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ABSTRACT 

THE DIETARY GLYCEMIC INDEX AND ITS IMPLICATIONS IN 

CANCER RISK, INSULIN-LIKE GROWTH FACTORS AND 

OXIDATIVE STRESS 

Livia Silvia Adriana Augustin Advisors: 
University of Guelph, 2010 Professor D.J. Jenkins 

Professor A. Duncan 

This thesis is an investigation of the role of the dietary glycemic index (Gl) 

in endometrial and ovarian cancer risk and two potential mechanisms, related to 

insulin-like growth factors (IGF) and oxidative stress. The dietary Gl is a 

measure of the foods' potential for blood glucose rises and the higher the Gl the 

higher the blood glucose and insulin responses. In studies 1 and 2, the average 

daily Gl of the diet was assessed in subjects with newly diagnosed endometrial 

cancer, those with ovarian cancer and in healthy controls. These case-control 

studies found positive associations between dietary Gl and risk of endometrial 

and ovarian cancer (Odds Ratios, 2.1 and 1.7 respectively, for highest versus 

lowest Gl quintile). These and other emerging studies indicate a possible link 

between high Gl diets and cancer risk suggesting a potential role of glucose and 

insulin in carcinogenesis and a possible protective effect of low Gl diets. 

A potential mechanism of cancer promotion, affected by insulin, has been 

linked to high IGF-I and lower IGF binding proteins (IGFBP) levels. Study 3 and 

4 investigated the potential role in cancer risk of IGF components in blood 



samples of subsets of the endometrial and ovarian cancer studies. These case-

control studies did not find any significant associations of IGF-I with endometrial 

or ovarian cancer risk, however, IGFBP-1 was directly and IGFBP-3 inversely 

associated with endometrial and ovarian cancer risk, respectively. 

Oxidative stress, generated also by the normal pathways of carbohydrate 

metabolism, has been implicated in cancer initiation. Study 5 proposed that the 

lower blood glucose levels after consumption of low Gl foods would induce lower 

oxidative stress than with high Gl foods. This study showed a lack of effects of 

the dietary Gl on antioxidant status and oxidative damage possibly due to the 

small glycemic excursions and short study duration. 

In conclusion, the dietary Gl may be directly related to endometrial and 

ovarian cancer risk, however, the two proposed mechanisms (increased IGF-I 

and oxidative stress) did not show clear results in our studies. Larger studies and 

of longer duration may be required to detect possible significant effects. 
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1.1 Introduction 

Cancer is the second leading cause of death after heart disease in 

developed countries and the third in developing countries accounting for 7.6 

million deaths and over 12 million new cases in the year 2007 alone (American 

Cancer Society 2007). 

Considerable evidence suggests an involvement of environmental causes 

including diet, in the etiology of cancer. Specifically, a 20-fold variation in cancer 

rates has been observed across geographic regions for several cancer types 

(Rastogi et al. 2008, Ziegler et al. 1993). Endometrial cancer incidence rates are 

higher in Europe and USA than in Japan and Korea. Asian women living in Asia 

have one tenth the risk of endometrial cancer of Caucasian women living in the 

West (Wynder et al. 1991). In the 1980's it was estimated that approximately 

35% of cancer deaths could be avoided by dietary modifications alone (Doll and 

Peto 1986) and this seems to hold true also today (Willett 1995, McCullough and 

Giovannucci 2004). Dietary factors associated with Western lifestyles, such as 

high intakes of refined carbohydrates, saturated fat, red meat and excess energy 

intakes have been shown to increase the risk of chronic diseases including 

cancer (Willett 2008). Amongst dietary compounds, carbohydrates have been 

implicated in the etiology of cancer at various sites (Giovannucci 1999, La 

Vecchia et al. 2004). 

Several lines of evidence suggested a differential impact of carbohydrates 

in cancer development and hence it has been proposed that the nature of the 

carbohydrates consumed (i.e. the glycemic index) may play a role (Augustin et 
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al. 2002). McKeown-Eyssen (1994) and Giovannucci (1995) independently 

suggested that insulin resistance and hyperinsulinemia may be important factors 

promoting malignant transformation and tumor growth. Clinical conditions related 

to insulin resistance and/or hyperinsulinemia including type 2 diabetes, obesity, 

polycystic ovary syndrome, and hyperglycemia have been associated with 

greater risk of cancer at various sites (LeRoith and Roberts 2003, Stattin et al. 

2007). 

Epidemiological observations reported inconsistent results for the 

association of total carbohydrate, starch, polysaccharide or sugar intake with 

cancer risk (Chatenoud et al. 1998, Chatenoud et al. 1999, Bidoli et al. 2002, 

reviwed in Augustin et al. 2002). Our observations found a negative impact of 

bread, a high glycemic index food, on colorectal and breast cancer risk in women 

while no significant associations were found for pasta, a low glycemic index food 

(Augustin et al. 2001a, Augustin et al. 2001b). The glycemic index (Gl) is an 

indexing of carbohydrate foods based on postprandial blood glucose responses 

dependant upon the nature of the food and type and extent of food processing 

(Jenkins et al. 1981). The principle is that the slower the rate of carbohydrate 

absorption the lower the rise of blood glucose and insulin and the lower the Gl 

value. Compared to low Gl foods, high Gl foods result in larger fluctuations of 

blood glucose and insulin for the same amount of carbohydrate ingested (Jenkins 

etal. 1981). 

Consuming low Gl diets compared to high Gl diets have been shown to 

offer a number of health benefits including lowering of blood glucose and insulin 

3 



levels, improving blood lipids, inflammatory markers and coagulation factors 

(reviewed in Jenkins et al. 2002). Large clinical trials have shown that slowing 

the absorption of the carbohydrate component of the diet by use of acarbose, an 

alpha-glucosidase/alpha-amylase inhibitor, thereby converting a high Gl meal 

into a low Gl meal, reduced the incidence of new cardiovascular events by 50% 

and new hypertension cases by 34% in high risk individuals (Chiasson et al. 

2003) and significantly lowered oxidative stress (Inoue et al. 2006), inflammatory 

markers (Rudofsky et al. 2004), coagulation factors (Ceriello et al. 1996b, 

Shinoda et al. 2006) and improved endothelial function (Hanefeld et al. 2004). 

Furthermore, cohort studies have demonstrated a possible protective effect of 

low Gl diets in the development of type 2 diabetes and cardiovascular disease 

(Jenkins et al. 2002). 

These data suggest that alterations in the nature of dietary carbohydrates 

and hence in the rate of carbohydrate absorption may have important 

physiological and pathological consequences and some of the mechanisms by 

which low Gl foods may confer protection in diabetes and cardiovascular disease 

development and complications may also play a role in carcinogenesis. Our 

previous studies on colorectal and breast cancer suggested a protective effect of 

low Gl diets (Franceschi et al. 2001, Augustin et al. 2001b). The present studies 

were therefore important to confirm these inital data. In this thesis the hypothesis 

that low Gl diets reduced the risk of cancer compared to high Gl diets was further 

investigated in cancer of the endometrium and ovary. 
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Endometrial cancer is the most common gynecological cancer in women 

in Europe and North America (Linkov et al. 2008) and its incidence is increasing, 

partly due to the increased life expectancy and partly to the increased epidemic 

of obesity and diabetes and decresased fertility. Risk factors appear mainly 

related to life-long estrogen exposure, particularly when unbalanced by 

progesterone, and these include nulliparity, early age at menarche, late age at 

menopause, postmenopausal estrogen replacement therapy, obesity, low 

physical activity, diabetes, polycystic ovary syndrome and anovulation (Parazzini 

et al. 1991, Linkov et al. 2008). Ovarian cancer is the 6th most common cancer 

in women worldwide, the most fatal of all gynecologic tumors and also the 

seventh most common cause of cancer death in women. It is more frequent in 

high-income countries except Japan and risk factors include nulliparity and 

infertility (Parkin et al. 2005). 

Insulin has been shown to act as a cancer promoter in in-vitro and animal 

studies (Bjork et al. 1993, Tran et al. 1996) and to induce insulin-like growth 

factor-l (IGF-I) activity (Ullrich et al. 1986). Evidence suggests that insulin and 

IGF-I stimulate estrogen activity (Plymate et al. 1990, Nestler et al.1991) and that 

both IGF-I and estrogen are cancer promoters and risk factors for gynecological 

cancers (Parazzini et al. 1991, Kaaks et al. 2002). 

Furthermore, a link between postprandial glycemia and oxidative stress 

has been established as a contributing factor in the pathophysiology of type 2 

diabetes and coronary heart disease through glucose-dependent mitochondrial 

free radical generation (Brownlee 2005). Several studies have documented the 



acute effects of oral glucose on increased oxidative stress measures (Ceriello et 

al. 1999, Title et al. 2000, Brownlee 2005) and free radical-dependent DNA 

damage is considered a major contributor to cancer initiation (Beckman and 

Ames 1997, Halliwell 2007). Hence a free-radical dependent mechanism may be 

involved in the development of chronic diseases, including cancer, where high Gl 

diets seem to play a significant role. 

This thesis is an attempt to investigate the role of the dietary Gl in 

endometrial and ovarian cancer and possible mechanisms linked to IGF 

components and oxidative stress. 



CHAPTER 2: THE GLYCEMIC INDEX 
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2.1 The Glycemic Index 

The concept of glycemic index (Gl) was developed to provide a numeric 

classification of carbohydrate foods on the assumption that such data would be 

of use in situations where glucose tolerance was impaired. In many ways it was 

an extension of the dietary fiber hypothesis of Dennis Burkitt and Hugh Trowell 

suggesting that more slowly absorbed foods may have metabolic benefits in 

relation to diabetes and to risk reduction in coronary heart disease (CHD) (Burkitt 

and Trowell 1977). 

The rate of hydrolysis of food in the gastrointestinal tract and the rate of 

gastric emptying determine the absorption rate which, in turns, determines the 

extent and duration of the glucose rise after a meal. Circulating insulin levels are 

determined directly by p-cell stimulation by absorbed products of digestion (i.e. 

glucose and amino acids) and indirectly by their action on incretins (e.g. gut 

inhibitory peptide) released from gut cells. The system is therefore responsive to 

the amount of carbohydrate and its rate of absorption. 

Until recently carbohydrates have been classified as "simple" and 

"complex" based on their degree of polymerization, however, their effects on 

health may be better described on the basis of their physiological effects. One 

way of looking at the physiological effects is through the Gl concept. 

The Gl classifies carbohydrate-containing foods based on their 

postprandial blood glucose responses (Jenkins et al. 1981). The Gl compares 

the area under the blood glucose curve after consuming a standard amount of 
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available carbohydrate from a test food to the same amount of available 

carbohydrate from a reference food (Jenkins et al. 1981). The incremental area 

under the glucose curve (iAUC) of the test food is then expressed as a 

percentage of that from the reference food (Figure 1). The reference food is 

either a glucose solution or white bread. The dietary Gl provides an indication of 

the rate at which carbohydrate foods are digested allowing ranking of foods from 

those which give rise to the highest blood glucose (high Gl foods) to those 

associated with the lowest blood glucose (low Gl foods) (Figure 2). It has been 

proposed that low Gl foods by virtue of their slower rate of small intestinal 

absorption result in insulin economy (reduced insulin levels) for a given 

carbohydrate load (Jenkins et al. 1982, 1990, 2002). Low Gl foods in general 

result in lower blood post-prandial insulin levels (Wolever and Bolognesi 1996, 

Brand et al. 1985). Experimental models of reducing the rate of carbohydrate 

absorption such as sipping glucose solution over time as opposed to drinking it 

as a bolus (Jenkins et al. 1990) or taking small frequent meals compared to a few 

large meals (nibbling versus gorging) (Jenkins et al. 1992) have all shown 

marked insulin economy with major reductions in insulin secretion (Jenkins et al. 

1990, Jenkins et al. 1992). Insulin responses, where measured, related well to 

the glycemic responses (Wolever and Bolognesi 1996, Brand et al. 1985, Bornet 

et al. 1987). Low Gl foods can therefore be viewed as a dietary tool to reduce 

glucose absorption rate and insulin output. The implications of prolonging 

absorption time through consumption of low Gl foods or increased meal 

frequency (Table 1) may be important in the etiology of chronic disease. 
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Factors affecting the rate of glucose absorption and therefore the Gl value 

include the intrinsic characteristic of the food and the type and extent of food 

processing (Table 2). They include the ratio of amylose to amylopectin present 

in the raw food (Behall et al. 1988) and the type of monosaccharide components, 

the amount and type of dietary fiber (Jenkins et al. 1978), the presence of large 

amounts of fat or protein (Nuttall et al. 1984, Wolever et al. 1985, Collier et al. 

1986, Bornet et al. 1987), antinutrients such as phytic acid, lectins and tannins 

(Yoon et al. 1983, Thompson et al. 1984, Rea et al. 1985) and nutrient-starch 

interactions as in wheat products (Jenkins et al. 1987). Food processing 

methods include extrusion, flaking, grinding, canning, storing and cooking which 

can affect the particle size and the integrity of the starch granules (Jenkins et al. 

1988) and plant cell walls (Ellis et al. 1991), making the carbohydrate component 

more accessible to digestive enzymes (Wolever 1990a, Collins et al. 1981). 

Fat and protein may also modify the glycemic response to a carbohydrate 

food by respectively slowing gastric emptying (Welch et al. 1987) and increasing 

insulin secretion (Nuttall et al. 1984, Gannon et al. 1988). However, it has been 

shown that neither fat nor protein in the amounts found in most foods (with the 

exception of peanuts and most nuts) significantly alters the glycemic response 

(Wolever et al. 1994a). Large amounts of macronutrients such as protein levels 

of 30g, and fat levels of 50g, per 50g of available carbohydrate may affect the 

glycemic response and hence the Gl value (Wolever et al. 1994a). 

Thus far more than 700 foods have been tested for assessment of their Gl 

and values have been summarized in Gl tabes (Foster-Powell et al. 2002). Low 
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Gl foods include vegetables, fruit, legumes, wholegrain breads such as 

pumpernickel bread while high Gl foods include most refined grain products such 

as white bread, potatoes and rice. The Gl tables may have various applications, 

for instance in designing diets aimed at long-term blood glucose control, as some 

researchers have found that the Gl may be applied not only to single foods but 

also to mixed meals (Wolever et al. 1985, Chew et al. 1985, Collier et al. 1986, 

Bornet et al. 1987, Le Floch et al. 1991). However, the debate on the clinical 

utility of the Gl concept has not been resolved. Some investigators have 

criticized the usefulness of the Gl in mixed meals suggesting the Gl of each 

component of a meal cannot predict the glycemic response to that meal 

(Coulston et al. 1987). Despite these authors' conclusions the study data indeed 

showed that mixed meals based on high and low Gl foods produce completely 

different glycemic excursions (Figure 1 in Coulston et al. 1987). The 

discrepancies between studies may be explained partly by different 

methodologies used, principally the method of calculation of the glycemic 

response area (e.g. total area above and below baseline vs. area above 

baseline), the method of blood sampling (arterial vs. venous blood) and the 

length of the study (i.e. the time between the meal and the last glycemic 

measurement) (Wolever et al. 1991). When using the same methodology the Gl 

of mixed meals can be predicted consistently by calculating the mean Gl value of 

their components weighted by the carbohydrate content of each component and 

that the correlation between the Gl of mixed meals and the mean Gl value for 
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their components ranges from 0.84 to 0.99 (Wolever and Jenkins 1986, Wolever 

etal. 1991,Truswell 1992). 

2.2 Glycemic Index in Chronic Disease 

The prevalence of chronic disease and the associated metabolic disorders 

continues to be a growing concern worldwide. Particularly, the health benefits of 

high carbohydrate/low fat diets, in the presence of increasing rates of type 2 

diabetes, cardiovascular disease and possibly cancer, have been challenged. At 

the center of this debate is the metabolic effect of carbohydrates, and it may be 

that the nature of the carbohydrate is as important, if not more, than the total 

carbohydrate content. 

Several health benefits exist for reducing the rate of carbohydrate 

absorption by means of a low Gl diet. These include: reduced insulin demand, 

improved blood glucose control, and reduced blood lipid levels, all factors that 

may play important roles in the prevention or management of several chronic 

diseases including diabetes, coronary heart disease and possibly certain 

cancers. High Gl foods result in higher blood glucose levels and hence greater 

insulin demand. In an environment characterized by sedentary behaviour, 

overeating, and obesity, higher circulating blood glucose as a result of high Gl 

food intake, could represents a greater burden for an already stressed 

metabolism due to obesity, lack of physical activity, insulin resistance and 

metabolic syndrome, potentially leading to hyperinsulinemia or worsening of this 

condition when already present. Lowering the Gl of foods in the diet may 
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therefore be particularly relevant in affluent societies considering that the 

metabolic syndrome has a 34% prevalence in the US adult population (Ervin 

2009), is becoming a health concern in developing countries and represents a 

major risk factor for CHD, type 2 diabetes (Jiamsripong et al. 2008) and possibly 

cancer (Cowey and Hardy 2006). 

2.2.1 Glycemic Index and Diabetes Mellitus 

The Gl was originally intended for use in diabetic dietary advice as a tool 

to improve blood glucose control. Epidemiological and clinical studies have 

shown that diets of lower Gl may be beneficial in relation to the development and 

management of Type 2 diabetes. Recent data from randomized controlled trials 

have shown that low-GI diets result in improved glycemic control and reduced 

diabetic medication (Ma et al. 2008) or sustained reductions in postprandial 

glucose (Livesey et al. 2008, Wolever et al. 2008) in type 2 diabetic patients. 

Four large prospective cohort studies have found a direct association between Gl 

and diabetes risk (Salmeron et al. 1997a; Salmeron et al. 1997b; Hodge et al. 

2004; Schulze et al. 2004). However, this has not been observed in two other 

studies, possibly because of selection bias due to inclusion of an elderly healthy 

group and inappropriate dietary assessment tools (Meyer et al. 2000; Stevens et 

al. 2002). 

Several randomized controlled clinical trials have been performed in people with 

diabetes to investigate the effect of Gl on short-term glycemic control. Meta

analyses of these studies have confirmed that there are significant improvements 
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in glycaemic control in diabetic people when following low- compared to high-GI 

diets (Brand-Miller et al. 2003a; Opperman et al. 2004; Livesey et al. 2008). 

Diabetes institutions worldwide offered their consensus on the importance 

of the use of the GI/GL in diabetes management. The American Diabetes 

Association issued a Position Statement stating that the consideration of dietary 

Gl and GL may offer additional value than using the total carbohydrate content 

alone (ADA, 2008). The FAO/WHO Scientific Update on carbohydrates in 

human nutrition indicates that low-GI foods may improve glycaemic control in 

people with diabetes (FAO 1998). Furthermore, the International Diabetes 

Federation (Ceriello and Colagiuri 2008), the Diabetes and Nutrition Study Group 

of the European Association for the study of Diabetes (1999), the Canadian 

Diabetes Association (2000), Diabetes UK (2003), Diabetes Australia 

(Diabetesaustralia.com.au), and Dietitians Association of Australia (National 

Health and Medical Research Council 1999) encourage the application of the Gl 

when choosing carbohydrate-containing foods for patients with diabetes. 

2.2.2 Glycemic Index and Cardiovascular Disease 

Two epidemiological studies have shown that a diet high in carbohydrates 

with high Gl has been linked to an increased risk of developing coronary heart 

disease in women at 10-year follow up (Liu et al. 2000) and in a case-control 

study of acute myocardial infarction in overweight people (Tavani et al. 2003). 

However, no significant associations of Gl or GL and coronary heart disease 

have been observed in the Zutphen study of elderly men (van Dam et al. 2000). 
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Low-GI diets have been associated with lower risk factors for coronary 

heart disease: higher high-density lipoprotein cholesterol (HDL-C), lower 

triglycerides and C-reactive protein (CRP) (Liu et al, 2001; Liu et al, 2002; Frost 

et al, 1999; Ford & Liu, 2001; Slyper et al, 2005). Two meta-analyses on the 

effect of low Gl diets on major risk factors for CVD have shown improvements in 

total cholesterol with low-GI diets but no difference in HDL-cholesterol, 

triglycerides and LDL-cholesterol levels (Opperman et al. 2004; Kelly et al. 2004). 

2.23 Glycemic Index and Cancer Risk 

A link between cancer and hyperglycemia has been suspected for more 

than 100 years and until the 1920's hyperglycemia was used as a marker in 

cancer screening (Freund 1885, Trinkler 1890, Boas 1903, Schafer 1934, Marble 

1934, Ellinger and Landsman 1944). Type 2 diabetes, a condition resulting from 

long term exposure to high insulin and glucose levels, has been found to 

significantly increase colon cancer risk by 10-49% (Hu et al. 1999, Adami et al. 

1991,0'Maraetal. 1985, Hardelletal. 1996, La Vecchia et al. 1991, etal. 1997, 

Wideroff et al. 1997) and direct associations have been found between high 

postprandial blood glucose levels and subsequent colorectal cancer mortality 

(Levine et al. 1990, Schoen et al. 1999, Yamada et al. 1998). 

The dietary Gl and GL are emerging risk factors for cancer which have 

attracted attention following the association of the metabolic syndrome with the 

process of carcinogenesis (McKeown-Eyssen 1994, Giovannucci 1995, Cowey 

and Hardy 2006). It has been proposed that low Gl foods by virtue of their 
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slower rate of small intestinal absorption resulting in insulin economy may 

beneficially influence cancer risk compared to high Gl foods (Augustin et al. 

2002). Insulin has been shown to act as a cancer promoting agent in in-vitro and 

in laboratory animal studies (Bjork et al. 1993, Tran et al. 1996) and to activate 

insulin-like growth factor-l which has an important role in cancer initiation and/or 

promotion (Yu and Rohan 2000). Insulin resistance and hyperinsulinemia as well 

as their risk factors including obesity, sedentary lifestyles, excess energy intakes, 

clinical conditions related to insulin resistance and hyperinsulinemia (e.g. type 2 

diabetes and polycystic ovary syndrome), and high circulating insulin and insulin

like growth factor-l have been associated with greater cancer risk at various sites 

(LeRoith and Roberts 2003, Augustin et al. 2002). 

Furthermore, a number of epidemiological studies have been published 

suggesting that high Gl diets are associated with increased colon, breast, and 

prostate cancers (Franceschi et al. 2001, Augustin et al. 2001b, Augustin et al. 

2004) and with pancreatic cancer in women with underlying insulin resistance 

(Michaud et al. 2002). 

2.3 Insulin-like Growth Factors 

Insulin-like growth factors (IGF) are polypeptides involved in prenatal and 

postnatal growth and have also been implicated in cancer cell growth (Pollak et 

al. 2004). The IGF system is composed of two ligands, IGF-I and IGF-II, two 

receptors IGF-IR and IGFII-R, six binding proteins, IGFBP-1 to -6, and their 



proteases. IGFs and IGFBPs can be derived from a distant source (endocrine) 

or locally by the same cells (autocrine) or from different cells (paracrine). 

IGF-I is produced by the liver and is stimulated by hormones (e.g. growth 

hormone and estradiol) and nutritional factors (energy intake, protein). IGF-II is 

produced by the liver and other organs, is not controlled by growth factors and is 

thought to play a major role mainly during fetal life. The IGF-IR is a tyrosine 

kinase cell surface receptor that binds both IGF-I and IGF-II, but with higher 

affinity for IGF-I. Binding with IGF-IR induces cell proliferation while binding to 

IGF-IIR, by the sole ligand IGF-II, results in IGF-II degradation. Binding to IGF-IR 

activates tyrosine kinase activity and a cascade of intracellular signaling events 

including the mitogen-activated protein kinase pathway and the 

phosphatidylinositol 3'-kinase pathway which lead to cell proliferation, inhibition 

of apoptosis, and metastasis (LeRoith and Roberts 2003). IGF-I promotes cell 

growth by stimulating tyrosine-specific protein kinase activity both in its own 

receptors as well as in the insulin receptors (Firth and Baxter 2002). Ninety-five 

percent of IGF-I circulates bound to IGFBP-3 which controls the availability of 

free IGF-I by modulating its access to the IGF-IR (Jones and Clemmons 1995, 

Collett-Solberg and Cohen et al. 1996). IGF-I bioactivity in tissues depends not 

only on circulating blood levels and IGFBPs but also on local expression of 

genes encoding IGF-I and IGFBPs proteases. IGF-I has been shown to possess 

also anti-apoptotic (Baserga 1995, Remacle-Bonnet et al. 2000) and angiogenic 

properties (Warren et al. 1996), two attributes that may favour tumor promotion. 

The notion that high IGF-I activity induces cancer cell growth is based on the 



hypothesis that accumulation of genetic damage may be facilitated by increased 

cell proliferation and reduced apoptosis (Pollak et al. 2004). 

IGFBPs have a dual role in regulating the bioavailability of IGF-I, by 

prolonging its half-life in the circulation and by rendering it free to interact with the 

IGF-IR, the latter occurring after IGFBPs degradation by proteases. IGFBP-3 is 

synthesized in the liver and acts as a carrier protein in the circulation, however it 

also has other roles in tissues and can act as a growth inhibitor (Rajaram et al. 

1997). IGFBP-3 is the major IGFBP in serum and most IGF-I is complexed with 

either IGFBP-3 or -5 and an acid-labile subunit. This ternary complex has a 

prolonged half-life and therefore lower chances to bind to IGF-IR. IGF-I is also 

found in binary complexes with IGFBP-1, -2, -4, -6, which can cross the vascular 

walls more freely than ternary complexes while the remainder of IGF-I circulates 

freely and is thought to represent a very small amount (Firth and Baxter 2002). 

IGFBP-1 is synthesized in the liver and in decidualized endometrium and 

predominates in human endometrium (Seppala et al. 1994) where it inhibits IGF-I 

binding to tissue receptors (Rutanen et al. 1988, Frost et al. 1993). IGFBP-1 is 

suppressed by insulin, tends to be lower in obese individuals and higher in the 

elderly and weight loss and improvement of insulin sensitivity have been shown 

to increase levels of IGFBP-1 and -2 and to reduce plasma free IGF-I (Kaaks et 

al. 2002). IGFBP-1, -3 and -5 appear to also have IGF-independent growth 

regulatory actions (Firth and Baxter 2002). IGFBP-3 has been shown to bind to 

human endometrial cancer cell surface and inhibit cell division (Mochizuki et al. 

2006). 
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The IGFBPs regulate the biological availability and activity of the IGFs in 

several ways, which can be summarized as follows: by transporting IGFs from 

the circulation to peripheral tissues (e.g. IGFBP-1, -2, and -4), by maintaining a 

reservoir of IGFs in the circulation (a function principally of IGFBP-3), by 

potentiating or inhibiting IGF action, and by mediating IGF-independent biological 

effects (Samani et al. 2007). 

2.3.1 Insulin and insulin-like growth factors 

Insulin is an important growth factor for cancer cells and it has been 

shown to act as a cancer promoting agent in in-vitro and animal studies 

(Koenuma et al. 1989, Watkins et al. 1990, Bjork et al. 1993, Tran et al. 1996). 

The insulin receptor has 60% homology with the IGF-IR hence insulin has a 

moderate affinity for the IGF-IR (Ullrich et al. 1986). Insulin has been shown to 

increase free IGF-I levels by decreasing hepatic IGFBPs synthesis (acute 

actions), and by increasing total IGF-I synthesis (long-term action) (Boni-

Schnetzleret al. 1990, Powell et al. 1991, Salamon et al. 1989, Kaaks et al. 

2000). Furthermore, sustained high insulin levels have been shown to depress 

sex hormone binding globulin (SHBG) directly (Nestler et al. 1991) and through 

its action on IGF-I and IGFBP-3 (Plymate et al. 1990), thereby rendering free 

circulating estradiol more bioavailable at the tissue level. Estradiol has 

proliferative activities, activates oncogenes, its metabolites are capable of 

causing DNA mutations and it stimulates other mitogenic hormones such as 

prolactin and IGF-I (Klotz et al. 2000, Roy and Liehr 1999). Both insulin and IGF-
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I are capable of stimulating ovarian synthesis of estrogens and androgens 

altering follicular aromatase activity (Veldhuis JD 1983, Erickson GF 1989). 

2.3.2 Nutrition and insulin-like growth factors 

Nutrition is a major regulator of IGF-I (Underwood 1996). Prolonged 

fasting and protein restricted diets result in a decrease of IGF-I levels while over-

nutrition results in an increase of IGF-I and feeding reduces acutely IGFBP-1 

levels as it is suppressed by insulin (Lee et al. 1993, Conover et al. 1990). High 

protein diets rich in essential amino-acids from either the animal or vegetable 

source have been shown in clinical trials to increase IGF-I levels however, unlike 

animal protein, vegetable protein (e.g. soy) also increased IGFBP-1 levels 

(Dewell et al 2007). Cross-sectional data indicates that IGF-I or IGF-l/IGFBP-3 

ratio correlated positively with high protein diets (Giovannucci et al. 2003, 

Kaklamani et al. 1999) as well as high dairy and carbohydrate intakes while it 

correlated negatively with vegetable consumption particularly with tomatoes 

(Gunnell et al. 2003). Blood samples from individuals consuming low-fat/high-

fiber diets have also been found to lower IGF-I levels while increasing IGFBP-1 

in-vitro (Ngo et al. 2002). In a clinical trial high carbohydrate/high Gl diets 

increased IGF-I levels compared to low carbohydrate diets in obese subjects 

(Prewitt et al. 1992), while in a small cross-sectional study in Greece energy from 

carbohydrates was negatively and independently associated with circulating IGF-

I levels and (Kaklamani et al. 1999). The Mediterranean diet, however, is known 

to contain low Gl staple carbohydrate foods and it cannot be excluded that the 
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dietary Gl of the Greek diet was lower than that of a typical Western diet used by 

Prewitt et al. (1992). More recently an acute study by Brand-Miller and 

colleagues (2005) found that a low Gl diet increased IGFBP-3 by 6% with no 

changes in other IGFs or IGFBPs. Overall no clear effects of dietary Gl on the 

IGF axis have been shown by these clinical trials. 

2.3.3 Insulin-like growth factors in cancer 

Clinical and epidemiological studies have indicated that the IGF axis may 

have potential implications in the assessment of growth-related abnormalities 

and risks of certain types of cancer. These studies are based on the hypothesis 

that circulating IGF-I is positively related to and IGFBP-1 and IGFBP-3 are 

negatively related to tissue IGF bioactivity and that IGF-I would be positively 

associated with cancer risk while IGFBP-1 and IGFBP-3 negatively associated 

with cancer risk. Direct associations have been found with IGF-I and risk of 

cancer of the colorectum, breast, breast, prostate and lung, while inverse 

associations were seen with various IGFBPs (Peyrat et al. 1993, Hankinson et al. 

1998, Chan et al. 1998, Ma et al. 1999, Wolk et al. 1998, Bohlke et al. 1998, Yu 

et al. 1999, Manousos et al. 1999, Li et al. 2001). IGFs and IGFBPs have been 

shown to play a physiological role in the female genital system (Giudice et al. 

1992, Giudice et al. 1993, Adashi et al. 1994) and may function as mediators of 

steroid hormone actions (Giudice et al. 1993, Adashi et al. 1994, Rutanen et al. 

2000). Estrogens have long been shown to promote sex hormone-dependent 

cancers and one of the mechanisms may be related to stimulation of IGF-I 
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(Kleinman et al. 1995, Klotz et al. 2000). Research findings have shown that 

IGF-I may activate estrogen receptors (Yee and Lee 2000) and one of the 

mechanisms suggested for the antiestrogenic drug Tamoxifen, used in breast 

cancer therapy, is related to depressed levels of IGF-I (Huynh et al. 1993, 1996). 

Several lines of evidence suggest a role of IGFs in ovarian cancer. 

Expression of IGF-I and IGFBPs by epithelial ovarian cancer cells has been 

observed (Karasik et al. 1994, Hofmann et al. 1994) and IGF-I receptor may 

induce the transformation and tumorigenicity of ovarian mesothelial cells 

(Coppola et al. 1999). Also IGF-I was significantly higher in cyst fluid from 

invasive malignant epithelial ovarian neoplasms compared to cyst fluid in benign 

ovarian neoplasms (Karasik et al. 1994). IGFBP-3 may be negatively associated 

with ovarian cancer (Flyvbjerg et al. 1997) and with advanced ovarian cancer 

(Katsaros et al. 2001). 

In endometrial cancer studies IGF-I was found to stimulate mitogenesis in 

endometrial cancer cell lines (Reynolds et al. 1998). A human study showed 

increased serum levels of IGF-I and lower IGFBP-1 in postmenopausal 

endometrial cancer cases (n=23) compared to matched controls (Ayabe et al. 

1997) although other investigators did not find any differences in tissue IGF-I in 

endometrial carcinomas compared to non-neoplastic tissue (Maiorano et al. 

1999) and others found reduced IGF-I, IGF-II and IGFBP-3 in endometrial cancer 

patients compared to healthy controls (Rutanen et al. 1993). 
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2.4 Oxidative Stress 

Oxidative stress is the imbalance between the production of free radicals 

and antioxidant defenses, which may lead to injury or oxidative damage. Cellular 

oxidative damage is dependent on the balance between the damage levels and 

the rate of repair (Betteridge 2000). Free radicals are molecules with unpaired 

electrons in the outer orbital and hence very unstable and reactive. They can 

extract from or donate electrons to other molecules producing more free radicals 

or modify other molecules, resulting in structural and functional alterations. 

Reactive oxygen species (ROS) are the most important free radicals found in 

many disease states and include several oxygen radicals: superoxide (CV). 

hydroxyl (OH), peroxyl (RO 2), alkoxyl (RO), and hydroperoxyl (HO2). The 

reactive nitrogen species (RNS) include nitric oxide (NO) and nitrogen dioxide 

(N02). ROS and RNS can be converted to more stable molecules by exogenous 

and endogenous enzymatic and non-enzymatic antioxidants including 

tocopherols, ascorbic acid, carotenoids, uric acid, catalase, superoxide 

dismutase and glutathione peroxidase (Fang et al. 2002). Free radicals are 

cytotoxic and involved both in the fight against pathogens and in the 

pathogenicity of many chronic diseases including diabetes, arteriosclerosis, 

cancer, autoimmune and infectious diseases (Willcox et al. 2004). 

2.4.1 Oxidative stress measurements 

ROS have very short half-lives hence their measurement is indirect and 

consists of measuring the molecules damaged by their action (lipids, protein, 
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DNA) and/or the levels of antioxidant utilization. The following are the most 

common measurements of whole body oxidative stress. 

Protein oxidation: Oxidation of proteins is measured by assessing the 

modification of their side chains. Protein thiol (-SH) oxidation can be measured 

as an indication of damage to the sulfur containing amino acids methionine and 

cysteine using the DTNB assay (5, 5'-dithio-bis(2-nitrobenzoic acid). As protein 

oxidation increases, less protein thiol (-SH) groups are detected in serum since 

the oxidized form results in disulfide formation (de Zwart et al. 1999). Protein 

thiols are preferentially oxidized by free radicals and their concentrations have 

been shown to be reduced in several disease states such as diabetes (Brownlee 

2005) a risk factor for several cancer types including endometrial cancer (Ames 

and Gold 1991, La Vecchia et al. 1991, Hu et al. 1999). 

Lipid Peroxidation: two methods assess lipid peroxidation and specifically 

the oxidation product of polyunsaturated fatty acids, one uses the thiobarbituric 

acid substances (TBARS) assay and measures serum malondialdehyde (MDA) 

(Del Rio et al. 2002), and another method measures the F2-isoprostanes which 

are prostaglandin-like compounds derived from the non-enzymatic free-radical 

induced oxidation of arachidonic acid. In general, F2-isoprostanes detection is 

the preferred lipid peroxidation method because F2-isoprostanes are more stable, 

are present in all biological fluids and tissues at detectable levels, they are very 

sensitive to oxidative stressors in animal studies and they can be measured non

invasive^ in urine samples (Roberts and Milne 2009). Elevated F2-isoprostanes 

24 / 
; 



levels have been reported in smokers, people with hypercholesterolemia, 

diabetes and inflammatory conditions and cancer (Robert and Milne 2009). 

DNA modifications: these include DNA strand breaks, DNA-protein 

crosslinks, damage to the deoxyribose-phosphate backbone and modifications of 

purine and pyrimidine bases (Del Rio et al. 2002, Richter et al. 1988). ROS can 

cause oxidative damage to DNA and during repair the damaged/oxidized bases 

are excreted in the urine. The most used biomarker of DNA oxidation is the base 

modification or guanine adduct called 8-hydroxy-2'-deoxyguanosine (8-OHdG) 

which is detected in urine and is a quantitative measure of the extent of oxidative 

damage to DNA. A more recent method of measuring DNA oxidative damage is 

by measuring changes in expression of genes involved in base excision repair 

which are responsible for the removal of oxidized bases from DNA strands and 

are up-regulated by oxidative stress. 

Dietary components can modify DNA damage and gene expression. For 

example, the amount of single-strand breaks in colorectal mucosal cells was 

significantly lower in healthy individuals consuming a vegetarian diet compared 

with a high meat diet (Kiss et al. 2000) and consumption of a lycopene-rich 

vegetable juice was associated with significantly decreased DNA damage in lung 

epithelial cells of healthy volunteers (Arab et al. 2002). 

Total Antioxidant Capacity (TAC): DNA and other molecules are 

continuously exposed to damage from products of normal intracellular 

metabolism including ROS. Antioxidants are able to scavenge ROS. Ascorbic 

acid and tocopherols can donate electrons to free radicals and block their 
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damaging activity. Ascorbic acid plays a part in many biological processes 

including free radical scavenging processes, collagen and hormone formation. 

However, TAC measures total plasma antioxidant molecules and is thought to be 

the result of all oxidant and antioxidant processes and hence an overall indirect 

measure of oxidative stress (Del Rio et al. 2002). Several assays with differing 

mechanisms exist to measure TAC: the ferric reducing antioxidant power 

(FRAP), the oxygen radical absorbance capacity (ORAC), the Trolox equivalent 

antioxidant capacity (TEAC) and the decolorization assay. This assay is 

applicable to both lipophilic and hydrophilic antioxidants. In this assay the radical 

monocation 2,29-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS*+) is 

allowed to react with serum and is reduced in the presence of hydrogen-donating 

antioxidants by decolorizing the solution. The extent of decolorization represents 

the percentage inhibition of the ABTS»+ radical cation and is determined as a 

function of concentration and time and calculated relative to the reactivity of 

Trolox as a standard, under the same conditions (Pellegrini et al. 1999). 

2.4.2 Hyerglycemia and Oxidative Stress 

The normal metabolization of glucose in the mitochondria generates ROS 

during the last steps of cellular respiration that is during the electron transport 

chain. The higher the glucose concentrations the greater the ROS production 

which can be neutralized by antioxidants and antioxidant enzymes (e.g. 

superoxide dismutase). ROS production is responsible for a cascade of events 

activating several pathways of hyperglycemic damage. ROS enter the nucleus of 
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the cell causing DNA strand breaks which in turn activate a DNA repair enzyme 

(PARP). PARP increases ADP-ribose generation which binds to the glycolytic 

enzyme GAPDH reducing its functioning which is ultimately responsible for the 

activation of the four pathways of hyperglycemic damage: the polyol pathway, the 

hexosamine pathway, the protein kinase C pathway and the advanced 

glycosilated-end products pathway (Brownlee 2005). These activated pathways 

in turn lead to further free radical generation, increased inflammation and 

lowered functioning of various proteins which explain the microvascular and 

macrovascular complications of diabetes. 

Several lines of evidence suggest a link between postprandial glycemia 

and the induction of oxidative stress and lowered antioxidant defenses (Ceriello 

et al. 1998a, 1998b, 1998c, Paolisso et al. 1993, Sharma et al. 2000, Prior et al. 

2007). Studies in healthy volunteers documented postprandial reductions in the 

plasma concentrations of serum protein thiol groups, vitamin C, E and uric acid, 

an important water-soluble endogenous antioxidant, with the consumption of 

either a glucose solution or a carbohydrate-containing meal (Ceriello et al. 

1998a, Ceriello et al. 1998b). In these studies, plasma total free radical trapping 

activity, which reflects the sum of plasma antioxidant capacity due to known and 

unknown antioxidants and their interactions, was also significantly reduced. 

Further studies (Rao and Agarwal 1998) provided additional support 

demonstrating that mixed meals resulted in a 25% reduction of lycopene levels at 

1 hour postprandially compared to fasting levels and an even larger postprandial 

reduction after a 50g glucose load, reaching the lowest lycopene levels at 
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approximately 90 minutes. Studies in diabetes confirmed the oxidative stress 

associated with meal consumption, showing higher postprandial levels of 

malondialdehyde (MDA) and lower serum protein thiol groups, vitamin E, uric 

acid and total plasma free radical trapping capacity postprandially (Ceriello et al. 

1998a). Also, the oxidative stress levels are higher and antioxidant defenses are 

lower in people with diabetes compared to people without diabetes (Ceriello et al, 

1998a, Ceriello et al. 1998b, Davi et al 1999). Furthermore, other biological 

pathways stimulated by free radicals have been shown to be induced by glucose 

ingestion and inhibited by the addition of antioxidants. Intercellular adhesion 

molecules (e.g. ICAM-1) involved in atherogenesis and found particularly 

elevated in diabetes are induced by free radical stimulation and by an oral 

glucose load. This induction however could be prevented by intra-venous 

administration of the antioxidant glutathione (Ceriello et al. 1998c). Vascular 

endothelial cells are important targets of hyperglycemic damage which appear to 

be dependent on mitochondrial superoxide generation (Nishikawa et al. 2000, 

Quagliaro et al. 2005). Acute studies on endothelial function also support a 

causative role of hyperglycemia, induced by an oral glucose solution, on 

suppression of endothelial vasodilation which was significantly ameliorated by 

the administration of antioxidants vitamin C and E together with the glucose 

solution (Kawano et al. 1999, Title et al. 2000). 

More recently it has been observed that large glycemic fluctuations may 

induce oxidative stress to a greater extent than in steady hyperglycemia both in 

vitro (Quagliaro et al. 2005) and in clinical trials (Monnier et al. 2006). These 
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studies suggest that a high dietary Gl by virtue of greater glucose fluctuations 

may be a source of oxidative stress and thus may deplete antioxidant defenses. 

Oxidative stress has been implicated in DNA damage and cancer initiation 

(Ames 1983, Valko et al. 2007) and hyperglycemia has been directly associated 

to cancer risk at various sites including endometrial cancer (Stattin et al. 2007), 

hence one hypothesis investigated in this thesis is the possible link between 

dietary Gl and oxidative stress/antioxidant defenses. 

2.4.3 Oxidative stress, antioxidants and cancer 

Reactive oxygen species (ROS) such as superoxide radical, hydrogen 

peroxide and hydroxyl radicals are formed both by radiation as well as during 

aerobic metabolism in vivo. Although cells possess protective mechanisms 

against ROS, some escape this control and cause damage to proteins, lipids and 

nucleic acid resulting in diseases including cancer. Oxidative hits to DNA in 

normal conditions is estimated to be 104 per cell per day for each of the bodys' 

6x1013 cells (Ames and Gold 1991). Damaged DNA bases are excised and 

replaced by the excision enzymes however where DNA bases are not replaced, 

mitogenesis (i.e. induced cell division) becomes a potential mechanism for 

mutations. Other cellular mechanisms are in place to deal with mutated cells or 

end products of mutated cells, including apoptosis or programmed cell death. 

However, when all protective mechanisms fail or the mutations occur in tumor 

suppressor genes (e.g. p53 gene) a normal cell can become malignant starting 

the disease process of cancer (Ames and Gold 1991). ROS appear to lead to 
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cancer development by various mechanisms that go beyond direct damage to 

DNA and DNA repair systems (e.g. excision repair enzymes) and may include 

the ability of ROS to suppress apoptosis, promote proliferation, invasiveness, 

metastasis and possibly angiogenesis. ROS have been suggested to be 

involved at all levels of the carcinogenic process, initiation, promotion and 

propagation, however depending on the type and level of reactive species, the 

concentration of cellular antioxidants that remove reactive species, the activities 

or repair enzymes that clear cellular oxidative damage, ROS can increase or 

inhibit proliferation, halt cell cycle or induce apoptosis, induce or halt 

angiogenesis. The general view is that a moderate level of oxidative stress is 

likely to cause enough cellular damage to lead to cancer initiation and/or 

promotion while higher levels of oxidative stress tend to induce necrosis or 

apoptosis of the damaged cell. These levels however vary between cancer type, 

stage and host (Halliwell 2007). This may partly explain why clinical trials on the 

effect of antioxidant supplementation on cancer incidence have shown null 

results and in some instances negative results where antioxidants unexpectedly 

increased cancer rates (Omenn et al. 1996, The ATBC Study Group 2003, 

Bjelakovic et al. 2004). The data from knockout studies of antioxidant defense 

enzymes (e.g. manganese superoxide dismutase, the major antioxidant in the 

mitochondria, catalysing the dismutation of superoxide radicals to hydrogen 

peroxide) and DNA repair enzymes support the theory that reactive species 

including ROS lead to cancer development (Halliwell 2007). The available 

evidence also suggests that reactive species including ROS are involved in DNA 
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damage in inflammation-related cancers (Halliwell 2007, Evans et al. 2004). In 

cancer studies of chronic inflammation (e.g. asbestosis, inflammatory bowel 

disease, pancreatitis, hepatitis etc.) the development of cancer appeared to be 

preceded by increases in oxidative stress and DNA damage (Kawanishi et al. 

2006). Furthermore, interactions between genes controlling antioxidant enzymes 

and diet suggest a potential role of dietary antioxidants. Polymorphism at Val-

9Ala in the manganese superoxide dismutase enzyme may contribute to cancer 

development through a disturbed antioxidant balance as suggested by increased 

prostate and breast cancer risk in people with the polymorphism but only in 

subjects consuming low dietary antioxidants (Wang et al. 2009). Clinical trials 

with healthy non-smoking individuals have indicated that carotenoids including 

lycopenes administered as food form or in quantities equivalent to dietary 

intakes, may be beneficial in reducing oxidative damage to DNA (Pool-Zobel et 

al. 1997, Riso et al. 1999, Zhao et al. 2006, Ellinger et al. 2006). Also the 

purified form of lycopenes at 30mg/day was efficacious in reducing oxidative 

damage to DNA in healthy adults (Devaraj et al. 2008). These levels are 

considered achievable through diet albeit they would represent the highest end of 

the dietary intakes levels (Devaraj et al. 2008). Protein oxidation was 

significantly reduced by 5, 10 or 20 mg /day of lycopenes in the form of tomato 

ketchup or in a purified form (Rao and Shen 2002). Carotenoids are thought to 

have cancer protective properties, however, the large prospective intervention 

studies of selected high dose antioxidant supplements on cancer 

incidence/mortality failed to show clear benefits and some reported increases in 
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cancer incidence particularly in smokers (Omenn et al. 1996, The ATBC Study 

Group 2003, Bjelakovic et al. 2004). A review of the epidemiologic literature of 

prospective and case-control studies found inverse associations between tomato 

intake or serum lycopene levels and the risk of different types of cancers in 80% 

of the studies and in 50% this association was statistically significant 

(Giovannucci 1999a). In prospective observational studies lycopenes showed 

the largest effect, amongst carotenoids, in reducing by 29% the incidence of lung 

cancer (Gallicchio et al. 2008) however a meta-analysis of clinical trials of the 

effect of carotenoids on lung cancer did not find any benefits (Gallicchio et al. 

2008). A pooled analysis of cohort studies of dietary carotenoids also did not 

show any important role in the etiology of colorectal cancer (Mannisto et al. 

2007). Conversely, a meta-analysis of the epidemiological data (mainly case-

control studies) suggested an inverse relationship between endometrial cancer 

and antioxidant consumption (vitamin E, C and beta-carotene) from food sources 

(Bandera et al. 2009) where the levels of intakes were 10-30 times lower than the 

supplemented levels used in the large clinical trials of antioxidant supplements 

(Omenn et al. 1996, The ATBC Study Group 2003, Bjelakovic et al. 2004). 

Although at least one study did find a protection against DNA damage of high 

lycopenes intakes, 30mg/day, (Devaraj et al. 2008), in this study subjects were 

healthy non-smoking adults, unlike the high risk population of the large trials, and 

it may be that the same protection at high levels is not conferred by other 

carotenoids (e.g. beta-carotene) used in the large trials. Dietary carotenoid 

intakes estimated from validated food frequency questionnaires were also 



inversely associated with endometrial cancer risk in another case-control study 

published after the meta-analysis (Pelucchi et al. 2008). Ovarian cancer risk was 

inversely associated with both circulating plasma carotenoids, particularly 

lycopene levels (Jeong et al. 2009), and with dietary carotenoid intakes (Zhang et 

al. 2007, Cramer et al. 2001). However a pooled analysis often cohort studies 

with a range in follow-up time between 7-22 years, did not support the results of 

the case-control studies (Koushik et al. 2006). As with the insulin link the 

antioxidant-cancer link is interesting but not always consistent. 

/ 33 



Glycemic Index 

GI = IAUC 50g CHO TEST FOOD 
IAUC 50g CHO REF. FOOD 

X100 

Reference Food 

Test Food 

Figure 1: Glycemic index (Gl) calculation: incremental area under the curve 

(IAUC) elicited by 50g of available carbohydrate (CHO) from a test food (in blue) 

and from a reference food (in yellow) - either white bread (WB) or a glucose 

solution (Jenkins et al. 1981). The IAUC refers to the area included between the 

baseline and incremental blood glucose points when connected by straight lines. 

The area under each incremental glucose curve is calculated using the trapezoid 

rule (note: only areas above the baseline are used). 
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Glycemic Index Ranking 

High GI (GI >90) 
• Most Breads 
• Plain Crackers 
• Most Breakfast Cereals 

Medium GI (GI 70-89) 
• Oatmeal 
• Most biscuits or cookies 
• All Bran by Kellogg's 
• Rice 

Low GI (GI <69) 
• Beans, lentils 

• Pasta 
• Pumpernickel Bread 
• Parboiled Rice 

High GI 

Instant Mashed Potatoes 
Millet 
Corn chips 

• Buckwheat 
• Sweet Corn 
• Boiled New Potatoes 
• Sweet Potatoes 

Nuts 
Barley 
Bulgur (cracked wheat) 

Figure 2: Glycemic Index (GI) of common foods. 
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Table 1: Possible effects of prolonging carbohydrate absorption time 

- Lower postprandial glucose rise (Jenkins et al. 1990,1992; Bertelsen et al. 1993; Jones et al. 1993) 

- Reduced daily mean insulin levels (Jenkins et al. 1990,1992; Bertelsen et al. 1993; Jones et al. 1993) 

- Flatter gastric inhibitory polypeptide response (Jenkins et al. 1990,1992; Bertelsen et al. 1993) 

- Decreased 24 h urinary C-peptide output (Jenkins et al. 1989,1992) 

- Prolonged suppression of plasma free fatty acids (Jenkins et al. 1990) 

- Reduced urinary catecholamine output (Jenkins et al. 1990) 

- Lower total and LDL cholesterol levels (Jenkins et al. 1989,1995; Arnold et al. 1993; Cohn 1964) 

- Reduced hepatic cholesterol synthesis (Jones et al. 1993) 

- Decreased serum apolipoprotein B levels (Jenkins et al. 1989) 

- Decreased serum uric acid levels (Jenkins et al. 1995) 

- Raised urinary uric acid excretion (Jenkins et al. 1995) 

Table 2: Factors affecting the dietary glycemic index (Gl) 

Factors 

Nature of the starch 

Nature of the monosaccharide 

Dietary fiber 

Cooking method 

Particle size 

Ripeness 

Food storage 

Amylase inhibitors 

Nutrient-starch interactions 

Additional ingredients 

Decreasing Gl 

High amylse:amylopectin ratio 

Fructose, galactose 

High viscous fiber (guar, (3-
glucans) 
Parboiling 

Large particles 

Less ripe fruit (e.g. green 
banana) 
Cooling (e.g. cooled cooked 
potato) 
Lectins, phytates 

Protein, fat 

Vinegar, alcohol 

Increasing Gl 

Low amylase:amylopectin ratio 

Glucose 

Low viscous fiber 

Flaking, popping 

Small particles (grinding) 

Ripe fruit (e.g. yellow banana) 

Lack of cooling 

Lack of lectins, phytates 

Lack or low protein, fat 

Lack of vinegar, alcohol 

z 3 6 



CHAPTER THREE: AIMS OF THE THESIS AND 

HYPOTHESIS 
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3.1 Aims of the Thesis and Hypothesis 

Evidence implicating hyperinsulinemia/insulin resistance and refined 

carbohydrates in the etiology of cancer suggest that high Gl diets may be cancer 

promoting however the evidence is inconsistent and there is a paucity of data 

specifically for endometrial and ovarian cancers. Two mechanisms may be 

involved for the role of high Gl foods in carcinogenesis: one involving the IGF 

axis and another through an oxidation-related pathway. Cancer promotion may 

be triggered by the activation of the IGF axis. Evidence suggests that IGF-I has 

proliferative and antiapoptotic activities, that IGFBP-1 and IGFBP-3 may have 

inhibitory effects on IGF-I and that the IGF system may be able to modulate 

steroid hormone actions in the endometrium and to be associated with ovarian 

carcinoma. Furthermore, glucose metabolism at the cellular level is known to 

generate free radicals which may contribute to cancer initiation. It is suggested 

therefore that recurrent high and rapid surges in glucose and insulin levels 

following consumption of high Gl foods may increase free radical generation, free 

radical damage and utilization of endogenous and exogenous antioxidants and 

that low Gl foods would show higher antioxidant levels and lower oxidative 

damage. 

Hypothesis: 

1) Glvcemic Index and Endometrial Cancer Study: higher Gl diets are 

associated with higher incidence of endometrial cancer, with low Gl diets 

therefore suggesting protective effects. 
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2) Glycemic Index and Ovarian Cancer Study: high GI diets are associated 

with higher incidence of ovarian cancer, with low Gl diets therefore 

suggesting protective effects. 

3) Circulating IGFs and Endometrial Cancer Study: higher endometrial 

cancer risk with higher blood levels of IGF-I and lower levels of IGFBP-1 

and -3. 

4) Circulating IGFs and Ovarian Cancer Study: higher ovarian cancer risk 

with higher blood levels of IGF-I and lower levels of IGFBP-1 and -3. 

5) Glycemic Index and Oxidative Stress Acute Study: foods with low Gl (e.g. 

pasta) preserve antioxidants to a greater extent and show lower oxidative 

damage than foods with high Gl (e.g. white bread), in healthy people. 

Aims: 

1) To investigate the association of the dietary Gl with risk of endometrial 

and ovarian cancer in case-control studies conducted in Italy, a country 

with high consumption of carbohydrate foods of differing GIs. 

2) To investigate a growth hormone-related mechanisms for the possible 

positive associations of high Gl diets and cancer risk by studying the 

association of IGF-I, IGFBP-1 and IGFBP-3 with risk of endometrial and 

ovarian cancer in two subsets of two large case-control studies of 

endometrial and ovarian cancer. 

3) To investigate an oxidative stress-related mechanism for which low Gl 

diets may be cancer protective and high Gl diets cancer promoting, by 

/ 
; 
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testing the hypothesis that low Gl foods, by virtue of their slower rate of 

glucose absorption and lower blood glucose peaks, preserve antioxidants 

and generate lower oxidative damage than high Gl foods. 
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CHAPTER FOUR: GLYCEMIC INDEX IN ENDOMETRIAL 

CANCER RISK 



4.1 Abstract 

Glycemic index (Gl) and glycemic load (GL) are measures of the 

metabolic effects of dietary carbohydrates. The higher their value, the greater the 

glucose and insulin responses. Raised insulin levels are associated with 

endometrial cancer and with its risk factors including obesity, diabetes and 

hypertension. To study the role of the Gl and GL we analyzed the data of two 

hospital-based case-control studies on endometrial cancer conducted between 

1988-98 in Italy and Switzerland, including a total of 410 women with incident, 

histologically confirmed endometrial cancer and 753 controls admitted for acute, 

non-neoplastic diseases. A food frequency questionnaire was used to assess the 

subjects usual diet and to derive estimates of dietary Gl and GL. The odds ratios 

(OR) of endometrial cancer, after adjustment for major risk factors, for the 

highest versus the lowest quintile of dietary Gl and GL were 2.1 (95% confidence 

interval [CI] 1.4-3.2) and 2.7 (95% CI 1.8-4.2), respectively. The associations 

were stronger in older women, in those with higher body mass index and in 

hormone replacement therapy users. Our study supports the hypothesis of a 

direct association between Gl and endometrial cancer risk. 

4.2 Introduction 

Endometrial cancer is associated with obesity (Swanson et al. 1993, 

Bosetti et al. 2002), diabetes (La Vecchia et al. 1994, Parazzini et al. 1999, 

Weiderpass et al. 1997) and polycystic ovary syndrome, all conditions directly 
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associated with hyperinsulinemia (Kaaks 1996). Diets with high Gl and GL (e.g., 

rich in refined carbohydrate foods and low in legumes, fruits, vegetables and 

whole grains) are characterized by fast carbohydrate absorption and elevated 

blood glucose and insulin levels (Jenkins et al. 1981, Bornet et al. 1987). 

Consumption of low Gl foods such as whole grains, fruits and vegetables have 

been associated with lower risk of endometrial cancer (Kasum et al. 2001, 

Goodman et al. 1997, Levi et al. 1993a, Negri et al. 1996, Chatenoud et al. 1998) 

whereas high Gl foods including many refined grains have been associated with 

increased risk (Kasum et al. 2001, Chatenoud et al. 1999). To assess the role of 

the dietary Gl and GL in endometrial cancer, we analyzed the data of two case-

control studies conducted in Northern Italy and Switzerland. 

4.3 Research design and methods 

Two hospital-based case- control studies of endometrial cancer were 

conducted between 1988-98 in the Swiss Canton of Vaud and in greater Milan, 

Italy. The design of the studies has already been described (Levi et al 1993, 

Negri et al.1996). Cases consisted of 410 women, median age 62 (range 31-75) 

with incident, histologically confirmed endometrial cancer, diagnosed in the year 

preceding interview. Controls were 753 women, median age 60 years (range 22-

75), admitted to the same hospital network for acute conditions unrelated to 

gynecologic, hormonal, metabolic or neoplastic disorders or to dietary 

modifications. Women who had undergone hysterectomy were excluded as 

controls. Thirty-two percent of controls were admitted for traumas, 16% for non-
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traumatic orthopedic diseases, 26% for surgical conditions and 26% for other 

miscellaneous illnesses such as eye, nose, throat or dental disorders. The study 

was approved by the ethical committee and informed consent was obtained from 

study participants. 

Trained interviewers identified and interviewed cases and controls in 

hospitals using a structured questionnaire. Information was collected on 

sociodemographic and anthropometric characteristics, smoking habits, physical 

activity, selected medical conditions, menstrual and reproductive factors and use 

of female hormones. The weekly frequency of consumption of 37 food items 

during the 2 years before the onset of symptoms that led to diagnosis, or hospital 

admission for controls, was elicited. For several items, information on portion size 

was also collected (small/average/ large). To compute energy and nutrient 

intake, an ad hoc developed food-composition data base was used (Salvini et al. 

1998). For each food or food group in the questionnaire, we expressed Gl as a 

percent of the glycemic response elicited using white bread as a standard food. 

We then calculated daily average Gl by summing the products of the available 

carbohydrate content per serving for each food or recipe, times the average 

number of servings of that food per week, times its Gl, all divided by the total 

amount of available carbohydrate weekly intake (Wolever et al. 1994b, Foster-

Powell et al. 2002). A score for the daily average GL was computed as the Gl, 

but without dividing it by the total amount of carbohydrates. With respect to Gl 

values, we used mainly international tables (Foster-Powell et al. 2002). For the 

main carbohydrate sources, differences in cooking habits in the 2 countries were 
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taken into account (e.g., pasta cooked "al dente" in Italy but not in Switzerland). 

Quintiles of Gl and GL were computed using the separate distributions of 

controls in the two countries (quintile cut off points of Gl were 78.8, 82.4, 85.1, 

87.8 for Swiss data and 69.8, 74.2, 76.8, 80.5 for Italian data; quintile cut off 

points of GL were 108.4, 143.3, 171.0, 213.8 for the Swiss center and 84.2, 

112.4, 138.5, 169.1, for the Italian center). Gl and GL were also introduced as 

continuous variables, where the units of measurement were equal to the 

differences between the 80th and 20th percentile of the distributions of Gl and 

GL in controls. 

Odds ratios (OR), and the corresponding 95% confidence intervals (CI), 

for quintiles of Gl and GL, were computed using unconditional multiple logistic 

regression models (Breslow and Day 1980) using SAS Inst. Version 6.08 for 

VMS. We considered two models: in the first one, the regression equations 

included terms for age, study center, education, body mass index (BMI), history 

of diabetes and hypertension, and hormone replacement therapy (HRT). The 

second model also included categories of total energy intake. 

4.4 Results 

Table 1 shows the distribution of cases and controls according to age and 

selected characteristics. Cases had a significantly higher BMI than controls, 

reported more frequent use of HRT and more often history of diabetes. 

Table 2 shows the multivariate OR of endometrial cancer according to 

quintiles of Gl and GL. Dietary Gl and GL were directly associated with 
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endometrial cancer risk. The OR for the highest vs. the lowest quintile were 2.1 

(95% CI 1.4-3.2) for Gl and 2.7 (95% CI 1.8-4.2) for GL. After further adjustment 

for total energy intake, the association remained significant for Gl (OR 1.9, 95% 

CI 1.3-2.9), but not for GL (OR 1.1, 95% CI 0.6-2.0). When considering dietary Gl 

and GL as continuous variables, the multivariate OR were significant for both 

scores considered (OR 1.4 for Gl and 1.9 for GL), even after adjustment for total 

energy intake (OR 1.3 for Gl and 1.5 for GL). 

The relation between Gl and endometrial cancer risk was also analyzed in 

separate strata of age, BMI, HRT and history of diabetes (Table 3). The 

association appeared stronger in women aged >60 years (OR for the highest vs. 

the lowest quintile 2.3, 95% CI 1.3-4.0) compared to younger subjects (OR 1.5, 

95% CI 0.7-2.9), and in women with BMI > 25 (OR 2.3, 95% CI 1.3- 4.1) 

compared to those with a BMI < 25 (OR 1.6, 95% CI 0.9-3.1). Moreover, the 

association was stronger in women who had ever used HRT (OR 9.1, 95% CI 

3.0-27.9) than in never users (OR 1.4, 95% CI 0.9-2.3). The OR was 12.34 for 

HRT users of >2 years, but the estimate was based on small numbers. The OR 

was 2.0 (95% C11.3-3.1) in subjects without a history of diabetes, whereas the 

low number of women who ever had diabetes did not permit risks to be assessed 

in this stratum. 

4.5 Discussion 

Carbohydrates have been associated directly with risk of endometrial 

cancer in several studies (Kasum et al. 2001, Levi et al. 1993a, Chatenoud et al. 
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1998, Chatenoud et al. 1999). The associations were mainly seen with refined 

carbohydrates, whereas whole grain foods appeared to be protective. Refined 

grains are characterized by rapid digestion and absorption of their glucose 

component, resulting in higher post-prandial blood glucose and insulin peaks 

(Jenkins et al. 1981). Conditions that are affected by hyperinsulinemia such as 

diabetes, in its early stages, and obesity as well as its determinants, low physical 

activity and excess energy intake, have also been associated with endometrial 

cancer (Bosetti et al. 2002, La Vecchia et al. 1994, Parazzini et al. 1999, Levi et 

al. 1993b, Salazar-Martinez et al. 2000, La Vecchia 1989, O'Mara et al. 1985, 

Parazzini et al. 1991, Sturgeon et al. 1993). In our study, the association of Gl 

and endometrial cancer risk remained after adjustments for known risk factors of 

endometrial cancer including overweight and diabetes. The association was 

apparently stronger in overweight women, but high Gl diets also tended to 

increase endometrial cancer risk in subjects with low BMI. It has been shown that 

obese women, who tend to have raised peripheral estrogens, have a higher 

frequency of endometrial cancer (Parazzini et al. 1991). Although estrogens are 

the main endometrial cancer risk factors (Parazzini et al. 1991) insulin may 

disrupt sex hormone balance. Hyperinsulinemia has been shown to increase 

ovarian steroid production (Poretsky and Kalin 1987), to stimulate conversion of 

testosterone into estradiol (Garzo and Dorrington 1984) and to suppress sex 

hormone binding globulin (SHBG) (Nestleret al.1991, Plymateetal. 1988, 

Plymate et al. 1990) thereby increasing estradiol bioavailability. Estrogens may 

also stimulate the insulin-like growth factor-l (IGF-I) synthesis (Klotz et al. 2000) 
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which has been shown to stimulate mitogenesis in endometrial cancer cell lines 

(Reynolds et al. 1998) and may therefore have a role in endometrial 

carcinogenesis (Ayabe et al. 1997, Rutanen et al. 1993). Insulin has been shown 

to act as a cancer promoting agent in in vitro and animal studies (Bjork et al. 

1993, Tran et al. 1996) and it has also affinity for the IGF-I receptor (Ullrich et al. 

1986), thereby increasing IGF-I levels. 

Another potential mechanism through which high Gl diets may contribute 

to endometrial cancer risk may be by increased oxidative stress (Collins et al. 

1994). A direct link has been found between postprandial glycemia and the 

induction of oxidative stress (Ceriello et al. 1999) which was reversed by 

antioxidants (Sharma et al. 2000). Other possible factors, however, may 

influence the association between dietary Gl and endometrial cancer risk. Low Gl 

foods are often higher in fiber and rich in antioxidants and other micronutrients 

that may be protective in carcinogenesis (Slavin et al. 1997). Although the 

current investigation found associations between dietary Gl and GL with 

endometrial cancer risk, there are limitations to the study that should be 

considered. Reliability and validity of the estimated Gl and GL is questionable 

because some of them have been derived from small samples and their 

variability is unclear (Wolever et al. 1994b, Foster-Powell et al. 2002). Recall and 

selection biases are also possible. Awareness about any dietary hypotheses, 

particularly those related to Gl and GL, in endometrial cancer was limited when 

the study was conducted. Although it is conceivable that dietary habits of hospital 

controls may have differed from those of the general population, attention was 
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paid to minimize bias by excluding control subjects admitted for conditions that 

might have been associated with special dietary habits. Interviewing all subjects 

in a hospital setting should have allowed greater comparability of dietary history 

between cases and controls. The questionnaire was satisfactorily reliable 

(D'Avanzo et al. 1997). Participation among eligible patients was high (over 90%) 

and the catchment areas for cases and controls were comparable. With 

reference to confounders, additional adjustment for calendar year of interview 

and physical activity did not appreciably change any of the estimates. The fully 

adjusted continuous estimates were 1.29 (1.02-1.62) for Gl and 1.39 (1.05-1.83) 

for GL. 

In conclusion, the present findings showing direct associations between 

dietary Gl and GL with endometrial cancer risk are in broad agreement with 

previous studies of colorectal and breast cancer (Franceschi et al. 2001, 

Augustin et al. 2001b) on the potential role of high Gl diets in increased cancer 

risk. 
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Table 1. Distribution of 410 women with endometrial cancer and 753 controls with 
odds ratios (OR) and corresponding 95% confidence intervals (CI), according to age, 
body mass index (BMI), hormone replacement therapy (HRT), and history of 
diabetes. Italy and Switzerland. 1988-1998. 

Characteristics Cases Controls ORa (95% CI) 

Age (years) 

<55 

55-64 

>65 

93 

163 

154 

227 

242 

284 

BMI(kg/m") 

<20 

20-<25 

25-<30 

>30 

33 

162 

131 

84 

85 

338 

238 

92 

1° 

1.2(0.8-2.0) 

1.3(0.8-2.2) 

2.2(1.2-3.8) 

HRT 

Never 

<2 years of use 

>2 years of use 

324 

32 

54 

632 

51 

70 

r 
1.6(0.9-2.6) 

2.6(1.7-4.0) 

History of diabetes 

Never 

Ever 

376 

34 

736 

17 

lb 

3.4(1.8-6.4) 

aAdjusted for age, study centre, education, body mass index, history of diabetes 
and hypertension, hormone replacement therapy and total energy intake, when 
appropriate. Reference category 
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Table 2. Odds ratios (OR) and 95% confidence intervals (CI) of 
endometrial cancer according to glycemic index and glycemic load. 
Italy and Switzerland. 1988-1998. 

Glycemic index 

I (low) 

II 

III 

IV 

V (high) 

x] trend 

Continuous*1 

Glycemic load s 

I (low) 

II 

III 

IV 

V (high) 

l\ trend 

Continuous"1 

(quintiles) 

score (quintiles) 

Cases 

68 

87 

61 

86 

108 

56 

85 

75 

72 

122 

Controls 

149 

153 

149 

153 

149 

150 

151 

150 

153 

149 

ORa (95% CI) 

lc 

1.41 (0.92-2.15) 

1.06(0.68-1.66) 

1.47(0.97-2.24) 

2.08(1.37-3.15) 

10.61 p=0.001 

1.44(1.15-1.80) 

lc 

1.52(0.98-2.35) 

1.46(0.94-2.28) 

1.48(0.94-2.32) 

2.74(1.79-4.19) 

18.41 pO.OOl 

1.86(1.54-2.26) 

ORb (95% CI) 

lc 

1.37(0.89-2.10) 

0.97(0.61-1.52) 

1.28(0.83-1.96) 

1.90(1.25-2.91) 

6.92 p=0.009 

1.34(1.07-1.69) 

lc 

1.24(0.77-2.00) 

0.99(0.59-1.68) 

0.84(0.47-1.48) 

1.10(0.60-2.03) 

0.08 p=0.778 

1.48(1.13-1.94) 

"Adjusted for age, study centre, education, body mass index, history of 
diabetes and hypertension and hormone replacement therapy. bFurther 
adjusted for total energy intake. cReference category. dUnit of 
measurement equal to the difference between 80th and 20th percentile of 
the control distribution. 
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Table 3. Odds ratios (OR)a and 95% confidence intervals (CI) of endometrial 
cancer for the fifth versus to the first quintile of glycemic index by strata of 
selected variables. Italy and Switzerland, 1988-1998. 

Glycemic Index 

OR (95% CI) Xx trend (p value) 

Age (years) 

<60 

>60 

BMI (kg/m2) 

<25 

>25 

HRT 

Never 

<2 years of use 

>2 years of use 

1.45(0.73-2.88) 

2.25(1.27-3.99) 

1.62(0.86-3.05) 

2.28(1.27-4.12) 

1.40(0.87-2.25) 

9.47(1.02-87.67) 

12.34(2.24-68.04) 

0.08 (0.773) 

9.52 (0.002) 

2.02(0.156) 

4.06 (0.044) 

1.34(0.248) 

3.31 (O.069) 

5.70(0.017) 

aAdjusted for age, study centre, education, body mass index, history of diabetes 
and hypertension, hormone replacement therapy and total energy intake. The 
reference category, is the first quintile. 
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CHAPTER FIVE: GLYCEMIC INDEX IN OVARIAN 

CANCER RISK 
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5.1 Abstract 

Background: Dietary carbohydrates vary in their ability to raise blood glucose 

and insulin levels, which, in turn, influence levels of sex hormones and insulin

like growth factors. We analyzed the effect of type and amount of carbohydrates 

on ovarian cancer risk, using the glycemic index (Gl) and the glycemic load (GL) 

measurements in a large case-control study conducted in Italy. 

Materials and methods: Cases included 1,031 women with incident, 

histologically confirmed epithelial ovarian cancer, from four Italian regions. 

Controls included 2,411 women admitted to the same hospital networks for 

acute, non-neoplastic conditions. Average daily Gl and GL were calculated from 

a validated food frequency questionnaire. Odds ratios (OR) and the 

corresponding 95% confidence intervals (CI) were computed using multiple 

logistic regression. 

Results: Ovarian cancer was directly associated with dietary Gl (OR for highest 

versus lowest quartile = 1.7, 95% CI 1.3-2.1) and GL (OR = 1.7, 95% CI 1.3-2.1). 

The associations were observed in pre- and post- menopausal women, and they 

remained consistent across strata of major covariates identified. 

Conclusions: This study supports the hypothesis of a direct association 

between dietary Gl and GL and ovarian cancer risk. 
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5.2 Introduction 

Ovarian cancer is directly related to nulliparity, and inversely related to 

oral contraceptive use, but little is known of its potential dietary correlates (World 

Cancer Research Fund 1997). It has been suggested that diet may have a 

potential influence on ovarian carcinogenesis, and several case-control studies 

have reported a beneficial effect of diets rich in vegetables on the risk of ovarian 

cancer (Kushi et al. 1999, Engle et al. 1991). A few case-control studies showed 

that women with cancer of the ovary reported more frequent meat consumption 

(Shu et al. 1989, Bosetti et al. 2001) and egg consumption (Kushi et al. 1999, 

Cramer et al. 1984) while fish seemed to exert a protective effect (Bosetti et al. 

2001, Cramer et al. 1984). With reference to specific nutrients, descriptive 

epidemiology and ecological studies have reported positive relationships 

between fat, protein and total calorie intake, and ovarian cancer risk (Byers et al. 

1993). Data from case-control studies supported the hypothesis of a possible 

increased risk in relation to various types of fat (Cramer et al. 1984, Bidoli et al. 

2002). Carbohydrates have also been shown to increase the risk of epithelial 

ovarian cancer (Bidoli et al. 2002). 

Different carbohydrates, however, affect blood glucose and insulin levels 

to varying degrees depending on the nature of the carbohydrate and the type and 

extent of food processing (Jenkins et al. 1981). On this basis they have been 

ranked using the glycemic index (Gl) and glycemic load (GL). Foods with high Gl 

tend to increase glucose and insulin levels to a greater extent than low Gl foods 

(Jenkins et al. 1981). In turn, it has been proposed that insulin may be directly or 
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indirectly involved in the carcinogenic process by modulating hormonal levels 

such as sex hormones and insulin-like growth factors (IGF) (Stoll 1999). High-GL 

diets have been directly associated with risk of chronic diseases, including 

diabetes (Salmeron et al. 1997b), coronary heart disease (Liu et al. 2000), 

colorectal and breast cancer (Franceschi et al. 2001, Augustin et al. 2001b), and 

high insulin levels may be one of the mechanisms of action shared by these 

diseases (McKeown-Eyssen 1994, Giovannucci 1995). We thus evaluated the 

possible differential effects of carbohydrate-rich foods on epithelial ovarian 

cancer risk by means of the Gl and GL measurements in a large case-control 

study. 

5.3 Research design and methods 

A multicenter case-control study of ovarian cancer was conducted 

between January 1992 and September 1999 in four Italian regions: Greater 

Milan, the provinces of Pordenone, Padua and Gorizia (north-eastern Italy); the 

province of Latina (central Italy); and the urban area of Naples (southern Italy). 

Cases included women with incident, histologically confirmed epithelial 

ovarian cancer diagnosed within 1 year prior to interview and with no previous 

diagnosis of cancer. Overall, 1,031 women aged 18-79 years (median age 56 

years) were included. Controls included patients with no history of cancer who 

were admitted to hospitals serving the same areas as those where cases had 

been identified. Eligible diagnoses were acute, non-neoplastic, non-gynecological 

conditions, unrelated to hormonal or digestive tract diseases, or associated with 
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long-term modifications of diet. Controls included 2,411 women, aged 17-79 

years (median age 57 years), belonging to the following diagnostic categories: 

trauma, mostly fractures and sprains (26%); other orthopedic disorders, such as 

low back pain and disc disorders (28%); acute surgical conditions (15%); and 

other illnesses, such as eye, ear, nose, skin and dental conditions (31%). Cases 

were frequency matched to controls according to quinquennium of age and area 

of residence. Approximately 4% of cases and controls approached for interview 

during their hospital stay refused to participate. The study was approved by the 

ethical committee and informed consent was obtained from study participants. 

The same structured questionnaire and coding manual were used in each 

center, and all interviewers were centrally trained and routinely supervised. The 

checking of data for consistency and reliability was also conducted centrally. The 

questionnaire included information on sociodemographic characteristics, such as 

education and occupation, lifelong smoking habits, physical activity at various 

ages, anthropometric measures, a problem-oriented personal medical history, 

family history of selected cancers, menstrual and reproductive history, history of 

use of oral contraceptives, hormone replacement treatment, and female 

hormone-containing drugs for other indications. Dietary habits were investigated 

through an interviewer-administered food frequency questionnaire (FFQ) that 

included 78 items. This questionnaire was used to assess the subjects' habitual 

diet during the 2 years prior to cancer diagnosis or hospital admission (for 

controls), and included questions on the average weekly frequency of 

consumption of foods or food groups, as well as complex recipes. Satisfactory 
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reproducibility (Franceschi et al. 1995) and validity (Decarli et al. 1996) of the 

FFQ have been reported. For several items, information on portion size was also 

collected (small/average/large). To compute energy and nutrient intake, an Italian 

food-composition database was used. For each food, we expressed Gl as a 

percentage of the glycemic response elicited using 'white bread' as a standard 

food. We then calculated daily average Gl by summing the products of the 

carbohydrate content per serving for each food or recipe, multiplied by the 

average number of servings of that food per week, multiplied by its Gl, all divided 

by the total amount of available carbohydrate weekly intake. This represents the 

'quality of the carbohydrates', namely slow versus fast absorbable 

carbohydrates. A score for the daily average GL was computed as the Gl, but 

without dividing by the total amount of carbohydrates. For these calculations we 

used the carbohydrate content of 50 foods or recipes, since 28 foods or recipes, 

chiefly cheese, meat and fish-based dishes, contained negligible amounts of 

carbohydrates. With respect to Gl values, we used mainly international tables. In 

order to take into account Italian cooking habits (e.g. pasta 'al dente'), Italian 

sources were used for a few local recipes. Food items for which a Gl had not 

been determined were assigned the Gl of the nearest comparable food (e.g. 

tangerines were assigned the same Gl as oranges). 

Odds ratios (ORs) and the corresponding 95% confidence intervals (CI) 

for quartiles of Gl and GL intake were computed using unconditional multiple 

logistic regression models (Breslow and Day 1980) using SAS Inst. Version 6.08 

for VMS. The regression equations included terms for quinquennia of age, study 
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center, years of education, occupational physical activity, history of diabetes, oral 

contraceptive use, parity, menopausal status, number of daily meals, intakes of 

fiber, alcohol and total energy intake. Adjustment for energy was made using the 

residuals method. The modifying effect of various covariates was evaluated 

comparing the differences between the -2 log likelihood of the model with and 

without interaction terms, and referring it to the chi square distribution with 

degrees of freedom equal to the number of interaction terms minus one. 

5.4 Results 

Table 1 gives the distribution of ovarian cancer cases and control subjects 

according to age, education, menopausal status and other potential confounding 

factors. Cases were better educated than controls, had lower parity, frequently 

reported a family history of ovarian and/or breast cancer, and lower occupational 

physical activity. 

Gl was positively correlated with GL (Pearson correlation coefficient, r = 

0.53), intake of bread (r = 0.59), cereals (r = 0.56), cakes and sweets (r = 0.33), 

sugar (r = 0.26), available carbohydrates (r = 0.37), cereal fibre (r = 0.42), and 

negatively correlated with fruit (r = -0.19) and vegetables (r"= -0.11). 

Correlations of Gl with other dietary and non-dietary factors were weak. 

Table 2 shows the ORs of epithelial ovarian cancer according to the 

quartiles of Gl and GL, and total carbohydrate intake by menopausal status. 

Dietary Gl and GL were directly associated with ovarian cancer risk, and the 

ORs, for the highest versus the lowest quartile, were 1.7 (95% CI 1.3-2.1) and 
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1.7 (95% CI 1.3-2.1), respectively. However, ORs by quartile of Gl and GL did 

not show linear trends, but were already elevated in the second quartile and 

tended to plateau thereafter. Associations, particularly for Gl, were appreciably 

stronger in postmenopausal compared with premenopausal women, although no 

significant heterogeneity emerged. Total carbohydrate intake was also 

associated with ovarian cancer (OR = 1.8, in the highest quartile, 95% CI 1.3-2.4) 

in postmenopausal women only (Table 2). 

Table 3 shows the relationship between Gl and epithelial ovarian cancer in 

different strata of known or suspected risk factors for ovarian cancer. No 

substantial effect modification was apparent in strata of family history of ovarian 

or breast cancer, oral contraceptive use, and parity. The relationship between Gl 

and epithelial ovarian cancer risk was also analyzed in separate strata of history 

of diabetes, body mass index (BMI), BMI increase from age 30, waist to hip 

(W/H) ratio, occupational physical activity and alcohol intake (Table 4). There 

was no consistent pattern of risk among diabetic subjects or in different strata of 

BMI, BMI increase from age 30, and W/H ratio. There was, however, a significant 

modifying effect of alcohol, with no consistent association with Gl in alcohol 

abstainers. The association with Gl was stronger in women reporting higher 

physical activity. 

Although risk factors, including dietary factors, may differ in their 

relationship to specific histological subtypes of ovarian cancer (Risch et al. 1996), 

no relevant difference emerged when we replicated the analyses for Gl and GL in 
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invasive serous ovarian cancer only. Other histological subtypes represented 

<10% of cases in our data set. 

5.5 Discussion 

This study shows direct associations between dietary Gl and GL and 

epithelial ovarian cancer risk. An elevated risk was found in the second quartile 

of Gl and GL, but did not show a further increase in the third and fourth (highest) 

quartile. These associations were consistent across different strata of known or 

potential risk factors for ovarian cancer. However, the relationship between Gl 

and epithelial ovarian cancer in our study was somewhat stronger in post-

compared with pre- menopausal women, and in women without a family history 

and in parae. 

Diets with high Gl or GL are associated with a high consumption of refined 

carbohydrates, which are quickly absorbed and elevate blood glucose and insulin 

level to a greater extent than slowly absorbed carnphydrates, such as pulses and 

whole grains, which are low Gl foods (Jenkins et al. 1988). The main sources of 

carbohydrates in the Italian population are bread, a high Gl food, and pasta, a 

medium-low Gl food, representing 20.5% and 13.4% of total carbohydrate intake, 

respectively (Franceschi et al. 2001). 

High insulin levels have been suggested as a potential unifying 

mechanism for the risk of several chronic diseases related to high intakes of 

energy, fat, refined carbohydrates, and low physical activity and obesity 

(Giovannucci 1995). Central obesity (i.e. high W/H ratio) was associated with 

ovarian cancer risk in this study (Dal Maso et al. 2002). Diabetes, which is 
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characterized by high insulin levels in its early stages, was considered as a 

possible correlate of ovarian cancer risk. However, in line with other studies 

(Parazzini et al. 1997, Adler et al. 1996) a history of diabetes was not found to 

consistently affect ovarian cancer risk in the present study. This could, however, 

have resulted from the small absolute number of diabetic subjects (4%). 

Insulin is a growth factor for cancer cells, and it has been shown to act as a 

cancer promoter in in-vitro and in animal studies (Giovannucci 1995, Tran et al. 

1996). Insulin also has affinity for IGF receptors, particularly the IGF-I receptor, 

which has strong mitogenic effects on normal and neoplastic cells, including 

ovarian carcinoma cell lines, where it has been found at higher levels than in 

non-malignant cells (Yu and Rohan 2000). Epidemiological evidence suggests a 

promoting effect of hyperinsulinemia (Giovannucci 1995) and of IGF-I in 

carcinogenesis (Yu and Rohan 2000). Insulin and IGF-I are also powerful 

negative regulators of sex hormone-binding globulin (SHBG) synthesis in vitro, 

and they may stimulate ovarian cancer proliferation through a hormonal pathway 

(Risch 1998). An interaction between insulin, IGFs and sex hormones has also 

been suggested for breast cancer (Yee and Lee 2000). 

As in most case-control studies, recall and selection biases are possible 

(Breslow and Day 1980). However, awareness about any dietary hypotheses, 

and particularly those related to Gl and GL, for ovarian cancer was limited in the 

Italian population when the study was conducted. While it is conceivable that 

dietary habits of hospital controls may have differed from those of the general 

population, great attention was paid in this study to minimize bias by excluding 
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control subjects admitted for conditions that might have been associated with 

special dietary habits. Of greater concern is the early weight loss often occurring 

in ovarian cancer patients, which may have led cases to increase their energy 

and, hence, carbohydrate intake (Dal Maso et al. 2002). We had, however, 

information on weight loss during the year prior to cancer diagnosis or interview. 

Stratification and adjustment for weight or recent weight loss did not modify the 

association with Gl and GL. Interviewing all subjects in a hospital setting may 

have allowed greater comparability of dietary history between cases and controls 

(D'Avanzo et al. 1997), and adjustment for total energy intake should have 

controlled for potential dietary over- and under- reporting. Furthermore, 

participation among eligible patients was practically complete and the catchment 

areas for cases and controls were highly comparable. Gl estimates have some 

limitations. Some Gl estimates have been derived from small samples and their 

variability is unclear (Franceschi et al. 2001). Statistics on the average dietary Gl 

and GL in the general Italian population are not available, but intakes of bread 

and pasta in the present study were similar to those reported in the Italian 

population (Turrini et al. 1999). 

The major strength of this study is its uniquely large dataset, which 

allowed reasonably precise risk estimates. Other strengths include consistency of 

findings, when major categories of controls were used separately, and its 

reliance on a validated food frequency questionnaire (Franceschi et al. 1995, 

Decarlietal. 1996). 
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In conclusion, this study found associations between the dietary Gl, GL 

and ovarian cancer risk, thus supporting a possible role of insulin and insulin-

related factors in ovarian carcinogenesis. Similar associations were observed for 

colorectal and breast cancer (Franceschi et al. 2001, Augustin et al. 2001b), 

indicating the potential role of these factors on several common neoplasms. 
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Table 1. Distribution of 1,031 cases of epithelial ovarian cancer and 
2,411 controls3, according to age and selected variables. Italy, 
1992-99 

Characteristic 
Age groups (yrs) 

<45 
45-54 
55-64 
>65 

Education (yrs) 
<7 
7-11 
>12 

Menopausal status 
Premenopausal 
Postmenopausal 

Parity (number of births) 
Nulliparae 
1-2 
>3 

Oral contraceptive use 
Never 
Ever 

Diabetes history 
No 
Yes 

Cases 
n 

183 
287 
325 
236 

570 
227 

22 

346 
683 

184 
572 
275 

921 
110 

986 
45 

(%) 

(17.8) 
(27.8) 
(31.5) 
(22.9) 

(55.6) 
(22.2) 
(22.2) 

(33.6) 
(66.4) 

(17.8) 
(55.5) 
(26.7) 

(89.3) 
(10.7) 

(95.6) 
(4.4) 

Family history of breast or ovarian cancer 
No 
Yes 

902 
129 

Occupational physical activity 
Low 
Medium 
High 

Alcohol intake (drinks per 
Abstainers 
1-6 
7-13 
>14 

Meal frequency 
1 a day 
2 a day or more 

Fibre intake 
<17.5 
17.5-22.2 
22.2-27.1 
>27.1 

"Some figure do not 

331 
492 
175 

week) 
288 
261 
226 
256 

40 
991 

218 
257 
280 
276 

add up to 

(87.5) 
(12.5) 

(33.2) 
(49.3) 
(17.5) 

(27.9) 
(25.3) 
(21.9) 
(24.9) 

(3.9) 
(96.1) 

(21.1) 
(24.9) 
(27.2) 
(26.8) 

Controls 
n 

443 
615 
724 
629 

1,417 
620 
349 

803 
1,603 

381 
1,268 

762 

2,142 
269 

2,324 
87 

2,291 
120 

677 
1,237 

426 

833 
542 
421 
615 

83 
2,325 

647 
611 
568 
585 

total because of some 

(%) 

(18.4) 
(25.5) 
(30.0) 
(26.1) 

(59.4) 
(26.0) 
(14.6) 

(33.4) 
(66.6) 

(15.8) 
(52.6) 
(31.6) 

(88.8) 
(11.2) 

(96.4) 
(3.6) 

(95.0) 
(5.0) 

(28.9) 
(52.9) 
(18.2) 

(34.5) 
(22.5) 
(17.5) 
(25.5) 

(3.5) 
(96.5) 

(26.8) 
(25.3) 
(23.6) 
(24.3) 

missing value. 

t' 
p-value 

38.90 
p<0.01 

0.02 
p=0.89 

48.20 
p<0.01 

0.18 
p=0.67 

0.06 
p=0.81 

55.95 
p<0.01 

22.75 
p<0.01 

0.31 
p=0.58 

0.47 
p=0.48 

6.71 
p=0.01 

"Cochran-
Mantel-Haenzel x2 adjusted for center and age. cIn immediate relatives. 

65 / 



Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs)a of epithelial ovarian cancer by quartile of energy-adjusted glycemic 
index, glycemic load, and total carbohydrate intake. Italy, 1992-99. 

Glycemic index 
Upper limitd 

Premenopausal 
Postmenopausal 
All cases 

Glycemic load 
Upper limit 

Premenopausal 
Postmenopausal 
All cases 

(Cases: Controls) 

(346:803) 
(683:1,603) 

(1,031:2,411) 

(346:803) 
(683:1,603) 

(1,031:2,411) 

Total carbohydrate intake (g) 
Upper limitd 

Premenopausal 
Postmenopausal 
All cases 

(346:803) 
(683:1,603) 

(1,031:2,411) 

lc 

70.8 

1 
1 
1 

147 

1 
1 
1 

7.57 

1 
1 
1 

1.33 
1.83 
1.61 

1.49 
1.37 
1.40 

1.31 
1.49 
1.44 

Quartile, OR (95% CI) 

2 

74.4 

(0.88-2.00) 
(1.36-2.47) 
(1.27-2.04) 

185 

(0.99-2.25) 
(1.02-1.84) 
(1.11-1.78) 

9.44 

(0.86-1.98) 
(1.11-1.99) 
(1.13-1.82) 

1.42 
2.10 
1.80 

1.68 
1.49 
1.54 

1.33 
1.55 
1.48 

3 

77.7 

(0.95-2.14) 
(1.57-2.82) 
(1.43-2.27) 

234 

(1.09-2.57) 
(1.11-2.00) 
(1.22-1.96) 

11.55 

(0.86-2.06) 
(1.14-2.10) 
(1.16-1.90) 

1.36 
1.84 
1.65 

1.39 
1.83 
1.65 

1.39 
1.75 
1.62 

4 

— 

(0.90-2.05) 
(1.37-2.48) 
(1.30-2.09) 

— 

(0.92-2.10) 
(1.36-2.46) 
(1.30-2.09) 

— 

(0.90-2.15) 
(1.28-2.39) 
(1.27-2.08) 

X? (trend) 

2.12 
16.29 
16.81 

2.31 
15.58 
16.89 

1.87 
11.40 
12.93 

p-value 

p=0.15 
pO.Ol 
p<0.01 

p=0.13 
pO.Ol 
pO.Ol 

p=0.17 
p<0.01 
pO.Ol 

aAdjusted for age, study center, years of education, occupational physical activity, meal frequency, alcohol consumption, fibre and 
energy intake, history of diabetes, oral contraceptive use, parity, and menopausal status (when appropriate). bSome figures do not add 
up to total because of some missing value. cReference category. dIn overall population of cases and controls. 
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Table 3. Odds ratios (ORs) and 95% confidence intervals (CIs)a of epithelial ovarian 
cancer by strata of selected variables and quartile of energy-adjusted glycemic 
index. Italy, 1992-99 

Quartile, OR (95% CI) 

(Cases: Controls) 

Xi (trend) 

p-value 

Upper limit 70.8 74.4 77.7 

Family history of breast and/or ovarian cancer d 

Yes (129:120) 1 2.05 1.59 1.45 0.51 

(0.85-4.96) (0.72-3.53) (0.61-3.44) p=0.48 

No (902:2,291) 1 1.64 1.84 1.70 16.67 

(1.27-2.11) (1.44-2.37) (1.32-2.19) pO.Ol 

Oral contraceptive use 

Yes (110:269) 2.25 2.02 1.53 0.84 

(1.06-4.76) (0.98-4.18) (0.71-3.28) p=0.36 

No (921:2,142) 

Parity (number of births) 

Nulliparae (184:381) 

1.52 1.77 1.61 14.52 

(1.18-1.96) (1.38-2.28) (1.25-2.07) pO.Ol 

2.30 2.01 1.39 0.98 

(1.26-4.20) (1.10-3.66) (0.77-2.51) p-0.32 

1-2 (572:1,268) 1.51 1.75 1.62 8.90 

(1.10-2.07) (1.27-2.40) (1.16-2.25) pO.Ol 

>3 (275:762) 1.95 2.39 2.26 11.67 

(1.20-3.18) (1.51-3.81) (1.42-3.59) pO.Ol 

Adjusted for age, study center, years of education, occupational physical activity, meal 
frequency, fibre and energy intake, oral contraceptive use, parity, menopausal status, 
alcohol intake, and diabetes, when appropriate. bSome figure do not add up to total 
because of some missing value. cReference category. dIn first-degree relatives. 

/ 
; 

67 



Table 4. Odds ratios (ORs) and 95% 
by strata of selected variables 

confidence intervals (CIs)a of epithelial ovarian cancer 
and quartile of energy-adjusted glycemic index. 

Upper limit 
Diabetes 

Yes 

No 

(Cases .Controls) b 1 
70 

(45:87) 1 

(986:2,324) 1 

Body Mass Index (BMI, kg/mz) 
<25 

>25 

(549:1,266) 1 

(472:1,128) 1 

BMI increase from age 30 a (kg/mJ) 
<o 

> 0 t o 4 

> 4 

Waist to hip ratio 
<0.83 

>0.83 

(228:467) 1 

(465:1,001) ] 

(233:716) 1 

(cm) 
(319:922) 1 

(407:925) 1 

Occupational physical activity 
Low 

Medium 

High 

(331:677) 1 

(492:1,237) 1 

(175:426) 1 

Alcohol intake (drinks per week) 
Abstainers 

1-6 

7-13 

>14 

(288:833) 1 

(261:542) 1 

(226:421) 1 

(256:615) 1 

Quartile, OR (95% CI) 

2 
.8 74.4 

0.75 
(0.16-3.47) ( 

1.69 
(1.32-2.15) ( 

1.63 
(1.16-2.28) ( 

1.66 
(1.18-2.35) ( 

1.57 
(0.96-2.57) ( 

1.73 
(1.20-2.50) ( 

1.61 
(0.99-2.62) ( 

1.62 
(1.08-2.44) ( 

1.82 
(1.23-2.68) ( 

1.58 
(1.01-2.48) ( 

1.55 
(1.11-2.18) ( 

1.95 
(1.03-3.68) ( 

1.56 
(1.01-2.40) ( 

1.78 
(1.09-2.93) | 

1.34 
(0.75-2.37) < 

1.89 
(1.15-3.11) ( 

3 
77.7 

1.66 
[0.37-7.55) ( 

1.88 
[1.48-2.39) ( 

1.84 
1.32-2.54) ( 

1.71 
1.20-2.43) ( 

1.79 
;i.11-2.87) ( 

1.75 
[1.22-2.52) ( 

2.09 
;i.28-3.40) ( 

1.95 
;i.31-2.90) ( 

1.80 
;i.23-2.63) ( 

1.62 
;i.05-2.49) ( 

1.68 
;i.20-2.36) ( 

3.16 
;i.72-5.81) ( 

1.32 
;0.86-2.03) ( 

2.54 
:i.55-4.15) ( 

2.29 
[1.29-4.07) ( 

1.96 
;i.21-3.16) ( 

4 
— 

1.04 
0.22-5.05) 

1.69 
1.33-2.16) 

1.48 
1.06-2.07) 

1.79 
[l. 26-2.54) 

1.74 
[1.07-2.83) 

1.65 
1.14-2.37) 

1.67 
[1.01-2.75) 

1.43 
[0.93-2.19) 

1.95 
1.33-2.84) 

1.27 
[0.82-1.97) 

1.56 
[1.11-2.21) 

3.05 
[1.64-5.67) 

0.98 
[0.63-1.51) 

2.22 
[1.35-3.63) 

2.15 
[1.20-3.84) 

2.24 
[1.37-3.66) 

X? (trend) 
p-value 

0.13 
p=0.71 
17.44 

pO.Ol 

4.97 
p=0.03 

9.77 
p<0.01 

5.07 
p=0.02 

6.31 
p=0.01 

4.89 
p=0.03 

3.99 
p=0.05 
10.04 

pO.Ol 

1.14 
p=0.29 

6.32 
p=0.01 
14.70 

pO.Ol 

0.16 
p=0.69 
11.65 

pO.Ol 
8.93 

pO.Ol 
9.62 

pO.Ol 
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aAdjusted for age, study centre, years of education, occupational physical activity, meal frequency, 
fibre and energy intake, oral contraceptive use, parity, menopausal status, alcohol intake, and 
diabetes, when appropriate. bSome figure do not add up to total because of some missing value. 
cReference category. For subjects aged 35 or more. 
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CHAPTER SIX: INSULIN-LIKE GROWTH FACTORS IN 

ENDOMETRIAL CANCER RISK 
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6.1 Abstract 

Background: The insulin-like growth factor (IGF) system has been related to cell 

proliferation, obesity, diabetes, hyperinsulinemia and endometrial cancer risk. We 

used data from a case-control study conducted in Italy to provide additional 

information on the relation between the IGF system and endometrial cancer. 

Methods: A case- control study was conducted between 1999 and 2002 in Italy, 

including a total of 73 women with incident, histologically confirmed endometrial 

cancer and 108 controls admitted to the same hospital network for acute, non

neoplastic diseases. All subjects were interviewed using a validated 

questionnaire. Results: The odds ratios for endometrial cancer comparing the 

highest versus the lowest fertile of various IGF components were as follows: 0.5 

[95% confidence interval (CI) 0.2-1.2] for free IGF-I, 1.1 (95% CI 0.5-2.6) for total 

IGF-I, 1.2 (95% CI 0.6-2.6) for total IGF-II, 2.4 (95% CI 1.0-5.9) for IGF binding 

protein (IGFBP)-1 and 0.8 (95% CI 0.4-2.0) for IGFBP-3. Further allowance for all 

IGF components in the model did not modify the results. The direct relation with 

IGFBP-1 was stronger and limited to heavier and older women. Conclusions: 

The present findings suggest a limited effect of the IGF system on endometrial 

cancer risk. Increasing IGFBP-1 levels seem to be associated with endometrial 

cancer risk in older women and in women with a higher body mass index. 

71 / 
i 



6.2 Introduction 

Endometrial cancer is strongly related to overweight and obesity but also -

independent of overweight - to diabetes (Parazzini et al.1991, Parazzini et al. 

1999, Grady et al. 1996). Diets with a high glycemic index and load -which in 

turn are related to raised levels of glucose, insulin and possibly insulin-like 

growth factors (IGFs) - have also been associated with endometrial cancer risk, 

independently of measures of body weight, hormone replacement therapy and 

energy intake (Kaaks et al. 2002, Augustin et al. 2003a). IGF-I is known to be 

mitogenic and antiapoptotic (LeRoith and Roberts 2003). It promotes cell growth 

by stimulating tyrosine-specific protein kinase activity both in its own receptors as 

well as in other receptors, including insulin and estrogen receptors (Ullrich et al. 

1986, Yee and Lee 2000). Free IGF-I is thought to be more biologically active 

since it can readily cross the endothelial barrier and bind to receptors (Li et al. 

2001). IGF-II has similar physiological properties as IGF-I (Daughaday and 

Rotwein 1989). The vast majority of circulating IGFs are bound to high-affinity 

IGF binding proteins (IGFBPs). IGFBP-1 predominates in human endometrium, 

and is synthesized mainly by the liver and in premenopausal women also by 

predecidualized/decidualized stromal cells in the late secretory phase 

endometrium (Seppala et al. 1994, Rutanen 1998). IGFBP-1 inhibits free IGF-I 

binding to tissue receptors (Rutanen et al. 1988), tends to increase with age and 

is negatively regulated by insulin, which inhibits IGFBP-1 transcription (Rutanen 

1998). Hence, diabetes, malnutrition and late-stage cancer tend to increase 

IGFBP-1 levels, while obesity and hyperinsulinemia tend to reduce them. 
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Furthermore, IGFBPs may be found in different forms, which can 

differently modulate IGF-I action (Bermont et al. 2000, Jones et al. 1991). The 

tissue activity of the IGF components is dependent not only on circulating levels, 

but also on local production, receptor activity, levels of IGFBP and related 

proteases. In addition, circulating levels vary with age, body mass index (BMI), 

nutritional status, hormone use and severe disease states (Allen et al. 2003). 

IGFs have been directly related to the risk of several human malignancies, 

including those of the prostate (Cohen 1998, Wolk et al. 1998, Pollak et al. 1998, 

Signorello et al. 1999), breast (Hankinson et al. 1998), colorectum (Ma et al. 

1999), lung (Yu et al. 1999), cervix (Mathur et al. 2000) and childhood leukemia 

(Petridou et al. 1999). IGFs and IGFBPs have been shown to play a physiological 

role in the female genital system and may function as mediators of steroid 

hormone action (Rutanen 1998). A study in Japan showed increased serum 

levels of IGF-I and decreased IGFBP-1 in postmenopausal endometrial cancer 

cases compared to matched controls (Ayabe et al. 1997), while a study from 

Finland found lower levels of IGF-I, IGF-II and IGFBP-3 in endometrial cancer 

patients compared to healthy controls (Rutanen et al. 1993). A case-control study 

of 84 cases from Greece (Petridou et al. 2003) found that IGF-II was directly, and 

IGF-I inversely, related to endometrial cancer risk, while IGFBP-3 was also 

directly - though not significantly - related to endometrial cancer. 

To further elucidate the issue, we evaluated the relation between the IGF system 

and endometrial cancer, using data from a case-control study conducted in Italy. 
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6.3 Research, design and methods 

A case-control study of endometrial cancer was conducted between 1999 

and 2002 in Pordenone province (northeastern Italy). Cases were 73 women, 

aged 34-78 years (median age 61 years), with incident, histologically confirmed 

endometrial cancer. Two cases had stage 0, 43 stage I, 9 stage II and 13 stage 

III or IV cancer (6 undefined). Controls were 108 non-hysterectomized women, 

aged 29-79 years (median age 61 years), who had been admitted to the same 

hospital network as cancer cases for acute non-neoplastic conditions unrelated 

to gynecologic, hormonal or metabolic disorders or to dietary modifications. 

Eighty-seven percent of controls were admitted to an orthopedic department, and 

the remaining 13% to other departments for other miscellaneous illnesses such 

as eye, nose or throat disorders. 

Information on sociodemographic and anthropometric characteristics, 

smoking habits, physical activity, height and weight, selected medical conditions, 

menstrual and reproductive factors, and use of hormone replacement therapy 

was collected by trained interviewers in the hospital wards. In accordance with 

the study protocol, in the participating hospitals, all eligible patients were 

approached for participation in the current research study. Two controls and no 

cases refused the interview. Cases and controls with diabetes mellitus were 

excluded. The study was approved by the ethical committee and all study 

participants provided written informed consent. 

Interviews and blood collections were conducted on the day of hospital 

admission and, for cancer cases, always before surgical or radiation treatment. 
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Each case and control subject provided a 15-ml blood sample (7.5 ml in 

vacutainer tubes with EDTA and 7.5 ml in vacutainer tubes without EDTA) the 

day the interview took place (generally on the first day of the hospital stay). Blood 

samples were refrigerated and processed within 12 hours of collection at the 

Cancer Institute in Aviano. They were centrifuged at 1,500 rpm for 20 min, 

extracted and distributed into different cryotubes of serum, plasma, buffy coat 

and red blood cells. All samples were stored at -80 ° C. Each cryotube was 

labeled and coded with the subject's full identification number. Samples were 

sent to the Department of Nutritional Sciences at the University of Toronto, 

Canada. The IGF components were analyzed in EDTA plasma samples by 

means of commercially available kits based on the principle of enzyme-linked 

immunosorbent assay (ELISA) [Diagnostic Systems Laboratories (DSL), 

Webster, Tex., USA]. The ELISA method is a two-step sandwich-type 

immunoassay where the final concentration is determined by spectrophotometry. 

Free IGF-I was determined using DSL-10-9400 with a sensitivity of 0.015 

ng/ml; DSL-10-2800 with a sensitivity of 0.01 ng/ml was used for total IGF-I, 

DSL-10-2600 with a sensitivity of 2.2 ng/ml for IGF-II, and DSL-10-6600 with a 

sensitivity of 0.04 ng/ml for IGFBP-3. IGFBP-1 was determined by an ELISA kit 

(catalogue No. 0900, Alpha Diagnostic, San Antonio, Tex., USA) with a 

sensitivity of 0.4 ng/ml. All assays were run in duplicate, and the average intra-

assay coefficient of variation was < 8%. 

Odds ratios (ORs), and the corresponding 95% confidence intervals (CIs), 

for tertiles of plasma IGFs and IGFBPs were computed using unconditional 
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multiple logistic regression models, including terms for age (in 10-year groups, 

plus a term as a continuous variable), education, parity, smoking status, BMI 

(kg/m2) and hormone replacement therapy (Breslow and Day 1980) using SAS 

Inst. Version 6.08 for VMS. 

6.4 Results 

Table 1 shows the distribution of cases and controls by sociodemographic 

factors and other selected variables. Cases were more frequently overweight 

(OR 3.7 for BMI > 30 vs. BMI < 25), less frequently parous (OR 0.5), less 

frequently used oral contraceptives (OR 0.6), and tended to report later 

menopause (OR 2.3 for age at menopause > 53 years) and more frequently a 

family history of endometrial cancer (OR 3.4). 

Correlations between major covariates and IGF components were not very 

strong. Among controls, total IGF-I and IGFBP-3 were inversely correlated 

(Spearman coefficient) with age (r = -0.54, p < 0.01 and r = -0.55, p < 0.01, 

respectively) and directly with education (r = 0.32, p < 0.01 and r = 0.29, p < 

0.01, respectively). IGFBP-1 was inversely correlated with BMI (r = -0.34, p < 

0.01). IGF-II was inversely correlated with free IGF-I (r = -0.23, p = 0.02) while 

total IGF-I was inversely correlated with IGFBP-1 (r = -0.20, p = 0.04) and 

directly with IGFBP-3 (r = 0.63, p < 0.01). 

Table 2 shows the association of endometrial cancer with plasma levels of 

several components of the IGF system. The OR for the highest versus the lowest 

fertile was 0.5 for free IGF-I, 1.1 for total IGF-I, 1.2 for total IGF-II, 2.4 for IGFBP-
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1 and 0.8 for IGFBP-3. Only the direct association of IGFBP-1 with endometrial 

cancer attained a borderline statistical significance. Further allowance for all IGF 

components in the model did not modify any of the results. 

The relation between IGFBP-1 and endometrial cancer risk was also 

analyzed in separate strata of BMI and age (Table 3). No associations emerged 

among women whose BMI was less than 26 and in those below the age of 

60 years. Conversely, the ORs for the highest IGFBP-1 tertile compared to the 

lowest were elevated among women who were overweight or obese (OR 5.3) 

and in women older than 60 years (OR 6.7). Similar results to those above were 

obtained when all analyses were repeated using 1 standard deviation difference 

in levels of IGFs and IGFBPs rather than intertertile comparison (data not 

shown). 

6.5 Discussion 

The findings of the present study suggest that among selected 

components of the IGF system, only IGFBP-1 showed a borderline significant 

association with endometrial cancer risk. Such association was not modified in 

the model that included IGF-I, IGF-II and IGFBP-3, and was stronger among 

older and heavier women. This points to the possibility that high IGFBP-1 levels 

may be more important in those women who are already at increased risk of 

endometrial cancer. Weiderpass et al. (2003) also found an association between 

increased levels of IGFBP-1 and endometrial cancer, but only among hormone 

replacement therapy users. 
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IGFBPs are thought to be anti-proliferative by virtue of their capacity to 

bind to IGFs or their receptors. While both IGFBP-1 and -3 can prolong the half-

life of IGFs in serum, thereby limiting bioavailability, IGFBP-1, due to its small 

molecular size, also has the ability to transport IGFs across the capillary barrier 

to the cells. Hence it could be speculated that higher IGFBP-1 among cases may 

result in more binding to IGF-I and shuttling to tissues, thereby leaving lower 

levels of free IGF-I in the circulation and the presence of IGF-I in the 

extravascular space would be expected to increase tissue availability of this 

potent mitogen (Signorello et al. 1999, Khandwala et al. 2000). In the study by 

Petridou et al. (2003), IGF-I was inversely related to endometrial cancer 

incidence. In our study, women in the upper tertile of free IGF-I showed a 

decreased endometrial cancer risk, but the association did not attain statistical 

significance. Although an inverse association between free IGF-I and the risk of 

endometrial cancer is not compatible with the knowledge of the mitogenic effects 

of free IGF-I, one study reported reduced expression of IGF-I mRNA in 

neoplastic compared to non-neoplastic endometrium (Maiorano et al. 1999). 

Our study was hospital-based, but bias or confounding are unlikely to have 

substantially influenced its main findings. The catchment areas of cases and 

controls were similar, participation was practically complete, major identified risk 

factors, including BMI, parity or age at menopause, were consistent with our 

knowledge of endometrial carcinogenesis (Parazzini et al.1991, Parazzini et al. 

1999, Grady et al. 1996), and strict allowance was made for age and BMI, as well 

as for major identified confounding factors. The questionnaire was satisfactorily 
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reliable and valid (Franceschi et al. 1995). Late cancer stage (i.e. stage IV) and 

major traumas (such as fractures, which were the cause of hospitalization for 

28% of our controls) may affect circulating levels of various IGF components 

(Bermont et al. 2000). However, no significant difference in risk was seen when 

excluding these categories in the statistical analyses. It is thus unlikely that 

factors related to the presence of cancer (i.e. inverse causation bias) or hospital 

stay had distorted our case-control comparison. Among all IGF components 

analyzed, IGFBP-1 is the most sensitive to nutritional status, and hence these 

results should be interpreted with caution (Brismar et al. 1995). Moreover, 

advanced age tends to increase and obesity to decrease IGFBP-1 (Allen et al. 

2003, Weaver et al. 1990), even if overweight may not affect IGFBP-1 levels 

significantly (Allen et al. 2003). 

The present findings provide useful information to further understand the 

biological mechanisms underlying the complex relation between overweight, the 

IGF system and endometrial cancer risk. 



Table 1. Distribution of 73 cases of endometrial cancer and 108 controls, odds ratios (OR) 
and corresponding 95% confidence intervals (95% CI), by socio-demographic 
factors and selected variables 

Cases 
Number 

Age 
<45 
45-54 
55-64 
65-74 

>75 
Education 

<7 
7-11 
>12 

Body Mass Index (kg/m 
<25 
25-29 

>30 
Parity 

Nulliparous 
1-2 

>3 

Oral contraceptive use 
Never 
Ever 

5 
17 
25 
22 
4 

43 
17 
13 

2) 
19 
29 
25 

9 
50 
14 

63 
10 

Age at menopause (years) 
Pre-peri 
<50 
50-52 
>53 

18 
13 
18 
24 

(%) 

(7) 
(23) 
(34) 
(30) 
(5) 

(59) 
(23) 
(18) 

(26) 
(40) 
(34) 

(12) 
(68) 
(19) 

(86) 
(14) 

(25) 
(18) 
(25) 
(33) 

Family history of endometrial cancer 
No 
Yes 

1 Estimates from multiple 
2 Reference category. 

70 
3 

: logistic 

(96) 
(4) 

; regression t 

Controls 
Number 

20 
19 
27 
32 
10 

58 
31 
19 

48 
44 
16 

11 
76 
21 

84 
24 

28 
31 
25 
24 

106 
2 

(%) 

(19) 
(18) 
(25) 
(30) 
(9) 

(54) 
(29) 
(18) 

(44) 
(41) 
(15) 

(10) 
(70) 
(19) 

(78) 
(22) 

(26) 
(29) 
(23) 
(22) 

(98) 
(2) 

;quations, including terms for age, 

OR 1 

l2 

0.8 
1.2 

l2 

1.8 
3.7 

l2 

0.5 
0.5 

l2 

0.6 

5.7 
l2 

1.9 
2.3 

l2 

3.4 

(95% CI) 

(0.4-1.9) 
(0.5-3.1) 

(0.9-3.9) 
(1.5-8.8) 

(0.2-1.4) 
(0.1-1.8) 

(0.2-1.7) 

(1.3-25.1) 

(0.7-4.9) 
(0.9-5.7) 

(0.5-24.3) 
education, and body mass index. 

80 / 
i 



Table 2. Distribution of 73 cases of endometrial cancer and 108 controls, 
(OR) and corresponding 95% 
components of the IGF system. 

Cases 

IGF-Ifree(ng/mL)3 

<0.37 
0.37-

0.59 
>0.60 

Total IGF-I (ng/mL) 
< 105 
105-150 
>151 

Total IGF-II (ng/mL) 
<507 
507-607 
>608 

IGF BP-1 (ng/mL) 
<2.12 
2.12-

5.13 
>5.14 

IGF BP-3 (ng/mL) 
<1819 
1819-

2591 
>2592 

Number 

25 
30 

15 

26 
20 
27 

26 
19 
28 

23 
26 

24 

27 
24 

22 

confidence intervals (95% 

(%) 

(36) 
(43) 

(21) 

(36) 
(27) 
(37) 

(36) 
(26) 
(38) 

(32) 
(36) 

(33) 

(37) 
(33) 

(30) 

Controls 

Number 

37 
35 

34 

37 
35 
36 

37 
36 
35 

37 
36 

35 

36 
36 

36 

(%) 

(35) 
(33) 

(32) 

(34) 
(32) 
(33) 

(34) 
(33) 
(32) 

(34) 
(33) 

(32) 

(33) 
(33) 

(33) 

CI), 

OR 
I 

l4 

1.1 

0.5 

l4 

0.8 
1.1 

l4 

0.8 
1.2 

l4 

1.8 

2.4 

l4 

0.9 

0.8 

according 

(95% CI) 

(0.5-2.5) 

(0.2-1.2) 

(0.3-1.8) 
(0.5-2.6) 

(0.3-1.8) 
(0.6-2.6) 

(0.8-4.1) 

(1.0-5.9) 

(0.4-2.1) 

(0.4-2.0) 

odds ratios 
to selected 

OR2 

l4 

1.0 

0.5 

l4 

1.1 
1.9 

l4 

0.8 
1.1 

l4 

2.1 

2.7 

l4 

0.9 

0.6 

(95% CI) 

(0.4-2.3) 

(0.2-1.3) 

(0.4-2.9) 
(0.6-5.9) 

(0.3-1.9) 
(0.4-2.7) 

(0.8-5.1) 

(1.0-7.3) 

(0.4-2.3) 

(0.2-1.8) 

1 Estimates from multiple logistic regression equations, including terms for age, education, parity, smoking 
status, body mass index, and hormone replacement therapy. 2 As model 1 plus all the terms in the table. 3 
The sum may not add up to the total because of some missing values. 4 Reference category. 
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Table 3. Odds ratios (OR)' and corresponding 95% confidence intervals (CI) of endometrial cancer by IGFBP-1 according to strata of body 
mass index (BMI) and age 

BMI (kg/nT) Age (yrs) 
<26 >26 <60 >60 

Casexontrols OR Casexontrols OR 
(95%CI) (95%CI) 

Casexontrols OR Casexontrols OR 
(95%CI) (95%CI) 

IGF BP-l(ng/mL) 

<2.12 5:13 

2.12-5.13 10:23 

>5.14 11:26 

l2 

1.3 
(0.3-5.4) 

1.0 
(0.3-4.0) 

18:24 

16:13 

13:9 

1.8 
(0.6-5.7) 

5.3 
(1.2-22.6) 

14:16 

13:20 

6:15 

1.2 
(0.3-4.4) 

1.1 
(0.2-4.7) 

9:21 

13:16 

18:20 

3.4 
(0.9-12.5) 

6.7 
(1.7-26.7) 

1 Estimates from multiple logistic regression equations, including terms for education, parity, smoking status, hormone replacement therapy and age and body mass index, as appropriate. 

' Reference category. 
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CHAPTER SEVEN: INSULIN-LIKE GROWTH FACTORS IN 

OVARIAN CANCER RISK 
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7.1 Abstract 

Background: Components of the insulin-like growth factor (IGF) system have 

been associated with several cancers, but very few studies are available for 

ovarian cancer. Methods: A case-control study conducted between 1999 and 

2003 in Italy, including a total of 59 women with incident, histologically confirmed 

ovarian cancer and 108 controls admitted to the same hospital network as cases, 

for acute non-neoplastic diseases. All subjects were interviewed using a 

validated questionnaire. Results: After adjustment for potential confounders, the 

multivariate odds ratios for the highest versus the lowest fertile of various IGF 

components were 0.6 (95% confidence interval, CI: 0.2-1.4) for free IGF-I, 0.4 

(CI: 0.1-1.5) for total IGF-I, 2.6 (CI: 0.9-6.9) for IGF-binding protein (IGFBP)-1, 

and 0.2 (CI: 0.0-0.6) for IGFBP-3. Conclusions: This study suggests a 

protective role of IGFBP-3 and a positive association of IGF-I and IGFBP-1 with 

ovarian cancer. The complex role of the IGF system in ovarian carcinogenesis 

deserves further clarification. 

7.2 Introduction 

Reproductive and hormonal factors are recognized risk factors for 

epithelial ovarian cancer (Riman et al. 1998). Oral contraceptive use, parity, and 

anovulation reduce the risk of ovarian cancer (La Vecchia 2001), however, the 

pattern of risk in ovarian cancer is not totally explained by these factors 
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(Chiaffarino et al. 2001). Hormones other than sex steroids may be implicated 

(Risch 1998). 

A possible link between the insulin-like growth factor (IGF) system and 

ovarian cancer stems from the findings that IGF-I levels were found to be 

significantly higher in cyst fluid from invasive malignant epithelial ovarian 

neoplasms compared to cyst fluid from benign neoplasms (Karasik et al. 1994), 

and that IGF-I and related binding proteins (IGFBP) are expressed in epithelial 

ovarian cancer cells (Beck et al. 1994, Hofmann et al. 1994). IGFBPs act as 

regulators of IGF-I action, and IGFBP-3 was found to be lower in ovarian cancer 

patients compared to controls (Flyvbjerg et al. 1997). However, prospective 

studies did not show any significant associations of ovarian cancer risk with 

IGFBP-3 or IGFBP-1 (Lukanova et al. 2002, Lukanova et al. 2003). 

We therefore analyzed the relationship between various components of 

the IGF system and ovarian cancer risk in a case-control study conducted in 

Italy. 

7.3 Research design and methods 

A case-control study of ovarian cancer was conducted between 1999 and 

2003 in the Pordenone province (North-Eastem Italy). The cases were 59 

women, aged 26-75 years (median age 55) with incident, histologically confirmed 

epithelial ovarian cancer. The controls were 108 women, aged 29-79 years 

(median age 61) admitted to the same hospital network for acute non-neoplastic 

conditions unrelated to gynecological, hormonal, or metabolic disorders or to 

85 



dietary modifications. Eighty-seven percent of controls were admitted to an 

orthopedic department and 13% to other departments for miscellaneous illnesses 

such as eye, nose or throat disorders. Trained interviewers collected information 

on sociodemographic and anthropometric characteristics, smoking habits, 

physical activity, height and weight, selected medical conditions, menstrual and 

reproductive factors and the use of hormone replacement therapy by means of a 

validated and reproducible questionnaire (Franceschi et al. 1995). Two controls 

(1.4%) and no cases refused the interview, and one case was excluded from the 

present analyses due to a history of diabetes. 

The study was approved by the ethical committee and all study 

participants provided written informed consent. Interviews were conducted, and 

blood samples were collected at the time of interview, on the day of hospital 

admission and, for cancer cases, always before the surgical or radiation 

treatment. They were immediately centrifuged and stored with EDTA at-80°C 

until shipment in dry ice to the Department of Nutritional Sciences at the 

University of Toronto, Canada. The IGF components were analyzed in plasma 

samples by means of commercially available kits based on the principle of 

enzyme-linked immunosorbent assay (ELISA; Diagnostic System Laboratories, 

Webster, Tex., USA). Free IGF-I was determined by using DSL-10-9400 with a 

sensitivity of 0.015 ng/ml, DSL-10-2800 with a sensitivity of 0.01 ng/ml was used 

for total IGF-I and DSL-10-6600 with a sensitivity of 0.04 ng/ml for IGFBP-3. 

IGFBP-1 was determined by an ELISA kit, provided by Alpha Diagnostic (San 

Antonio, Texas, catalogue no. 0900), with a sensitivity of 0.4 ng/ml. The ELISA 
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method is a two-step sandwich-type immunoassay where the final concentration 

is determined spectrophotometrically. The assays were run in duplicates and the 

average intra-assay coefficient of variation was less than 8%. 

Tertiles of IGFs and IGFBPs were computed on the basis of the 

distribution of controls. Odds ratios (OR) and the corresponding 95% confidence 

intervals (CI) for tertiles of plasma IGFs and IGFBPs were computed using 

unconditional multiple logistic regression models (SAS Inst. Version 6.08 for 

VMS), including terms for age, parity, oral contraceptive use, hormone 

replacement therapy, smoking status, and all the components of the IGF system 

in the fully adjusted model. 

7.4 Results 

Table 1 gives the distribution of cases and controls by sociodemographical 

and other selected variables. Compared to the controls, the cases tended to be 

less frequently parous (OR = 0.5) and postmenopausal (OR = 0.5), and used oral 

contraceptives less frequently (OR = 0.4). 

The median, 25%, and 75% percentiles of free IGF-I, total IGF-I, IGFBP-1, 

and IGFBP-3 in plasma are shown in Table 2 for cases and controls. Subjects 

with ovarian cancer, compared to control, had similar levels of free IGF-I, higher 

levels of IGFBP-1 (6.2 ng/ml in cases and 3.3 ng/ml in controls) but lower levels 

of total IGF-I (88 vs. 132 ng/ ml) and IGFBP-3 (1,671 vs. 2,263 ng/ml). 

Table 3 shows the association of ovarian cancer with plasma levels of 

several components of the IGF system. The model adjusted for age only 
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provides consistent estimates compared with the model adjusted for potential 

confounding factors. When also including all IGFs components in the multivariate 

model, the OR for the highest versus the lowest tertile was 0.6 (CI: 0.2-1.4) for 

free IGF-I, 0.4 (CI: 0.1-1.5) for total IGF-I, 2.6 (CI: 0.9-6.9) for IGFBP-1 and 0.2 

(CI: 0.0-0.6) for IGFBP-3. 

The relation between various components of the IGF system and ovarian 

cancer risk was also analyzed in separate strata of age (data not shown in 

tables). No significant differences were noted between strata of age for free and 

total IGF1 and IGFBP-3. However, the positive association with IGFBP-1 was 

limited to women above 55 years of age (OR = 9.1). The additional adjustment 

for education, menopausal status, dietary data (energy intake), or 

anthropometrical variables did not modify our findings. 

7.5 Discussion 

These findings did not show a direct relationship between the IGF-I 

component and ovarian cancer risk although an inverse association was found 

with IGFBP-3. Studies investigating the IGF system in ovarian cells in vitro 

showed important regulatory functions of IGFs and IGFBPs in ovarian follicular 

development (Thierry van Dessel et al. 1996). The IGF system may be involved 

in ovarian carcinogenesis via at least two mechanisms: i) IGF-I receptor-

dependent, and ii) estrogen receptor-dependent. These receptors, when 

stimulated, result in mitogenic and anti-apoptotic effects both in healthy and 

neoplastic cells (LeRoith and Roberts. 2003), creating a favorable environment 
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for cancer initiation and promotion. IGF-I has high affinity for both the IGF-I 

receptor and the estrogen receptors (Yee and Lee 2000, Klotz et al. 2002), and is 

also a powerful negative regulator of sex hormone-binding globulin, thereby 

increasing estrogen bioavailability (Nestleret al. 1991, Plymate et al. 1990). The 

binding to IGF-I receptor is inhibited by IGFBPs, particularly IGFBP-3. Our finding 

of a protective role of IGFBP-3 is therefore in line with the physiology of this 

binding protein and with other epidemiological studies on the relationship of 

IGFBP-3 with the risk of ovarian cancer (Flyvbjerg et al. 1997) or progression of 

the disease (Katsaros et al. 2001). Unlike IGFBP-3, IGFBP-1 has the ability to 

carry IGF-I to the tissues and in some instances, it has been found to enhance 

the activity of IGF-I (Elgin et al. 1987, Busby et al. 1989). These findings may 

partly explain the higher risk of ovarian cancer with increasing IGFBP-1 levels 

and possibly the inverse association with IGF-I observed in our study when using 

statistical models 1 and 2. However, an inverse association between IGF-I and 

the risk of ovarian cancer is not compatible with the knowledge of the mitogenic 

effects of IGF-I. 

The range of median values of IGF components in adult women varies 

widely in the literature, mainly due to the different assays used - e.g. ELISA (Juul 

et al. 1997 and present study) or immunoradiometric assays (Lukanova et al, 

2002, 2003). In particular, IGFBP-1 can vary from 3.0 ng/ml (Juul et al. 1997) to 

33.6 ng/ml (Lukanova et al. 2003) while IGFBP-3 levels are fairly stable. 

Moreover, IGFBP-1 is the most sensitive to nutritional status with fasting resulting 

in higher levels than non-fasting (Underwood et al. 1994, Lee et al. 1997) and 
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menstrual cycle with higher levels during pre-ovulatory phase and overall 

fluctuation of 62% throughout the menstrual cycle (Juul et al. 1997). Results on 

IGF components, unless obtained from a controlled cohort with standardized 

assays, should be interpreted with caution, particularly in small selected samples. 

The differences observed in the IGF system may be a consequence, 

rather than a cause, of ovarian cancer. However, several lines of evidence 

support the hypothesis that the IGF system is involved in carcinogenesis and that 

it has important implications in terms of lifestyle changes and, thus, risk reduction 

(McKeown-Eyssen 1994, Giovannucci 1995). Insulin has affinity for both the IGF-

I receptor (Ullrich et al. 1986) and the estrogen receptor (Kaaks and Lukanova 

2001) and it has been shown to act as a cancer-promoting agent in in vitro and in 

animal studies (Tran et al. 1996). Factors typical of a Western lifestyle, such as 

low physical activity, excess intakes of energy, saturated fat and high glycemic 

index foods, tend to promote hyperinsulinemia, which in turn may affect various 

components of the IGF system (Kaaks and Lukanova 2001, Holmes et al. 2002, 

Holmes et al. 2002, Giovannucci et al. 2003). In a previous larger study on 

epithelial ovarian cancer, we found positive associations between ovarian 

cancer, dietary starch (Bidoli et al. 2002), glycemic index and glycemic load (two 

measures of dietary insulin demand) (Augustin et al. 2003b). Conditions linked to 

hyperinsulinemia (e.g., obesity, type 2 diabetes) have also been associated with 

a higher risk of ovarian cancer (Rodriguez et al. 2002). 

Our study was hospital-based, but bias or confounding are unlikely to 

have substantially influenced its main findings. The 'catchment' areas of cases 
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and controls were similar, participation was practically complete, major identified 

risk factors, including parity, menopausal status and oral contraceptive use, were 

consistent with our knowledge of ovarian carcinogenesis (La Vecchia 2001) and 

the questionnaire was satisfactorily reliable and valid (Franceschi et al. 1995). 

Moreover, the model adjusted for age only provides consistent estimates 

compared with the model including major identified confounding factors as well 

as with the model including all IGF components. However, since most of IGF 

components are correlated, the more conservative mutual adjustment remains 

difficult to interpret, due to possible collinearity. 

In conclusion, opposite associations emerged in the present study for 

different components of the IGF-system, positive for IGFBP-1 and negative for 

IGFBP-3 and to a lesser extent IGF-I. 
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Table 1. Distribution of 59 cases of ovarian cancer and 108 
corresponding 95% confidence intervals (95% CI), 
and selected variables1 

controls, odds ratios (OR) and 
by socio-demographic factors 

Age (years) 
<45 
45-54 
55-64 

>65 
Education (years) 

<7 
7-11 
>12 

Parity 
Nulliparous 
1-2 

>3 
Oral contraceptive 

"Never 
Ever 

Cases 
Number 

10 
18 
15 
16 

24 
23 
12 

9 
41 
9 

use 
50 
9 

Hormone replacement therapy 
Never 
Ever 

Age at menopause 
Pre-peri 
<50 

50-52 
>53 

Smoking status 
Never 

Current 

Former 

52 
7 

21 
14 
13 
11 

36 
11 
12 

Family history of ovarian/breast 
No 
Yes 

52 
7 

(%) 

(17) 
(31) 
(25) 
(27) 

(41) 
(39) 
(20) 

(15) 
(69) 
(15) 

(85) 
(15) 

(88) 
(12) 

(36) 
(24) 
(22) 
(19) 

(61) 
(19) 
(20) 

cancer 
(88) 
(12) 

Controls 
Number 

20 
19 
27 
42 

58 
31 
19 

11 
76 
21 

84 
24 

92 
18 

28 
31 
25 
24 

81 
17 
10 

97 
11 

(%) 

(19) 
(18) 
(25) 
(39) 

(54) 
(29) 
(18) 

(10) 
(70) 
(19) 

(78) 
(22) 

(85) 
(15) 

(26) 
(29) 
(23) 
(22) 

(75) 
(16) 
(9) 

(90) 
(10) 

OR2 

1 
1.59 
1.38 

1 
0.48 
0.46 

1 
0.41 

1 
0.64 

1 
0.45 
0.50 
0.50 

1 
1.12 
2.38 

1 
1.05 

(95% CI) 

(0.67-3.74) 
(0.54-3.55) 

(0.17-1.37) 
(0.13-1.66) 

(0.16-1.05) 

(0.23-1.78) 

(0.12-1.73) 
(0.12-2.12) 
(0.10-2.47) 

(0.44-2.82) 
(0.89-6.36) 

(0.37-2.97) 
1 The sum may not add up to the total because of some missing values. 
2 Estimates from multiple logistic regression equations, including terms for age. 
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Table 2. Median, 25th and 75th percentile IGF-system components for ovarian cancer cases 
and controls. 

Cases Controls 
Median 25th 75th Median 

percentile percentile 
25th 75 th 

percentile percentile 

IGF-I free (ng/ml) 0.47 
Total IGF-I (ng/ml) 88.1 
IGF BP-1 (ng/ml) 6.2 
IGF BP-3 (ng/ml) 1671 

0.26 
55.5 
2.9 
1173 

0.73 
136.6 
14.1 
2166 

0.45 
131.7 
3.3 
2263 

0.30 
95.9 
1.6 
1621 

0.68 
160.0 
6.6 
2877 

Table 3. Distribution of 59 cases of ovarian cancer and 108 controls, odds ratios (OR) and corresponding 95% confidence intervals (95% CI), 

according to selected components of the IGF system 

IGF-I free (ng/ml)4 

<0.357 
0.357-0.524 

>0.525 

Total IGF-I (ng/ml) 
<103 
103-150 
£151 

IGF BP-1 (ng/ml)4 

<2.1 
2.1-5.0 
>5.1 

IGF BP-3 (ng/ml) 
<1756 
1756-2578 
>2579 

( Cases 

Number (%) 

23 
16 
18 

36 
10 
13 

9 
18 
31 

32 
21 
6 

(40) 
(28) 
(32) 

(61) 
(17) 
(22) 

(16) 
(31) 
(53) 

(54) 
(36) 
(10) 

Controls 

Number 

35 
31 
40 

35 
37 
36 

37 
35 
36 

34 
37 
37 

(%) 

(33) 
(29) 
(38) 

(32) 
(34) 
(33) 

(34) 
(32) 
(33) 

(31) 
(34) 
(34) 

OR1 

1 
0.77 
0.58 

1 
0.15 
0.17 

1 
1.93 
3.56 

1 
0.40 
0.09 

(95% CI) 

(0.34-1.75) 
(0.26-1.29) 

(0.06-0.38) 
(0.07-0.45) 

(0.77-4.86) 
(1.50-8.46) 

(0.18-0.90) 
(0.03-0.28) 

OR2 

1 
0.63 
0.48 

1 
0.17 
0.19 

1 
2.20 
3.70 

1 
0.39 
0.10 

' (95% CI) 

(0.26-1.57) 
(0.21-1.12) 

(0.06-0.45) 
(0.07-0.50) 

(0.82-5.88) 
(1.48-9.24) 

(0.17-0.93) 
(0.03-0.32) 

OR3 

1 
0.58 
0.56 

1 
0.24 
0,44 

1 
2.47 
2,55 

1 
0.73 
0.15 

' (95% CI) 

(0.22-1.50) 
(0.22-1.42) 

(0.08-0.69) 
(0.13-1.46) 

(0.86-7.08) 
(0.94-6.88) 

(0.29-1.84) 
(0.04-0.55) 

Estimates from multiple logistic regression equations, including terms for age. 
1 As in model' plus terms for parity, oral contraceptive use, hormone replacement therapy and smoking status. 
3 As in model' plus terms for all components of the IGF system. 
*The sum may not add up to the total because of some missing values. 
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CHAPTER EIGHT: EFFECTS OF LOW AND HIGH 

GLYCEMIC INDEX FOODS ON 

MARKERS OF OXIDATIVE STRESS 

94 



8.1 Abstract 

Background: Hyperglycemia and diabetes have been associated with increased 

oxidative stress and cancer risk and strategies that reduce postprandial glucose 

excursions (e.g. low glycemic index diets) have been associated with reduced 

cancer risk. One possible mechanism may be through reduced postprandial 

oxidative stress. 

Objective: To assess the effect of reducing postprandial glucose excursions with 

low glycemic index (Gl) foods on circulating antioxidant concentrations and 

measures of oxidative stress. 

Methods: In an acute study lasting 4 hours, 14 healthy subjects were fed, on 

separate days, 4 foods containing either 50g or 100g available carbohydrates 

from either a high Gl food (white bread: Bread-50 and Bread-100) or a low Gl 

food (pasta: Pasta-50 and Pasta-100). 

Results: The incremental area under the blood glucose curve (iAUC) for the two 

pasta portions (Pasta-50 and Pasta-100) were significantly lower (103±9, and 

126±11, respectively) than the iAUC of Bread-100 (196±11, p<0.01). The iAUC of 

Pasta-50 was also significantly lower than the iAUC of Bread-50 (157±16, 

p<0.01). No post-meal differences were seen between treatments in total 

antioxidant capacity, antioxidants or markers of oxidative damage. Inverse 

correlations were observed between glucose responses and carotenoids. 

Conclusions: In this acute setting with healthy subjects, low Gl foods did not 

result in lower oxidative damage and preservation of antioxidants compared to 

high Gl foods. 
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8.2 Introduction 

Evidence is emerging from large epidemiological studies that diets 

containing low glycemic index (Gl) carbohydrate foods may reduce the risk of 

chronic diseases including diabetes (Salmeron et al. 1997a, 1997b), 

cardiovascular disease and colon cancer (Liu et al. 2000, Franceschi et al. 2001). 

Part of the explanation for the lowered risk of diabetes, heart disease and cancer 

risk seen with low Gl diets may lie in the findings that oxidative stress may be 

involved in the etiology of these diseases and that it may be fuelled by 

hyperglycemia (Baynes 1991, Ceriello et al. 1992, Brownlee 2005, Halliwell 

2007). 

Hyperglycemia may contribute to increased oxidative stress through 

increased generation of reactive oxygen species (ROS) during the oxidative 

metabolism of carbohydrates in the mitochondria and through the degradation of 

antioxidant enzyme defenses (i.e. by glycation of antioxidant enzymes) 

(Brownlee 2005, Ceriello et al. 1998a). Free radicals including ROS are thought 

to play an important role in the process of carcinogenesis (Halliwell 2007) and 

both diabetes and hyperglycemia have been linked to increased cancer risk (Hu 

et al. 1999, Schoen et al. 1999). 

Studies in both healthy and diabetic subjects have documented 

postprandial reductions in the plasma concentrations of serum protein thiols, 

vitamin C, vitamin E and uric acid (Ceriello 1998a, 1998b). Plasma total free 

radical trapping activity, which reflects the sum of plasma antioxidant capacity 

due to known and unknown antioxidants and their interactions, was also 
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significantly reduced (Ceriello et al. 1998a, 1998b). Mixed meals resulted in a 

25% reduction of serum lycopenes at 1 hour postprandially compared to fasting 

levels and an even larger postprandial reduction after a 50g glucose load, 

reaching their lowest levels at approximately 90 minutes (Rao and Agarwal 

1998). More recently it was noted that the greater the amplitude of glucose 

excursions the more rapid the rate of oxidative metabolism (Brownlee 2005, 

Monnier et al. 2006). We therefore assessed whether the consumption of low Gl 

foods resulted in greater preservation of antioxidants and lower oxidative 

damage compared to high Gl foods. 

8.3 Research design and methods 

Fourteen healthy individuals: 8 women and 6 men (mean±SD) with a 

mean age of 26±8 years (range 19-52 years) and mean body mass index (BMI) 

of 23.6±2.8 kg/m2 (range 19.6-28.2 kg/m2) participated in this study. Volunteers 

were recruited from staff and students at the University of Toronto and from 

subjects taking part in studies at the Glycemic Index Laboratories (Toronto). 

Exclusion criteria included smoking, vitamin or mineral supplementation, 

impaired fasting blood glucose, diabetes, liver or kidney disease or disorders of 

the gastrointestinal tract. Subjects were asked to avoid consuming and foods 

containing lycopenes for 1 week prior to the study commencement and for the 

duration of the study and to avoid any water-soluble antioxidant-rich foods for 24 

hours prior to their study session. A list of foods to avoid was provided for the 

subjects. These foods included: tomatoes, tomato products, watermelon, 
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papaya, apricots, berries, tea (black, green and herbal) coffee, chocolate, melon, 

kiwi, citrus fruit and fruit juices. Before each study session, subjects were asked 

to complete a 3-day food record outlining in detail all foods consumed. 

Compliance was assessed from the food record. Informed consent was obtained 

from the subjects. This study was approved by the Ethics committees of the 

University of Toronto and St. Michael's Hospital. 

8.3.1 Study Protocol 

All subjects completed 5 study sessions each lasting 4 hours, with a 

minimum of 1 week washout between tests. At each session, subjects were 

asked to attend the clinic between 8:00 and 9:00am following a 12-hour overnight 

fast. They were also asked to consume the same meal the evening prior to each 

study session and to maintain the same level of physical activity the day prior 

and the morning of the study. Body weight, height and blood pressure were 

measured after an overnight fast. Venous blood was drawn from a forearm 

catheter kept patent with saline and capillary blood samples for glucose analysis 

were obtained at times 0, 30, 45, 60, 90, 120, 240 minutes with an extra capillary 

sample at 15 minutes for Gl calculations. Following the baseline sample, a test 

food was provided, which was consumed within 10 minutes. Three different test 

foods and two control white bread portions were given in random order. The test 

foods were: a) 70g of pasta containing 50g available carbohydrate (Pasta-50); b) 

140g of pasta containing 100g available carbohydrate (Pasta-100); c) 194g of 

white bread containing 100g available carbohydrate (Bread-100). The control 
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white bread was consumed in two occasions and consisted in 97g portion 

containing 50g available carbohydrate, 8.4g protein and 3.4g fat. All breads 

including the control bread consisted of commercial white Wonder Bread® 

(Interstate Bakeries Corporation; Kansas City, Missouri). The pasta was plain 

spaghetti (Barilla, Parma, Italy) cooked in excess boiling water for 7 minutes, and 

the small portion contained 50g available carbohydrate, 9g protein and 1.6g fat. 

8.3.2 Laboratory measurements 

Capillary blood samples were collected in Sarsted® tubes (Montreal, 

Quebec, Canada) and were immediately placed in a -20°C freezer until analysis. 

Blood glucose was analyzed by YSI STAT Plus Glucose/Lactate Analyzer (model 

2300 YSI STAT Plus Glucose Analyzer; Yellow Springs Instruments, Yellow 

Springs, OH). 

All venous blood samples were collected in serum red-top BD Vacutainei® 

blood tubes with no additives (Oakville, Ontario, Canada). Upon collection, blood 

tubes were wrapped in tin-foil to minimize light penetration and remained at room 

temperature for 1 hour to clot before being spun in a Beckman GPR centrifuge at 

1008 x g for 15 minutes. After spinning, serum was aliquoted into light sensitive 

amber Eppendorf tubes and stored at -70°C. 

Serum insulin was analyzed at St. Michael's Hospital Core Laboratory 

using a chemiluminescent ultrasensitive insulin immunoassay (CV 3.1-5.6%) 

(Access® Immunoassay System; Beckman Coulter, Mississauga, Ontario). 

99 



Serum total antioxidant capacity (TAC) was determined by the 

decolorization assay which was applicable to both lipophilic and hydrophilic 

antioxidants. The radical monocation 2,29-azinobis-(3-ethylbenzothiazoline-6-

sulfonic acid) (ABTS«+) was generated by oxidation of 5ml of 7mM ABTS (from 

Sigma Canada) with 88ul of 140 mM potassium persulfate and was diluted with 

ethanol (1:0.35 ratio). Twenty microliters of serum was added to 3ml of ABTS*+ 

solution and allowed to react. Absorbance using a quartz cuvette was read at 

734nm after 0, 30 and 60 seconds, at room temperature. ABTS*+ was reduced 

in the presence of hydrogen-donating antioxidants. The extent of decolorization 

as percentage inhibition of the ABTS*+ radical cation was determined as a 

function of concentration and time and calculated relative to the reactivity of 

Trolox as a standard, under the same conditions (Pellegrini et al. 1999). The 

mean coefficient of variation of samples analyzed in triplicate was 3%. 

Protein oxidation was measured using the 5,5'-dithio-bis(2-nitrobenzoic 

acid) (DTNB) assay (Hu 1994) to assess the loss of reduced thiol (-SH) groups 

as a measure of protein oxidation. Serum samples were diluted with 0.25mmol/L 

Tris Buffer with 20mmol/L EDTA at pH 8.2 and then incubated for 15 min at room 

temperature after addition of 100umol/L DTNB. Samples were then centrifuged 

at 10000 x g for 5 minutes. Absorbance was read at 412nm against a sample-

blank and the difference in optical density was read against reduced glutathione 

standards from 100-1000umol/L The mean coefficient of variation of samples 

analyzed in triplicate was 2.2%. 
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Carotenoids analysis was performed using a validated method (Liu et al. 

2009 submitted) to quantify blood levels of lutein, zeaxanthin, b-cryptoxanthin, 

all-trans-lycopenes, cis-lycopenes, a-carotene and p-carotene. Serum samples 

were stored at -70 °C and extracted on the day of HPLC analysis. All sampling 

procedures were performed under low ambient light conditions to minimize light-

induced degradation of antioxidants. For extraction, serum aliquots of 200uL 

were mixed with the internal standard solution and ethanol-BHT, vortexed for 

deproteinization and then centrifuged. The vial was placed on ice to improve 

phase separation and an aliquot of the supernatant was transferred to an amber 

glass vial with screw cap. The extraction procedure was repeated twice and the 

supernatants were pooled into the amber glass vial. The extract was evaporated 

to dryness under a stream of nitrogen, reconstituted in ethanol-BHT by vortexing, 

and transferred into a microvolume HPLC vial. Samples were then placed into the 

HPLC autosampler compartment at 10 °C before injection. The HPLC system 

consisted of a Waters 2690 Alliance HPLC system (Milford, MA, USA), a Waters 

996 PDA detector and a Shimadzu RF 535 fluorescence detector (Kyoto, Japan), 

controlled by Waters Millennium32 data management software, 4.0 edition. A 

Waters Spherisorb 3|am ODS2, 4.6 x 250mm analytical column was used for the 

separation of all components. The concentrations of the carotenoids lutein, 

zeaxanthin, canthaxanthin, p-cryptoxanthin, lycopene, a-carotene and p-carotene 

were quantified at 450 nm and compared to the readings of their own standard 

solutions. 
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8.3.3 Statistical Analyses 

Results are expressed as mean ± standard error of the mean (SEM) and 

differences were considered significant at p<0.05. Blood glucose and insulin 

areas were calculated as the incremental area under the curve (iAUC) using the 

trapezoidal rule (Wolever 1990b) and were calculated for the first 2 hours, 

iAUC2h, (standard method of Gl calculation) and for the entire duration of the 

study (4 hours), iAUC4h- The Gl of Pasta-50 was calculated using the average 

iAUC of the two Bread-50 controls as reference (Wolever 1990b) while to 

calculate the Gl of Pasta-100 the iAUC for Bread-100 was used as the reference 

food. Peak heights were maximal incremental rises in glucose and insulin while 

the incremental peak heights were the difference between baseline and peak 

heights. The total area under the curve (AUC) was calculated for total antioxidant 

capacity as the area above or below baseline while AUCs for total carotenoids 

and total lycopenes were calculated as the area below baseline (i.e. inverted 

AUC). For protein thiols the 60 minutes changes from baseline were evaluated 

since changes in protein thiols occur in the first 60 minutes after a meal (Ceriello 

et al. 1998a, Ceriello et al. 1998b). Within treatment differences from baseline 

were assessed by t-test and were considered significant at p<0.05. The 

differences between treatments were assessed by Least Squares Means with 

Tukey adjustment for multiple comparisons in SAS (SAS Inst. Version 9.2; Gury, 

NC) with treatment by sex interaction, sex and a random term representing the 

subject identity as main effects and with baseline as a covariate. ANOVA was 

used to test the combined effects of the two bread portions (small and large) 
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compared to the two pasta portions, on antioxidant capacity and measures of 

oxidative stress. 

Pearson correlations were performed to assess any link between blood glucose 

or insulin and measures of oxidative stress and antioxidant capacity. The values 

of each individual for mean glucose and insulin iAUC at 2 and 4 hours and 

glucose and insulin peak heights were related to the total AUC of total antioxidant 

capacity, total carotenoids, total lycopenes and to the mean postprandial 

changes in protein thiols at 60 minutes. Correlations were calculated using intra-

subject means of diets and doses for each subject. 

8.4 Results 

Glucose 

The individual time points for glucose are shown in Figure 1. The Gl of 

Pasta-50 was low as expected, 67±6, and the Gl for Pasta-100 was 66±6 (Table 

1). The 2-hr glucose iAUCs for the two pasta portions (Pasta-50 and Pasta-100) 

were significantly lower (103±9, and 126±11, respectively) than the iAUC of 

Bread-100 (196±11, p<0.001). The 2-hr glucose iAUC of Pasta-50 was also 

significantly lower than the iAUC of Bread-50 (157±16, p<0.002). The 4-hr 

glucose iAUCs for the two pasta portions were different between each other 

(133±14 and 187±16, respectively, p<0.007) and significantly lower than the 

iAUC of Bread-100 (282±16, p<0.001). The 4-hr glucose iAUC of Pasta-50 was 

also significantly lower than the iAUC of Bread-50 (178±23, p<0.034). The 

glucose peak heights and incremental peak heights were highest for the two 
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breads, Bread-50 (7.07±0.28 mmol/L; 2.56±0.27mmol/L, respectively) and 

Bread-100 (7.45±0.21 mmol/L, 2.97±0.16mmol/L, respectively), than for the two 

pasta portions, Pasta-50 (6.24±0.23 mmol/L; 1.77±0.24mmol/L, respectively) and 

Pasta-100 (6.78±0.14 mmol/L; 2.21±0.18mmol/L, respectively). All comparisons 

were statistically significant except the comparison between Bread-50 and 

Bread-100 and the comparison between Bread-50 and Pasta-100 (Table 2 and 

Figure 2). 

Insulin 

The individual time points for insulin are shown in Figure 1. The insulin 

responses generally reflected the glucose responses. The 2-hr insulin iAUCs 

were significantly different for Bread-50 and Bread-100 (p=0.025), for Pasta-50 

and Pasta-100 (p<0.001) and for Pasta-100 and Bread-100 (p=0.003) (Table 2 

and Figure 2). The 4-hr insulin iAUCs were significantly different for Bread-50 

and Bread-100 (p=0.003), for Pasta-50 and Pasta-100 (p<0.001) and for Pasta-

100 and Bread-100 (p=0.009). The insulin peak heights and the incremental 

insulin peak heights were highest for the two bread portions (Table 2). 

Antioxidants and oxidative damage 

Serum protein thiols, total carotenoids and total lycopenes decreased 

postprandially in all treatments (Fig 3). Within treatment differences from 

baseline of total carotenoids and total lycopenes were significantly lower at all 

time points except for Bread-100 at 30min (for total carotenoids), Pasta-50 at 
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30min and Pasta-100 at 30,45,60,120min (for total lycopenes). Protein thiol 

changes at 60min from baseline were significantly lower for Pasta-100 only. 

Postprandial serum total antioxidant capacity, total carotenoids and total 

lycopenes did not differ between treatments as assessed by the response curves 

over the 2 hours and 4 hours (Table 3). A similar lack of treatment differences 

assessed as changes from baseline at 60 minutes were observed for serum 

protein thiol concentrations as markers of protein oxidative damage (Table 3). 

Comparing the combined effects of the two bread portions (Bread-50 and Bread-

100) to the two pasta portions (Pasta-50 and Pasta-100) did not show any 

differences (data not shown). 

Correlations 

Pearson correlations of glucose and insulin responses with protein thiols, 

total antioxidant capacity and carotenoids showed significant inverse correlations 

of glucose peak height and glucose iAUC with total carotenoids AUC at 2 hours 

(r= -0.64, p=0.014; r= -0.87, p=0.000, respectively) and at 4 hours (r= -0.62, 

p=0.017; r= -0.72, p=0.004, respectvely) (Table 4). 

8.5 Discussion 

The hypothesis tested in this study was whether different food GIs may 

affect the antioxidant status and oxidative damage differently. However the 

results of this acute study indicate that the dietary Gl did not affect postprandial 

measures of antioxidant status and oxidative stress despite the foods tested 
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being of significantly different GIs. Pasta was confirmed to be a low Gl food 

while white bread a high Gl food. The Gl of pasta was approximately 33% lower 

than the Gl of bread. This difference also resulted in a significant physiological 

difference in serum insulin levels between treatments which together with the 

associated glucose excursions would have been expected to result in different 

antioxidant responses. The lack of effect in the present study was unexpected 

since the literature supports the link between high blood glucose and increased 

oxidative stress. Other research groups have found evidence of increased 

postprandial oxidative damage and lowered antioxidant defenses following 

consumption of a glucose solution as part of a glucose tolerance test (Ceriello et 

al. 1998a) or after meals (Ceriello et al. 1998b, Ceriello et al. 1999) particularly in 

diabetic individuals. These studies showed not only that people with diabetes 

have higher oxidative stress and lower antioxidant defenses but also that the 

carbohydrate component of the meal was chiefly responsible for the postprandial 

effects of antioxidant depletion and increased oxidative damage (Ceriello et al. 

1999). In the study by Ceriello et al. (1998a) the meal challenge contained 80g 

of rapidly absorbed carbohydrates, 20g of fat and 25g of protein, while our test 

foods contained 50g or 100g of carbohydrates of either high or low Gl, 7g or 14g 

of protein and negligible amount of fat. Fat can also increase mitochondrial free 

radical generation although glucose may be the greatest contributor (Ceriello et 

al. 1999). 

In in-vitro studies high glucose concentrations induced antioxidant 

enzymes in human endothelial cells (Ceriello et al. 1996a), hence it is possible 

106 



that endogenous enzymes may be released as a first line of defense thereby 

sparing circulating antioxidants. This may mean that the full spectrum of 

changes in oxidative stress/antioxidant status may appear only after a few days 

on a low Gl diet as has been recently shown by Botero et al. (2009) where a 

higher total antioxidant capacity, measured with the ORAC method, was seen 

after a week on a low Gl diet in 12 young overweight and obese male subjects. 

The authors of an observational study also concluded that a low-GI diet, 

but not a low-carbohydrate diet, appeared to be beneficial in reducing plasma 

malondialdehyde and F2-isoprostanes as measures of oxidative stress (Hu et al. 

2006). This study was concerned with chronic rather than acute consumption 

and hence may reflect the depletion over time of antioxidants not seen in acute 

studies. 

Individuals with diabetes tend to show greater oxidative stress (Ceriello et 

al. 1998b, Monnier et al. 2006) and oxidative damage to DNA than individuals 

without diabetes (Dandona et al 1996) and emerging evidence suggests this is 

also true for obese individuals (Furukawa et al. 2004). The volunteers enrolled in 

our study were all young, healthy and with normal body weight (only 4 out of 14 

were borderline overweight) hence the general fitness of this group may have 

also contributed to a reduced chance of seeing large glucose fluctuations and 

possibly changes in oxidative damage and antioxidant defenses. In fact, in the 

study by Botero et al. the peak postprandial blood glucose of 8.2mmol/L for the 

high Gl diet was 28% above the low Gl diet with peak blood glucose of 

6.4mmol/L, while in our study it was 10% for the 100g available carbohydrate 
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tests (7.45mmo/L with bread and 6.78mmol/L with pasta) and 13% for the 50g 

available carbohydrate tests (7.07mmo/L with bread and 6.24mmol/L with pasta). 

In studies where glucose peak heights were high (e.g. 13.5mmol/L) large 

drops in total antioxidant capacity were observed (Ceriello et al. 1999) while with 

lower glucose peak heights and more similar to our results (e.g. 6-7mmol/L) very 

little changes in total antioxidant capacity were observed (Ceriello et al. 1998a 

and 1998b). It may be that the relatively small glycemic excursions in our healthy 

subjects with sufficient antioxidants may have obscured the findings of oxidative 

stress seen in subjects who had metabolic conditions. 

Dietary and serum concentrations of carotenoids have been associated 

with a reduced risk of chronic diseases such as cancer and cardiovascular 

disease (Bidoli et al. 2001, Pelucchi et al. 2008, Sato et al. 2002, Ozasa et al. 

2005, Giovannucci 2002, Yuan et al. 2004, Voutilainen et al. 2006, Sesso et al 

2004). In our study we observed a postprandial decrease in carotenoids including 

lycopenes with all treatments. Other researchers have found that serum 

lycopenes concentrations dropped significantly, following the consumption of a 

glucose drink (Agarwal and Rao 1998). The glucose peak height in the study by 

Agarwal and Rao reached 10mmol/L for a 50g glucose load delivered in a liquid 

solution. This represents 4 1 % higher glucose peak value than we obtained with 

50g available carbohydrate from bread in healthy subjects and 60% higher if 

compared to pasta. The negative correlations observed in our study between 

blood glucose and carotenoids, however, are in line with the hypothesis and with 

the physiology of glucose-dependent mitochondrial free radical generation. 
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Our baseline serum protein thiol levels were comparable to data 

previously reported in healthy individuals (Ceriello et al. 1998a), at 545umol/L, 

and the largest change (i.e. reduction) was observed at 60 minutes in our study 

as well as in the study by Ceriello et al. (1998a). Protein thiols have been found 

as the first line of defense against postprandial free radicals (Ceriello et al. 

1998b), and similarly in our study we observed an immediate postprandial 

reduction below baseline in protein thiols as well as carotenoids with the larger 

bread portion. After 60min protein thiols started to rise, reaching baseline at 

90min and continuing to climb thereafter while TAC started to drop below 

baseline after 90min reaching the lowest level at 120min and thereafter rising to 

reach levels above baseline at 240min. Carotenoids continued to decrease until 

90min and thereafter reaching a plateau below baseline. 

The major limitations in our study were the small sample size, the short 

study duration and the fitness of our study participants. It is possible that with a 

greater number of subjects and particularly with the inclusion of subjects with 

glucose intolerance clearer results might have been achieved. Also an acute 

setting may be too short to assess the full impact of the Gl on oxidative stress. A 

longer term study of 2-12 weeks may help to understand the possible long term 

implications of low Gl diets on oxidative stress. 

The advantages of our study are that all foods tested contained the same 

main carbohydrate ingredient (i.e. white wheat flour) hence the Gl differences 

were not the result of differential content of fiber, fat or protein of the foods when 

comparing equicarbohydrate amounts. Furthermore, the ease of controlling for 
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confounding variables in an acute setting is an advantage whereas in a longer 

term study other dietary components (e.g. olive oil) may affect oxidative stress 

results (Botero et al. 2009). 

In conclusion, these results showed within treatments, an increase in 

oxidative damage, measured as reduced protein thiols, and a reduction in 

antioxidants including lycopenes after food consumption, in agreement with 

Ceriello et al. (1998a) and Agarwal and Rao (1998). However, in this acute 

setting low Gl foods did not result in lower oxidative damage and preservation of 

antioxidants compared to high Gl foods. Longer term trials including subjects with 

compromised glucose control may be required to investigate this potential link. 
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4-hr Glucose Response Curves 
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Figure 1: Postprandial blood glucose and insulin response curves of the 4 test 

foods 
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2-hour responses 4-hour responses 
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Figure 2: Glycemic and insulinemic responses of pastas and breads measured 

as increamental areas under the curve. Columns not sharing the same 

letters are significantly different (p<0.05) 
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Total Carotenoids: % changes from baseline 
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Figure 3: Postprandial changes in serum total antioxidant capcity (TAC), protein 

thiols, total carotenoids and total lycopenes of the four treatments. 
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Table 1: Glycemic Index (Gl) of the tested foods 

Food 

Bread-50 

Pasta-50 

Bread-100 

Pasta-100* 

Gl 

100 

67±6* 

100 

66±6** 

* The Gl of Pasta-50 was calculated based on Bread-50 
and was significantly different than Bread-50 (p<0.05). 
** The Gl of Pasta-100 was calculated based on Bread-100 
and was significantly different than Bread-100 (p<0.05). 
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Table 2: Incremental area under the curve (iAUC), peak heights (PH) and 

incremental peak heights (IPH) for plasma glucose and insulin of the tested foods 

± sem, at 2 and 4 hours. 

Parameter 

2hr 
iAUCg, ucose 

(minxmmol/L) 

4hr 
iAUCg, ucose 

(minxmmol/L) 

2hr 
lAUCjnsulin 

(minxpmol/L) 

4hr 
l A U U j n s u | j n 

(minxpmol/L) 

PHg, ucose 

(mmol/L) 

IPHg, 
ucose 

(mmol/L) 

r "insulin 

(pmol/L) 

I P Hjnsulin 

(pmol/L) 

Bread-50 

157±16a* 

178±23a 

15,613a 

±2,808 

18,415a 

±3,302 

7.07±0.28a 

2.56±0.27a 

282±49a 

253±46a 

Pasta-50 

103±9bd 

133±14b 

8,621ba 

±2,382 

11,539ba 

±2,805 

6.24±0.23b 

1.77±0.24b 

190±55b 

160±51b 

Bread-100 

196±11c 

282±16c 

25,386c 

±6,713 

38,844c 

±10,309 

7.45±0.21ca 

2.97±0.16ca 

372±89ca 

338±85ca 

Pasta-100 

126±11da 

187±16da 

13,059dab 

±3,676 

20,616dab 

±6,303 

6.78±0.14dac 

2.21±0.18da 

252±66da 

218±66dba 

* values not sharing the same letters are significantly different (p<0.05) 
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Table 3: Area under the curve (AUC) for serum total antioxidant capacity (TAC), 

serum total carotenoids (TC)* and total lycopenes (TL)* at 2 and 4 hours, and 60 

minutes changes in serum protein thiol groups of the tested foods. 

Parameter 

AUC2hrTAC 
(min x mMTxEq) 

AUC4hr TAC 
(min x mMTxEq) 

AUC2hr TC 
(min x umol/L) 
AUC4hrTC 
(min x umol/L) 

AUC2hrTL 
(min x umol/L) 

AUC4hrTL 
(min x umol/L) 

Protein 
thiols**** (mM) 

Bread-50 

5.90±1.3 

13.9±2.3 

12.1±2.3 

26.7±4.0 

3.20±0.53 

7.15±1.10 

-24.1 ±18.6 

Pasta-50 

9.29±1.8 

27.8±4.4 

13.9±3.3 

30.4±5.5 

3.05±0.66 

7.47±1.69 

-22.5114.4 

Bread-100 

7.95±2.1 

23.8±7.0 

15.9±4.1 

39.3±10.4 

3.06±0.66 

7.67±1.72 

-33.1118.3 

Pasta-100 

5.58H.7 

17.913.8 

14.113.7 

27.317.2 

2.5110.56 

4.9611.38 

30.5113.4 

p** 

NS*** 

NS 

NS 

NS 

NS 

NS 

NS 

* Total carotenoids and lycopenes AUCs are inverted AUCs (i.e. area above the curve up to 
baseline) 
"comparisons by LSM (least square means) between diets, corrected for baseline values 
*** NS: no statistically significant difference between treatments 
**** 60 minute changes from baseline 
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Table 4: Pearson correlations of glucose and insulin incremental area under the 

curve (iAUC) and peak heights (PH) with carotenoids. 

Glucose Insulin Glucose Insulin 
Variable PH PH iAUC iAUC 
2hr iAUC 

Total carotenoids 

a-carotene 

P-carotene 

P-cryptoxanthin 

r 
p** 

r 
P 

r 
P 

r 
P 

-0.64* 
0.014 

0.02 
0.946 

-0.67* 
0.008 

-0.70* 
0.006 

0.10 
0.727 

0.12 
0.685 

0.07 
0.824 

-0.03 
0.916 

-0.87* 
0.000 

-0.62* 
0.017 

-0.86* 
0.000 

-0.77* 
0.001 

0.04 
0.898 

0.07 
0.810 

-0.00 
0.997 

-0.07 
0.799 

4hr iAUC 
-r , . . . . r -0.62* 0.22 -0.72* 0.16 
Total carotenoids 

P 0.017 0.454 0.004 0.574 

a-carotene 

P-carotene 

(3-cryptoxanthin 

Significant correlation 
P = p value 

r 0.04 0.19 -0.80* 0.12 
P 0.902 0.516 0.001 0.685 

r -0.69* 0.16 -0.73* 0.10 
P 0.006 0.581 0.003 0.721 

r -0.67* 0.03 -0.56* 0.01 
P 0.009 0.909 0.039 0.962 

* * D — 
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CHAPTER NINE: INTEGRATIVE DISCUSSION 
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9.1 General discussion 

International epidemiologic studies on diet and cancer suggested that the 

source of dietary carbohydrates may differently affect the association with cancer 

risk (Augustin et al. 2002). We have observed in the Italian database of case-

control studies that high bread consumption (a high Gl food) was associated with 

higher risk of colon and breast cancer, while pasta (a low Gl food) did not 

increase risk (Augustin et al. 2001a, Augustin et al. 2001b). Our cancer case-

control studies that followed after these observations indicated that there may be 

a link between high Gl diets and greater incidence of colorectal and breast 

cancer (Franceschi et al. 2001, Augustin et al. 2001b) and prompted us to 

investigate the possible associations with endometrial and ovarian cancers in 

light of the potential links between insulin, sex hormones in sex hormone and 

carcinogenesis (Stoll 1999). The results presented in this thesis on endometrial 

and ovarian cancers supported the previous work suggesting associations 

between high Gl diets and increased endometrial and ovarian cancer risk. Later 

epidemiological observations on endometrial and ovarian cancer confirmed our 

results (Folsom et al. 2003, Silvera et al. 2005, Silvera et al. 2007, Larsson et al. 

2007, Mulholland et al. 2008) although not all (Cust et al. 2007). 

Mechanisms were sought to explain this link. Research thus far had 

suggested a possible link between high dietary Gl and raised insulin levels 

(Salmeron et al 1997a, Salmeron et al. 1997b, Liu et al. 2000). As high Gl diets 

generate higher blood glucose and insulin responses it was hypothesized that 

chronic high surges in insulin levels may affect and activate insulin-like growth 
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factors given the established links between insulin and IGF-I (Ullrich et al. 1986) 

which is the main IGF component potentially promoting carcinogenesis 

(Giovannucci 1999b). Relations between the IGF system and sex hormone 

regulation (Plymate et al. 1990) and between high insulin levels and sex 

hormone regulation (Nestler et al. 1991) were known and evidence was mounting 

on the potential role of IGF-I in other hormone related cancers, i.e. breast cancer 

(Stoll 1999). In summary, a growing body of evidence indicated that increased 

IGF-I activity stimulated cell proliferation and sex steroid synthesis while 

inhibiting apoptosis and synthesis of sex-hormone binding globulin which are all 

contributing factors to the development of endometrial and ovarian cancers as 

well as other hormone dependent cancers. Our hypothesis that circulating IGF-I 

levels were positively associated with endometrial and ovarian cancer was 

however not confirmed in our two case-control studies with biological samples. It 

was however partially and indirectly supported by the finding of an inverse 

association between circulating IGFBP-3 levels, considered to have cancer-

protective properties, and ovarian cancer risk. The direct associations of IGFBP-

1 with both endometrial cancer and ovarian cancer risk and the inverse 

association of IGF-I with ovarian cancer risk are partially against current 

evidence and require further investigation although the IGFBP-1 has been 

reported to both inhibit and potentiate IGF-I action depending on tissue targets 

and post-traslational modifications (Firth and Baxter 2002). Our results on IGF 

components would require confirmation in cohort and clinical studies as well as 

confirmation that these associations may be affected by a low Gl diet. A 
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subsequent clinical trial on the effect of high and low Gl foods on the IGF system 

did not find any effects on IGF-I or IGFBP-1, however, low Gl foods did increase 

IGFBP-3 (Brand-Miller et al. 2005). Recent epidemiologic observations support 

our original hypothesis, showing direct associations between IGF-I and ovarian 

cancer risk (Peeters et al. 2007) as well as between IGF-I and insulin and 

endometrial cancer risk (Gunter et al. 2008). 

Another possible mechanism postulated was oxidative stress-related. 

Evidence has been emerging for a potential link between hyperglycemia and 

increased oxidative stress and lowered antioxidant defenses (Ceriello et al. 

1998a, Ceriello et al. 1999, Rao and Agarwal 1998, Title et al. 2000, Brownlee 

2005). We therefore tested the hypothesis that high Gl foods due to the larger 

blood glucose surges would generate greater increases in oxidative damage 

measured as protein thiols and would lower total antioxidant capacity including 

lycopenes which had shown protective effects in DNA oxidative damage in 

cancer studies (Riso et al. 1999, Kramer et al. 2001). Our study demonstrated 

an increase in oxidative damage, measured as reduced protein thiols, and a 

reduction in antioxidants including lycopenes after food consumption, in 

agreement with Ceriello et al. (1998a) and Agarwal and Rao (1998). However, 

no differential effect of low versus high Gl foods (i.e. pasta and white bread, 

respectively) was found in our acute study with healthy individuals and it was 

concluded that a longer term trial with glucose intolerant individuals would be 

more adequate to investigate this hypothesis. 
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9.2 Implications 

Consuming a low Gl diet has been suggested to offer a number of health 

benefits and consequently international health organizations including FAOVWHO 

endorse the use of the low Gl in food choices (FAO 1998, Mann et al. 2007). 

Large clinical trials have shown that slowing the absorption of the carbohydrate 

component of the diet by use of enzyme inhibitors (e.g. acarbose), thereby 

making a high Gl meal into a low Gl meal, reduced the incidence of new 

cardiovascular events by 50% and new hypertension cases by 34% in high risk 

individuals (Chiasson et al. 2003) and significantly lowered oxidative stress 

(Inoue et al. 2006), inflammatory markers (Rudofsky et al. 2004), coagulation 

factors (Ceriello et al. 1996b, Shinoda et al. 2006) and improved endothelial 

function (Hanefeld et al. 2004). 

Low Gl diets have been shown to reduce high blood glucose and insulin 

levels, improve blood lipid levels, inflammatory markers, coagulation factors and 

to control satiety with possible benefits in weight loss and weight maintenance 

(Jenkins et al. 2002, Jarvi et al. 1999, Liu et al. 2002, Ludwig et al. 1999). 

Obesity is a known cancer risk factor, particularly for endometrial cancer and is a 

strong contributing factor in the development of hyperinsulinemia and excess 

estrogen levels, which are both risk factors for sex hormone-related cancers. 

Prolonged meal absorption time and hence low Gl diets may be more relevant 

now than ever in a society characterized by extreme sedentary behaviours and 

dramatic high rates of obesity. An overburdened metabolism may therefore 

benefit from slow macronutrient delivery. Long term consumption of high Gl 
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foods particularly in an obesity-prone society may lead to or exacerbate a state of 

hyperinsulinemia (Augustin et al. 2002) which is a potential risk factor for cancer, 

especially endometrial cancer (Gunter et al. 2008). Two of the studies included 

in this thesis indicate a possible beneficial effect of low Gl diets on the incidence 

of endometrial and ovarian cancer, particularly in obese women (Augustin et al. 

2003a, Augustin et al. 2003b). Our studies have been included in a recent 

systematic review and meta-analysis (Mulholland et al. 2008) and were the only 

studies with wide dietary overall glycemic ranges and amongst the one with the 

largest datasets. This meta-analysis concluded that the dietary glycemic load (of 

which the Gl is a part) was directly associated with endometrial cancer risk 

particularly in obese women and the two studies on ovarian cancer also showed 

positive associations. A high body mass index, as an effect modifier of the 

association between Gl and endometrial cancer risk, was found in our study and 

in several others (Silvera et al. 2005, Larsson et al. 2007, Mullholland et al. 2008) 

and it further supports the importance of consuming low Gl diets in environments 

characterized by sedentary lifestyles and excess energy intakes. 

Although the mechanisms of action for the direct associations of dietary 

Gl and endometrial and ovarian cancer risk need to be elucidated, low Gl diets 

seem a reasonable approach in light of their metabolic benefits, their beneficial 

roles in chronic disease risk reduction and their lack of detrimental effects. Low 

Gl diets tend to be rich in dietary fiber, micronutrients (e.g. magnesium, 

potassium) and phyto-components (e.g. plant sterols) which are key aspects of a 
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healthy diet and of guidelines issued by specialist societies of governmental 

health organizations. 

9.3 Limitation 

The case-control design, although a good epidemiologic tool for studying 

rare diseases or diseases that take many years to develop (e.g. cancer), has a 

number of weaknesses. As in most case-control studies, selection bias is a 

limitation however in our studies it was minimized by interviewing hospital 

controls from hospitals in the same catchment areas of cases and by including 

patients from different hospital departments. The high participation rate also 

contributed to minimize selection bias. Information bias (e.g. observer and recall 

bias) was possible although awareness of any dietary hypothesis tested in these 

studies was limited for both interviewers and participants. It is also possible that 

the diet of hospital controls might not have been representative of the general 

population however to minimize this risk, attention was paid to exclude control 

subjects admitted for conditions that might have been associated with special 

dietary habits. Over- and under-reporting are limitations of any food recording 

tool including food frequency questionnaires. An attempt to minimize this 

potential source of error was made by adjusting for total energy intakes and to 

take into account seasonal variations in the food frequency questionnaire, which 

is one of the sources of over- and under-reporting. Gl estimates also have some 

limitations as some Gl estimates have been derived from small samples with 

large variability (Foster-Powell et al. 2002). However, sources of Gl variability 
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were reduced by choosing Gl values from international tables that corresponded 

more closely to Italian foods or to the traditional Italian cooking habits (e.g. pasta 

'al dente'). For a few local recipes Italian Gl sources were used (Brighenti and 

Casiraghi 1992). 

Another limitation of case-control studies is reverse causality that is the 

possibility that the exposure is a consequence of the outcome rather than the 

cause. This is particularly important for case-control studies with biological 

samples, e.g. circulating IGFs may be a consequence rather than a cause of 

cancer, although many lines of evidence suggest an important role of IGF-I in 

cancer development (Yu and Rohan 2000). Although the food frequency 

questionnaire attempted to assess the diet of the years previous cancer 

diagnosis for cases or hospital admission for controls, the diet of the earlier years 

when cancer started to develop might have been different and difficult to assess. 

The main limitations of the acute clinical study of the effect of the dietary 

Gl on measures of oxidative stress and antioxidant capacity were small sample 

size, the acute duration of the study and lack of large glucose excursions which 

could have been resolved by including glucose intolerant subjects. 

9.4 Future directions 

Prospective studies have been carried out on the association of the 

dietary Gl in endometrial and ovarian cancers which support our results (Folsom 

et al. 2003, Silvera et al. 2005, Silvera et al. 2007, Larsson et al. 2007, 
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Mulholland et al. 2008). More studies are necessary to confirm these results 

particularly in prospective cohort settings with long term follow-ups. Mechanisms 

related to IGF components, oxidative stress or others would need to be sought in 

both prospective epidemiological studies with repeated testing during follow-up, 

and in longer term clinical trials of at least 2 weeks in duration to test the full 

effect of low versus high Gl diets in high risk populations (e.g. obese individuals 

and people with impaired glucose tolerance). Of particular interest would be long 

term recurrence trials where cancer cases would be randomized to follow either a 

low or a high Gl diet and where the end points would be levels of IGF 

components, measures of oxidative stress, insulin, glucose tolerance and cancer 

recurrence. 
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CHAPTER TEN: SUMMARY 
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10.1 Summary 

1) The Gl studies in cancer risk supported our hypothesis. The dietary Gl was 

directly associated with endometrial and ovarian cancer risk. 

2) The growth factor studies indicated a lack of direct associations between IGF-

I, the main factor thought to play a major role in cancer promotion, and 

endometrial or ovarian cancer. However, associations were observed between 

low IGFBP-3 levels and increased ovarian cancer risk, in line with our hypothesis 

and with other research findings, but unexpectedly between high IGFBP-1 and 

increased risk of both endometrial and ovarian cancer. IGFBP-1 has been 

reported to both inhibit and potentiate IGF-I action therefore its role in these 

studies require further elucidation. 

3) The acute study of Gl in oxidative stress did not support our hypothesis that 

low Gl foods, by virtue of the lower glycemic responses, result in lower oxidative 

damage and greater antioxidant preservation than high Gl foods, in healthy 

subjects. Greater postprandial glycemic excursions may be necessary in order 

to observe possible significant differences. 
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Research Ethics Office 
Telephone: (416) 864-6060 Ext. 2557 
Facsimile: (416) 864-6043 
E-mail: oateld@smh.toronto.on.ca 

November 02, 2009 

Dr. David Jenkins, 
Department of Medicine, Division of Endocrinology and Metabolism, 
St Michael's Hospital 

Dear Dr. Jenkins, 

Re: REB# 01 -149 - Investigation of the effect of food and diets varying in glycemic index and load on 
measures of oxidative stress 
REB APPROVAL: Original Approval Date October 12, 2001 

Annual/Interval Review Date October 12, 2010 

Thank you for your communications dated September 24, 2009 requesting an annual review and 
approval regarding the above named study. 

This letter will serve as an extension of the St. Michael's Hospital (SMH) Research Ethics Board (REB) 
approval for the study for a period of 12 months effective from October 12,2009 - October 12,2010. 
Continuation beyond that date will require further review of REB approval. 

During the course of this investigation, any significant deviations from the approved protocol and/or 
unanticipated developments or significant adverse events should immediately be brought to the 
attention of the REB. 

The St. Michael's Hospital (SMH) Research Ethics Board (REB) operates in compliance with the Tri-
Council Policy Statement Ethical Conduct for Research Involving Humans, the Ontario Personal Health 
Information Protection Act, 2004, and iCH Good Clinical Practice Consolidated Guideline E6, Health 
Canada Part C Division 5 of the Food and Drug Regulations, Part 4 of the Natural Health Product 
Regulations, and the Medical Devices regulations. Furthermore, all investigational drug trials at SMH 
are conducted by Qualified Investigators (as defined in the latter document). 

Good luck with your investigations. 

With best wishes 

• Dr. Julie Spence 
Chair, Research Ethics Board 

JS/BJM/zg 

Dr. David Jenkins (REB# 01-149) 
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Annual (Interval) Review of Research 
Involving Human Subjects ST MICHAELS HOSPITAI 

A teaching hospital affiliated with the University of Tbront* 

Date: Sept. 24, 2009 

Re: REB File # 01-149C 
Protocol Title: Investigation of the effects of foods and diets varying in glycemic 
index and glycemic load on measures of oxidative stress and endothelial function. 

Dear Dr. Julie Spence, 

The REB approval of the above research study expires on October 12th, 2009. 

The following is the annual (interval) report on the study: 

1. Status of the Study: 
• Current protocol version identifier 

• REB01-149C 

• Current status of your study (what stage it is in at this site, at other sites, and what is left 
to accomplish) 

• The clinical stage of the study has ended for the first cohort and the 
analyses of the samples and statistical analyses of the data have been 
completed. Data has been presented in the form of posters and oral 
presentations at international conferences. A manuscript has been 
written, submitted and published. Reference: Jenkins DJ, Kendall 
CW, Josse AR, Salvatore S, Brighenti F, Augustin LS, Ellis PR, 
Vidgen E, Rao AV. Almonds decrease postprandial glycemia, 
insulinemia, and oxidative damage in healthy individuals. J Nutr. 
2006, Dec;136(12):2987-92. Additional cohorts of this study may be 
started to assess other markers of oxidative stress and endothelial 
function. Study samples are still being used for additional analyses. 

• Number of participants enrolled in the total study 

• Twenty four subjects have completed the study to date. 

• Number of participants enrolled at this site 

• There are currently no subjects enrolled in the study. 

• Number of participants withdrawn and reasons 

Leading with Innovation 
Serving with Compassioi 
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• Two subjects withdrew voluntarily from the study in June of 2005. 
Both subjects had difficulty with the insertion of the catheter, and 
keeping it in place. No other subjects since then have withdrawn. 

• Enrollment status compared to plans at the time of initial approval 

• The start of the study was delayed, but it proceeded as planned. 

" Projected end of the study 

• January 2013 

• Detail all protocol amendments since initial approval, protocol number and date, and the 
date of REB approval 

-The original protocol and consent were first approved on October 12, 2001. 

-The same protocol and consent were submitted annually for approval up until 
October 12, 2004 

-A revised, stripped-down protocol and consent were submitted February 11, 
2005, the stripped-down version of the original protocol with the 
amendments was approved on April 6, 2005. The amendments were: 
- Removal of the Endothelial Function part of the protocol 
- Removal of the protocol for Diabetic subjects 
- The length of each test period was returned to 4 hours from 6 hours. 
- Collection of capillary finger-prick blood samples was removed. 
- Removal of the potential to observe a second meal effect 

-Submitted amendment March 14, 2005 regarding switching the study location. 
Approved April 12,2005. 

-Submitted amendment April 26, 2005 to ask if we could retain the old protocol 
and consent, and give the newly approved stripped down version (approved 
April 6, 2005) a new REB number, so that they could stand separately. We 
wanted the stripped-down, amended study to be a version of the main one. 
Other amendments included in this letter were: 
- Adding back the collection of capillary finger-prick blood samples. 
- Adding back the potential to observe a second meal effect. 

-Submitted amendment May 5, 2005, approved May 25, 2005. 
- Asking to take an additional 20 mL of blood per test for a total of 100 mL. 

- Submitting the annual renewal with amendments 
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- Changing the subject payment from $50.00 per test to $100.00 per test. 
- Retaining the original protocol which included the ultrasound and oxidative 
stress portions, with 2 different consent forms. 

-Submitted the annual renewal (September 2006) with no new amendments to 
the documents that were approved October 11, 2005. 

-REB granted approval on February 22, 2007 of an additional 'Genetics Testing' 
protocol, consent form and telephone script (see attached approval letter and 
protocol, consent, telephone script). 

-Submitting the annual renewal (for October 2007, 2008, and 2009) with no new 
amendments to the documents that were approved on October 12, 2006, 
October 12, 2007, and October 12, 2008. 

• Detail all consent form amendments since initial approval, consent form version number 
and/or date, and the date of REB approval 

• All the consent form amendments are the same as the protocol form 
amendments. There have been no additional amendments to the 
consent forms since the last annual renewal. 

• A new consent form for genetic testing was added and approved on 
February 22, 2007. 

• Discuss difficulties in conducting the study including findings, study design, recruitment 
and data management 

• Except for a few subjects not wanting to have the catheter inserted, 
there have been no difficulties in conducting this study. 

2. Summary of Termination: 
• Date of termination of participants, and the reasons 

24 subjects have completed the study as of November 2005. There 
have been no other participant terminations. The reason for their 
termination was that the study ended. 

• What actions were taken to inform research subjects (both completed and ongoing 
participants) to ensure their optimal treatment as it pertains to the termination of the study 

Subjects were well informed of all study proceedings. They all signed 
the approved consent form before commencing the study. Subjects 
had the option to view their results after their analysis was completed. 

3. Summary of Serious Adverse Events: 
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• Number and nature of serious adverse events since initial approval, listing patient study 
number, onset date, description, date report to REB, study drug relationship and outcome, 
(consider a table format) 

• There have been no adverse events since initial approval. 

• Provide an opinion as to their relationship to the study, and whether, upon a consideration 
of all the serious adverse events to date, any changes should be made to the protocol or 
the consent form 

. N/A 

4. Summary of Recent Findings: 
• Any relevant recent literature, interim findings, preliminary results and amendments or 

modifications to the research since the last review 
The data from this study have been presented at several conferences, 
including the Natural Health Products (NHP) conference in Toronto in 
March 2006, Experimental Biology (FASEB) in San Francisco in April 
2006, and at the International Atherosclerosis Society (IAS) in Rome in 
June 2006. 

A manuscript was published in December 2006. 

REFERENCE: Jenkins DJ, Kendall CW, Josse AR, Salvatore S, Brighenti 
F, Augustin LS, Ellis PR, Vidgen E, Rao AV. Almonds decrease 
postprandial glycemia, insulinemia, and oxidative damage in healthy 
individuals. J Nutr. 2006 Dec;136(12):2987-92. 

There have been no amendments or modifications to the research since 
the last review. 

• Relevant safety reports or multi-trial reports, and actions taken since the last review 
. No 

• New information that may change the scientific/ethical background, relevance or validity 
of this study since the last review 

. No 

• Any other relevant information, including new evidence from other studies, especially 
information about risks associated with the research since the last review 

. No 

• Provide an opinion as to their relationship to the study, and whether, upon a consideration 
of all the information available to date, any changes should be made to the protocol or the 
consent form 

• No changes should be made to the protocol or the consent form. 

5. Summary of Monitoring: 
• Describe any monitoring that has been done by the sponsor or other people outside the 
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research team since the last review 

• The study has not been monitored since the last review. 

• What actions have been taken in response to monitoring 

N/A 

• Advise the schedule for future monitoring 

• A final report will be submitted to NSERC once the study is completed. 

• What steps will the principal investigator take in the next review period to ensure that 
there is ongoing ethical conduct in this study 

• The principal investigator is aware of everything that occurs on a 
daily basis with the study. When a new cohort begins, the principal 
investigator will continue to hold weekly meetings with the students 
to discuss the progress of the study. Right now, there are no subjects 
enrolled in the study. 

6. Consent Process: 
• Provide a copy of the current consent document and advise if it has been changed since 

the last annual review, and when approval by the REB was given 
• Please see attached copies of the full protocol (UNCHANGED), the 

genetic testing protocol (UNCHANGED), the telephone script 
(UNCHANGED), and 3 consent forms. 

• Oxidative Stress Study Consent Form (UNCHANGED from last 
approval) 

• Endothelial Function Study Consent Form (UNCHANGED from 
last approval) 

• Genetic Testing Consent Form (UNCHANGED from last 
approval) 

• There have been no changes to the forms, no recruitment and no 
analyses since the last annual review. 

• Approval by the REB was last given on October 12,2008 

• Review the current consent document and provide an edited copy of any newly proposed 
consent document 

• There have been no changes to the consent documents since the last 
annual review. 

• Have participants been informed of changes and advise how this was achieved 

• N/A (there have been no changes) 
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B Provide any relevant information on the process for seeking consent from participants 

• Participants were all healthy volunteers recruited among the students at the 
University of Toronto, at St. Michael's Hospital, and at the Glycemic 
Index Laboratories. All future cohorts will be the same. 

7. Conflict of Interest: 

• Advise any changes in staff, and their qualifications since the last review 

• No Changes 

• Advise any changes to factors reported to the REB on issues of conflict of interest by the 
research team participants 

• As approved by the REB on April 12, 2005, this study was run out of the 
Glycemic Index Laboratories. The Pi's wife is a director of Glycemic 
Index Laboratories where the study was carried out. This facility is 
superior to the current space in 61 Queen Street in terms of amenities for 
running the study. We have also been given an academic discount rate 
due to the involvement of our staff and students. Future cohorts of this 
study may also use the Glycemic Index Laboratories. 

8. Continuation of the Study: 
• Provide an opinion to justify why this study should be renewed: 

• All aspects of the study have not yet been completed. There have been no 
reported adverse events. The data that have been generated thus far by 
this study has proved of scientific interest. Further manuscripts will be 
written. Another cohort of subjects for both the oxidative stress and the 
endothelial function portions may be recruited. 
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CARD 3 
III Attivita fisica 

Studio /_/_/ 1-
N° paziente /_/_/_/_/_/ 3-
caso/controllo /_/ 
N° card /0/3/ 9-1 

COME DESCRIVEREBBE IL SUP LIVELLO DJ[ ATTIVITA' FISICA GLOBALE ALL 
SEGUENTI ETA'? 

LAVORO 

1 = MOLTO FATICOSA (edilizia, demolizioni, atleta e ballerina 
professionisti) 

2 = FATICOSA (agricoltore, operaio industria metalmeccanica, ecc.) 
3 = MEDIA (rappresentante, cameriere, cuoco, maestra d'asilo, 

casalinga con lavori pesanti o bambini piccoli) 
4 = IN PIEDI (commessa, insegnante, laboratorista, casalinga 

lavori leggeri) 
5 = ESCLUSIVAMENTE 0 PRINCIPALMENTE SEDUTA (impiegato d'ufficio, 

meccanico di precisione, 
studente) 

SPORT, TEMPO LIBERO, SPOSTAMENTI IN BICICLETTA 

1 = > 7 ore alia settimana di attivita fisica 
2 = 5-7 ore alia settimana di attivita fisica 
3 = 2-4 ore alia settimana di attivita fisica 
4 = < 2 ore alia settimana di attivita fisica 

12 anni 

15-19 

30-39 

50-59 

L a v o r o 

/ . 

/ ' . 

/_ 

/ _ 

j f*i 

->\%% 

A%s 

J ( * * 

Sport, tempo 
libero, 
spostamenti in 
bicicletta 

11-1. 

&£<+/_/ 13-1 

%£ /_/ 15-1. 

-S<V / 17-1 



. IV Peso 

Peso prima della diagnosi (in Kg) oJshi- /_/_/_/ 19-21 

Altezza (in cm) aJ&t- /_/_/_/ 22-24 

Circonferenza vita (in cm) W) "~ | J ^ (£xA^3 /_/_/_/ 25-27 

Circonferenza fianchi (in cm) A ^ i-T,p. ojuJci L /_/_/_/ 28-30 

Intorno a 12 anni, com'era rispetto ai suoi coetanei dello stesso sesso? 

piu esile /_1/ uguale /2/ piu robusto/a /_3/ (j^Jji^S /_/ 31 

Quale era il suo peso usuale alle eta seguenti? (gravidanze escluse) 

Kg 

intorno a 30 anni O^-O^k / / / / 32-34 

intorno a 50 anni oJo^r / - / _ / _ / 35-37 

Qual'e stato il suo peso piu elevato dall'eta di 20 anni in poi, 
e quando? 

Kg Eta 1 0 

î  /_/_/_/ / / / 38-42 

Qua l ' e s t a t o i l suo peso p iu basso d a l l ' e t a d i 20 anni in p o i , 
e quando? 

Qj^>/_/_/_/ / J J 4 3-47 

Che misura di reggiseno usa, o usava a trent'anni? 

/!/ I /2/ II /3/ III /W IV /J5/ V o piu. 
<sk~[Z/ OM^W / A 8 

Durante i due anni precedent! ai disturbi che 1'hanno portato/a 
in ospedale, ha mai mangiato meno di quanto desiderava per 
ragioni di peso? 

- No, ho sempre mangiato a volonta = 1 

- Si, per alcuni periodi = 2 

- Si, sempre = 3 O^-^ ^/_/ 49 

a 



CARD 4 
V Dieta 

Studio /_/_/ 1- 2 
N° paziente /_/_/_/_/_/ 3- 7 
caso/controllo /_/ 8 
N° card /0/4_/ 9-10 

LE SEGUENTI DOMANDE SI_ ' RIFERISCONO ALLE SUE ABITUDINI 
ALIMENTARI NELL'ANNO PRECEDENTE I DISTURBI CHE LJHANNO 
PORTATO/A IN OSPEDALE 

- Che condimento usa per: 

1 = Nessuno 

4 = Olio di ara'chidi 

7 = Margarina 

2 = Olio di oliva 

5 = Olio di semi vari' 
o non specificato 

8 •= Parma, besciamella 
lardo o strutto 

3 = Olio di girasole, 
mais, soia. 

6 = Burro 

9 = Non so 

condimento 2° condimento 
(solo in caso 
di equivalenza 
di consumo) 

Condire la verdura cruda Q^M f_i 

Cucinare o condire l a verdura cottaJ0=v-*r-^' / _ / C-^^X hr / _ / 

Cucinare l a earns 

Frigfjere'4-

Condire 1=. pasta o i l r i s o (anche nelO1- ' / _ / 
sugo) 

- Come definirebsoe i l Suo consumo di condimenti? 

3u4z 

Cc'- ' /_/. 

/I/ Scarso / 2 / Medio / 3 / E leva to 
^^AH CD / _ / 

to 

&o 

Te*>de a togliere la parte yrassa della carne ? 
/!_/ No /2/ Si /J3/ Nessun consumo 

Terade a. togHere la parte grassa del prosciutto ? 
/!/ No /2/ Si /J3/ Nessun consumo 

Co-dlZ. / _ / 

Co'—a I ^ / / 

11-12 

13-14 

15-16 

17-18 

19-20 

21 

22 

23 

- Teruie a t o g l i e r e .a p e l l e del p o l i o a r r o s t o ? j /, 
/ l / ^ : n / 2 / Si / 3 / Nessun consumo Cowi ' l f / _ / 

- Tends a laseiasft. i l condimento dei c i b i ne l p i a t t o ? 

/ ! / No / 2 / Si Cb^kS /_/ 

Come d e f i n i r e b b e i l suo c < ^ u m o $± a g i i 0 ? 

/^l/ Scarso 
o nullo 

/I/ ̂ lio 
Y 

/3/ Elevato (3oC-̂ .l {(> /_/ 

24 

25 

26 



Quando mangia fuori, aggiunge sale ai cibi? 

/y No /2/ Qualche volta /3/ Sempre CO-^i^ /_/ 27 

Quanti pasti fa al giorno? DCUiM ^ /^j 28 

Quanti spuntini fa al giorno (compresi prima colazione p«£W j ^ 29 
continentale e panini, esclusi 
te e caffe) 

Quanto di frequente consuma pasti a: 

No./settimana 

Casa /_/_/ K^--^ 30-31 

Ristorante /_/_/ vc^~~ T 32-33 

Mensa aziendale .. / / / p<̂ 5V\ ̂  34-35 

LE FARO' ORA DELLE DOMANDE SULLA SUA ALIMENTAZIONE NELL'ANNO PRECEDENTE I 
DISTURBI CHE L'HANNO PORTATA IN OSPEDALE. DOVRA1 D1RMI CON CHE FREQUENZA 
CONSUMAVA L'ALIMENTO E SE LA PORZIONE CONSUMATA ERA SIMILE A QUELLA DI 
RIFERIMENTO 0 SE ERA PIU' PICCOLA O PIU' GRANDE. 

I pesi delle porzioni si riferiscono all'alimento a crudo, al 
netto di scarti, tranne che per i cibi preconfezionati (es. 
grissini) o quando altrimenti specificato. 

Note: Piccola, e una porzione di circa-un terzo di raeno di quella 
media 

Grande, e una porzione di circa un terzo di piu di quella 
media 

Frequenza di consumo/settimana mai o < 1/mese = 00 
1 - 3/mese = 98 
non so = 99 

Arrotondamenti: nel caso 1'intervistato dichiari una frequenza di 
consumo settimanale non intera (es. 3-4 volte, cioe 
3,5), invitarlo a scegliere il numero intero piu 
appropriate Se non e possibile, arrotondare verso 
il basso (es. 3,5 = 3). 



Tipo di 
alimento 

Latte e bevande calde 

Latte intero 

Latte parzialmente 
scremato 

Porzione 

1 tazza, 
225 ml. 

1 tazza, 
225 ml. 

Latte scremato 

Yoghurt 

Cappuccino (bar) 

Caffe 

Caffe decaffeinato 

Te 

Zucchero 

Saccarina 

Altri dolcificanti 

Altre bevande calde 
(>=l/sett) specificare 

1 tazza, 
225 ml. 

1 vaset. 
125 gr. 

1 tazza 

1 tazzina 

1 tazzina 

1 tazza 

1 
cucchiain 

1 busta, 
compressa 

1 busta, 
compressa 

7 

Freguenza 

N°/settimana 
specificare 

/_/_/c'Xx 2 

/_/_/cL3 

/ _ / _ / ^ S 

/_/_/uL 6' 

h'-q 

/ _ / _ / 

/ _ / _ / 

c^i° 

rr.M 

0pe^ 4-
/ _ / / 

36-37 

38-39 

40 -41 

42 -43 

44-45 

46-47 

48-49 

5 0 - 5 1 

5 2 - 5 3 

54 -55 

56-57 

58-63 



CARD 5 
V Dieta 

Tipo di 
alimento 

Studio /_/_/ 1- '-
N° paziente /_/_/_/_/_/ 3- ' 
caso/controllo /_/ { 
N° card /0/5/ 9-K 

Quantita Frequenza 

Primi piatti e cereali 

Pane 

Pane integrale 

Crackers (1 pacchetto), 
grissini (5), fette 
biscottate (3) 

Polenta 

Pizza (a cotto) (1 media) 

Risotto 

Pasta o riso 
in bianco 

Pasta o riso 
al pomodoro 

Pasta o riso 
al ragu 

Pasta o riso al pesto 

Lasagne, cannelloni, 
tortellini con carne 
(a cotto) 

Minestrina (a cotto) 

Minestrone o 
pasta e fagioli (a cotto) 

Altri primi piatti 
(>=l/sett) specificare 

Formaggio grattugiato 

In riassunto 
pasta o riso asciutti 

In riassunto 
Pasta o riso in brodo, 
con o senza verdure 

Porzione 

1 fetta 
1 panino 
50 gr. 

1 fetta 
1 panino 
50 gr. 

30 g r . 

1 f e t t a 
100 g r . 

200 g r . 

80 g r . 

80 g r . 

80 g r . 

80 g r . 

80 g r . 

250 g r . 

250 g r . 

250 g r . 

CoAc^2 

/ _ / _ / _ / _ / 

1 
c u c c h i a i n 

M 

/ l / / 2 / / 3 / 

/!/ ' / 2 / / 3 / 

/ 1 / V 2 / / 3 / 

/ 1 / V 2 / / 3 / 

/lA / 2 / / 3 / 

/ l / r /f/ /!/ 

/ l / l / 2 / / 3 / 

/I/ ?5/ /I/ 

/!/ /!/ /!/ 

/!/ /2/ /3/ 

/!/ /!/ /3/ 

N°/settimana 
specificare 

/ _ / / 

/_/_/&& 

/ _ / . 

Q$ulS 

/ / /ciulo 

/ _ / _ / c 

/_/_/coU Zo 

/_/_/c& 21 

/ / / O ^ 1 - ' 1 

x & # 

/ / A>M 

eL^Z-

/ _ / _ / aSi; 

/ _ / _ / 
Ai.'^? ± 

11-12 

13-14 

15-16 

17-18 

19-20 

2 1 - 2 3 

2 4 - 2 6 

27 -29 

30-32 

33 -35 

36 -38 

3 9 - 4 1 

42-44 

/_/_/• 4 5 - 5 1 

52-53 

54 -56 

/ / _ / | 57 -59 



CARD 6 
V Dieta 

Studio /_/_/ 1 - < 
N° paziente /_/_/_/_/_/ 3- : 
caso/controllo /_/ £ 
N° card /0/6/ 9-1C 

Tipo di 
alimento Quantita Frequenza 

Secondi piatti 

Uovo sodo o in camicia, o 
alia coque, o crudo 

Uova fritte o frittata 

Polio o tacchino (poco 
condito o lesso) 

Polio, tacchino o coniglio 
arrosto, fritto o in umido 

Bistecca, filetto, roast-
beef o carne tritata magra 
di manzo, vitello o 
cavallo 

Manzo lesso 

Spezzatino, brasato, 
polpette, arrosto di 
manzo o vitello 

Cotoletta impanata di 
manzo o vitello 

Costoletta, cotoletta, 
paillard o arrosto di 
maiale 

Fegato di tutti gli 
animali 

•Prosciutto crudo (6 fette) 
bresaola (5), o speck (6) 

Prosciutto cotto (3 fette) 

Salame (5 fette), 
mortadella (2), bologna(2) 
salsicce (§), pancetta (6) 
wiistel (1) 

Porzione 

200 gr. 

200 gr. 

120 gr. 

150 gr. 

150 gr. 

120 gr. 

150 gr. 

150 gr. 

50 gr. 

50 gr. 

50 gr. 

M N°/settimana 
specificare 

/If /2/ /3/ 

/!/ /2/ /3/ . ; 

/1> /2/ /3/ 

' i / 
n_t ̂ 1 

/l/1 /2/ /3/ 

/!/ /2/ /3/ 

"2 "3 

/I/\ /2/ /3/ 

/l/ /2/ /3/ 

/I/I /2/ /3/ ' l / 

'l/ /!/ /!/ /3/ 

/!/ /2/ /3/ 
p^r 3c? 

/l/i/2/ /3/ 

/_/_/dL 13 

/_/_/oiL 25 

/ / / 

/_ /_/G£A 23 

/_/_/c£ SC 

/_ /_/Q£A £?" 

/ / /«SU? 

n - i ; 

13-14 

15-1". 

18-2C 

2 1 - 2 : 

24-2( 

27-2? 

3 0 - 3 : 

3 3 - 3 ! 

36-3( 

3 9 - 4 : 

4 2 - 4 ' 

45-4" 



Porzione 

Pesce e molluschi lessi, 
alia griglia o al forno 

Pesce o molluschi fritti 

Tonno (1 scatoletta), 
sgombri o sardine (4 fi-
letti), sott'olio 

Ricotta, mozzarella come 
secondo piatto 

Altri formaggi come 
secondo piatto 

Formaggio (tutti), come 
fine /fuori pasto 

Altri secondi piatti 
(>=lsett) specificare 

In riassunto 
carne rossa o bianca 
(esclusi affettati) 

In riassunto 
pesce 

150 gr. 

150 gr. 

80 gr. 

100 gr. 

80 gr. 

25 gr. 

/_///_/ 

Quantita Frequenza 

M 

/I/ /2/„/3/ 

N°/settimana 
specificare 

/ 

/ I 

1 / 1/2/ / 3 / 

; 
u t Li 
/ 2 / T / 3 / 

/I/'/2/ /3/ 

/I/ /2/ /3/ 

'1/ /2 /I/ /2/ /3/ 

/ l / /2/ /3/ 

.-i TT-^O-O ( f 

/ I / / 2 / / 3 / 

/_/_/OSL:^5 

/_/_/c& ^ 

/ / /aW 

/ _ / _ / * £t,i 

/ / _ / ££ 

SLH / - / . / ^ 

48-50 

5 1 - 5 3 

54-56 

57-59 

60-62 

63-64 

65 -71 

72-74 

75-77 



CARD 7 
:V Dieta 

Tipo di 
alimento 

Studio /_/_/ 1- : 
N° paziente /_/_/_/_/_/ 3- ' 
caso/controllo /_/ f 
N° card /0/7/ 9-K 

Quantita Freguenza 

Contorni 

Piselli, fagioli, ceci, 
lenticchie (40 gr. secchi) 

Insalata verde, compreso 
radicchio rosso 

Carote crude (1 media) 

Carote cotte 

Cipolle (1 media) 

Patate bollite (1 media) 

Patate fritte o arrosto 

Porzione 

100 gr. 
freschi 

50 gr. 

75 gr. 

130 gr. 

80 gr. 

125 gr. 

200 gr. 

M 

/!/ /2/ /3/ 

N°/settimana 
specificare 

,r, --t- <<6 
/ I 1 / / 2 / / 3 / 

/V/ /2/ /3/ 

/I/I /2/ /3/ 

/I/ 1/2/ /3/ 

/!/ '/I/ /3/ 

/!/ 1/2/ /3/ 

cAU SO 

11-12 

14-ie 

17-19 

20-22 

23-25 

26-28 

29-31 

STAGIONALI 

Carciofi (non spec: 4 mesi 
gennaio-aprile) 

Cavoli, cavolfiori, 
broccoli, cavolini di 
Bruxelles o cime di rapa 
(non spec: 6 mesi, 
novembre-aprile) 

Spinaci, coste o erbette 
(non spec: 6 mesi, 
novembre-aprile) 

Pomodori (non spec: 6 mesi 
aprile-settembre)(1 medio) 

Insalata mista con carote, 
cetrioli, peperoni, ecc. 
(non spec: 6 mesi, aprile 
settembre) 

Zucchine, melanzane, 
peperoni cotti (non spec: 
6 mesi, aprile-settembre) 

Altri contorni (minimo 20 
volte all'anno) 
specificare 

1 intero 
o 3 fondi 

125 gr. 

Altri contorni (minimo 20 
volte all'anno) 
specificare 

200 gr. 

150 gr. 

100 gr. 

150 gr. 

/ / / / _ / 

/l/\ /2/ /3/ 

/!/ /2/ /3/ 

/lV /2/ /3/ 

ll) /2/ /3/ -J 

d<g>(o5 ^ ^ 

/1/V2/ /3/ 

/!/ /2/ /3/ 

/_/_/_/_/! / i /!/ /2/ /3/ 

/_/_/" 

/ / / 

s 

Mesi 
all'anno 

/_/_/ 32-35 

/ / / 36-40 

/_/_/ 41-45 

/_/_/ 46-50 

/_/_/ 51-55 

/ /_/ 56-60 

/_/_/ 61-69 

/ /_/ 70-78 



Tipo da 
alimento Quantita Frequenza 

Contorni 

In riassunto 
verdura cruda 

In riassunto 
verdura cotta 
(escluse patate) 

Porzione P M G 

/!/ /2/ /3/ 

/!/ /2/ /3/ 

N°/settimana 
specificare 

/ / / 

79-81 

82-84 

I Porzione 

1° Piatto regionale 
Spec 

2° Piatto regionale 
Spec 

CARD 8 
V Diet?. 

Tipo di 
alimento 

M. 

/ _ / / / _ / 

/ / _ / / / 

0 — - ^ 1-
/ ! / /?>/ / 3 / 

r-i'-rT-A.Q i 
/ ! / / 2 / / 3 / 

N°/settimana 
specificare 

/_/. 

/ /J 

85-91 

92-98 

Studio ..r- /_/__/ i" ^ 
N° paziente /_/_/_/_/_/ 3- / 
caso/'controllo /_/ 8 
N° cevxd /0/8/ 9-10 

Frequenza 

Frutta 

Mele e pere 

Banane 

Kiwi 

Frutta cotta 

Spremute di agrumi o 
succhi di frutta non 
zuccherati 

Succhi di frutta 
(1 bottiglietta) 

Miele o marmellata 

Poi-r.ione 

1 media 

1 media 

1 fliedio 

1 cop'p-ett 

1 bice. 
150 ml. 

125 gr. 

1 
cucchiain 

N°/settimana 
specificare 

/_/_As' 

•c&d 

> 

11-12 

13-14 

17-18 

19-20 

21-22 

23-24 



Tipo di 
alimento 

Porzione 

Frutta 

STAGIONALI 

Arance (1), pompelmi (§), 
e mandarini (3) (non spec: 
6 mesi, novembre-aprile) 

Pesche (1), peschenoci (1) 
albicocche (2) o prugne 
(2) (non spec: 4 mesi, 
giugno-settembre) 

Melone (non spec: 3 mesi 
giugno-agosto) 

Uva (non spec: 3 mesi 
agosto-ottobre) 

Fragole, ciliege 
(non spec: 2 mesi, maggio-
giugno) 

Al'tra frutta (minimo 20 
volte all'anno) 
specificare 

Altra frutta (minimo 20 
volte all'anno) 
specificare 

In riassunto 
frutta fresca 

150 gr. 

100 gr. 

2 fette 
75 gr. 

grappolo 
medio 
230 gr. 

1 coppett 
150 gr. 

Frequenza 

N°/settimana 
specificare 

/ _ / _ / 

cd_, fcb 

Mes i a l l ' a n n o 

A A ^ O \ ( D $ 
/ _ / _ / 

/ _ / / / / _ / 
\,vs&n\ b b /\AA> 

25-28 

29 -32 

ok 63 
/ / / 

/ _ / _ / ^ ^ ^ 33 -36 

G 

^r 

/ / _ / 

/ / _ / 

f\^>SS3r\ a 

\^JW ,C3 

37-40 

41-44 

/ / _ / A A - ^ f ^ 4 5 . 5 2 

/ _ / _ / 
/w-e-o ^ t ^ 

53-60 

61-62 



T i p o d i 
a l i m e n t o Q u a n t i t a F r e q u e n z a 

D o l c i 

Biscotti secchi 

Brioche, croissant 
o bomboloni senza crema(l) 

Pasticcini alia crema (1, 
o 3 mignon), o bomboloni 
alia crema (1) 

Pan di Spagna, torta 
margherita, panettone, 
colomba 

Crostata alia frutta o 
marmellata (1 fetta), 
pasticcini alia frutta (1, 
o 3 mignon) 

Cioccolatini 

Bibite gassate 

Caramelle 

Porzione 

7 
50 

50 

50 

gr. 

gr. 

gr-

1 fetta 
100 gr. 

100 gr. 

1 bice. 
150 ml. 

M N°/settimana 
specificare 

•'^i: "i • ' 

/l/'/2/ /3/ 

/!/ /!/ Ill 

Gelato 

Altri dolci o bibite 
(> 1/sett.) 
specificare 

2 palline 
1 cornett 
100 gr. 

/1> 111 131 /3_/ 

63-64 

65-66 

67-68 

69-71 

72-14 

IS-lt 

11-11 

79-8C 
Mesi 
all'anno 

/_/_/ 81-84 

85-9] 

14 



CARD 9 
V'Dieta 

Studio /_/_/ 1- 2 
N° paziente /_/_/_/_/_/ 3- 7 
caso/controllo /_/ 8 
N° card /0/£/ 9-10 

CONSUMO PI ALCOOL 

- Consuma alcoolici abitualmente? 

/!/ No /2/ Si /3/ In passato 

Quando consuma alcoolici? 

/!/ Ai pasti /2/ Fuori pasto /3_/ Entrambi 

cx> JLci-/_/ 11 

oLc 2. /_/ 12. 

T i p o 
d i b e v a n d a 

Vino (125 ml) 

B i r r a (330 ml) 

Amari e 
d i g e s t i v i 

(30 m l ) 

Grappa (30 ml) 

Whisky , Cognac 
e Brandy 

(30 ml) 

A l t r i , 
( ? 1 / s e t t . ) 
s p e c i f i c a r e 

cSLc 23 
/ _ / _ / _ / _ / 

n° g i o r n i / 
s e t t i m a n a 

cUl 
/ / 

/ _ / 

ckcM 
/ / 

,-jU* 

cLcVS 
/ _ / 

, > * * 

n° u n i t a / 
s e t t i m a n a 

oU4 
/ _ / _ / _ / 

f 1 -V 

o^cl^-
/ _ / _ / _ / . : , 

cU ^ 
/ _ / _ / _ / 

<Ac25 
/ _ / _ / _ / 

E t a i n i z i o 
consumo r e g o l a r e 

<£c* 
/ _ / _ / 

/ _ / _ / C ^ c 5 

cXc. 13 
/ / / , 

ci^c 2/| 
/ _ / _ / 

c£cZt> 
/ _ / _ / 

Se ex b e v i t o r e , 
e t a f i n e 

consumo r e g o l a r e 
oLc-6 

/ _ / _ / 13-20 

c d - / _ / _ / 21 -28 

/ . _ / _ / 29 -36 

^ T l / / 37-44 

c l c Zl 
/ _ / _ / 45-52 

cJ^Zf 
/ _ / _ / 53-64 

Nota Bene : Consumo 1-3 /mese 998 

15 



'. ' CARD 10 
VI Anamnesi patologica 

Studio /_/_/ 1- 2 
N° paziente /_/_/_/_/_/ 3- 7 
caso/controllo /_/ 8 
N° card /I/O/ 9-10 

Ha mai avuto le seguenti patologie (od effettuato i seguenti 
trattamenti) ? 

Eta alia 
prima diagnosi 

Diabete mellito Pf^0^' /_/_/ 11-12 

Obesita 0-~C^-l/_/y 13-14 

Ipertensione (trattata con farmaci) CU^OA--^ /_/_/ 15-16 

Aumento colesterolo/trigliceridi cjX̂ctî-lj- /_/_/ 17-18 

Calcoli della colecisti Q~&^ /_/_/ 19-20 

Allergie (spec.) •• c^uxw? /_/_/ 21-22 

Esofagite p r ^ ^ T /_/_/ 23-24 

Ulcera gastro-duodenale £>J-<W-̂ J' /_/_/ 25-26 
6 

Polipi intestinali ... £^>-^ /_/_/ 27-28 

Tumori maiigni (spec. ; ( L C D . ) /_/_/_/_/ a w w UV_/_/ 29-34 

Altre malattie gravi (spec. ( L C D . ) /_/_/_/_/ tt-'-^7_/_/ 35-40 
(Malattia grave: > 1 mese ricovero 

> 10 anni terapia regolare) 
\Patologie della tiroide non specificate .O' /_/_/ 41-42 
i 

JNodul i t i r o i d e i ( adenomi) c y ^ o W i / _ / _ / 43-44 

Gozzo (^i-ai^^/_/_/ 45-46 

Ipertiroidismo O^a^tf /_/_/ 47-48 

Ipotiroidismo CXUxi-^<&/_/_/ 49-50 

PER LE DONNE ,-, 

C i s t i o v a r i c h e ^ . l T / _ / _ / 5 1 - 5 2 

F i b r o m i o r a i u t e r i n i p ^ s ^ W '/_/_/ 5 3 - 5 4 

E n d o m e t r i o s i CUACU^ | J f j j 5 5 , 5 5 

I N o d u l o mammar io ( f i b r o a d e n o m a ) I <x*P*^2o / j j 5 7 - 5 8 

I M a s t o p a t i a f i b r o c i s t i c a Z . ? ^ ? ^ ^ / / / 59-60 
I I — — 

( Biopsie mammarie \. ? L ^ ^ ^ / _ / _ / 61-62 



IjSterectomia (asportazione dell'utero) RXXM^OJ ^ ^ ^ 63-f 

Ovariectomia monolaterale (asportazione di 1 ovaio) . . .\v\M~ > / / / 65-( 

Ovariectomia bilaterale (asportazione di 2 ovaie) faxfly^ ^ / / / S7-( 

Infezioni pelviche (salpingiti, annessiti, etc.) GO^CUA^ £t> / _/_/ 69-', 

Sindrome di Stein-Leventhal (oyaio policistico) QY: .^ /_/_/ 71-" 

OSSERVAZIONI: 

CARD 11 
VII Anamnesi f a m i g l i a r e d i t u m o r e 

S t u d i o / _ / _ / 1 -
N" p a z i e n t e / _ / _ / _ / _ / _ / 3 -
c a s o / c o n t r o l l o / _ / 
N° c a r d /l/±/ 9 -1 

Quan te s o r e l l e ha? Pc^^--i / _ / _ / 1 1 - 1 

/te-si UA) 7\ Crf£.b ^ 
Ha mai fatto uso di aspirina, o di altri prodotti a base di acido 
acetilsalicilico almeno una volta alia settimana (Registrare solo 
periodi di utilizzo di piu di 6 raesi)? 

Frequenza media 
per settimana 

/_/ * 

/_/ ^ 

/-/ 13 

da durata Indicazioni 
(eta) (mesi) (antidolorifici =1 

prevenzione cardiovascolare =2) 

/ _ / _ / o/)jxZ / _ / _ / _ / a-Ofvl -3 

/ / / | # / / / _ / |( 

/_/_/ |6 /_/_/_/ > 

/_/ ^ f 
/_/ 

/_/ 

/ / 

75-81 

82-88 

89-95 

96-102 

Farmaci contenenti acido acetilsalicilico: 

Acesal 
Algo-Nevriton 
Alkaseltzer 
Ascriptin 
Aspiglicina 
Aspirina 
Aspirinetta 
Aspro 

Bufferin 
Carin 
Cebiopirina 
Cafiaspirina 
Cemerit 
Colfarit 
Dreimal 

Endyol 
Fridol 
Kilios 
Midol 
Neocoricidin 
Viamal 
Vivin C 



I js terectomia ( a s p o r t a z i o n e d e l l ' u t e r o ) 
6JJ&-V*ZI 

Qx^X^TJ^ 
/_/_/ 62 

Ovariectomia monolaterale (asportazione di 1 ovaio) . . . '•T̂  T /_/_/ 6! 

Ovariectomia bilaterale (asportazione di 2 ovaie) (xuf^- ^ /_/_/ 67 

Infezioni pelviche (salpingiti, annessiti, etc.) 

Sindrome di Stein-Leventhal (ovaio policistico) OwJfc-'- I? 
/_/_/ 69 

•/_/ / 71 

OSSERVAZIONI: 

CARD 11 
VII Anamnesi famigliare di tumore 

Studio /_/_/ 1 
N° paziente /_/_/_/_/_/ 3 
caso/controllo /_/ 
N° card /J71/ 9 

Quante sorelle ha? 

Quanti fratelli ha? 

-1 /_/_/ 11 

L /_/ / 13 

Suoi parenti hanno mai avuto tumori maligni? 

UN PARENTE PER RIGA 
specificare 
madre =1 
padre =2 
sorella =3 
fratello =4 
•nonna =5 
!nonno =6 
ifiglia =7 
ifiglio '=8 
/coniuge =9 

Vivo /l/ Se morto, 
Morto /2/ eta alia 

morte; 
se vivo, 
eta' 
attuale 

/ / 
V(/J-~V«J 

O.-L^ h 
/y /_/. 

/_/f"u /J/ 
J? 

s 
•df / /A 

/_/<J A/ /_/_/ . 

/ /_ /_ / 

CU-A ZS 

<?-^30 

Tipo di tumore 
specificare 

Eta alia 
diagnosi 

/ l i ' O e W '5, /> 

ffc~6 
. ( ICD) /J / / _ / _ / 

. (ICD)/ 

(ICD 

./ / / 
fCUAA [C 

)/_/L/ 
.(ICD ) / _ / £ / _ / _ / 

.(I CD)/_/<[/_/_/ 

W 9~ 
/_>_/ 15-

/_ /_ / 2 5 ' 

/ _ / )_ / 35-

/_/{_/ 45-

/ _ / J / 55-

/ _ / _ / 65 

17 



CARD 12 
-• yi II Anamnesi ostetrico/ginecoloqica (solo per le donne ) 

Studio /_/_/ 1- '• 
N°.paziente /_/_/_/_/"/ 3- ' 
caso/controllo / / ( 
N" card /i/2/ 9-K 

Eta al raenarca 

Cicli mestruali: 
Durata in giorni della perdita ematica 

l AA d-

0 

/_/_/ 11-1 

13 

Durata media cicli mestruali: 
(escluso durante l'assunzione 
di contraccettivi orali) 

Non so 

Stato menopausale 

pre- = 1 peri- = 2 post-raenopausa = 3 

Se in post-menopausa: eta alia menopausa 

< 21 giorni = 1; 21-25 = 2 
26-30 = 3; 31-35 = 4; 

> 35 giorni = 6 
Totalmente irregolari = 8 

9 

% 

/_/ 14 

^ M f /_/ 15 

; p ̂  /_/_/ 16-17 

Tipo di menopausa: 
naturale - 1 
da raggi = 3 

Numero totale di: 

chirurgica = 2 
farmacologica = 4 Vv\ C /_/ 18 

Nati 

Aborti spontanei 

Interruzioni volontarie 

Eta alia prima gravidanza (aborto o parto) 

La prima gravidanza e terminata in: aborto spontaneo = 1 
aborto volontario = 2 
nato morto - 3 
nato vivo = 4 

19 

20 

m^ ^ /_/ 
<3A/K« / _ / 

OAVX .3 / _ / 21 

•fM[0 / _ / _ / 2 2 - 2 3 

E ta ,a c i a s c u n p a r t o 
! 

U'AA *f / / 24 

<2A/V, I ^ 

<5 I On I I tv V V Vl U l t imo 
/ - / _ / • / _ / _ / / _ / / 25-38 

A l l a t t a m e n t o 

1? 
/ _ / 

M I 
/ _ / 

IV 
/ / 

8 
/ - / / _ / 

'J\TT Ultimo 
/ / 

2r 
3 9 - 4 5 

0 = non ha a l l a t t a t o p e r r a g i o n i p e r s o n a l i o med iche . 
1-6 = mesi d i a l l a t t a m e n t o (6 o p i u d i s e i = 6 ) . 

7 = ha a l l a t t a t o ma non r i c o r d a p e r q u a n t i m e s i . 
8 = ha t e n t a t o ma non e r i u s c i t a ad a l l a t t a r e . 
9 = mancanza d e l l ' i n f o r m a z i o n e s u l l ' a l l a t t a m e n t o . 

1H 



Alia prima gravidanza, quanti raesi ha trascorso, ^CAAZ.^ 

senza usare alcuna precauzione, prima di rimanere incinta? / 7 / / 46-4 

E' stata mai in cura per la sterilita? (eta) ^AKV\TJ_/ / 49-5 

Per quale causa? 
Occlusione tubarica = 1; squilibri ormonali 
endometriosi = 3; sterilita del partner 
Altro, specificare r 24 

/_/ 

19 



r.ARD 13 
ViII Anamnesi ostetrico/qinecoloqica (solo per le donne) 

Studio /_/_/ 1- 2 
N° paziente /_/_/_/_/_/ 3- 7 
caso/controllo /_/ 8 
N° card /1/3/ 9-10 

HA MAI USATO I SEGUENTI FARMACI? O^' ^•L'J^' 

Contraccettivi orali =1; farmaci per minaccia d'aborto = 2; per 
irregolarita mestruali = 3; terapia della sterilita = 4; farmaci per 
bloccare 1 ' allattamento = 5; ormoni femminili per acne, ipertricosi = 6; 
ormoni per 1'endometriosi = 7; terapie sostitutive in menopausa = 8. 

Eta Durata Indicazione Farmaco, nome commerciale Codifica 
inizio mesi 

:„.....> \.~-l k w ^ , 
/ _ / ! / / _ /_ u / _ / / _ / _ - / i r v ^ f / _ / _ / 1.1-19 

U-.-S : ^ - - i f ^ A ^ ) ".• 

/_/_!/ . I J J J /_/_V ; j f i ^ /_ /_ / 20-28 

/_/A/ ,/. /_/! /_/ /_/_/ | W ( £ /_/_/ 29-37 

/ _ / _ / „ /_/,_/_/ / _ / _ / - ! i ^ t 6 / _ / _ / 38-4 6 
/_ . /_ / / _ / _ / _ / / _ / _ / ( ) jCUA--^ / _ / _ / 4 7 _ 5 5 

/_f_/ _ /Jl/J / _ / _ / • ] j f ^ ^ / _ / _ / 56-64 

/ y_/ - / _ / ! / _ / / _ / _ / ! \CLK.*~A / _ / _ / 65-73 

/ • r ;v -,, /_/! /_/ /_/_/ f ^ __j^^ j _ , _ , 7 4_ 8 2 

/ f) / 1^7J /_/_/ Y~'~ \^X /__/_/ 83-91 

/ /•:• / / / \/J / _ / _ / p - ' ^ - 1 p±^kO /_/_/ 92-100 
0 J 

PER TUTTI 

Grado d i a t t e n d i b i l i t a d e l p a z i e n t e (a g i u d i z i o d e l c o r a p i l a t o r e ) 

Molto buono = 1 . 
Buono = 2 0 2 
Mediocre = 3 "• \j ^ 
Scarso = 4 /_/ 101 

Tempo richiesto per 1'intervista (minuti) /_/_/_/ 102-104 

9n 


