.448* -0.481* -0.529* -0.318 -0.335 

Folate, food 

only (μg)
3  -0.355*  -0.263  -0.236  -0.203  -0.339 

Folic acid, food 

only (μg)
4 

0.07  0.264  0.109  0.250  0.278  

 

* P-value <0.05 as determined by Pearson Partial Correlation 
†
 Folate from food-adjusted,

 
Pearson partial correlation coefficients are provided for all ranked variables 

‡ 
Folic acid from food-adjusted,

 
Pearson partial correlation coefficients are provided for all ranked variables 

 

1 
Sum of putrescine, spermidine and spermine in foods and beverages

 

2
 Includes all processed meats (red and white) 

3 
Folate originating from foods and beverages but not dietary supplements (i.e., multivitamins) 

4 
Folic acid originating from foods and beverages but not dietary supplements (i.e., multivitamins) 

5 
Sum of putrescine, spermidine and spermine in 24 hour urine samples  
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6
 Sum of N1-acetylspermidine, N8-acetylspermidine, N1-acetylspermine and N1,N12-diacetylspermine in 24 hour urine 

samples  
7 

Only 35 participants are included in these analyses 
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CORRELATIONS BETWEEN DIETARY FOOD GROUPS AND URINARY 

POLYAMINES. Because estimates of food groups from the AFFQ are likely more 

accurate than individuals foods/nutrients and since one food contains multiple nutrients 

that may contribute to urinary polyamine levels; we assessed the correlations between 

food groups of interest and urinary polyamine values (Table 18). In both crude and 

energy-adjusted analyses, beverages were consistently negatively correlated with all 

urinary polyamines (ϱadj = -0.537, P = 0.001 for total urinary polyamines; ϱadj = -0.337, P 

= 0.050 for N8-acetylspermidine; ϱadj = -0.356, P = 0.048 for N1,N12-acetylspermine) 

while, fats (ϱadj = 0.398, P = 0.018 for total urinary polyamines; ϱadj = 0.232, P = 0.187 

for N1,N12-acetylspermine;) were consistently positively correlated with all urinary 

polyamines. Other food groups demonstrated somewhat inconsistent trends. 
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Table 18. Crude and energy-adjusted correlations of select urinary polyamines from 24-hour urine samples with participant 

and intake of dietary food groups at baseline (n = 36) 

 Urinary Metabolites 

 Total polyamines
1
 

Total acetylated 

polyamines
2,3

 

N1-acetyl-

spermidine 

N8-acetyl-

spermidine 

N1,N12-diacetyl- 

spermine
3
 

 Crude
†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 Crude

†
 

Energy-

adjusted
‡
 

Food groups (g)  

Milk 0.009 -0.085 0.254 0.134 0.298 0.189 0.256 0.120 0.273 0.250 

Cheese 0.052 -0.002 0.197 0.123 0.180 0.094 0.251 0.172 0.029 0.010 

Meat 0.044 0.009 -0.168 -0.264 -0.250 -0.342* -0.203 -0.305 -0.192 -0.212 

Mixed Dishes 0.315 0.250 0.337* 0.232 0.388* 0.291 0.355* 0.233 0.185 0.161 

Soups, Sauces -0.065 -0.243 0.415* 0.266 0.398* 0.235 0.506* 0.349* 0.274 0.253 

Eggs -0.258 -0.296 -0.137 -0.202 -0.087 -0.143 -0.072 -0.131 -0.205 -0.223 

Beans, Nuts, Seeds 0.171 0.050 0.223 0.023 0.250 0.052 0.310 0.094 -0.039 -0.114 

Breads, Cereals 0.403* 0.328 0.327 0.134 0.171 -0.044 0.293 0.071 0.292 0.279 

Cakes, Cookies 0.274 0.244 0.289 0.237 0.190 0.138 0.252 0.206 0.344* 0.329 

Salty snacks 0.203 0.063 0.176 -0.086 0.143 -0.139 0.280 0.009 -0.079 -0.180 

Fruits -0.149 -0.342* 0.081 -0.178 0.098 -0.157 0.100 -0.197 0.032 -0.043 

Fruit Juice 0.041 -0.036 0.255 0.152 0.301 0.191 0.333* 0.227 0.202 0.178 

Starchy Sides 0.253 0.145 0.342* 0.178 0.389* 0.246 0.384* 0.204 0.312 0.305 

Vegetables 0.011 -0.150 0.032 -0.227 0.009 -0.243 0.116 -0.158 -0.234 -0.345* 

Condiments -0.314 -0.458* 0.068 -0.115 -0.035 -0.228 0.073 -0.123 -0.066 -0.125 

Fats 0.455* 0.398* 0.344* 0.240 0.352* 0.261 0.299 0.176 0.254 0.232 
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Sweets, Candy 0.100 0.042 0.236 0.152 0.126 0.043 0.164 0.071 0.288 0.270 

Beverages -0.522* -0.537* -0.327 -0.338 -0.194 -0.202 -0.310 -0.337* -0.356* -0.356* 

Alcohol 0.132 0.092 0.364* 0.312 0.309 0.277 0.366* 0.333 0.061 0.032 

Fish 0.085 0.040 0.120 0.063 0.168 0.101 0.153 0.066 0.148 0.139 

Poultry 0.119 0.045 0.092 -0.053 -0.016 -0.171 0.119 -0.049 0.015 -0.024 

* P-value <0.05 as determined by Spearman’s correlation or Pearson Partial Correlation, as appropriate 
†
 Unadjusted Spearman’s rank correlation coefficients are provided for all variable combinations 

‡ 
Energy-adjusted,

 
Pearson partial correlation coefficients are provided for all ranked variables 

 

1 
Sum of putrescine, spermidine and spermine in 24 hour urine samples  

2
 Sum of N1-acetylspermidine, N8-acetylspermidine, N1-acetylspermine and N1,N12-diacetylspermine in 24 hour urine 

samples  
3 

Only 35 participants are included in these analyses 
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Discussion 

 To our knowledge, this is the first study to assess the correlation between 

estimated polyamine intake from a food frequency questionnaire and urinary polyamine 

content in a 24-hour urine specimen. In this population of 36 overweight/obese men, after 

adjusting for total energy intake, dietary folic acid and saturated fat were positively 

correlated with urinary primary and acetylated polyamine levels whereas processed and 

red meat intake were inversely correlated with urinary acetylated polyamine levels. In a 

previous study, Pöyhönen, et. al.(175)  reported that 24-hour urine collection controls for 

intra-day variation in excretion rates of polyamines and showed that polyamine output 

varied by sex but not age or body weight. This is consistent with our results where age, 

BMI and waist circumference were not consistently associated with any urinary 

polyamine.  

 We previously reported a positive association between estimated dietary 

polyamine intake and risk of colorectal adenoma, independent of total energy and folate 

intake, using the same methods applied in this study. (93)  Likewise, Raj, et al. (134) 

recently reported that individuals with high intake of dietary polyamines were resistant to 

the anti-neoplastic effects of DFMO when combined with the NSAID sulindac; results 

that are consistent with our hypothesis that dietary polyamines influence neoplasia in the 

colorectum. While we found positive associations between dietary polyamine intake and 

urinary polyamine concentrations in this study; the associations did not reach significance 

and were strongly attenuated when adjusted for total energy intake. These findings 
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suggest that either the urinary polyamines do not reflect dietary exposure to polyamines 

or that the application of the food polyamine database created by Zoumas-Morse (113) 

lacks precision for estimating polyamine exposure from the diet across different 

populations. We recognize the difficulty of quantifying the polyamine content of a food, 

as it varies by ripeness, bacterial activity and age of that food.(117) Additionally, since it 

is thought that all polyamines irrespective of source are excreted in the same way (Figure 

5); human biomarkers of exposure are inherently confounded by non-dietary sources of 

polyamines including, internal biosynthesis and gut flora biosynthesis.(111, 126, 176) 

This inherent confounding, combined with exposure measurement error, are likely the 

reasons why we did not see striking correlations between dietary polyamine intake and 

urinary output. Additionally, many of the foods that contain polyamines also contain 

other nutrients that have separate relationships to urinary polyamines (ex. cheeses are 

high in energy, saturated fat and polyamines) and so residual confounding may be 

obscuring our results. Although we cannot conclude whether or not urinary polyamines 

are a biomarker of dietary exposure, this study provides evidence that polyamine output 

is influenced by other dietary factors (folate, folic acid, saturated fat and meat intake). 
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Figure 5. . Urinary polyamine output is modulated by dietary factors and is a result of 

diet, biosynthesis and cellular gut processes. 

Urinary polyamines are a result of excreted polyamines from cellular polyamine pools. 

This pool is made up of polyamines from endogenous biosynthesis (via ornithine 

decarboxylase; ODC) and exogenous sources, including gut flora production, sloughed 

cells and the diet. Further, dietary intake of folate, folic acid and saturated fat are 

hypothesized to affect the gut environment in many ways (ex. altering gut flora and 

inflammatory processes) that lead to altered polyamine excretion. Similarly, nutrient 

interactions within the diet (ex. dietary polyamine intake and folate) add another layer of 

complexity. Lastly, key nutrients for polyamine biosynthesis come from the diet 

(arginine, folate, methionine) and may have an impact of cellular biosynthesis and 

excretion of polyamines. 
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In our study, the strongest dietary correlates for urinary polyamine levels included 

dietary saturated fat (positive) and red and processed meats (negative). While it is unclear 

why these dietary factors were strongly correlated with the parent and acetylated 

polyamine concentrations in urine, we speculate that these associations reflect the effects 

of these dietary components on polyamine metabolism and biosynthesis in human and gut 

flora cells.(177-180) The negative associations between processed and red meat with 

acetylated urinary polyamines tended to parallel each other, consistent with being derived 

from overlapping food items. The association with red meat consumption is however 

stronger and more consistent than the processed meat intake after adjustment for energy, 

folate and folic acid. Thus, red, and not processed, meat more likely explains the inverse 

correlation. Meat is positively correlated with arginine intake which is a precursor for 

both polyamine- and nitric oxide-dependent colon carcinogenesis,(149, 181) and 

increases intestinal polyamine content in murine models.(182) This would argue that 

meat intake would increase, not decrease, polyamine production and we did not find 

evidence of an independent association between arginine and urinary polyamine output in 

this study. Nucleolin was recently identified as a translational repressor of SSAT (the 

rate-limiting enzyme responsible for polyamine export)(183) but, to our knowledge, no 

studies have examined the relationship between dietary meat intake and nucleolin. 

However, this possibility should be explored. Neither red nor processed meat intake 

correlated strongly with saturated fat intake suggesting a meat-independent effect of 

saturated fat on polyamine output. Cheeses and Mexican dishes were major contributors 
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of both saturated fat and polyamines and saturated fat and polyamine intake were highly 

correlated in our population; which may indicate that saturated fat was acting as a 

surrogate for poorly estimated polyamine exposure. Biologically, a high fat diet increases 

gut permeability, circulating endotoxin and alters gut flora to pro-inflammatory 

states.(184, 185) Inflammation increases SSAT via tumor necrosis factor-α (96) which 

may account for the correlation between urinary polyamine output and saturated fat 

intake we observed in this study. Clearly, more research needs to be done to determine if 

and how the effect of diet on urinary polyamines is causal. 

 Urinary acetylated polyamines were positively correlated with dietary folic acid 

intake but inversely with dietary estimates of folate intake. This is of interest because 

intracellular one carbon metabolism and polyamine biosynthesis both require S-

adenosylmethionine and increased polyamine biosynthesis has been reported to increase 

the folate requirements in cell lines.(174) Our results support different effects of folic 

acid and folate on polyamine metabolism that are difficult to reconcile in this study. Folic 

acid has been studied extensively as a chemoprevention agent for colorectal cancer(186) 

with protective effects for colorectal cancer with long duration exposure but increased 

risk of larger or multiple colorectal adenoma in polyp formers given in short duration 

studies. Folate, however, seems to be consistently protective against colon cancer in the 

general population.(187, 188) Biologically, dietary folate is less bioavailable due to the 

requirement for removal of glutamic acid groups from the molecule by mucosal cells 

prior to crossing the brush boarder membrane in the duodenum.(189) Therefore, it could 

be that folic acid, but not folate, may increase folate pools to potentially detrimental 
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levels. Elevated levels of folate levels induce activity and expression of two key enzymes 

for polyamine biosynthesis, S-adenosylmethionine decarboxylase and ODC respectively, 

in injured mouse kidney tissues.(190) However, the interplay between one carbon and 

polyamine metabolism warrants further research. 

 While our population was relatively homogenous, limitation of this study include 

the small sample size and the cross sectional nature based on AFFQ. We recognize that 

FFQs have their own set of limitations including recall bias, limited lists of food types 

and portion size inaccuracies. Lastly, our participants completed the AFFQ and provided 

the urine samples after a week of avoiding high anthocyanin foods. Although unlikely, 

this may have slightly confounded our results.    

 

Conclusion 

 Dietary folic acid, saturated fat and fiber were positively correlated with urinary 

polyamines whereas dietary processed and red meats were negatively correlated with 

urinary polyamines in 24-hour urine samples from 36 overweight/obese men in a cross 

sectional study. Dietary polyamine intake estimated from AFFQ was not strongly 

correlated with urinary polyamines after energy correction. However, we are unable to 

conclude whether or not urinary polyamines are a good biomarker of polyamine output as 

estimating dietary polyamine exposure is challenging. Further research needs to be done 

to confirm these results in both healthy and diseased populations. Also needed are studies 
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to describe the relationship between these dietary components (folate, folic acid, meat, 

and saturated fat) with polyamine metabolism/excretion.  
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Abstract 

BACKGROUND: The dietary polyamines (putrescine, spermidine and spermine) have 

demonstrated protective and cancer promoting effects in the colorectum. However, 

current estimates of dietary polyamine exposure are limited by high levels of 

misclassification. Dietary polyamines are predominately excreted as acetylated 

derivatives in the urine; therefore, urinary polyamine content is a potential biomarker of 

dietary polyamine exposure. 

METHODS: 10 male participants from Chapter III consumed 3 cups of highly ripe 

sweet cherries for 4 weeks. Urinary polyamine output was compared pre- and post-

intervention. The actual polyamine content of each cherry batch was also measured. 

RESULTS: Sweet cherry polyamine content increased as each varietal’s growing season 

progressed and batch-to-batch variation in polyamine concentrations varied up to 10-fold. 

24-hour urinary N1-acetylspermine and N8-acetylspermidine concentrations increased 

from pre- to post-intervention (P = 0.007, P = 0.066, respectively). No significant 

correlation was noted between acetylated- polyamines in the urine and polyamines from 

the diet (estimated via food frequency questionnaires) or the intervention cherries 

(measured via high-performance liquid chromatography).  

CONCLUSIONS: Intake of 3 cups of sweet cherries by overweight/obese men for 4 

weeks resulted in increased urinary polyamine output. Due to the small sample size, 
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further research is needed to confirm these results and to determine if urinary polyamine 

output serves as a biomarker of dietary exposure to polyamines. 
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Introduction 

 As discussed in Chapter 3, no biomarker of dietary polyamine exposure has been 

developed. Dietary polyamines are primarily excreted as acetylated metabolites in the 

urine (111, 115) and, therefore, acetylated polyamines in the urine serves as rational 

biomarkers of exposure to exogenous polyamines. Chapter 3 explores the cross-sectional 

relationships between dietary intake and urinary output at baseline in 36 men enrolled in 

a dietary feeding trial of sweet cherries. This chapter explores the effect of consuming a 

fixed amount of sweet cherries with measured polyamine content in a subset of 10 of the 

men from the cherry feeding trial. For these 10 individuals, we measured baseline and 

end of study (after four weeks of sweet cherry consumption)  24-hour urinary polyamine 

content. Specifically, this chapter presents the findings for the hypothesis that 

consumption of highly ripe cherries will increase urinary polyamine output from baseline 

to end of study and that urinary polyamine levels will correlate to measured and 

estimated dietary polyamine levels. 

Methods 

STUDY POPULATION. A subgroup of 10 men were chosen at random from a dietary 

feeding trial of sweet cherries (n = 37). The inclusion criteria included: men >50 years of 

age; body mass index (BMI) between 25-45 kg/m2; no use of tobacco; no cancer in the 

last year or other major illnesses; amenable to discontinuing all vitamins (except a 

multivitamin), aspirin (excluding baby aspirin) and other anti-inflammatory medications 

one week prior to and during the feeding trial. Written, informed consent was received 
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from all participants and the study protocol was approved by the Institutional Review 

Board at The University of Arizona, prior to enrollment. Participants began with a one-

week washout (avoidance of high anthocyanin foods), then baseline 24-hour urine was 

obtained and baseline FFQ was administered. Immediately following the washout period, 

participants consumed three cups of fresh, sweet cherries every day for four weeks. On 

the last day of the four weeks of intervention an end of study 24-hour urine sample and 

FFQ were obtained. 

DIETARY AND ANTHROPOMETRIC MEASURES. The validated Arizona FFQ (172) 

was used to estimate polyamine exposure at baseline and end of study using the method 

described by Zoumas-Morse, et al.(113) Average daily exposure to polyamines from 

cherries was calculated for each participant by average grams consumed per week 

multiplied by μmol of polyamines per gram in the batch of cherries consumed for that 

week divided by seven. Weight and height were measured by trained professionals after 

the washout period. 

SAMPLE COLLECTION AND STORAGE. A urine sample was collected by each 

participant over an uninterrupted 24-hour period after washout and at end of study. Urine 

was kept in the refrigerator prior to delivery to the lab the next day where it was aliquoted 

and stored at -80˚C.  

 Fresh, sweet cherries were provided to participants once per week after they were 

weighed to ensure participants were provided 426 g (~3 cups) of cherries per day. Refuse 

(stems, pits, etc.) were collected from participants at the end of each week and weighed in 



 134 

 

order to calculate grams of cherries consumed each week. A small sample of cherries was 

collected from each batch for polyamine analysis. After collection, the cherries were 

pitted and immediately stored at -80˚C until processed for later polyamine analysis.  

URINARY AND CHERRY POLYAMINE ANALYSIS. All mono-acetyl-polyamines in 

urine and cherries were measured by high performance liquid chromatography (HPLC) as 

previously described.(191) N1,N12-diacetylspermine was performed by Alfresa Pharma 

Cooporation (Osaka, Japan) using an enzyme-linked immunoassay (ELISA).(130)  

STATISTICAL METHODS. Due to the small samples size, all tests were completed 

using non-parametric variations. Baseline and end of study urinary polyamines were 

compared using a Wilcoxon sign rank test. Urinary, cherry and total diet polyamine 

levels were compared using Spearman correlation tests. Additionally, all variables were 

ranked and then Pearson’s partial correlation test was used to test the correlation between 

end of study urine and cherry/whole diet polyamines after adjusting for ranked energy 

intake. 

Results 

ESTIMATED DIETARY POLYAMINE LEVELS AND 24-HOUR URINE LEVELS 

AT BASELINE. The sub-study and total study participant characteristics at baseline are 

very similar (Table 19). At baseline, the mean energy intake of sub-study participants 

was 1927.7 kcals with median intakes of 306 μmol/day of total polyamine intake 

(putrescine, spermidine and spermine)  estimated from FFQs at baseline. 
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Table 19. Participant and dietary characteristics at baseline, median (25th, 75th percentile) or frequency (n) and percent of 

total (%) 

 Whole trial (n = 37) Subset of trial (n = 10) 

Participant Characteristics  Median (25
th

, 75
th

 percentiles) 

Age (y) 60.0 (56.0, 64.0) 61.0 (58.0, 64.0) 

BMI (kg/m
2
) 31.3 (28.1, 34.2) 32.4 (31.3, 34.8) 

  n (%) 

Caucasian ethnicity 33 (89.2) 9 (90.0) 

Hispanic ethnicity 2 (5.4) 1 (10.0) 

Other ethnicity 2 (5.4) 0 (0.0) 

   

Dietary characteristics  Median (25
th

, 75
th

 percentiles) 

Total energy (kcals) 2102.5 (1585.4, 2483.5) 1927.7 (1800.8, 2168.3) 

Total polyamines (µmol)
3 

302.8 (173.9, 375.8) 306.2 (173.9, 375.8) 

Putrescine (µmol) 172.9 (92.9, 241.8) 197.8 (92.9, 280.2) 

Spermidine (µmol) 63.0 (47.2, 87.3) 62.9 (53.9, 80.0) 

Spermine (µmol) 33.3 (25.7, 43.7) 35.3 (28.8, 43.4) 

   

 
1
 Folate originating from food and beverage sources only, not dietary supplements 

2
 Folic acid originating from food and beverage sources only, not dietary supplements

 

3 
The sum of dietary putrescine, spermidine and spermine
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CHANGE IN URINARY POLYAMINE LEVELS FROM BASELINE TO END OF 

STUDY. As shown in Table 20, a four week cherry feeding intervention significantly 

increased N1-acetylspermidine levels in 24-hour urine samples (P-value = 0.007). 

Urinary N8-acetylspermidine was also increased but, in a non-significant manner (P-

value = 0.066). There was no significant effect on urinary N1,N12-diacetylspermine 

levels. This increase in urinary polyamine output is in contrast with an estimated decrease 

of 119.6 μmol/day (interquartile range: -132.1 – 34.1) and 258.5 kcals/day (interquartile 

range: -455.2 – 76.8) in median daily total polyamine and energy intake, respectively, 

from baseline to end of study FFQs.  

DIETARY EXPOSURE TO POLYAMINES FROM THE DIET AND CHERRIES. 

Measured polyamine concentrations in each batch of sweet cherries received by our 

facility varied greatly (Figure 6). In general, polyamine concentrations increased as each 

state’s sweet cherry harvesting season progressed. On average, cherries contained 7.6 

μmol total polyamines/100 g wet weight which is in pronounced contrast with the 3.2 

μmol total polyamines/100 g wet weight that would have been estimated by using the 

Arizona FFQ. Measured, median exposure to dietary polyamines from cherries was 26.1 

μmol/day (interquartile range: 24.2 – 26.6) over the entire intervention period. At end of 

study, estimated total polyamine exposure from the whole diet (not including cherries) 

was 181 μmol/day (interquartile range: 160.3 – 220.1) and measured, median exposure to 

polyamines from cherries in the 24-hours prior to urine collection was 22.7 μmol/day 

(interquartile range: 21.2 – 37.5).   
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Table 20. Comparison of creatinine corrected urinary polyamines at baseline and end of 

study (n = 10), median (25th, 75th percentiles) 

Urinary polyamine (µmol/g 

creat) 

Baseline End of study P-value
1 

N1-acetylspermidine 1.23 (1.02, 1.39) 11.92 (6.02, 15.5) 0.007* 

N8-acetylspermidine 1.27 (1.05, 1.61) 1.44 (1.15, 2.16) 0.066 

N1, N12-diacetylspermine 0.12 (0.08, 0.14) 0.12 (0.07, 0.18) 0.918 

 

*P-value <0.05 as determined by Wilcoxon sign rank test 
1 

P-value as determined by Wilcoxon sign rank test  

 

 

 

 

 

 

 

 

 

CROSS-SECTIONAL CORRELATATIONS BETWEEN URINARY BIOMARKERS 

AND ESTIMATED OR MEASURED POLYAMINE EXPOSURES. Baseline dietary 

polyamine exposure, estimated from an FFQ, was not significantly correlated with any 

baseline urinary polyamine measurement in crude or energy adjusted models (Table 21). 

There was also no evidence of correlation with end of study measures. Similarly, neither 

measured dietary polyamine intake from cherries over the entire study nor over the 24-

hour prior to urine collection exhibited a significant correlation with any end of study 

acetylated urinary polyamine in crude or energy-adjusted models. 
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Figure 6. Dietary polyamine content of sweet cherries across a growing season. 

Cherries were received at the University of Arizona (Tucson, AZ) at multiple time points across the harvesting season of 2011. 

Cherry polyamine concentrations were measured using high-performance liquid chromatography and are graphed above. The 

varietal and state in which each batch of cherries were grown are as follows: May 23
rd 

and 27
th

 (varietal: Brooks, state: 

0

2

4

6

8

10

12

14

16

18

May
23rd

May
27th

June
3rd

June
10th

June
17th

June
24th

June
30th

July
8th

July
14th

July
20th

July
27th

D
ie

ta
ry

 p
o

ly
am

in
e

 a
m

o
u

n
t 
μ

m
o

l/
1

0
0

 g
 c

h
e

rr
ie

s 

Date cherries were recieved 

Dietary polyamine content in 100g wet weight of 
sweet cherries across the harvest season of 2011 

Total polyamines

Putrescine

Spermidine

Spermine



 139 

 

California); June 3rd (varietal: Tulare , state: California); June 10
th

 (varietal: Garnet, state: California); June 17
th

 (varietal: 

Bing, state: Washington); June 24
th 

and June 30
th

 (varietal: Chelan, state: Washington); July 8
th

 (varietal: Chelan, state: 

Oregon); July 14
th

 (varietal:Chelan, state: Washington); July 20
th

 (varietal: Bing, state: Washington); July 27
th

 (varietal: Cherry 

Red, state: Washington) 
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Table 21. Correlation of dietary polyamine exposure, from cherries (measured directly) and/or whole diet (estimated by food 

frequency questionnaire), with urinary polyamines (n = 10), rho (P-value). 

Urinary 

polyamines 

Estimated, total 

polyamine exposure from 

the whole diet at baseline
1 

Measured, total 

polyamine exposure from 

intervention cherries 

alone over the four weeks 

of intervention
2 

Measured, total 

polyamine exposure from 

intervention cherries 

alone over the 24 hours 

prior to the 24-hour urine 

collection
2 

Estimated, total 

polyamine exposure from 

the whole diet at end of 

study
2 

Crude
3 

Adjusted
4 

Crude
3 

Adjusted
4 

Crude
3 

Adjusted
4 

Crude
3 

Adjusted
4 

N1-

acetylsper

midine 

0.042 

(P = 0.907) 

0.028 

(P = 0.942) 

-0.261 

(P = 0.467) 

0.061  

(P = 0.723) 

-0.115 

(P = 0.751) 

-0.102 

(P = 0.554) 

-0.164 

(P = 0.652) 

0.009 

(P = 0.960) 

N8-

acetylsper

midine 

0.049 

(P = 0.894) 

0.156 

(P = 0.689) 

0.042 

(P = 0.907) 

0.144 

(P = 402) 

-0.018 

(P = 0.960) 

0.037 

(P = 0.829) 

0.188 

(P = 0.603) 

0.049 

(P = 0.776) 

N1, N12-

diacetylspe

rmine 

0.091 

(P = 0.803) 

0.168 

(P = 0.028) 

-0.467 

(P = 0.174) 

-0.058 

(P = 0.737) 

-0.467 

(P = 0.174) 

0.169 

(P = 0.325) 

0.067 

(P = 0.855) 

0.053 

(P = 0.757) 

  
1 

Correlated with baseline urinary values and used baseline energy values for adjustment
 

2 
Correlated with end of study urinary values and used end of study energy values for adjustment 

3 
Rho and P-value as determined by Spearman correlation 

4 
Rho and P-value as determined by Pearson’s partial correlation where all variables are ranked and adjusted for ranked energy 

at baseline or end of study 
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Discussion and conclusions 

 To our knowledge, this is the first study to report an increase in urinary N1-

acetylspermidine concentrations in a controlled, whole food intervention. In this study, 

dietary polyamine exposure from whole, ripened cherries (a source of polyamines see 

Figure 6) also increased urinary N8-acetylspermidine levels in a non-significant fashion; 

findings that likely reflect the limited sample size. However, no strong correlations were 

observed when estimated whole diet and measured cherry polyamine concentrations were 

compared to urinary acetylated polyamines.  

 At study initiation, the estimated dietary polyamine levels from FFQ were not 

significantly associated with urinary polyamine levels in the sub-sample used in this 

chapter, which differs from our findings in the whole study population at baseline used in 

Chapter 3. Dietary polyamine content of foods varies with bacterial activity, ripeness 

and the age of food, which makes estimating polyamine content challenging.(117) 

Misclassification of dietary polyamine exposure likely explains the inconsistencies 

between our findings from this and the previous chapter, as smaller sample sizes are more 

sensitive to imprecise estimates.  

 In our study, the acetylspermidines (N1- and N8) increased with exposure to ripe 

cherries. These findings are consistent with a hypothesis that intake of cherries, which are 

rich in polyamines, increases the catabolism of polyamines and their excretion. However, 

it was surprising that a relatively small measured increase of 26.1 μmol daily total 

polyamine intake, from the intervention, in a background of an estimated 306 μmol daily 
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polyamine intake had such a significant effect on urinary polyamine contents. We 

speculate that these results may reflect a shift in polyamine homeostasis, possibly a 

temporary shift toward excretion though this seems unlikely. We are more inclined to 

suspect that the estimates from the FFQ underestimated exposures and that the cherries 

did in fact increase total exposure to polyamines, which would lead to increased 

excretion. An alternative hypothesis is that the cherry consumption may have an effect on 

the gut microbiome and polyamine acetylation or other aspects polyamine metabolism as 

opposed to a direct one-to-one relationship between of intake and excretion at these low 

levels. Diet has been shown to alter the gut flora within 24-hours,(192) and in these men 

consumption of 3 cups of cherries daily represented a significant increase in their diets. 

Given the importance of polyamines in inflammation and tumor promotion (95) and the 

interest in cherries and other fruits in the prevention of these processes,(193) additional 

efforts to understand foods, polyamine content in diet and polyamine metabolism would 

shed light on our observation.  

 Strengths of this study are that direct measurements of intervention cherries were 

performed allowing us to calculate polyamine exposure from cherries by batch and 

weight of cherries consumed each week per participant. Our observation that the 

polyamine content estimated from the FFQ decreased in men from baseline to end-of-

study may reflect an effect of the intervention on satiety or may reflect a reporting bias 

among the men participating in the intervention trial. Either way this likely led to poor 

estimates of dietary polyamine intake from the FFQ, particularly for the end-of-study 

results. This limits interpretation of the findings from the FFQ at the end-of-study and 
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strengthens the need for more direct measures of polyamine content for estimating dietary 

exposures. Therefore, this study should only be interpreted as hypothesis generating. 

CONCLUSIONS AND FUTURE DIRECTIONS 

 The dietary polyamines putrescine, spermidine and spermine are found 

throughout the food supply where concentrations are driven by age, fermentation and 

ripeness.(117) This dissertation applied the Zoumas-Morse (113) dietary polyamine 

database to three specific U.S. cohorts (UDCA/WBF placebo groups, the WHI OS cohort 

and the sweet cherry feeding trial participants), using two different FFQs (the WHI FFQ 

and the AFFQ) and consistently found that the primary sources of total estimated dietary 

polyamines (the sum of putrescine, spermidine and spermine) were oranges, grapefruits, 

orange juice, grapefruit juice and cheeses. The effects of estimated dietary polyamine 

exposure on the colorectal neoplasia were examined in chapters I and II, while chapters 

III and IV focused on the potential to develop a urinary biomarker of dietary polyamine 

exposure.  The impact of these findings on the field of dietary polyamines is discussed in 

detail below. 

Summary of Chapters I and II  

 In Chapter I, dietary polyamine intake increased risk of polypoid colorectal 

adenoma by 39% in participants who had a history of removed adenoma (n = 1164). 

After stratification, this increase in risk was observed in women and younger participants 

(< 65 years of age) but, not in men or older participants (> 65 years of age). Further, this 
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effect was modified by the genotype at a functional G>A SNP in the ODC promoter 

region, where only homozygote G-carriers saw an increase in odds of adenoma with 

higher dietary polyamine intake. Given that the most profound effects of dietary 

polyamines were seen in women, Chapter II tested the hypothesis that dietary 

polyamines increase risk of CRC in a longitudinal cohort of post-menopausal women (n 

= 87,602). Of interest, in this generally healthy population of women, dietary polyamine 

intake was slightly protective against CRC, CRC-specific death and intestinal polyps 

(which include adenoma). Further, there was some evidence of an increase in risk of CRC 

with low polyamine intakes. We also again, saw effect modification by age where 

younger participants experienced a higher risk of CRC with polyamines, but older 

participants may have experienced some protection from polyamine intake. Additionally, 

aspirin users experienced significantly decreased risk of CRC with higher polyamine 

intakes as compared to lower polyamine intakes, but this effect was not observed in non-

users. Taken together, dietary polyamine intake seems to have different effects in the 

colorectum depending on an individual’s background. 

 Evidence is accumulating that dietary polyamines act as conditionally essential 

nutrients. The literature suggests that dietary polyamines are most influential when the 

levels of polyamine in the cell are insufficient for normal or malignant functions, indeed 

exogenous polyamine uptake by gastrointestinal cells is increased during cellular 

proliferation (194) and DFMO treatment (99) in order to maintain cellular pools. 

Conversely, when cellular polyamine pools are adequate to meet cellular needs, dietary 

polyamines are likely not taken up by cells and are, instead, excreted in the urine.(111, 
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115) Inadequate levels of polyamines in the gastrointestinal epithelium are hypothesized 

to occur during times of great need (ex. injury, growth, development and other stress), 

when other sources of polyamines are depleted (ex. antibiotic use and/or DFMO use) 

and/or under certain genetic/epigenetic conditions (polyamine metabolism-related 

changes, like relatively decreased ODC activity due to GG genotypes with APC 

mutations). Defining the specific conditions under which dietary polyamines are 

influential is the lynch pin of determining the effect of dietary polyamines on the 

continuum of CRC. 

Table 22. Hypothetical explanation for the effects of dietary polyamines in the 

colorectum of at risk and normal risk individuals 

Roles 

Normal risk/not initiated 

colorectum 

High risk/initiated  

Colorectum 

Gut health Maintains Maintains 

  

Evidence: animal models 

(121, 122, 124, 125, 195) 

Evidence: animal models 

(121, 122, 124, 125, 195) 

Colorectal adenoma ↓ risk by ~ 3-5% ↑ risk by ~40% 

 (included in polyps) Evidence: Chapter II Evidence: Chapter I (93) 

Colorectal cancer ↓ risk  by 5-15% ↑ risk  

  Evidence: Chapter II Evidence: none 

 

 Table 22 depicts a plausible explanation for the conditionally essential effects of 

dietary polyamines observed in this dissertation and in the literature as a whole on the 

gastrointestinal tract. Animal models provide us with evidence that dietary polyamines 

are involved in maintaining the integrity of the gut, especially when the need for 

polyamines is increased during times of wound healing, development and other 

stress.(121, 122, 124, 125, 195) Therefore, our observations in Chapter II that high dietary 
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polyamine intake decreases risk of CRC, CRC-specific death and intestinal polyps (which 

include colorectal adenoma) while lower intakes increase risk in a generally healthy 

population is consistent with the ability of dietary polyamines to prevent damage and to 

aid the colorectum in recovering from damage, that if not repaired, may give rise to 

cancer. This is supported by preclinical evidence that polyamines can preserve the 

integrity of the mucosal barrier (196) and can stabilize nucleotides to promote DNA 

repair when insults occur (160). Therefore, in healthy populations, this work proposes 

that dietary polyamines are used only by the colorectum when needed and then, since 

normal polyamine metabolism and excretory pathways are maintained, elevated cellular 

polyamine levels will self-regulate (95, 96, 99) to excrete excess polyamines and 

decrease exogenous uptake. 

 In populations “at risk” who have experienced a CRC initiating event, however, 

this dissertation puts forth the hypothesis that the combination of rapidly proliferating 

epithelial cells and/or the deregulation of normal polyamine metabolism, allows dietary 

polyamine to exert their CRC promoting effects (Table 22). When APC
min/+

 mice, 

initiated via loss of the APC gene, are fed above average amounts of dietary putrescine 

they experience more dysplasia in their adenomatous polyps than APC
min/+

 mice on 

control diets.(133) This demonstrates that dietary polyamines function as tumor 

promoters in a background where APC loss has triggered proliferation, which requires 

higher polyamine levels to sustain growth,(123) and the dysregulation of APC-related 

feedback inhibition in polyamine metabolism,(95, 97) which allows for relatively 

“unchecked” uptake of exogenous polyamines. Although it could be that dietary 
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polyamines specifically require APC mutations, which occur in ~80% of sporadic 

CRCs,(105) in order to become oncogenic it is also possible that any initiating event that 

promotes hyperplasia would be suitable for dietary polyamine-promoted tumorigenesis. 

In either case, we provide evidence in Chapter I that above average exposure to dietary 

polyamines in participants who have already had an adenoma and, therefore, have already 

experienced an initiating event, increases risk of colorectal adenomatous polyps. We 

hypothesize that this increase in risk is related to an increase in growth rate where excess 

dietary polyamines intake supports a higher rate of dysplastic hyperplasia which 

increases the likelihood of colonoscopic detection of colorectal lesions. Further, this 

effect was modified by ODC genotype, where the genotype with the higher frequency of 

adenoma events, GG carriers, experienced significantly higher event rates in the presence 

of high dietary polyamines as compared to GG carriers with low polyamine intake. There 

was no evidence of an effect in the group with the lower incident of adenomas. Taken 

together, dietary polyamines function as putative tumor promoters in initiated colorectal 

epithelial cells.  

 In addition to genotype, the effect of dietary polyamines on CRC and adenoma 

risk was modified by age and sex in Chapter I and II. People who experience CRC at a 

younger age typically do so because they have a genetic predisposition towards 

CRC.(164) However, there was no evidence that dietary polyamines increased risk of 

CRC in participants with personal and/or family history of CRC in the WHI study. This 

author suspects that genetic background is an important determinant of polyamine-driven 

CRC, but that this modification was obscured in the WHI population who are probably 
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under surveillance due to family or personal history of CRC. Residual confounding due 

to screening is a concern because no data was collected on colorectal screening while 

under observation, the time since last screening prior to enrollment, the type of screening 

used and the results of any screening event. This limitation likely affects all the findings 

in Chapter II. Another reasonable explanation for an effect of polyamines in younger but 

not older participants is that after 65 years of age there are other, more important age-

related changes that occur to push cells towards oncogenesis such that dietary polyamines 

are not commonly the responsible tumor promoter. Lastly, if polyamines increase the rate 

of dysplastic growth, dietary polyamines may increase symptoms like rectal bleeding and 

prompt earlier screening and detection of lesions at a younger age. This same effect may 

explain the gender differences observed in Chapter I, where only younger men but all 

women responded to dietary polyamine intake with an increase in risk of adenomatous 

polyps. Incidence of CRC in women is shifted to 10-15 year later than men,(197)  and so 

dietary polyamine intake may lower the age of detection through increasing the growth 

rate of adenoma. This increase in the rate of growth of primary CRC tumors would be 

expected in the WHI study, but may be obscured by later stage tumors. To address this, 

future analyses should examine the effects of dietary polyamine in the at risk groups 

(participants with a personal or family history of CRC) on local versus distal CRC events.   

 The interaction between aspirin and dietary polyamine on CRC risk in the WHI 

study is a promising find as NSAIDs and DFMO have successfully been paired together 

to prevent colorectal adenoma in high risk populations in the past.(87) However, contrary 

to the sulindac plus DFMO trial, this dissertation found that in a generally healthy 
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population, high polyamine intake in a background of any aspirin use >1 year is 

significantly protective against CRC. Although aspirin itself has not demonstrated 

chemopreventative effects in this WHI cohort at earlier endpoints,(162) our findings are 

consistent with the hypothesis that dietary polyamines promote gut health in normal 

populations (Table 22) and, when paired with the anti-inflammatory agent, aspirin, may 

protect the gut (196) from side-effects associated with these drugs (68, 71, 73, 77) and 

may work with the agent to prevent/reverse carcinogenic DNA damage.(160) Future 

research should focus on the potential pairing of high polyamine diets with aspirin use in 

individuals that would benefit from aspirin use but are not at risk for CRC. 

 To this author’s knowledge, this dissertation is the first to describe the CRC risk-

dependent differential effect of dietary polyamines in human populations with estimated 

dietary polyamine exposures across multiple populations with the inclusion of hard CRC 

outcomes. Therefore, this dissertation is supported by numerous strengths in both design 

and analysis. The primary strengths are the number of participants included in these 

studies, the use of the same polyamine database across multiple populations, the 

adjudicated nature of both the CRC and adenomatous polyp endpoints, the inclusion of 

genotype and the expertise of the co-authors in dietary data analysis. Limitations of this 

research include the lack of colorectal screening data in the WHI cohort, the use of self-

report polyps which include not only adenoma but also hyperplastic polyps in the WHI 

trial, the lack of non-polyamine nutrient biomarkers, misclassification/misreporting rates 

due to the use of FFQs and the inability to validate the dietary polyamine database due to 
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a lack of a biomarker of polyamine exposure. Chapters III and IV attempted to develop 

a biomarker of dietary polyamine exposure and their results are discussed in detail below.   

Summary of Chapters III and IV 

 When humans consume labeled putrescine, it is primarily excreted as acetylated 

derivatives in the urine.(111, 115) Therefore, this dissertation proposes that the acetylated 

polyamine moieties in the urine are candidate biomarkers for dietary polyamine exposure. 

Upon cross-sectional analysis in Chapter III (n = 36), dietary polyamines significantly 

and positively correlated with N8-acetylspermidine but, energy-adjustment attenuated 

this relationship. Additionally, when the same participants used in Chapter III were fed 

highly ripe cherries with high polyamine contents, they experienced a significant increase 

in N1-acetylspermidine levels as presented in Chapter IV. Although indirect, these 

findings suggest that there is a relationship between dietary polyamine intake and 

acetylated spermidine output in the 24-hour urine samples; but, that this relationship is 

likely complicated by other dietary and environmental factors. 

  Figure 5 from Chapter III proposes a relationship between dietary polyamine 

intake and urinary output that is modified by dietary intake of folate, folic acid, meat and 

saturated fat. Further, this figure describes that urinary polyamine output is also a results 

of these factors on polyamine production by gut flora and cellular biosynthesis. This 

hypothesis is supported by the findings in Chapter III where intake of saturated fat and 

folic acid are positively correlated while intake of meat and folate are negatively 

correlated, independent of energy intake, with urinary polyamine output. Although, 
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Chapter III goes on to describe the common problem of confounding in dietary analysis, 

where foods that are good sources of polyamines are also good sources of energy, 

saturated fat, folate and folic acid. Adding to this concern of residual confounding, is the 

high level of misclassification anticipated when using a non-validated dietary database 

(e.g. The Zoumas-Morse dietary polyamine database) (113) in a study with only 36 

participants. This is demonstrated most clearly in Figure 6 from Chapter IV where 

measured dietary polyamine content of cherries varied by varietal and throughout the 

growing season by close to 10-fold. It is widely recognized that dietary polyamine intake 

varies by age, bacterial activity and ripeness,(117) and therefore estimating exposure 

using a database of polyamine values collected from the literature over the past 30 years 

is fraught with challenges. Consequently, both Chapters III and IV should be interpreted 

as hypothesis generating, and considered pilot studies. Additionally, we cannot rule out 

that urinary polyamines are biomarkers of dietary exposure based on the results of these 

studies. 

 Future studies on the role of dietary polyamines in influencing urinary polyamines 

content should endeavor to preform dietary feeding trials of labeled polyamines. These 

studies should aim to determine if all dietary polyamines are excreted in the urine and if 

they all influence urinary values in the same fashion (i.e. is dietary putrescine more likely 

to promote excretion of polyamines than dietary spermine?) Further, these studies should 

investigate whether or not polyamine excretion is dependent on other dietary, genetic or 

environmental factors, including ODC polymorphisms.  These studies should also 

consider if the response of  urinary polyamines to increases/decreases in dietary 
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polyamine intake is dose-dependent or, instead, if dietary polyamines induce a threshold 

effect on urinary content. Lastly, diacetylated-spermine is under investigation as a 

putative tumor biomarker,(198) and so, all of the above suggested experiments should be 

performed in humans with different disease states.  

General summary and concluding remarks 

 This dissertation provides evidence that dietary polyamine intake protects the 

healthy colorectum against carcinogenesis but promotes carcinogenesis in the already 

initiated gut. Further, the effects of dietary polyamines are modified by age, sex and 

aspirin use. Although promising, this field is limited by a lack of a biomarker of dietary 

polyamine exposure. Future research should focus on the development of a biomarker 

that can be used to confirm the results of this dissertation. 
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