Contents

From the Division of Medicine, 
Department of Medicine, Surgery and Orthopaedics, 
Lund University, Malmö

Diet, lifestyle, antioxidants, 
and biomarkers of cancer risk

An epidemiological report from 
the Malmö Diet and Cancer cohort

Peter Wallström

[image: image1.wmf]
(Peter Wallström and the copyright owners of Papers I and II.

Printed by Bloms i Lund AB, Lund 2002.

ISBN 91-628-5433-X.

Diet is a chronic source of both frustration and excitement to epidemiologists.
- R. Doll & R. Peto
For every complex problem there is an answer that is clear, simple, and wrong.
- H.L. Mencken
Quidquid latine dictum sit, altum videtur.

Till Eva, Frida, Ebba och Johan.

Contents

4Contents


6Abstract


7List of publications


8Abbreviations


9Background


9Introduction


10Reactive oxygen species


10Formation of ROS and oxidation in normal metabolism


13Exogenous oxidants


13Antioxidants


13Endogenous antioxidants


15Dietary antioxidants


18Oxidative stress


19Biomarkers


19Biomarkers of diet


19Biomarkers of oxidative stress


20Risk markers in epidemiology


20The Malmö Diet and Cancer Study


21Consumers and consumption of dietary supplements


22Topics addressed in this thesis


22The associations between consumption of fruits and vegetables and other risk markers of cancer


22Factors associated with serum concentrations of antioxidants


23Factors associated with high anti-5-HMdU autoantibody titres


24General aim of the thesis


24Specific aims


26Subjects and methods


26Source population


26Study population 1


26Study population 2


28Non-participation analysis


28Sub-populations: Papers II-III


28Paper IV


28Paper V


30Data collection procedures


30Dietary variables


31Constructed food variables


32Lifestyle and background variables


32Alcohol habits


32Birth country


33Chronic conditions & medication


33Cohabitation status


33Education


33Leisure-time physical activity


34Smoking


34Socioeconomic status


34Anthropometric examination and impedance analysis


35Calculation of energy intake:basal metabolic rate (EI:BMR) ratio


35Blood fraction analyses


36Statistical methods and design


36Aim 1 (Study population 1)


36Aim 2


36Aim 3 (Study population 2)


37Aim 4


37Aim 5


37Aim 6


37Aim 7


38Aim 8


39Results and Discussion


39The associations between consumption of fruits and vegetables and other risk markers of cancer (Aims 1-2)


39Aim 1 (Paper I)


41Aim 2 (Paper I)


42Comments


44Factors associated with serum concentrations of antioxidants (Aims 3-6)


44Aim 3 (Paper II)


47Aim 4 (Paper II)


48Aim 5 (Paper III)


51Aim 6 (Paper III)


52Comments


55Factors associated with high anti-5-HMdU autoantibody titres (Aims 7-8)


55Aim 7 (Paper IV)


57Aim 8 (Paper V)


59Comments


61General methodological remarks


61Representativity


62The role of misreporting and other measurement errors


63Time frame


64General discussion


64An antioxidant pool?


64Are anti-5-HMdU aAbs biomarkers of oxidative stress?


66Conclusion


68References


77Acknowledgments


80Kost, livsstil, antioxidanter och riskfaktorer för cancer – sammanfattning på svenska


Appendix: Papers I-V
Efterord



Abstract

This thesis examines associations between a number of epidemiological or biological markers of cancer risk and oxidative stress, in order to achieve a better understanding of how diet, lifestyle, and genetic factors contribute to the occurrence of oxidative stress. Data from the Malmö Diet and Cancer (MDC) cohort was used. The MDC study is a population-based cohort study which uses a detailed modified diet history method for dietary assessment. It includes an extensive sociodemographic/lifestyle questionnaire, body composition measurement by bioimpedance, and a biological bank of separated blood components. In one sub-sample, consisting of 15,137 men and women aged 46-68 years, low fruit and vegetable consumption was significantly associated with several established risk markers of cancer, e.g. low educational level, high alcohol consumption, and smoking. Another sub-sample, consisting of 544 men and women aged 46-67 years, was used for studies on serum levels of the antioxidant nutrients (-carotene and (-tocopherol, and on autoantibody (aAb) titres against 5-hydroxymethyl-2’deoxyuridine (5-HMdU), an oxidized DNA base derivative. The serum nutrient levels were associated with body fat, smoking, and intake of several antioxidant nutrients. However, (-carotene was negatively associated with total body fat, while (-tocopherol was positively associated, particularly with centrally distributed fat. (-carotene was moderately associated with carrot and leafy vegetable consumption in non-smokers, and with (-carotene supplements and (more unexpectedly) with coffee in smokers. (-tocopherol levels were associated with vitamin E supplements only. High anti-5-HMdU aAb titres were associated with high alcohol consumption, with smoking in combination with null genotype for the antioxidative enzyme glutathione S-transferase M1 (GSTM1), and, in men, with high body fat percentage. The aAb titres were not associated with consumption of fruits or vegetables. 

The conclusions are as follows. Fruit and vegetable consumption may confound the associations between cancer risk and other risk markers of cancer. The hypothesis of functional synergisms between antioxidants in the body and dietary antioxidants receives some support from these results. Anti-5-HMdU aAb titre may not be a pure marker of either oxidative stress or immune function, but rather of an equilibrium between disposition to produce IgM and oxidative stress. Oxidative-antioxidative status in humans is probably determined by interactions between nutritional, genetic, metabolic, behavioural, and sociodemographic factors.
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SOD

Superoxide dismutase
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Background

Introduction

In 1997, the World Health Organization estimated that the yearly global incidence of cancer was around 10 million cases, while the number of deaths from cancer was over 7 million. Current evidence states that the risks of the most common cancers (i.e. cancers of the airways, digestive tract, bladder, breast, and prostate) are associated with diet. QUOTE "1" 
1
 Indeed, a recent major report on the topic suggested that application of current knowledge of diet-related cancer risks to food habits could, in time, reduce global cancer incidence by 30 to 40 percent. QUOTE "1" 
1
 

Cancer development (carcinogenesis) is a multi-stage process. Animal experiments and human studies suggest various roles for foods, nutrients and dietary non-nutrient compounds at most stages of carcinogenesis, but current knowledge is far from complete. QUOTE "1;2" 
1;2

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03404(Johnson, Williamson, et al. 1994 404 /id\00(\00 
 The evidence is particularly consistent for the hypothesis that a diet rich in fruits and vegetables is associated with a lower risk of cancer. QUOTE "1" 
1
 

Another phenomenon that has been associated with several phases of carcinogenesis is the formation of reactive oxygen species (ROS), of which many are free radicals,
 within the human body. Formation of ROS is a normal part of energy metabolism and immune function; it thus occurs constantly. QUOTE "3-5" 
3-5

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03128\17Gutteridge 1994 128 /id\00\17\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\0229\12Basaga 1990 29 /id\00\12\00 
 Since ROS are both toxic to the cells (cytotoxic) and may induce mutations, perhaps leading to cancer (genotoxic), a number of protective mechanisms exist in the body. However, in certain situations, increased ROS formation may occur. An overload of ROS in relation to the defence systems has been termed oxidative stress. QUOTE "6" 
6
 Oxidative stress has been implicated in aging and in several chronic diseases, including cancer and cardiovascular disease. QUOTE "7" 
7
 

The oxidative stress concept proposes one link between diet and carcinogenesis, because it states that a high consumption of antioxidants, i.e. compounds that counteract the effects of ROS, will lower the risk of cancer. Fruits and vegetables, in particular, contain large amounts of antioxidants, although they also contain a large number of other compounds with potentially cancer-preventive effects. QUOTE "8" 
8

During the last fifteen years, there has been an increasing interest in biological markers (abbreviated biomarkers). Basically, biomarkers are organic compounds which reflect exposures or disease processes, and can be measured in the human body. QUOTE "9" 
9
 Unfortunately, we have few good biomarkers of cancer risk, and even fewer unambiguous biomarkers of oxidative stress. This means that even if it is an attractive concept, oxidative stress as a risk factor for cancer is still partly a theoretical concept. However, blood levels of the antioxidant nutrients (-tocopherol (vitamin E) and (-carotene are two diet-related suggested biomarkers of cancer risk; QUOTE "10;11" 
10;11

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03167\10Gey 1995 167 /id\00\10\00 
 they have also been proposed as biomarkers of intake of these nutrients. QUOTE "12" 
12
 Another potential biomarker of cancer risk with a theoretical connection both to oxidative stress and cancer development is plasma autoantibodies against a residue of oxidized DNA called 5-HMdU (5-hydroxymethyl-2’-deoxyuridine). QUOTE "13" 
13
 

This thesis deals with a number of aspects of the oxidative stress-antioxidant hypothesis. Firstly, it examines consumption of fruits and vegetables by analyzing their associations with a number of nutritional, sociodemographic and lifestyle factors, which, in turn, have been linked to cancer risk. Secondly, it attempts to shed some light on the underlying mechanisms that regulate the blood levels of (-tocopherol and (-carotene, and of autoantibodies against 5-HMdU. This is done through studies of how these biomarkers co-vary with a number of socioeconomic and genetic factors and lifestyle habits, with a particular emphasis on diet. All studies were performed in two groups of middle-aged persons living in Malmö, the third largest city in Sweden.

Reactive oxygen species 

This section, and the following, contains a simplified overview of the concepts of ROS, oxidants and antioxidants. Even though several of the described mechanisms and compounds are not dealt with in the present thesis, the descriptions will hopefully provide a useful framework for understanding the presented research.
 

Oxygen is necessary for human life. However, our dependence on oxygen requires that we live in a state of a precarious balance. Exposure to increased oxygen concentrations in breathing air or increased oxygen pressures quickly results in toxic effects. These effects are mostly mediated through formation of ROS. ROS are constantly formed during normal metabolism – they are necessary for the metabolism of energy (cellular respiration), and are also used in the immune system for killing invading life forms, but ROS production may be deleterious if left unchecked, or if operating at increased rates.

Formation of ROS and oxidation in normal metabolism

A vital role for oxygen is serving as an electron acceptor in cellular respiration, which occurs in the mitochondria. When oxygen is reduced to water by stepwise addition of electrons, the first compound obtained is a hydroperoxyl radical (HO2().


O2 + e- + H+  (  HO2(  


(1)

At physiological pH the hydroperoxyl radical dissociates to a superoxide radical (O2( -):


HO2(  (  H+ + O2( - 



(2)

The superoxide radical is a weak oxidant in an aqueous solution. It is decidedly stronger as a reductant. However, its efficiency as an oxidant is increased considerably in the right environment. For example, it is formed in the plasma membranes of neutrophilic leukocytes and used in endocytosis, i.e. engulfment and destruction of, for example, bacteria. Normally, it is only found in other cells when electrons leak from the electron carriers in the respiratory chain and react uncontrolledly with oxygen.

Superoxide disappears rapidly in an aqueous solution thanks to its dismutation reaction, in which hydrogen peroxide (H2O2) and molecular oxygen is formed.

O2( - + O2( - + 2H+  (  H2O2 + O2  

(3)

This reaction is markedly accelerated by superoxide dismutases (see below).

Hydrogen peroxide is a weak oxidant and reductant which is reasonably stable in the absence of transition metal ions. One of its physiological functions is being a precursor of hypochlorous acid, another powerful oxidant used for cell killing in the immune system. Hydrogen peroxide has an uncharged, covalent structure and is similar to water, which gives it an excellent ability to diffuse. It is thus able to travel from its site of origin. If transition metal ions (such as iron or copper) are present, which may be the case in the nucleus, hydrogen peroxide may form highly reactive hydroxyl radicals ((OH) through the Fenton reaction:


H2O2 + Mn ( OH- + (OH + M(n+1) 

(4)

wherein Mn stands for metal ions, e.g. Fe(II).

The hydroxyl radical is an extremely aggressive oxidant which can attack most biological molecules. Its half-life is around a billionth of a second. Since it is so extremely reactive and short-lived, there are no enzyme systems to protect the organism from it, only from its formation. In addition to the Fenton reaction, the hydroxyl radical may also be formed by irradiation of water. The hydroxyl radical is thus responsible for much of the genotoxic and cytotoxic effects of ionizing radiation.

It should be noted that superoxide, hydrogen peroxide, and the hydroxyl radical are all normal intermediaries in cellular respiration. Addition of an electron and a hydrogen ion to the hydroxyl radical forms water; this completes the process.

Singlet oxygen (1O2) is another highly reactive oxygen species. It is formed in photochemical reactions. It is thus produced in significant amounts in the skin at ultraviolet irradiation. Although reactive, singlet oxygen is not as reactive as the hydroxyl radical, and is thus able to diffuse a couple of micrometers from its site of origin. This means that singlet oxygen formed in the cytoplasm, like hydrogen peroxide, will be able to travel into the nucleus and cause damage to the DNA, unless it encounters some form of scavenger molecule along the way. 

Lipid peroxidation

Cellular membranes are composed mainly of phospholipids, with proteins, cholesterol, and vitamin E (see below) to perform specialized functions. The proportions and types of phospholipids and their fatty acids are critical for the integrity and function of the membrane.
The sensitivity of a phospholipid to an oxidative attack is related to the number of double bonds in the lipid residue. Thus, polyunsaturated fatty acids (PUFA) are the most sensitive. If a radical, e.g. the hydroxyl radical, is formed close to a membrane, the radical tends to attack the PUFA residues in the membrane lipids. This forms a lipid radical in the membrane.


(OH + LH  (  L( + H2O
(L=Lipid)

(5)

The lipid radical most likely reacts with oxygen and forms a peroxyl radical:


L( + O2  (  LOO( 



(6)

These peroxyl radicals may react with the side chains of other lipids in the membrane, converting them to lipid hydroperoxides. This reaction also produces a new lipid radical, which is able to react with oxygen, thereby propagating the reaction.


LOO( + LH (  LOOH + L( 


(7)

An attack by hydroxyl radicals may thus initiate the chain reaction known as lipid peroxidation. One hydroxyl radical may, indirectly, convert hundreds of lipid molecules to lipid hydroperoxides. Accumulation of lipid hydroperoxides in a membrane may lead to degradation of its function and, ultimately, to collapse.

Lipid hydroperoxides subsequently decompose into aldehydes, alkanes, epoxy fatty acids, and hydroxy fatty acids. In summary, lipid peroxidation causes cellular damage in two ways: It destroys membrane structure directly, and it causes formation of toxic compounds that are able to diffuse from the location in which they were formed.

Exogenous oxidants

Tobacco

Tobacco smoking is the major risk factor for cancer in general. Tobacco smoke is a very complex mixture of potentially biologically active substances, many of which are powerful oxidants. One example is that it contains large amounts of nitrogen dioxide (NO2(). QUOTE "14" 
14
 

Pollution

Other examples of exogenous oxidants include a number of air pollutants, such as ozone or components of smog. QUOTE "15" 
15

Alcohol

Metabolism of ethanol (“alcohol”) is associated with formation of ROS in the liver; QUOTE "16;17" 
16;17

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03572"Zima, Fialová, et al. 2002 572 /id\00"\00 
 this oxidative stress has, in turn, been associated with the development of alcohol hepatitis. The role of alcohol-induced oxidative stress in other parts of the body, if any, is largely unknown, although there are indications of an effect in cardiac muscle and in the nervous system. QUOTE "18" 
18

Antioxidants

An antioxidant, according to the definition of Halliwell and Gutteridge, is ”any substance that when present at low concentrations, compared to those of the oxidizable substrate, significantly delays, or inhibits, oxidation of that substrate.” QUOTE "19" 
19

There are a number of mechanisms that fit this criterion. For example: QUOTE "4" 
4

1. Removal of or binding catalytic metal ions (e.g. ceruloplasmin, transferrin)

2. Scavenging of ROS such as hydroxyl radicals, RO( and RO2( (e.g. glutathione, vitamin C)

3. Quenching or scavenging of singlet oxygen (e.g. (-carotene).

4. Removal of “key players” such as superoxide and hydrogen peroxide (e.g. catalase, superoxide dismutase, glutathione peroxidase)

5. Breaking an initiated chain reaction (e.g. vitamin E)

Endogenous antioxidants

Glutathione

Glutathione (GSH) is the main intracellular antioxidant. This tripeptide eliminates hydroxyl radicals by reacting with them, and is thus the most important defence against them. It exists in millimolar concentrations in the cells, which makes it difficult for the hydroxyl radicals to react with anything else. 

The enzymes

Catalase

Catalase is an intracellular iron-containing enzyme which catalyzes the following reaction:


2 H2O2  (  2 H2O + O2 


(8)

This, obviously, prevents the Fenton reaction (4) from occurring.

Glutathione peroxidase

The glutathione peroxidases (GSHPx) are a family of enzymes that basically catalyze the following reaction:


2 GSH + H2O2  (  GSSG + 2 H2O 

(9)

Glutathione peroxidases are also able to react with hydroperoxides, such as lipid hydroperoxides. QUOTE "20" 
20
 The most important glutathione peroxidase has selenium as a co-factor. There are also membrane-bound and extracellular glutathione peroxidases.

Glutathione may be regenerated by glutathione reductase through the following reaction:


GSSG + NADPH + H+  (  2 GSH + NADP+ 

(10)
Glutathione S-transferase 

Parts of this thesis are concerned with two glutathione S-transferases (GSTs), namely GSTM1 and T1. The GST family consists of several variants of this conjugating (phase II) enzyme, with slightly different substrate affinities and different localizations and distributions in the body. Their basic function is to conjugate certain toxic molecules, e.g. aldehydes and other lipid peroxidation decomposition products, with glutathione, in order to make those molecules easier to excrete. They also show some glutathione peroxidase-like activity against lipid hydroperoxides, for example, at least in vitro. They are thus often considered antioxidant enzymes, even if they do not always strictly fit the criteria above. QUOTE "21" 
21

An interesting aspect of GSTM1 and T1 is that their presences are decided by single genes, in which homozygosity of the null allele (meaning no enzyme is expressed) is very common. Thus, GSTM1 is absent in around 50% of a Caucasian population, while GSTT1 is absent in around 20%. QUOTE "22" 
22
 Absence of GSTM1 has been associated with a greater lung cancer risk among smokers, QUOTE "23;24" 
23;24

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03538!London, Yuan, et al. 2000 538 /id\00!\00 
 and the risk associated with different genetic polymorphisms of other GSTs (and many other metabolic enzymes) is, at present, intensely studied. QUOTE "25" 
25

Superoxide dismutase (SOD)

Several variants of this enzyme exist in different organisms. They differ in structure and have different metal ions in their centres, but they function in the same way, i.e. by catalyzing the spontaneous dismutation of superoxide (reaction 3). The most important variety in humans may be the manganese-containing SOD, which is located in the mitochondria. In the cytosol, the most common form is CuZn-superoxide dismutase, which contains copper and zinc. 

Other endogenous antioxidants

A few other endogenous antioxidants should also be mentioned. They are quantitatively important, particularly extracellularly. These include uric acid and several plasma proteins, such as albumin, ceruloplasmin, and transferrin. 

According to current knowledge, as long as the individual has an adequate nutritional status, the endogenous antioxidant systems cannot be enhanced. However, there have been reports of dietary factors inducing various antioxidative enzyme; e.g. an increased efficiency of glutathione reductase, effectively leading to an increased glutathione pool. QUOTE "2" 
2

Dietary antioxidants

Vitamin C (Ascorbic acid)

Vitamin C is a water-soluble antioxidant that has its most important function in the extracellular space, but it also exists in significant amounts inside the cell. Ascorbic acid and its ion are able to react both with superoxide and the hydroperoxyl radical. Some authors claim that ascorbic acid also is able to react with the hydroxyl radical, thereby helping to conserve the glutathione pool. QUOTE "26" 
26

Ascorbic acid has a number of properties that are desirable for an antioxidant. Both ascorbic acid and its radical are able to neutralize most physiologically relevant radicals and oxidants. Further, the ascorbyl radical is stable by itself, and it does not dismutate into any reactive species. Finally, vitamin C is able to reduce uric acid, glutathione, (-carotene, and vitamin E to their original, antioxidative states, at least in vitro (see below). There are also a number of enzymes that convert degradation products of ascorbic acid back to ascorbic acid.

Ascorbic acid is mainly found in fruits, berries, and vegetables. Since potatoes are a staple food in Sweden, potatoes are traditional sources of vitamin C, although the vitamin C concentration in potatoes is rather low.

Vitamin E

Vitamin E is a collective name for a group of lipid-soluble compounds known as tocopherols. The dominant tocopherol is called (-tocopherol. Structurally, the tocopherols basically consist of a bicyclical “head” and a “tail”. The head is the site of the antioxidative function (hydrogen donation), while the tail exerts a quantitative influence. This is because its length and structure, and thereby its polarity, is important to the uptake, transport, and distribution of the tocopherols in the organism.

(-tocopherol (EOH) is an extremely efficient antioxidant when incorporated in a membrane.


LOO( + EOH (  LOOH + EO( 


(11)


LOO( + EO(  (  Non-radicals


(12)

One should note that the vitamin E radical is rather stable. One of the functions of ascorbic acid (vitamin C) is often said to be the reducing of the vitamin E radical back to its original form. However, evidence for the importance of this mechanism in vivo is scarce. QUOTE "27" 
27

The main dietary sources of vitamin E in the Swedish diet are dietary fats, mainly margarines and vegetable oils. Other important sources include meat, fruits, fish, eggs, and vegetables. QUOTE "28" 
28
 A number of less consumed foods are particularly rich in vitamin E, such as nuts and seeds.

Carotenoids

Carotenoids are a large group of coloured plant substances. They are primarily sub-divided into carotenes and xanthophylls (=oxy-carotenoids), the latter of which contain oxygen. In foods, the most common carotenoids are (-carotene, (-carotene, lycopene, (-cryptoxanthine, lutein, and zeaxanthine. About 50 carotenoids present in human diet have pro-vitamin A function, meaning that they are converted to retinol (vitamin A) in the body. The most common of these are (-carotene, (-carotene, and (-cryptoxanthine, while, e.g., lutein and zeaxanthine have no pro-vitamin A activity. 

Carotenoids are able to quench singlet oxygen, which is formed in the skin as a result of activation of molecular oxygen by ultraviolet radiation, as mentioned above. The retina is also exposed to ultraviolet radiation, and is probably protected against it by two specific carotenoids, lutein and zeaxanthine. 

(-carotene is most efficient as an antioxidant at low oxygen pressures. The reason is that the carotene radical formed from its interaction with singlet oxygen is stable, but capable of reacting with oxygen. A new radical is then formed, and that radical is capable of inducing oxidation.

The most efficient antioxidant of the carotenoids is probably lycopene: it is more than twice as efficient as (-carotene on a molar basis, and about three times as effective as (-tocopherol in plasma. The quenching capacity is related to the number of conjugated double bonds.

Carotenoids are mainly found in root and fruiting vegetables. The carotenoid composition varies with the vegetable. For example, carrots are rich in (-carotene, tomatoes are rich in lycopene, and spinach is rich in lutein. 
Selenium

Selenium is a non-metal element. Chemically, it is similar to sulphur. Selenium is found in several proteins in the body, the function of which are not yet fully understood. One of the most well-known proteins is the selenium-containing glutathione peroxidase (Se-GSHPx; see above). Although activity of Se-GSHPx may be used as a marker of selenium status up to moderately high selenium concentrations (i.e. to peak activity), the optimal serum concentration is not known. Considerably lower selenium concentrations are seen in some populations, without any apparent adverse effects. 

Selenium is found in the soil all over the world, but the concentration varies markedly. Thus, the selenium content of grains from different countries (or even different regions within a country) may be very different. Sweden is a low-selenium country, in which most unsupplemented individuals do not attain peak activity of Se-GSHPx. QUOTE "29" 
29
 Quantitatively important sources in Sweden include meat, fish, and milk. QUOTE "28" 
28
 

Other dietary antioxidants

There are numerous other dietary antioxidants which may be of great importance, but receive less attention in this thesis. One example is the flavonoids, a large group of dietary polyphenols. Many polyphenols have antioxidant capacity in vitro, but the flavonoids are among the most powerful. They are metal chelators, which means lower risk of the Fenton reaction (reaction 4), and they are very efficient scavengers of peroxyl and hydroxyl radicals. QUOTE "30" 
30
 

Vegetables, fruits, berries, tea, and red wine are rich in flavonoids, although the particular flavonoids may vary. There are no published data on the flavonoid contents of foods or of flavonoid consumption in Sweden. A Dutch study, however, reports that tea (48%) is the dominating source of flavonoids in the Netherlands, followed by onions (29%) and apples (7%). QUOTE "31" 
31

Finally, recent experimental research has shown that both certain polyphenols in coffee, and a number of important metabolites of caffeine in humans, have significant antioxidative capacity. QUOTE "32-34" 
32-34

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03534\10Lee 2000 534 /id\00\10\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03545$Olthof, Hollman, et al. 2001 545 /id\00$\00 

Oxidative stress

Oxidative stress has been defined as a short and/or long term disturbance of the pro-/ antioxidative balance resulting in adverse effects. QUOTE "35" 
35
 A few causes are listed below. 

One of the main sources of ROS in humans is normal metabolism. Since the antioxidative systems are not entirely error-free, some degree of oxidative load will always be present in cells. The normal number of DNA “hits” per cell has been estimated to be quite high, although the biological significance of this is unclear. QUOTE "6" 
6
 Thus, increasing metabolic rate appears to increase oxidative damage. This is supported by studies showing that energy restriction is associated with lower incidence of cancer, longer life span, and lower levels of oxidative damage in rodents. QUOTE "36;37" 
36;37

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\0252"Rogers, Zeisel, et al. 1993 52 /id\00"\00 
 For example, Djurić et al. have shown that energy restriction leads to lower levels of oxidative DNA damage in some peripheral tissues, both in humans and in rats. QUOTE "38;39" 
38;39

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\0232\1EDjuric, Lu, et al. 1992 32 /id\00\1E\00 
 Additional support was provided by a recent population-based study, in which several biomarkers of oxidative stress were associated with signs of abnormal glucose metabolism, which is partly caused by a chronically high energy intake. QUOTE "40" 
40

High intake of PUFA, which are more susceptible to oxidation than are saturated fatty acids, may increase the risks of lipid peroxidation. QUOTE "41" 
41
 This is in accordance with studies showing increased risk of breast and colorectal cancer in persons with high PUFA intakes, although other mechanisms of PUFA involvement in carcinogenesis certainly exist. QUOTE "42" 
42
 According to one hypothesis, this could be prevented by a high vitamin E intake, QUOTE "11" 
11
 although the evidence for this is equivocal. QUOTE "41;43" 
41;43

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03617#Mataix, Quiles, et al. 1998 617 /id\00#\00 
 

Chronic inflammatory conditions, such as rheumatoid arthritis, are associated with oxidative stress. QUOTE "44" 
44

Although the evidence for positive effects of regular physical activity is overwhelming, heavy physical exercise may actually induce oxidative stress in the short term, QUOTE "45" 
45
 partly because of increased metabolism. QUOTE "43" 
43

Low consumption of fruits and vegetables, leading to lower intake of antioxidants, may cause oxidative stress by definition. QUOTE "46;47" 
46;47

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03633\1AMøller & Loft 2002 633 /id\00\1A\00 
 Further, diets low in fruits and vegetables tend to be energy-rich, which increases metabolism.

Tobacco smoking has been shown to lead to oxidative DNA damage. QUOTE "45;48" 
45;48

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03380!Priemé, Loft, et al. 1998 380 /id\00!\00 
 Further, it has repeatedly been shown that smokers have lower concentrations of (-carotene and ascorbic acid than non-smokers. In vitro, smoking has a direct effect on antioxidant levels in blood, QUOTE "14;49" 
14;49

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03213&Handelman, Packer, et al. 1996 213 /id\00&\00 
 although the in vivo evidence is less decisive. QUOTE "50" 
50
 However, smokers also tend to have dietary habits leading to lower intakes of several antioxidant nutrients. QUOTE "51-53" 
51-53

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03287#Serdula, Byers, et al. 1996 287 /id\00#\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03452\14Birkett 1999 452 /id\00\14\00 
 

Biomarkers

In epidemiology, a biomarker can be defined as any substance, structure or process that can be measured in the human body or its products and may influence or predict the incidence or outcome of disease. Biomarkers can be broadly classified into markers of exposure, effect and susceptibility. QUOTE "9" 
9
 

Examples of biomarkers include:

· xenobiotic agents and their metabolites in tissues or body products

· normally occurring body constituents, whether in physiological or pathological amounts

· endogenous compounds that are not present under normal conditions

· inherited and acquired abnormalities of body chemistry, structure or function, including pathological manifestations of precursors to disease. QUOTE "9" 
9

Biomarkers of diet

There are several problems associated with measuring dietary habits. One problem, which is common to all epidemiological data collection dependent on self-reported information, is subjectivity. However, subjectivity is particularly in focus in nutritional epidemiology. Most observational studies measuring food habits must rely heavily on information provided by the subjects, which may introduce several types of error to the study. QUOTE "54-56" 
54-56

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03266\14Willett 1998 266 /id\00\14\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03512"Macdiarmid & Blundell 1998 512 /id\00"\00 
 Objective measures of food and nutrient intakes are highly desirable. The ideal biomarker of diet should be valid and reproducible, should integrate the intake in question during the desired period of time, should be easy to collect and analyze, and the factors influencing its values should be known. QUOTE "12" 
12
 In this thesis, serum concentrations of (-tocopherol and (-carotene are studied. They have been suggested as biomarkers of the corresponding nutrients; QUOTE "12" 
12
 (-carotene may also serve as a marker of vegetable intake. QUOTE "57" 
57
 

Biomarkers of oxidative stress

The generation of ROS in vivo is difficult to measure directly. Instead, there are several groups of currently used biomarkers of oxidative stress. Oxidative DNA damage, for example, is most often assessed as the concentration of one or more oxidized DNA bases or nucleosides in tissues (commonly leukocytes) or in urine. QUOTE "45;58;59" 
45;58;59

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03333*Loft, Fischer-Nielsen, et al. 1993 333 /id\00*\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03583\16Halliwell 2000 583 /id\00\16\00 
 However, most of these measures are expensive, cumbersome, and/or prone to artifacts. Further, the results may be difficult to interpret. For example, a high concentration in urine might be caused by a high rate of damage, a high rate of DNA repair, or both. QUOTE "58;59" 
58;59

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03583\16Halliwell 2000 583 /id\00\16\00 

Among the methods available during the middle of the 1990s, we chose to study plasma titres of an autoantibody to an oxidized DNA nucleotide called 5-HMdU. This marker is stable within individuals, easy to measure, inexpensive, and has been prospectively associated with cancer risk. QUOTE "13" 
13
 However, the biological significance is not entirely clear, as will be discussed later.

Risk markers in epidemiology

Epidemiology has been defined as the study of distribution and determinants of health-related states or events in specified populations, and the application of this study to control of health problems. QUOTE "60" 
60
 In this definition, “determinants” are all the physical, biological, social, cultural, and behavioural factors that influence health. QUOTE "60" 
60
 Thus, epidemiologists study associations between various established or hypothesized determinants and health-related states or events, or between several determinants of interest to a specific health problem. 

A factor, which is statistically associated with the disease, health event or determinant under study, is called a marker of the study object. For example, a high educational level is a marker of high consumption of vegetables. QUOTE "61;62" 
61;62

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03170'Braddon, Wadsworth, et al. 1988 170 /id\00'\00 
 If the marker is a marker of disease risk, it is referred to as a risk marker. A low educational level, for example, is a risk marker of several chronic diseases. If the risk marker is judged to be causally associated with the disease (e.g. smoking and lung cancer), it is called a (causal) risk factor. QUOTE "60" 
60
 Another example: Blood concentrations of (-carotene and (-tocopherol are not only suggested biomarkers of diet, they are also risk markers of cancer, since low concentrations are associated with increased cancer risk (see below). QUOTE "10;11;63-65" 
10;11;63-65

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03167\10Gey 1995 167 /id\00\10\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03471%Woodson, Tangrea, et al. 1999 471 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03624$Holick, Michaud, et al. 2002 624 /id\00$\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03445#Omenn, Goodman, et al. 1996 445 /id\00#\00 
 However, whether they are causal risk factors or not has been the subject of an intense debate during the last decade.

The Malmö Diet and Cancer Study

This thesis is based entirely on data from the Malmö Diet and Cancer (MDC) cohort. The MDC study was designed to be a comprehensive, state-of-the-art cohort study on the associations between diet and cancer. QUOTE "66" 
66
 It was launched in March 1991 and collection of baseline data continued until September 1996. Its main features are summarized below, but will be described in more detail in the Methods section.

The background population of the cohort consisted of all persons living in Malmö born between 1926 and 1945, about 53,000 individuals in 1991. QUOTE "66" 
66
 The MDC study used a dietary instrument that was specifically designed for the study and validated in the same population. QUOTE "67" 
67
 It was designed to measure the entire diet, including cooking methods, with a particular focus on dietary fat. It was a modified diet history method, which was uniquely detailed for a study of this size. The method was not designed to give exact estimates of long-term dietary intakes, but rather to rank individuals on these intakes. The validation studies QUOTE "68;69" 
68;69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03292%Riboli, Elmståhl, et al. 1997 292 /id\00%\00 
 indicated a high validity, compared to dietary instruments used in other studies of similar scope and size. QUOTE "70" 
70

A problem in studies on nutrient intake and disease is the fact that many persons consume nutrients in the form of dietary supplements. An extensive database covering dietary supplements (and natural remedies, many of which contain supplementary nutrients) were therefore developed for the MDC study, concurrent with the database on medical preparations. This database was also used for a number of studies on the consumption of dietary supplements and natural remedies (see below). 

Other tools of the study included a detailed questionnaire concerning sociodemographics, medical history, smoking, alcohol habits, and more; anthropometry; body composition measurement by bioelectrical impedance; and a biological bank of separated blood components from each participant.

Consumers and consumption of dietary supplements

In order to better understand the nature and extent of consumption of dietary supplements, a number of studies were carried out. QUOTE "71-73" 
71-73

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03253(Wallström, Elmståhl, et al. 1996 253 /id\00(\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03628(Elmståhl, Wallström, et al. 1996 628 /id\00(\00 
 They were based on all participants who completed the baseline examinations during 1991-92, 6,545 persons. The main focus of the studies was on prevalence of nutrient supplementation, amounts of nutrients, and differences between users and non-users of supplements. The results showed that 29 percent of the men and 43 percent of the women used dietary supplements at least once during the registration period. Of those, about 80 percent took supplements every day. QUOTE "71" 
71
 Supplement use was significantly more common during winter and spring than during summer. The most commonly consumed nutrient was ascorbic acid, which displayed a 100-fold difference in daily intake (9 mg – 1000 mg). Most other nutrients also had wide ranges of intake distributions. On average, users of antioxidant supplements had total intakes of antioxidant nutrients that were between 60 and 80 percent greater than non-users. QUOTE "71" 
71
 

However, such differences were not entirely due to dietary supplements. The supplement users consumed significantly more vegetables, fruits, fermented milk products, fish, and high-fibre bread than the non-users. Female users also consumed significantly more wine. On the other hand, supplement users consumed less meat, low-fibre bread, and coffee. These differences were estimated to be in the 5-15 percent range. QUOTE "71" 
71
 Use of dietary supplements was significantly associated with being born in Sweden, higher education, higher alcohol consumption (in women), and low body fatness (expressed as percent body fat). QUOTE "72" 
72
 It was also significantly associated with a higher prevalence of use of medical drugs, both prescribed and over-the-counter, in both men and women. QUOTE "72" 
72
 There were some differences between those who only used supplements containing vitamins and minerals and those who also consumed natural remedies QUOTE "74" 
74
 and/or supplements containing other nutrients, such as amino acids, fibre or fatty acids, with the latter group being more like the non-users. QUOTE "72" 
72
 There was no difference by smoking status. QUOTE "72" 
72
 There is, as yet, very little evidence indicating that dietary supplements have any health benefits, apart from treatment of malnutrition. QUOTE "3" 
3
 Further, in the MDC cohort, mineral supplements were consumed predominantly by those with adequate dietary intakes of minerals. QUOTE "73" 
73

Topics addressed in this thesis

The associations between consumption of fruits and vegetables and other risk markers of cancer

A high consumption of fruits and vegetables is associated with lower risk of most important cancer forms, as well as many other chronic diseases. QUOTE "75" 
75
 However, previous research indicated that the consumptions of fruits and vegetables may differ by socioeconomic group, and also by groups defined in terms of smoking, alcohol, and exercise habits. QUOTE "52;76" 
52;76

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03569 Agudo, Pera, et al. 1999 569 /id\00 \00 
 Further, low and high fruit/vegetable consumers could also differ in, for example, fat intake, which also has been implicated in the etiology of several chronic diseases. QUOTE "1" 
1
 The MDC data provided a good setting for examining these hypotheses, owing to the high-quality dietary assessment and to the comprehensive questionnaire.

Factors associated with serum concentrations of antioxidants

High blood concentrations of several antioxidants are associated with lower risk of cancer (and, in many cases, of cardiovascular disease). QUOTE "10;11" 
10;11

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03167\10Gey 1995 167 /id\00\10\00 
 During the first half of the 1990’s, this attracted a lot of interest within the scientific community, with particular focus on (-carotene. However, the ATBC and CARET trials showed that supplementation with (-tocopherol and (-carotene did not result in significant health benefits, and that (-carotene supplementation appeared to increase the risk of lung cancer. QUOTE "65;77" 
65;77

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03443&Albanes, Heinonen, et al. 1996 443 /id\00&\00 
 This suggested that serum (-carotene concentrations were not causally linked to lower risk of cancer. However, those studies, like several others, also showed that high plasma (-tocopherol  QUOTE "63;77" 
63;77

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03471%Woodson, Tangrea, et al. 1999 471 /id\00%\00 
 and (-carotene  QUOTE "64;65" 
64;65

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03624$Holick, Michaud, et al. 2002 624 /id\00$\00 
 at baseline were associated with lower risk of lung cancer in smokers. Further, serum (-carotene was considered a potential marker of vegetable consumption. QUOTE "57" 
57
 Thus, these two serum nutrients were, in our opinion, worthy of further study. 

In order to increase our knowledge of their function as biomarkers, we set out to try to examine which dietary and lifestyle factors are important to their concentrations. For example, antioxidant blood concentrations of smokers had been suggested to respond differently from non-smokers to consumption of antioxidant nutrients, QUOTE "14" 
14
 women are often reported to have higher levels of QUOTE "49" 
49
 (-carotene than men, etc. Further, few observational studies had assessed the associations between these serum nutrients and food consumption (as opposed to calculated nutrient intakes).

An underlying theory in these examinations was the ‘antioxidant pool’ concept. QUOTE "4" 
4
 This hypothesis states that most, if not all, antioxidants in the body may cooperate, either additively or synergistically, in counteracting oxidative stress. The well-known reciprocal lowering of requirements of vitamin E and selenium  QUOTE "78" 
78
 is cited as one example; the ability of some antioxidants to regenerate other antioxidants (e.g. ascorbic acid and vitamin E) is another. If this hypothesis were correct, it would be possible that foods not containing (-carotene or (-tocopherol, but containing other antioxidants, could increase serum levels of (-carotene and (-tocopherol.

According to several reports, body fatness may influence the measured blood levels of (-tocopherol and (-carotene. QUOTE "79-86" 
79-86

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03205\0E Ascherio 1992\00\0E\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\0287\0C Hebert 1994\00\0C\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03357\10 Drewnowski 1997\00\10\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03440\13Goodman et al. 1996\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03420\0AKnekt 1988\00\0A\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03173\0D Stryker 1988\00\0D\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03236\0B Sinha 1993\00\0B\00 
 The most common measure of body fatness is body mass index (BMI; weight in kg divided by the squared length in meters). However, BMI does not discriminate between fat weight and muscle weight. Bioelectric impedance analysis (BIA), which can be used to estimate fat weight, appeared to be a superior method. QUOTE "87" 
87
 Further, BMI and BIA provide estimates of body fatness in general, while two other established fatness measures, waist circumference and waist-hip-ratio (WHR), are largely estimates of fat distribution. General body fatness and fat distribution also have different health correlates in, for example, cardiovascular epidemiology. QUOTE "88" 
88
 We therefore suspected they could differ in their associations with serum antioxidant nutrients as well. QUOTE "89" 
89
 However, we could not find any previous study on associations between dietary intake and blood levels of (-tocopherol or (-carotene that had used any other measure than BMI. We thus included and compared these four body fatness measures in the study.

Factors associated with high anti-5-HMdU autoantibody titres

Oxidation of DNA in vivo leads to formation of a number of oxidation products. These DNA defects are normally excised and repaired. The excised molecules can then later be detected in plasma, although direct measurement in various tissues is possible. Depending on the type of repair process, the oxidized molecules in the fragments may be either bases or nucleosides. One of the more common nucleosides is 5-HMdU, an oxidized thymidine residue. QUOTE "90" 
90
 Apparently, the presence of 5-HMdU stimulates the production of specific IgM-class autoantibodies (aAbs). QUOTE "91" 
91
 The titres of these antibodies could thus constitute a marker of oxidative DNA damage and / or a biological response to that damage.

In 1998, Krystyna Frenkel’s group showed that the anti-5-HMdU aAb titres were elevated in sera of women who developed cancer of the breast, colon or rectum within 6 years after the donation of blood samples analyzed in that study. QUOTE "13" 
13
 The anti-5-HMdU aAb titres in persons who later developed cancer appeared to be elevated to a much greater extent than IgM Ab in general. QUOTE "13" 
13
 In the same study, antibody titres were also higher in women with strong family history of breast cancer, with benign breast disease, or with benign gastrointestinal disease, than in controls. Previously, the levels of these aAbs had been shown to be elevated in persons with chronic inflammatory diseases, such as systemic lupus erythematosus and ulcerative colitis, QUOTE "91;92" 
91;92

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\0228#Frenkel, Khasak, et al. 1992 28 /id\00#\00 
 which may be predisposing to cancer, while they were lowered in patients on systemic anti-inflammatory therapy. QUOTE "91" 
91
 There was also evidence of increased titres in persons with a history of occupational heavy metal exposures. QUOTE "93" 
93
 The intra-individual titre variation was shown to be small. QUOTE "13;94;95" 
13;94;95

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03508#Mooney, Perera, et al. 2001 508 /id\00#\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03601'Cooney, Maskarinec, et al. 2001 601 /id\00'\00 
 Thus, anti-5-HMdU aAbs also appeared to be a promising candidate for a biomarker of cancer risk associated with oxidative stress. We therefore decided to examine whether anti-5-HMdU aAb titres were associated with factors such as smoking, alcohol habits, body fatness, consumption of fruits and vegetables, and supplemental intakes and plasma levels of antioxidants.

Since absence of the GST enzymes M1 (and, to a lesser degree, T1) have been associated with increased risk of cancer, particularly in smokers, QUOTE "23;96" 
23;96

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03455\15Houlston 1999 455 /id\00\15\00 
 and since they may be considered antioxidant enzymes, QUOTE "21;97;98" 
21;97;98

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03439)van Poppel, Verhagen, et al. 1993 439 /id\00)\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03605\1EHou, Fält, et al. 2001 605 /id\00\1E\00 
 we also wanted to examine if M1 or T1 genotype is associated with anti-5-HMdU aAb titres. A secondary interest was to test if GSTM1 or T1 status would have an influence on the associations between the aAb titres and the other factors. 

General aim of the thesis

In summary, the overall aim of the thesis was to study associations between a number of epidemiological or biological markers of cancer risk and of oxidative stress, in order to achieve a better understanding of how diet, lifestyle and other environmental factors, and genetic factors contribute to the occurrence of oxidative stress.

Specific aims

1. To describe the associations between consumption of fruits and vegetables and intake of nutritional factors such as energy, macronutrients, dietary fibre and antioxidant micronutrients within a population-based sample of middle-aged subjects. (Paper I)

2. To describe the consumption of fruits and vegetables in groups defined in terms of education, occupation, ethnical background, cohabitation status, smoking, alcohol consumption and physical activity. (Paper I)

3. To examine the associations of nutrient intakes, alcohol consumption, tobacco use and serum cholesterol with serum concentrations of (-tocopherol and (-carotene. (Paper II)

4. To examine the associations of different measures of general and central adiposity with serum (-tocopherol and (-carotene. (Paper II)

5. To examine if the food and dietary supplement sources of (-carotene and (-tocopherol were associated with serum concentrations of these nutrients. (Paper III)

6. To explore the associations between serum concentrations of (-carotene and (-tocopherol and consumption of a number of beverages (wine, spirits, tea, and coffee) and dietary nutrient supplements (selenium and vitamin C) that are not important sources of (-carotene and (-tocopherol, but have been claimed to be able to influence the pro-/ antioxidant balance of humans. (Paper III)

7. (a) To compare titres of autoantibodies (aAbs) against the oxidized DNA base derivative 5-hydroxymethyl-2’-deoxyuridine (5-HMdU) in groups defined in terms of tobacco exposure, alcohol habits, body fatness, and GSTM1 and GSTT1 genotypes. (b) To explore whether the associations between aAb titres and the other factors differed by GSTM1 or GSTT1 genotype. (Paper IV)

8. (a) To examine whether consumption of fruits or vegetables is associated with plasma concentrations of anti-5-HMdU aAbs. (b) To explore whether serum concentrations of (-carotene or (-tocopherol, supplemental intakes of antioxidants, or consumption of beer, wine, spirits, coffee, or tea are associated with plasma concentrations of anti-5-HMdU aAbs. (Paper V)

Subjects and methods

Source population

At the time when the present project was planned (1993), the background population for the MDC study consisted of all men and women born between 1926 and 1945 and living in Malmö (n=53,325 in 1991). QUOTE "66" 
66
 This population was identified through the Swedish national population registries. About 16 percent of these were born outside of Sweden, mostly persons from eastern Europe and the Balkan countries, Scandinavia, and other European countries.

The most important recruitment method in the MDC study was letters of invitation to individuals chosen at random from the source population. Letters were followed by phone calls, when necessary and possible. Information about the study was also spread through advertisements in local media and through collaboration with major employers in Malmö. This meant that about a seventh of the subjects entered the study before receiving a letter of invitation. QUOTE "99" 
99
 Those who died or moved out of Malmö before first contact were considered ineligible. The only exclusion criteria were mental incapacity or inadequate Swedish language skills. The recruitment of subjects started in March of 1991 and ended in September of 1996.

Study population 1

In September 1994, the procedures for processing dietary data in the MDC study were slightly altered in order to reduce interview time. QUOTE "100" 
100
 The population chosen for Paper I was therefore limited to every person who underwent the MDC study dietary assessment from the start of the study in winter 1991 to August 1994. This yielded 15,173 persons, of whom 15,080 filled out the MDC study questionnaire (see below). 

Study population 2

This population was used in Papers II-V. A random sample of 1,000 persons was selected from the source population during the spring of 1993. Since recruitment to the MDCS study had started in 1991, 190 persons from the sample had already joined the study. The other subjects were invited by mail. Several attempts were made to reach each non-responder by telephone. Active recruitment of this sample ended in May of 1994. The fate of the sample is described in Figure 1 and below. 

Of the original 1,000, 52 persons were excluded or considered ineligible because of language difficulty (n=22), having moved from the city (n=20), or for having died (n=10) during the recruitment phase. 305 persons declined participation, while 55 could not be reached. 588 persons entered the study, i.e. attended the first visit (see below). Thirty-seven subjects dropped out before the second visit. 

[image: image2]
Figure 1. Study population 2: Fate of the 1000 persons selected at random from the background population. s-BC = serum (-carotene, s-AT = serum (-tocopherol, BIA = bioelectrical impedance analysis, aAbs = autoantibodies.  

Ten more subjects either did not attend the dietary interview (n=7) or did not return the questionnaire (n=3). Five hundred and forty-one persons completed the study, i.e. donated a blood sample, returned the questionnaire, and attended the dietary interview. 

Non-participation analysis

We performed a non-participation analysis on the 948 eligible subjects in study population 2. The 551 subjects (541+7+3) who completed the entire or most of the baseline examination were considered participants. Data on birth country, civil status, marital status, educational level, and socioeconomic status was extracted from the 1990 national Population and Housing Census (FoB 90). As crude measures of health, we obtained data on disability pension (from the National Social Insurance Board) and average number of days in the Malmö University Hospital, the only somatic emergency hospital in the city (Malmö University Hospital In-Patient Register). Permission for this analysis was obtained from the Data Inspection Board. Statistics Sweden performed data retrieval and matching, and returned data to us in anonymized form. 

Table 1 shows these data. The participants were less often born abroad, more often married and cohabiting, had higher level of education, and were more often gainfully employed than the non-participants. In spite of the latter, there were fewer blue-collar workers among the participants. Concerning health status, there were more persons on disability pension among the non-participants. On average, they also had considerably more days in Malmö University Hospital. However, after removal of the five percent of the persons with the highest and lowest number of days (trimmed means), these differences were less pronounced. In summary, we think the participants was reasonably representative of the background population, with the exception of persons born abroad and unemployed persons, who should have been about twice as many.

Sub-populations: Papers II-III

We obtained all relevant serum measurements for Papers II-III from all but 11 subjects. One person was excluded because of a extremely high vitamin E intake, resulting in a serum (-tocopherol value of over 150 (mol/l, which was about 15 standard deviations beyond the mean of the other participants. The analytical sample for Papers II-III thus consisted of 529 subjects; 253 men and 276 women. 

Paper IV

For this study, the 541 complete subjects were used, in addition to the seven subjects who had complete information but for the dietary data. Four subjects were excluded due to technical problems with the antibody measurements. This left 544 subjects; 260 men and 284 women.

Paper V

The base population for the fifth study was the 541 complete subjects. The person with extreme vitamin E intake was excluded, as were three subjects without body composition data. As in Paper IV, four subjects were excluded 
Table 1. Comparison of the participants and non-participants of the study.Column percentages.

	
	Male participants (n=266)
	Male non-participants (n=204)
	Female participants (n=285)
	Female non-participants (n=193)

	
	
	
	
	

	Age group
	266
	204
	285
	193

	46-50
	19.2
	16.2
	20.0
	19.2

	51-55
	20.3
	30.4
	24.9
	27.5

	56-60
	24.8
	24.0
	23.5
	19.7

	61-65
	26.7
	19.1
	25.3
	25.4

	66-68
	9.0
	10.3
	6.3
	8.3

	
	
	
	
	

	Birth country
	266
	204
	284
	193

	Sweden
	87.6
	73.0
	91.9
	83.9

	Other
	12.4
	27.0
	8.1
	16.1

	
	
	
	
	

	Civil status
	266
	203
	285
	191

	Unmarried
	12.4
	16.7
	10.2
	11.0

	Married
	71.1
	58.2
	63.2
	49.2

	Divorced
	16.2
	23.2
	20.4
	29.3

	Widowed
	0.4
	2.0
	6.3
	10.5

	
	
	
	
	

	Cohabitatioin status
	264
	197
	282
	186

	Cohabiting
	74.6
	64.0
	67.0
	55.4

	Living alone
	25.4
	36.0
	33.0
	44.6

	
	
	
	
	

	Educational level
	266
	203
	285
	191

	Less than 9 years
	40.6
	54.2
	37.9
	48.2

	9 (10) years
	8.3
	5.4
	14.4
	12.6

	<= 2 years 'gymnasium'
	9.8
	12.3
	17.9
	18.3

	> 3-4 years 'gymnasium'
	19.5
	10.8
	8.1
	4.2

	< 3 years post-gymnasium
	8.6
	4.9
	8.8
	6.3

	>= 3 years post-gymnasium
	10.9
	8.4
	9.8
	6.3

	Postgraduate studies
	2.3
	1.0
	0.0
	0.0

	Unspecified 
	0.0
	3.0
	3.2
	4.2

	
	
	
	
	

	Socioeconomic status
	258
	197
	277
	182

	Not gainfully employed
	19.8
	27.4
	17.7
	34.1

	Unskilled workers
	15.1
	19.3
	29.6
	29.1

	Skilled workers
	14.0
	18.8
	4.3
	6.6

	White-collar workers, lower
	9.3
	5.6
	23.5
	15.9

	White-collar workers, medium
	18.2
	12.2
	13.4
	6.6

	White-collar workers, higher
	14.7
	10.7
	7.9
	6.0

	Self-employed, incl. farmers
	8.9
	6.1
	3.6
	1.6

	
	
	
	
	

	Disability pension
	266
	204
	285
	193

	Disability pension & similar
	24.1
	30.4
	20.4
	32.6

	Others
	75.9
	69.6
	79.6
	67.4

	
	
	
	
	

	Mean number of days (( SE) in the Malmö University Hospital 1991-1993 (trimmed mean)
	2.5 ( 0.6

(0.9)
	10.2 ( 2.9

(2.6)
	2.7 ( 0.5

(1.0)
	4.4 ( 1.2

(1.4)


owing to technical problems with the antibody measurements. This sample therefore consisted of 533 subjects; 256 men and 277 women.

Data collection procedures

The study subjects visited the MDC study center twice. At the first visit project staff provided information on the background and aim of the project, and detailed instructions about the lifestyle questionnaire and the other procedures of the study, including dietary data. Blood samples from non-fasting subjects were drawn and processed, and body composition was measured. At the second visit, the lifestyle questionnaires were checked for incomplete answers, and a dietary interview was performed. The median time between the first visit (when blood samples were drawn) and second visit (when the dietary interview was performed) was sixteen days in the MDC cohort, with the 95th percentile representing 52 days (unpublished data).

The design of the MDC study was approved by the Ethics Committee at Lund University (LU 51-90).

Dietary variables

Food habit information was collected through a modified diet history method, specifically designed for the MDC study. QUOTE "67" 
67
 The method combines quantitative and semi-quantitative approaches and measures the entire diet, including cooking methods. It consists of two parts: a 'menu book' for description of cooked meals and registration of cold beverages (including juices and alcoholic beverages) during seven consecutive days; and a 168-item food questionnaire (FQ) on regularly consumed foods (other than cooked) during the past year, such as snacks, cakes, fruits, hot beverages, yoghurt, breakfast cereals, all kinds of bread, butter and spreads etc. In the FQ, usual portion sizes are estimated at home with the help of a book of photographs (48 photos). The FQ includes separate items for commonly consumed fruits in and out of season. Most of the vegetables consumed are recorded in the seven day menu book. The usual portion sizes of the cooked meals recorded in the menu book were assessed at the second visit with the help of another, more extensive photograph book (180 photos). 

The concurrent validity of the method was tested against 18 days of weighed food records collected during one year as the reference. QUOTE "68;69" 
68;69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03292%Riboli, Elmståhl, et al. 1997 292 /id\00%\00 
 The method yielded an over-estimation of the absolute value for energy intake at group level of about 18 percent, compared to the reference method. QUOTE "69" 
69
 The correlations between dietary factors estimated by the two methods were similar to or better than those found in other validation studies of similar methods, performed in other populations. QUOTE "70;101-103" 
70;101-103

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03264!Block, Woods, et al. 1990 264 /id\00!\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03265&Pietinen, Hartman, et al. 1988 265 /id\00&\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03574\1DWillett & Lenart 1998 574 /id\00\1D\00 
 Some examples are given in Table 2. 

The amount of foods and nutrients consumed was calculated with the Kostsvar software (AIVO AB, Stockholm, Sweden) using the MDC study nutrient database, wherein the majority of nutrient information comes from the PC-KOST2 -93 database (National Food Administration, Uppsala, Sweden). 

Names and contents of registered dietary supplements were provided by the Medical Products Agency (Uppsala, Sweden). Information on other dietary supplements was gathered from manufacturers, sales representatives, wholesale dealers and retailers. Nutrient values of dietary supplements that could not be identified were replaced by the median intake from the type of supplement in question (3.8% of cases). If  the type of a supplement could not be identified, that supplement was ignored (0.8% of cases). A person who reported taking a supplement containing an antioxidant vitamin, beta carotene or selenium at least once during the registration, was considered a user of antioxidant supplements. 

Table 2. The relative validity and reproducibility of some dietary variables in the Malmö Diet and Cancer (MDC) study. 
	
	Relative validity a
	
	Reproducibility b

	
	Men
	Women
	
	Men
	Women

	Energy intake
	0.57
	0.54
	
	0.67
	0.74

	Ascorbic acid
	0.61
	0.68
	
	0.73
	0.72

	(-carotene
	0.41
	0.61
	
	0.54
	0.59

	Selenium
	0.46
	0.28
	
	0.67
	0.48

	(-tocopherol
	0.60
	0.74
	
	0.76
	0.72

	Fruits
	0.58
	0.79
	
	0.70
	0.74

	Vegetables
	0.52
	0.54
	
	0.82
	0.83


a Numbers are means of the crude Pearson correlation coefficients between estimates from 18 days of weighed food records (reference method) and the MDC method. QUOTE "68;69" 
68;69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03292%Riboli, Elmståhl, et al. 1997 292 /id\00%\00 

b Numbers are crude Pearson correlation coefficients from two administrations of the MDC method one year apart. QUOTE "117" 
117

Constructed food variables

Fruits comprised all citrus and non-citrus fruits and berries, including juices and dried fruits. The weights of dried fruits were corrected for their lower water content. Vegetables comprised all cooked, dried and raw vegetables, tubers and roots, including juices and vegetables in casseroles, pizza and other mixed dishes. Potatoes is a staple food in Sweden and was therefore not included in the vegetable category. (Papers I, III, and V)

For Paper III, we selected all food groups which had been calculated to contribute at least 1 percent of (-carotene or (-tocopherol consumption (respectively) among all of the participants who completed the MDC dietary assessment from January 1991 to August 1994 (n=15,173) (Mattisson I, Johansson U, unpublished data, 1996, summarized in Appendix 1 of Paper III). Some of the food groups from these calculations were recombined for use in that study. For example, the ‘vegetables’ category was subdivided into leafy vegetables, carrots, tomatoes, and other vegetables. Carrots are usually separated from the other root vegetables in the MDC study, since carrot consumption is known to be higher in Sweden than in many other countries. QUOTE "28;104" 
28;104

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03636\13Becker 2002 636 /id\00\13\00 
 More details on these variables can be found in Appendix 2 of Paper III. Some of these variables, i.e. the ones that consisted of fruit and vegetable groups, were also used in Paper V. In Paper V, fruits were also subdivided into citrus and non-citrus fruits.

Lifestyle and background variables

Most of this information was derived from a structured multiple choice questionnaire, which collected information on birth country, level of education, co-habitation status, smoking habits, alcohol consumption, physical activity, history of diseases, medication etc. The agreement between the baseline questionnaire and the same questionnaire when repeated after three weeks was high for most variables (kappa statistics > 0.75). QUOTE "99" 
99

Alcohol habits

Alcohol intake was mainly assessed from the seven-day registration of the modified diet history method. QUOTE "67;69" 
67;69

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03292%Riboli, Elmståhl, et al. 1997 292 /id\00%\00 
 Those subjects who reported zero consumption during the registration, and who in the questionnaire indicated no alcohol consumption during the previous 30 days, were categorized as zero consumers. The other subjects were categorized according to an assumption of biological risk. QUOTE "105" 
105
 Category ranges were for men / women as follows: < 20 g / < 15 g alcohol per day (low), 20-40 g / 15-30 g (medium), and > 40 g / > 30 g (high). The information on alcohol consumption was thus collapsed into a four-category variable. The relative validity of alcohol consumption (unadjusted for energy intake) in the MDC study was 0.76 for men and 0.82 in women. QUOTE "69" 
69

Birth country

Individuals born in other countries than Sweden were merged into a single category.

Chronic conditions & medication

The questionnaire included items on regular use of anti-diabetic, anti-lipaemic, or anti-inflammatory (NSAIDs, ASA or corticosteroids) medication. History of rheumatoid arthritis, chronic inflammatory bowel disease and diabetes mellitus was also collected by the questionnaire. Information on subjects’ cancer diagnoses (if any) before baseline examination was obtained by record linkage with the Swedish Cancer Registry and the Southern Swedish Regional Cancer Registry. The diagnoses included squamous cell carcinomas, but not basal cell carcinomas.
A number of chronic conditions have been associated with altered levels of anti-5-HMdU aAbs, including rheumatoid arthritis, systemic lupus erythematosus and several forms of cancer. QUOTE "13;91;92;106" 
13;91;92;106

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\0228#Frenkel, Khasak, et al. 1992 28 /id\00#\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03338'Frenkel, Karkoszka, et al. 1998 338 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03580'Frenkel, Karkoszka, et al. 2000 580 /id\00'\00 
 Since each of these patient groups was small in Study population 2, we created a combined disease variable for use in the anti-5-HMdU autoantibody analyses. We also attempted to include subjects who had diabetes mellitus or the insulin resistance syndrome in this variable. QUOTE "107" 
107
 The definition can be found in Paper IV. 

Cohabitation status

This variable was used instead of civil status in order to try to reduce the misclassification inherent in using that variable: persons living together without being married, etc. Subjects were divided into three categories: living alone, living with a partner or living with someone else. For men, the 'someone else' category consisted of men who were living with a child (44 percent), parent (11 percent) or some other person (45 percent). The corresponding figures for women were 77 percent, 3 percent and 20 percent, respectively. The first 2,900 subjects (19 percent) used a version of the questionnaire in which it was not possible to distinguish people living with a partner from people living with someone else. These people were all coded as living with a partner.

Education

Level of education was orignally divided into six categories. Since two of the categories were very rarely used, they were merged into the others, leaving four categories. The educational level was converted to approximate number of years in the school system. 

Leisure-time physical activity

Physical activity during leisure-time was assessed by a list of 18 different activities in the questionnaire, adapted from the Minnesota Leisure Time Physical Activity Questionnaire. QUOTE "108" 
108
 The subjects were asked to fill in how many minutes per week they on the average were spending on the activity mentioned during each of the four seasons. These figures were all multiplied by an activity-specific factor. A physical activity score was obtained by computing the sum of all activity products. Four categories of physical activity status were identified by the subjects' quartile ranking (men and women separately).

Smoking

The subjects defined themselves as being either regular, occasional, former or never-smokers. In this project, we combined the regular and occasional smokers into a current smoker category. The current smokers recorded the amount of tobacco smoked per day (cigarettes, cigars or grams of pipe tobacco). The total amount was calculated and expressed in grams. Five occasional smokers in study population 2 did not give information on amount of smoking. They were coded as smoking five cigarettes per day, which was the median amount smoked by the other occasional smokers in the sample. The current smokers were further divided into light (<= 10 g tobacco per day) and heavy (> 10 g tobacco per day) smokers. In paper V, a dichotomous variable (current smoker / current non-smoker) was used.

Socioeconomic status

Based on questionnaire items on subjects’ profession, socioeconomic status was determined according to the Nordic Occupation Classification system. QUOTE "109" 
109
 The subjects were categorised as either ‘blue-collar worker’, ‘white-collar worker’ or ‘self-employed / employer’. Additionally, this classification was combined with information from another questionnaire item, concerning subjects’ current occupation. The alternatives were ‘housewife’, ‘gainfully employed’, ‘pensioner’, ‘student’ and ‘unemployed’. Unemployed subjects and subjects who were pensioners without having reached the normal Swedish pension age of 65 were merged into a fourth category of socioeconomic status, ‘unemployed / disability pension’. 

Anthropometric examination and impedance analysis

Weight was measured to the nearest 0.1 kg using a balance-beam scale with subjects wearing light clothing and no shoes. Standing height was measured with a fixed stadiometer calibrated in centimeters. Body mass index (BMI) was calculated as weight in kg divided by height in meters squared (kg/m2). Waist and hip circumferences of each participant were measured by a trained nurse (waist: midway between the lowest rib margin and iliac crest, hip: horizontally at the level of the greatest lateral extension of the hips) and used to construct a waist-hip ratio (WHR, cm/cm). Both WHR and waist circumference were used as measures of central adiposity. 

Bioelectric impedance analysis (BIA) was used for estimating body composition according to procedures provided by the manufacturer (BIA 103, RJL-systems, Detroit, MI, U.S.A; single-frequency analyzer). The algorithm used to estimate body fat from impedance was supplied by the manufacturer. In Paper V, we instead used the algorithm developed by Heitmann, QUOTE "110" 
110
 with which the first algorithm was strongly associated. Estimated body fat was used to calculate percent body fat (%BF). In most studies, we chose %BF rather than body mass index (BMI) as the measure of general body fatness, because BMI does not discriminate between muscle mass and fat mass.

Calculation of energy intake:basal metabolic rate (EI:BMR) ratio

Basal metabolic rate (BMR) was estimated according to the formula of Garby et al: QUOTE "111" 
111

Basal metabolic rate (kJ)=(116.76 x fat free mass (kg))+(26.88 x body fat (kg)) 

where fat free mass is the difference between body weight and body fat in kilograms. BMR was used to calculate the ratio between energy intake (EI)  and BMR, a quantity sometimes known as the physical activity level (PAL). It was used in some of the studies as a marker of general misreporting of dietary intake. 

Blood fraction analyses

The blood samples were processed and separated within one hour of drawing, as described previously. QUOTE "112" 
112
 The samples were stored at -80(C until analysis. The quality of the stored samples was satisfactory, as described elsewhere. QUOTE "113" 
113
 

Serum β-carotene or (-tocopherol were analyzed at the Department of Cariology, University of Umeå, Umeå, Sweden, by the use of an HPLC method. QUOTE "114" 
114
 

Serum cholesterol was analyzed according to standard procedures at the Department of Clinical Chemistry, Malmö University Hospital, which has a recurrent, standardized validation system with continuous calibration in place. 

Ten pairs of duplicate samples from MDCS staff were included among the tubes sent to the laboratories. The coefficients of variation from these samples were for cholesterol 4.8 percent, for beta carotene 12.8 percent and for alpha tocopherol 7.6 percent. All analyses were performed during the second half of 1994.

DNA from granulocytes was extracted and analyzed for GST genotype by Professional Genetics Laboratory AB, Uppsala, Sweden, using a multiplex PCR method, modified from Brockmöller et al. QUOTE "115" 
115
 and Pemble et al. QUOTE "116" 
116

Coded plasma samples from study subjects were assayed for the presence of anti-5-HMdU aAbs by an ELISA. QUOTE "13;91" 
13;91

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03338'Frenkel, Karkoszka, et al. 1998 338 /id\00'\00 
 A description of the method can be found in Paper IV. The GST genotype and anti-5-HMdU autoantibody analyses were performed during 1996-1997.

Statistical methods and design

Since almost all continous variables used in this thesis had positively skewed distributions, all statistical tests involving such variables were performed on ln-transformed values. The statistical analyses were performed using SPSS for Windows, versions 5.0 to 10.0.7 (SPSS Inc., Chicago, IL., U.S.A. 1993-2000). All tests were two-sided. p values equal to or lower than 0.05 were considered statistically significant, with the exception of Aims 5-6 (Paper III). In order to reduce the risk of misclassification, the significance limit for that study was set to 0.01, and p values up to 0.05 were considered marginally significant. Men and women were analyzed separately throughout, with the exception of Aims 5-6 (Paper III), in which non-smokers and smokers were analyzed separately throughout the paper. 

An overview of the main analyses of the thesis follows. The full details can be found in the individual papers.

Aim 1 (Study population 1)

The average daily consumption of fruits and vegetables (including juices) was calculated. Mean intakes of total energy, total fat, ascorbic acid, vitamin E, dietary fibre, beta carotene and selenium were estimated. The percentages of total non-alcohol energy contributed by fat, protein and carbohydrates were calculated, as were the ratios between polyunsaturated and saturated fatty acids (P/S ratio) and between (-6 and (-3 fatty acids ((-6/(-3 ratio). The unadjusted Pearson correlations between the consumption of fruit and vegetables on one hand, and the nutrients, percentages, and ratios on the other, were examined. 

Aim 2 

In order to identify the independent associations between fruit or vegetable consumption and other risk markers for cancer, we used the General Linear Model (GLM) procedure with either fruit or vegetable consumption as the dependent variable. The independent variables were age group, cohabitation status, country of birth, educational level, socioeconomic status, smoking status, alcohol habits and leisure-time physical activity. The independent variables were entered into the model simultaneously, with adjustment for interviewer, season and year. 

Aim 3 (Study population 2)

Average daily nutrient intakes, with and without supplements, were calculated. Differences between men and women were tested by t-tests. Partial correlation coefficients (age-adjusted) between the serum nutrients and the dietary and lifestyle factors were calculated. Multivariate analyses were also perfomed, as described below.

Aim 4

A series of gender-stratified multiple linear regression models were specified. The dependent variables were serum (-tocopherol or (-carotene. The independent variables were age, smoking category, alcohol consumption (as a continuous variable), serum cholesterol and dietary intakes of total energy, dietary fiber, ascorbic acid, beta carotene, vitamin E and selenium, and one of four fatness measures: BMI, %BF, waist circumference or WHR. Thus, four models were specified for each combination of gender and serum nutrient, i.e. sixteen models in total. The variables were entered simultaneously, and the models were adjusted for season and use of lipid-lowering drugs. In order to examine whether WHR or waist had an effect independently of general fatness, we also analyzed these models with the addition of %BF to the set of independent variables.

Aim 5

We calculated the median daily consumption of each selected food and supplement nutrient, and also the mean intakes with adjustment for total energy intake  QUOTE "55" 
55
 (GLM procedure), season and sex. The differences between smoking categories were also tested, using the same adjustments. 

Tertiles of consumption of the most important sources of (-carotene and (-tocopherol (vegetables and fruit, and dietary fats and fruit) were calculated separately for both non-smokers and smokers. They were used to evaluate linear trends of serum (-carotene and (-tocopherol concentrations.

The next step was calculating partial correlation coefficients (multiple linear regression) between the serum nutrients and the food sources of (-carotene and (-tocopherol (Paper III, Appendix 2) in smokers and non-smokers separately. These coefficients were adjusted for age, sex, total energy intake, tobacco amount, serum cholesterol, and %BF. These analyses were also repeated with all food sources entered simultaneously into the models.
Aim 6

These exploratory multiple linear regressions (see Aims) were performed by adding the dietary supplements and beverages to the previously analyzed models (Aim 5). 

Aim 7

We examined the differences (or linear trends) in antibody titres between groups based on age, tobacco exposure, alcohol habits, the absence or presence of the GSTM1 and GSTT1 genes, %BF, history of certain diseases (as defined above), regular use of anti-inflammatory drugs, and season of examination. The ANOVA or t-test procedures were used. 

We performed multivariate analyses (GLM procedure) in order to take into account the possibility of co-variation among variables. 5-HMdU aAbs was the dependent variable, and age, tobacco exposure, alcohol habits, %BF, and GSTM1 and GSTT1 genotypes were explanatory variables. 

A number of potential interactions were also evaluated, namely all two-way interactions between GSTM1 and GSTT1 genotypes and the other explanatory variables, plus an alcohol/smoking interaction term (ten terms for each sex). Each interaction term was added individually to the multivariate model. They were considered eligible for further analyses if the p value was below 0.20. These remaining interaction terms were simultaneously entered into the multivariate model, and removed, one at a time, if the p value associated with them was higher than 0.10. 

In order to assess confounding, we also evaluated a number of potentially confounding variables (history of disease or other chronic condition, regular use of anti-inflammatory drugs, and season) in the multivariate analyses. 

Aim 8

We examined the correlations between aAb titres and the different fruit and vegetable category variables. In the first step, we only compared the food and aAb variables (crude bivariate correlations). In a second step, we added adjustment for energy intake. In the third step, we added variables observed to be independently associated with aAb titres in Paper IV. They were body fatness (%BF), season, age, GSTM1 genotype (positive/negative), smoking status (non-smoker/current smoker), alcohol habits (none-medium/high), and an interaction term for the interaction between smoking status and GSTM1 genotype. These procedures were then repeated with serum (-tocopherol and (-carotene, supplemental intake of antioxidant nutrients, and consumption of beer, wine, spirits, coffee, and tea as the independent variables. In the multivariate analyses, the serum nutrients and dietary supplements were not adjusted for energy intake. The serum nutrients were adjusted for serum cholesterol. 

In order to make sure we did not fail to observe any non-linear associations, we also explored the differences in aAb titres between quartile groups of the explanatory variables.

Results and Discussion

The associations between consumption of fruits and vegetables and other risk markers of cancer (Aims 1-2)

Aim 1 (Paper I)

Women consumed more fruit and vegetables than men. The Pearson correlation coefficients between fruit and vegetable consumption were 0.27 and 0.29 in men and women, respectively. Men and women showed similar patterns of correlations between fruit or vegetables and the selected nutrients, but correlations between antioxidant nutrient intakes and fruit and vegetables were stronger in women than in men (Table 3). Further, even though the mean intake values were similar in men and women, the energy and macronutrient intakes (expressed as energy percentages) were more highly correlated with fruit consumption in women than in men. High fruit consumption was more strongly associated with low energy percentage from fat than was vegetable consumption, and also with higher energy percentage from carbohydrates. 

Table 3. Means and standard deviations (SD) of intakes of energy and nutrients. Pearson correlations between consumption of fruits, vegetables, and energy and nutrients. 
	
	Men (n=6,576)

	Women (n=8,597)

	Dietary variable
	Mean (SD)
	Fruits

(r)
	Vegetables
(r)
	Mean (SD)
	Fruits

(r)
	Vegetables
(r)

	Energy, MJ
	11.2 (2.9)
	0.12
	0.14
	8.5 (2.2)
	0.20
	0.17

	Fat, e%a
	39.7 (6.3)
	-0.28
	-0.15
	38.3 (6.1)
	-0.32
	-0.16

	Carbohydrates, e%
	44.8 (6.3)
	0.31
	0.08
	45.7 (6.1)
	0.37
	0.08

	Protein, e%
	15.6 (2.5)
	-0.06
	0.18
	16.0 (2.6)
	-0.11
	0.18

	Total fat, g
	108 (39)
	-0.03b
	0.03c
	85 (29)
	0.00d
	0.04

	P/S ratio
	0.41 (0.15)
	0.06
	0.15
	0.39 (0.14)
	0.05
	0.17

	(-6/(-3 ratio
	5.4 (1.6)
	-0.01d 
	0.02d
	5.3 (1.6)
	-0.01d
	-0.01d

	
	
	
	
	
	
	

	Ascorbic acid, mg
	98 (59)
	0.68
	0.51
	112 (59)
	0.74
	0.53

	Fibre, g
	22 (8)
	0.43
	0.45
	20 (7)
	0.51
	0.54

	(-carotene, mg
	3.24 (3.18)
	0.30
	0.65
	4.1 (3.6)
	0.33
	0.68

	Selenium, (g
	43 (15)
	0.11
	0.23
	36 (12)
	0.14
	0.29

	Vitamin E, TEe
	10.5 (4.3)
	0.20
	0.27
	8.8 (3.3)
	0.31
	0.38


a e% = energy percentage; the percentage of total energy from the macronutrient in question. 

b p = 0.03. c p = 0.02. d p > 0.05. 
e TE = Tocopherol equivalents. 1 TE corresponds to 1 mg of D-(-tocopherol.
Table 4. Average daily consumption of fruit and vegetables, grams (adj.geometric means).a
	
	Fruit
	Vegetables

	Variable
	Men
	Women
	Men
	Women

	Age group
	
	
	
	

	46-50
	181
	214
	170
	181

	51-55
	183
	220
	169
	179

	56-60
	185
	230
	163
	174

	61-65
	185
	225
	158
	168

	66-68
	189
	229
	142
	157

	p for linear trend
	0.33
	0.020
	<0.001
	<0.001

	
	
	
	
	

	Birth country
	
	
	
	

	Sweden
	166
	216
	141
	163

	Other
	205
	230
	176
	183

	p for difference
	<0.001
	0.016
	<0.001
	<0.001

	
	
	
	
	

	Educational level
	
	
	
	

	<= 7 years
	170
	210
	155
	161

	8-9 years
	191
	222
	167
	176

	10-12 years
	193
	234
	167
	179

	> 12 years
	204
	251
	170
	195

	p for linear trend
	<0.001
	0.001
	<0.001
	<0.001

	
	
	
	
	

	Socioeconomic status
	
	
	
	

	Unemployed / disability pension
	175
	221
	160
	171

	Blue-collar workers
	190
	229
	164
	171

	White-collar workers
	188
	225
	167
	173

	Self-employed / Employers
	185
	217
	157
	176

	p for difference
	0.13
	0.45
	0.040
	0.73

	
	
	
	
	

	Cohabitation status
	
	
	
	

	Living alone
	161
	230
	154
	173

	Living with a partner
	184
	226
	167
	177

	Living with someone else
	211
	213
	166
	168

	p for difference
	<0.001
	0.21
	<0.001
	0.08

	
	
	
	
	

	Alcohol habits (men / women)
	
	
	
	

	None during last 30 d.
	173
	214
	144
	157

	Low (0-20 / 0-15 g/d)
	198
	228
	161
	175

	Medium (20-40 / 15-30 g/d)
	170
	220
	169
	182

	High ( > 40 / > 30g/d )
	152
	191
	174
	170

	p for linear trend
	<0.001
	0.48
	<0.001
	<0.001

	
	
	
	
	

	Smoking habits
	
	
	
	

	Never-smokers
	223
	258
	172
	182

	Ex-smokers
	200
	240
	172
	186

	1-10 cigarettes/day
	183
	222
	160
	167

	11- cigarettes/day
	142
	181
	145
	157

	p for difference
	<0.001
	<0.001
	<0.001
	<0.001

	
	
	
	
	

	Physical activity, quartiles
	
	
	
	

	1st (lowest) 
	148
	185
	144
	153

	2nd
	182
	221
	161
	172

	3rd
	199
	237
	167
	181

	4th (highest)
	216
	256
	179
	188

	p for linear trend
	<0.001
	<0.001
	<0.001
	<0.001


a All listed variables were adjusted for each other, for season and year of participation, and for interviewer.
Conclusions – These results suggest that fruits and vegetables are quantitatively more important diet components among women than among men. Further, they suggest that fruit consumption is more strongly associated with proportions of macronutrients than is vegetable consumption, particularly among women.

Aim 2 (Paper I)

High fruit and vegetable consumption was associated with higher educational level, being born abroad, and being physically active (Table 4). Men living on their own had significantly lower fruit and vegetable consumption than co-habiting men (p<0.01). Heavier smokers (> 10 cigarettes per day) of both genders consumed less fruit and vegetables than all other smoking categories, with non- and ex-smokers often having considerably higher consumptions. High alcohol intake was also associated with low fruit consumption in both men and women. Further, the associations between alcohol category and fruit consumption appeared to be invertedly J-shaped in both genders (Figure 2).
Figure 2. Adjusted fruit intake by alcohol consumption category, men (n=6,576) and women (n=8,597). The intake figures were adjusted for age group, birth country, educational level, socioeconomic status, cohabitation status, alcohol habits, smoking status, physical activity, year and season of examination, and interviewer.
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Figure 1. Adjusted fruit intake by alcohol category, men and women
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This was most evident in men, where the low alcohol consumers consumed significantly more fruit than men in the three other categories (p<0.001).

There was an inverse correlation between vegetable consumption and age, with a marked drop in vegetable intake after 65 years of age. Further, as opposed to the negative association that was seen with fruit consumption, there was a significant, positive association between alcohol intake categories and vegetable consumption in both genders (Figure 3).

Figure 3. Adjusted vegetable intake by alcohol consumption category, men (n=6,576) and women (n=8,597). The intake figures were adjusted for age group, birth country, educational level, socioeconomic status, cohabitation status, alcohol habits, smoking status, physical activity, year and season of examination, and interviewer.
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Figure 2. Adjusted vegetable intake by alcohol category, men and women
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Comments

High consumption of fruits and vegetables were associated with a number of established risk markers of cancer (and cardiovascular disesase), including percentage of energy from dietary fat. It is highly likely that fruits and vegetables are causally related to decreased chronic disease risk. It is thus possible that the associations between disease risk and sociodemographic and lifestyle factors (e.g. smoking) in other studies without adequate dietary assessment, may be confounded by dietary habits. Similar findings have been reported previously, but one advantage of our study is that it examines more markers of cancer than many other studies do. Further, the large number of subjects provides good statistical power.
The associations between consumption of fruits and vegetables and alcohol habits are particularly intriguing. Firstly, we noted a positive association between vegetable consumption and alcohol intake (Figure 3). This could be related to the ”French paradox”, i.e. an association between high fat consumption and low incidence of cardiovascular disease, since one of the explanations for this paradox has been suggested to be a high consumption of wine. QUOTE "118;119" 
118;119

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03481\0D Grönbäk 1995\00\0D\00 
 In 1999, a study from Copenhagen showed a positive association between the consumption of wine and vegetables, suggesting that the implied health benefits of wine may be partly confounded by vegetable consumption. QUOTE "120" 
120
 Copenhagen is geographically and culturally close to Malmö, which suggests that a similar association might be hidden in our data. We did not examine the different alcohol sources separately, but the comparatively higher vegetable consumption among light-moderate alcohol consumers may indicate such a relation. 
It may be noted that most examined explanatory variables were independently and significantly associated with fruit and vegetable consumption (Table 4). This suggests that future epidemiological studies should include as many of them as possible, since they all add some information.

In spite of this, the explanatory values of the multivariate models were low, indicating that the variables used in this study are insufficient to explain differences in consumption of fruit and vegetables. Economical, psychological, and psychosocial factors may all be involved. QUOTE "121-124" 
121-124
  QUOTE "" 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03406"Povey, Conner, et al. 1998 406 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03648\16Watterson 1987 648 /id\00\16\00 
Finally, these data showed a rather weak association between fruit and vegetable consumption in both men and women. Fruits and vegetables also had different patterns of associations with macro- and micronutrients. This implies that consumption of fruits and vegetables are two different behaviours – vegetables are probably mostly eaten as a part of regular meals, while fruits are mainly eaten between meals – and that high consumption of one, does not necessarily mean high consumption of the other. 

Factors associated with serum concentrations of antioxidants (Aims 3-6)

Aim 3 (Paper II)

Basic characteristics of study population 2 are given in Table 5. Women had ≈ 50% higher serum concentrations of (-carotene than did men, but there were no significant differences in (-tocopherol concentrations. 
Table 5. Characteristics of study population 2. a
	
	Men
	Women

	
	Non-smokers
(n=163)
	Smokers
(n=90)
	Non-smokers
(n=203)
	Smokers
(n=73)

	
	Mean (SE)
	Mean (SE)
	Mean (SE)
	Mean (SE)

	Age (yrs)
	57.1 (0.47)
	57.4 (0.63)
	57.1 (0.41)
	55.3 (0.68)

	Body mass index 
	26.6 (0.24)
	25.2 (0.35)
	25.6 (0.29)
	24.9 (0.40)

	Body fat percentage b
	21.5 (0.38)
	19.8 (0.51)
	31.9 (0.33)
	30.9 (0.50)

	Waist (cm) c
	93.8 (0.77)
	90.6 (1.07)
	77.9 (0.78)
	77.3 (1.09)

	Waist/hip-ratio c
	0.95 (0.00)
	0.94 (0.01)
	0.79 (0.00)
	0.80 (0.01)

	Serum cholesterol, mmol/l
	6.02 (0.08)
	6.06 (0.11)
	6.44 (0.08)
	6.32 (0.14)

	Serum (-carotene, (mol/l
	0.42 (0.03)
	0.33 (0.03)
	0.65 (0.04)
	0.50 (0.04)

	Serum (-tocopherol, (mol/l
	26.6 (0.70)
	26.6 (0.83)
	27.6 (0.54)
	27.6 (1.02)

	
	
	
	
	

	
	n (%)
	n (%)
	n (%)
	n (%)

	Never-smokers
	71 (43.6)
	-
	130 (64.0)
	-

	Ex-smokers
	92 (56.4)
	-
	73 (36.0)
	-

	Smokers, 1-10 g/d
	-
	48 (53.3)
	-
	31 (42.5)

	Smokers, > 10 g/d
	-
	42 (46.7)
	-
	42 (57.5)

	
	
	
	
	

	Use of antioxidant suppl. 
	33 (20.2)
	21 (23.3)
	68 (33.5)
	27 (37.0)

	  Vitamin E supplements
	29 (17.8)
	19 (21.1)
	59 (29.1)
	22 (30.1)

	  (-carotene supplements
	0
	1 (1.1)
	3 (1.5)
	4 (5.6)

	  Ascorbic acid supplements
	27 (16.6)
	17 (18.9)
	66 (32.5)
	20 (28.2)

	  Selenium supplements
	14 (8.6)
	7 (7.8)
	30 (14.8)
	13 (18.3)


a The subpopulation shown is the one used in Papers II and III (n=529).

b Numbers of subjects were 162; 88; 203; and 73, respectively.

c Numbers of subjects were 156; 87; 200; and 70, respectively
The women of study population 2 consumed less energy, dietary fibre, vitamin E and selenium, and more ascorbic acid and (-carotene than men (data not shown). There was no significant difference between men and women in proportion of underreporting of energy intake, according to the definition of underreporting used in this study (EI:BMR ( 1.35). QUOTE "125" 
125
 However, underreporting was strongly and positively associated with BMI (p < 0.001) in both genders. The vitamin E intakes from supplements were similar in male and female supplement users. Only eight persons reported use of beta carotene supplements, seven of whom were women. The bivariate correlations between serum (-tocopherol and (-carotene were 0.34 in men and 0.25 in women.

Serum cholesterol was moderately and positively associated with serum (-carotene (Table 6). Intake of beta carotene was a positive predictor of serum (-carotene in women, but did not reach statistical significance in men. Current smoking was associated with lower (-carotene concentrations in men, but not in women. In women, there was also a negative association between energy intake and (-carotene concentrations, and a positive association between dietary fibre and serum (-carotene.
Serum cholesterol was positively associated with serum (-tocopherol concentration and was the strongest predictor in both men and women, as seen in the models shown in Table 6. Vitamin E intake was associated with serum (-tocopherol concentrations, but not as strongly as serum cholesterol. In women, serum (-tocopherol concentrations were positively associated with intake of ascorbic acid and selenium, but negatively associated with intake of beta carotene. 

Body fatness was negatively associated with serum (-carotene in both men and women, while it was positively associated with serum (-tocopherol.

Conclusions – Serum (-carotene and (-tocopherol concentrations were primarily associated with serum cholesterol and body fatness, but also with intake of several antioxidant nutrients. Further, low serum (-carotene was associated with smoking in men.
Table 6. Markers of serum (-carotene and (-tocopherol in men and women (multiple linear regression). a
Example: Fatness measure: BMI.b
	
	Serum (-carotene
	Serum (-tocopherol

	
	Men (n=253)
	Women (n=276)
	Men (n=253)
	Women (n=276)

	Variables
	Partial r
	 Sig.
	Partial r
	 Sig.
	Partial r
	Sig.
	Partial r
	Sig.

	Serum cholesterol
	0.352
	<0.001
	0.326
	<0.001
	0.653
	<0.001
	0.676
	<0.001

	Age
	-0.026
	0.687
	-0.042
	0.502
	0.006
	0.931
	0.033
	0.597

	Dietary variables
	
	
	
	
	
	
	
	

	Energy intake, food
	-0.118
	0.069
	-0.140
	0.024
	-0.069
	0.290
	-0.115
	0.064

	Dietary fibre, food
	0.162
	0.013
	0.153
	0.014
	0.044
	0.499
	0.009
	0.888

	Ascorbic acid, total
	-0.013
	0.843
	0.015
	0.805
	-0.097
	0.135
	0.127
	0.041

	Beta carotene, total
	0.113
	0.084
	0.163
	0.008
	-0.029
	0.662
	-0.155
	0.013

	Vitamin E, total
	-0.014
	0.828
	-0.021
	0.738
	0.260
	0.000
	0.171
	0.006

	Selenium, total
	0.099
	0.127
	0.092
	0.140
	0.064
	0.330
	0.172
	0.005

	Alcohol, total
	-0.085
	0.192
	0.090
	0.146
	-0.036
	0.581
	0.029
	0.640

	Smokingc
	
	
	
	
	
	
	
	

	Ex-smokers
	-0.115
	0.078
	-0.057
	0.356
	-0.032
	0.625
	0.038
	0.539

	Smokers, 1-10 g/d
	-0.250
	0.000
	-0.093
	0.136
	-0.006
	0.921
	0.091
	0.142

	Smokers, >10 g/d
	-0.164
	0.012
	-0.099
	0.111
	-0.020
	0.756
	0.025
	0.687

	BMI
	-0.202
	0.002
	-0.303
	0.000
	0.207
	0.001
	0.117
	0.060

	
	
	
	
	
	
	
	
	

	Adjusted R2
	0.230
	0.235
	0.485
	0.529



 Variables adjusted for each other, season, and use of lipid-lowering drugs. All nutrients and serum values were loge-transformed.

b The models with other fatness measures are not shown. See text.

c Reference category: Never-smokers.

Aim 4 (Paper II)

All four body fatness measures were negatively associated with serum (-carotene concentrations in both men and women (Table 7). They were stronger predictors of serum (-carotene than all other variables, with the exception of serum cholesterol (Tables 6 and 7). 

Table 7. Summary of the independent associations of four fatness measures with serum (-carotene and (-tocopherol (partial correlation coefficients).a
	
	(-carotene
	(-tocopherol

	Fatness measure
	Men 
(n=253)
	Women (n=276)
	Men 
(n=253)
	Women (n=276)

	BMI
	-0.202**
	-0.303***
	0.207**
	0.117ns

	% body fat 
	-0.261***
	-0.273***
	0.023ns
	0.051ns

	Waist
	-0.224***
	-0.224***
	0.158*
	0.154*

	WHR
	-0.175**
	-0.293***
	0.204**
	0.159*

	
	
	
	
	

	Adjusted for % body fat
	
	
	
	

	Waist
	-0.081ns
	-0.146*
	0.185**
	0.179**

	WHR
	-0.033ns
	-0.201***
	0.230***
	0.153*



 Multiple linear regression. All fatness measures were adjusted for dietary intakes, tobacco use, alcohol consumption, serum cholesterol, season and use of lipid-lowering drugs.

*  p < 0.05; ** p < 0.01; *** p < 0.001. ns = not statistically significant 
(p ( 0.05).
The body fatness measures were positively associated with serum (-tocopherol, although the association was not statistically significant in all analyses. Waist circumference and WHR were positively and significantly associated with serum (-tocopherol in both men and women, but the measures of general body fatness, i.e. BMI and %BF, did not reach statistical significance, with the exception of BMI in men. 

There was little change in the associations between central adiposity and serum (-tocopherol after adjustment for %BF, indicating an independent effect of central adiposity (Table 7). In contrast, the correlation between central adiposity and serum (-carotene became non-significant in men, while it became smaller in women, when %BF was included in the model.
Conclusions – Serum (-tocopherol was significantly and positively associated with central adiposity in both men and women; however, the results on associations between general body fatness and serum (-tocopherol were inconclusive. Serum (-carotene was significantly and negatively associated with both general and central adiposity, but there was no independent association between central adiposity and serum (-carotene in men after adjustment for body fatness. The differences between measures of central and general body fatness in their associations with serum antioxidants may warrant some consideration in future studies.
Aim 5 (Paper III)

After adjustment for sex, total energy intake and season, it was observed that smokers consumed less leafy vegetables, fruits, and bread and grains than non-smokers (Table 8). They also consumed slightly less tomatoes and more meat than non-smokers. 

Smokers drank substantially more coffee than non-smokers, and also consumed more spirits. There were no statistically significant differences in consumption of nutrients from antioxidant supplements by smoking status (Table 8), and no significant associations between consumption of foods and amount of tobacco in smokers (data not shown).

The strongest associations with serum (-carotene in non-smokers were seen for carrots and leafy vegetables (Table 9). In smokers, supplemental consumption of (-carotene was relatively strongly associated with serum (-carotene, while the weak association between serum (-carotene and tomatoes disappeared after adjustment for the other foods. Total vegetable consumption was significantly associated with serum (-carotene in non-smokers, but not in smokers.

The variable that showed the highest correlation to serum (-tocopherol concentrations in both smokers and non-smokers was (-tocopherol supplements, the association being stronger in non-smokers (Table 9). No foods were significantly associated with serum (-tocopherol concentration.

A number of post-hoc modifications to the analyses did not alter the results substantially (Paper III). 

Table 8. Daily food and supplement consumption in non-smokers (n=366) and smokers (n=163). Values are median and adjusted geometric mean consumptions. 

	
	Medians
	Adjusted geometric meansa b
	p valuec

	
	Non-smokers
	Smokers
	Non-smokers
	Smokers


	

	Foods (g/d)
	
	
	
	
	

	Total vegetables
	168
	147
	158
	140
	0.023

	Carrots
	13.9
	13.6
	5.1
	4.3
	0.49

	Leafy vegetables
	15.3
	11.3
	8.92
	5.05
	0.004

	Tomatoes
	32.6
	24.1
	18.5
	13.5
	0.046

	Other vegetables
	95.2
	89.4
	89.1
	83.3
	0.26

	Fruits
	184
	123
	165
	96
	<0.001

	Fruit juice
	0.18
	0.28
	1.00
	1.00
	0.80

	Bread and grains
	137
	129
	138
	121
	0.001

	Dietary fats
	44.2
	51.6
	43.1
	45.0
	0.30

	Cheese
	40.0
	40.0
	35.8
	30.4
	0.052

	Eggs
	21.6
	19.9
	17.8
	17.4
	0.80

	Fish
	36.8
	35.3
	24.6
	22.7
	0.58

	Meat
	117
	127
	110
	123
	0.029

	Nuts and seeds
	0 (1.50)d
	0 (1.50)d
	0.62
	0.64
	0.74

	Pastry, cakes, cookies etc.
	29.2
	23.4
	17.3
	16.0
	0.58

	Potatoes, fried or deep fried
	0 (26.0)d
	0 (44.6)d
	10.4
	11.8
	0.30

	Sausage
	18.0
	22.9
	11.8
	14.6
	0.11

	Wine
	7.9
	14.3
	24.0
	25.2
	0.67

	Spirits
	0 (5.7)d
	0 (15.7)d
	4.12
	5.86
	0.001

	Tea
	42.3 (225)d
	0 (161)d
	75.3
	65.0
	0.23

	Coffee
	450
	600
	379
	534
	<0.001

	
	
	
	
	
	

	Supplemental nutrients (mg/d) 
	
	
	
	
	

	Ascorbic acid 
	0 (60)e
	0 (60)e
	9.00
	8.85
	0.91

	Beta carotene
	0 (0)e
	0 (0)e
	0.40
	0.41
	0.10

	Selenium
	0 (40)e
	0 (40)e
	13.5
	13.7
	0.76

	Alpha tocopherol
	0 (6.7)e
	0 (8.6)e
	0.36
	0.39
	0.68


a A constant, corresponding to the lowest positive value of the variable distribution, was added before logarithmic transformation.

b Adjusted for sex, total energy intake, and season. 

c  p values for the difference between the adjusted mean.

d Foods: 75th percentile shown within parentheses.

e Supplements: 90th percentile shown within parentheses.

Table 9. Associations between food sources and serum levels of (-carotene and (-tocopherol in non-smokers (n=366) and smokers (n=163) (multiple linear regression). Values are partial correlation coefficients.

	
	Serum (-carotene
	Serum (-tocopherol

	
	Non-smokersa
	Smokersa
	Non-smokersa
	Smokersa

	Foods
	
	
	
	

	Total vegetables
	0.21**
	0.11
	0.04
	-0.01

	Carrots
	0.23**
	0.05
	-0.03
	0.00

	Leafy vegetables
	0.20**
	0.01
	0.07
	-0.05

	Tomatoes
	0.09
	0.18#
	0.00
	0.16

	Other vegetables (incl. cabbages, root vegetables and legumes)
	0.12#
	0.09
	0.07
	-0.03

	Fruits
	0.09
	0.13
	0.04
	0.09

	Fruit juice
	0.00
	0.07
	-0.02
	0.06

	Bread and grains
	-
	-
	-0.02
	0.04

	Cakes & cookies
	-
	-
	-0.09
	0.14

	Cheese
	0.11#
	0.11
	0.06
	0.04

	Dietary fats
	-
	-
	0.03
	0.01

	Eggs
	-
	-
	0.02
	-0.14

	Fish
	-
	-
	0.03
	0.04

	Meat
	-
	-
	-0.06
	-0.01

	Milk
	-
	-
	-0.06
	-0.02

	Nuts and seeds
	-
	-
	0.06
	0.16

	Potatoes, fried or deep fried
	-
	-
	0.00
	-0.07

	Sausage
	-
	-
	-0.04
	-0.08

	
	
	
	
	

	Supplemental nutrients
	
	
	
	

	(-carotene
	0.10
	0.24*
	-
	-

	(-tocopherol
	-
	-
	0.33**
	0.20#


a Adjusted for age, sex, total energy intake, serum cholesterol, percent body fat, and amount of tobacco (in smokers).

# = p < 0.05, * = p < 0.01, ** = p < 0.001.
Conclusions – The dietary factors most strongly associated with high serum concentrations of (-carotene in smokers were (-carotene supplements, and in non-smokers, carrots and leafy vegetables. The only dietary sources of (-tocopherol associated with serum (-tocopherol concentrations were vitamin E supplements. A major reason for the differences observed between non-smokers and smokers may be the very low vegetable consumption among smokers. Serum (-carotene may not be a very useful marker of vegetable consumption in settings where vegetable consumption is low.

Aim 6 (Paper III)

We observed a marginally significant association between selenium supplements and serum (-carotene in non-smokers (Table 10). They were also significantly associated with serum (-tocopherol in non-smokers. In smokers, consumption of coffee was strongly associated with serum (-carotene, even after adjustment for other dietary factors. This association did not change when we removed (-carotene supplement users, participants born in other countries than Sweden, or underreporters of energy. QUOTE "125" 
125
 Data also suggested that the association was stronger among smokers with total vegetable consumption below the smoker median than among smokers with higher consumption of vegetables (r = 0.36 vs. 0.14, adjusted for the background factors listed in Table 9, p = 0.15).
Table 10. Associations between selected dietary sources of pro- or antioxidants and serum (-carotene and (-tocopherol in non-smokers (n=366) and smokers (n=163) (multiple linear regression). Values are partial correlation coefficients.

	
	Serum (-carotene
	Serum (-tocopherol

	
	Non-smokersa
	Smokersa
	Non-smokersb
	Smokersb

	Foods
	
	
	
	

	Wine
	0.06
	0.06
	0.02
	0.15

	Spirits
	-0.05
	-0.06
	-0.05
	-0.06

	Tea
	0.06
	0.05
	0.01
	0.17

	Coffee
	0.04
	0.25**
	0.04
	0.16

	
	
	
	
	

	Supplemental nutrients
	
	
	
	

	Ascorbic acid 
	0.02
	0.04
	-0.07
	-0.07

	(-carotene
	-
	-
	0.03
	-0.04

	Selenium
	0.14*
	0.02
	0.16**
	0.05

	(-tocopherol
	-0.06
	0.01
	-
	-

	
	
	
	
	

	Adjusted R2
	0.24
	0.34
	0.51
	0.48


a Adjusted for age, sex, total energy intake, serum cholesterol, percent body fat, food sources of beta carotene (Table 9), amount of tobacco (in smokers), and the other variables in this Table. 

b Adjusted for age, sex, total energy intake, serum cholesterol, percent body fat, food sources of alpha tocopherol (Table 9), amount of tobacco (in smokers), and the other variables in this Table. 

* = p < 0.05, ** = p < 0.01, *** = p < 0.001.
Conclusions – We observed an independent, positive association between coffee consumption and serum (-carotene concentrations in smokers. This observation could suggest that coffee drinking might help conserving serum (-carotene in smokers with low consumption of vegetables. 

Comments
Serum (-carotene was negatively associated with serum cholesterol, body fatness, and, (weakly) with estimated energy intake. Further, it was lower in current smokers than in non-smokers. It was positively associated with dietary fibre, β-carotene intake (women only), carrots (non-smokers), leafy vegetables (non-smokers), total vegetables (non-smokers), and β-carotene supplements (smokers). These significant partial correlation coefficients were all lower than 0.25, with the exception of serum cholesterol. This indicates that β-carotene in serum is not a very good marker of reported dietary intake, particularly not in groups where vegetable intake is low (men, smokers). It may be a better marker of supplemental intake, since that variable was significantly associated with serum (-carotene in our study, despite the fact that only seven women were users. It has been shown that β-carotene from supplements increase blood concentrations more effectively than does dietary β-carotene. QUOTE "27" 
27
 
Another possible explanation for the low correlations is low validity in dietary or laboratory assessment. The average relative validity for β-carotene and vegetable intake were 0.51 and 0.53, respectively (Table 2). Further, the CV for ten pairs of duplicate samples was as high as 12.8 percent. These figures clearly limit the possibilities of achieving high correlations. The laboratory CV may look rather high, but it should be remembered that it incorporates intra- and inter-batch variation, as well as intra- and inter-individual variation over a large range of values. The relative validity of consumption of dietary supplements has not been assessed. Those data, however, are taken from the registration part of the menu book. It is obviously easier to describe one’s consumption of a dietary supplement than it is to describe one’s consumption of a cooked meal on the same day, which is what is required for the assessment of most vegetables.

A major weakness of these studies is the lack of data of other antioxidants in blood. The levels of the other major carotenoids would have been particularly interesting, since it has been shown that carotenoids may interact in vivo. QUOTE "126" 
126
 The marginally significant association between tomato consumption and serum β-carotene in smokers (Table 9) could be an example of such an interaction. Another, indirect example could be the observation that dietary fibre was independently associated with serum (-carotene after adjustment for intake of (-carotene (Table 6).

These studies provide some support to the hypothesis that smoking lowers β-carotene in blood. We were not able to show that the difference between smokers and non-smokers was merely due to differences in intake. However, there was no association between amount of smoking and serum (-carotene, which is notable, even if the number of heavy smokers was low (Table 5; Paper II).
A small number of observational studies have examined the utility of serum (-carotene as a marker of vegetable consumption. QUOTE "82;127-130" 
82;127-130

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03570"Block, Norkus, et al. 2001 570 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03557)Michaud, Giovannucci, et al. 1998 557 /id\00)\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03357%Drewnowski, Rock, et al. 1997 357 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03591)van Kappel, Steghens, et al. 2001 591 /id\00)\00 
 Michaud et al. QUOTE "129" 
129
 found that the food sources of carotenoids that were most strongly associated with serum (-carotene were carrots, tomatoes/tomato sauce, broccoli, and yams, in two samples of American non-smoking male and female health workers. In a study in France, more similar to our study, Drewnowski et al. observed weaker but clearly significant associations between total consumption of both fruits and vegetables and serum (-carotene in a sample of French adults of all ages. QUOTE "82" 
82
 In that study, smoking was associated with lower (-carotene after adjustment for vegetable and fruit intake, but smokers were not analyzed separately. In a study of New York women, van Kappel et al. observed only moderate associations between food groups and serum carotenoids, QUOTE "130" 
130
 but no information on smoking was given in that study. 

The association between total vegetables and serum (-carotene in our study was weaker than in the study by Drewnowski et al.  QUOTE "82" 
82
 (and non-existent in smokers), although the multivariate models were similar and had similar explanatory values. This may have resulted from the fact that the consumption of vegetables, apart from carrots, is generally low in Sweden (and particularly low among smokers), compared to most other Western countries. This was most recently demonstrated in a comparison between samples from the sixteen cohorts in ten countries that constitute the EPIC cohort. QUOTE "104" 
104
 Accordingly, a similar comparison, concerning carotenoid concentrations in plasma, suggested that the carotenoid concentrations in Sweden were among the lowest in Europe [van Kappel et al., unpublished data 2000]. 

The association between coffee and serum (-carotene has not been reported previously in an observational study. It suggests that coffee consumption may conserve serum levels of (-carotene in persons with low intake of fruit and vegetables and who are exposed to oxidative stress, i.e. smokers. The coffee consumption per capita in Sweden is among the highest in the world, second only to Finland. QUOTE "131" 
131
 This fact, coupled with the very low vegetable consumption among smokers, could make our findings more difficult to generalize. Recent experimental research, however, has showed that components of coffee, including some of the major metabolites of caffeine, have substantial antioxidative properties in vitro, QUOTE "32-34" 
32-34

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03534\10Lee 2000 534 /id\00\10\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03545$Olthof, Hollman, et al. 2001 545 /id\00$\00 
 even at concentrations obtained by consuming only the average amounts reported by our subjects. One could argue that coffee drinkers may be different from non-drinkers in some respect we have not measured, and that that is what is causing the association. However, over 95 percent of the subjects were coffee consumers. Even so, the possibility of an unexpected finding being due to chance, subtle biases, or residual confounding can never be fully excluded in an observational study.

Women had higher mean (-carotene concentration in serum than men. This fact could not be explained by food habits, i.e. the sex variable was still significant after adjustment for food. However, humans cannot produce (-carotene; it has to be consumed. If the difference between men and women is due to dietary habits alone, it is possible that our failure is caused by low validity of the dietary assessment. A confounding measured with high validity (e.g. sex) may hide the association between a dependent variable and an explanatory variable with lower validity (e.g. dietary (-carotene or vegetables). Other possible explanations include residual confounding by body compostion or metabolism.

Concerning (-tocopherol, these studies mostly confirmed previous results: in the Western world, it is difficult to eat one’s way to a high blood concentration of (-tocopherol without resorting to dietary supplements. QUOTE "79-81;85;86" 
79-81;85;86

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03201(Bolton-Smith, Casey, et al. 1991 201 /id\00(\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03205'Ascherio, Stampfer, et al. 1992 205 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\03236%Sinha, Patterson, et al. 1993 236 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5Ckoca\03\00\0287"Hebert, Hurley, et al. 1994 87 /id\00"\00 
 There was some support for a role of selenium supplements in this context (Table 6, Table 9). It is not clear to what extent this reflects a biological synergism or merely a case of multicollinearity between selenium and (-tocopherol, since both of these nutrients are present in many popular dietary supplements.

We also observed that serum (-tocopherol was positively associated with several measures of body fatness. Some previous studies have reported negative associations between centrally distributed body fat and (-tocopherol concentrations, both in serum QUOTE "132" 
132
 and in adipose tissue. QUOTE "133" 
133
 It has even been suggested that part of the increased incidence of cardiovascular disease associated with central adiposity may be caused by low (-tocopherol status. Our findings do not support this hypothesis.

Our study not only showed that the associations between body fatness and (-tocopherol or (-carotene in serum went in different directions; it also suggested that serum (-carotene was particularly associated with general body fatness, while serum (-tocopherol was more associated with centrally distributed fat. 

A limitation of our study is that we did not measure triacylglycerol (TAG) concentration in serum. Several studies have showed that TAG is independently associated with both serum  (-tocopherol QUOTE "85" 
85
 (in particular) and (-carotene. QUOTE "79;80;85" 
79;80;85

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03201\12 Bolton-Smith 1991\00\12\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03205\0E Ascherio 1992\00\0E\00 
 Since serum TAG is more strongly associated with central adiposity than with general fatness, QUOTE "134;135" 
134;135

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10D:\5CReferens\5CKOCA\03\00\03476\0CSeidell 1991\00\0C\00 
 it is possible that the association we observed between serum (-tocopherol and central adiposity to some extent may be due to confounding by TAG. However, since we adjusted for age, serum cholesterol and body fatness, at least part of the variation in serum nutrient concentrations due to TAG concentration was probably accounted for.

The bioimpedance methodology is known to be influenced by a number of factors which were not standardized in the MDC study, including hydration, air and skin temperature, food and beverage consumption and recent physical activity. QUOTE "136" 
136
 In spite of this, the method is judged to be useful in epidemiology, QUOTE "137" 
137
 since it works well in non- or moderately obese individuals and in most individuals without conditions entailing major disturbances of water distribution. QUOTE "136" 
136

Factors associated with high anti-5-HMdU autoantibody titres (Aims 7-8)

Aim 7 (Paper IV)

Women had higher aAb titres than men overall (geometric means 14.7 vs. 8.4, p < 0.001). There was a negative linear association between aAb titres and age, both in men and women. As illustrated in Figure 4, aAb titres were higher at a ”high” alcohol intake (> 40 g alcohol per day in men, > 30 g per day in women) than at lower intakes in both men and women. 
There were no significant differences in aAb titres by amount of smoking, nor were there any differences between those with and those without GSTM1 or GSTT1. There was an inverse association between degree of body fatness and aAb titre in men. We observed a similar association in women, but it was not statistically significant. There were no significant differences by history of chronic conditions. We noted a seasonal difference in women: the titres in summer were significantly lower than in the other seasons, but there was no difference in men. There were no statistically significant differences in aAb titres by education, socioeconomic status, cohabitation status, and leisure time physical activity (data not shown).

In the basic multivariate analyses (Table 11) some of the variable categories were merged, as described in the “Statistical methods and design” section of Paper IV. This analysis mostly confirmed the bivariate results, indicating independent associations between aAb titres and age and alcohol habits in men and women, and %BF in men.

Further analysis revealed two statistically significant interactions in men: one between smoking and GSTM1 genotype, and one between smoking and alcohol habits. In male smokers expressing GSTM1, the antibody titres were similar regardless of smoking status, but in GSTM1-negative men, the titres were higher among smokers compared to non-smokers (p for interaction = 0.018). Heavily drinking smokers had higher titres than all other combinations of smoking and drinking (p for interaction = 0.003). There was no interaction between alcohol habits and GSTM1 status.
Figure 4. Mean titres of anti-5-HMdU aAbs by alcohol habits in middle-aged men (n=264) and women (n=280). The alcohol intake ranges at each point are for women and men, respectively. Error bars are 95% confidence intervals.
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In women, we observed another suggested interaction between smoking and GSTM1 status (p=0.070), with the highest titres once again occurring among current smokers who did not express GSTM1. However, there was no significant interaction between smoking status and alcohol habits in women.

The multivariate analyses also indicated that the only potentially confounding variable of reasonable statistical significance was season in women (p=0.003), which was independently associated with aAb titres. However, it did not appear to have confounded the other results.

Conclusions – Although the results should be interpreted with caution, these results show that high alcohol consumption, and smoking in combination with lack of GSTM1, is associated with greater titres of anti-5-HMdU autoantibodies in both men and women. Further, body fatness is associated with lower titres, particularly in men.

Table 11. Adjusted geometric mean anti-5-HMdU aAb titres (A492/(l plasma) by age, alcohol habits, smoking status, GSTM1 and GSTT1 status, and body fatness in me and women. All variables were adjusted for each other.

	Variable
	Men

(n=257)
	95% CI
	N
	Women
(n=277)
	95% CI
	N

	Age group
	
	
	
	
	
	

	46-50
	14.8
	10.8-20.1
	49
	27.3
	19.1-39.0
	55

	51-67
	11.0
	8.6-14.1
	208
	18.4
	13.6-24.9
	222

	p value
	0.026
	
	
	0.003
	
	

	
	
	
	
	
	
	

	Alcohol habits
	
	
	
	
	
	

	None-medium
	9.5
	7.8-11.4
	240
	16.3
	13.8-19.4
	267

	High
	17.2
	11.4-26.1
	17
	30.7
	17.6-53.5
	10

	p value
	0.004
	
	
	0.026
	
	

	
	
	
	
	
	
	

	Smoking status
	
	
	
	
	
	

	Non-smokers
	13.3
	10.2-17.4
	167
	21.5
	15.7-29.6
	206

	Current smokers
	12.2
	9.3-16.1
	90
	23.3
	16.7-32.5
	71

	p value
	0.43
	
	
	0.50
	
	

	
	
	
	
	
	
	

	GSTM1
	
	
	
	
	
	

	Yes
	12.9
	9.8-17.1
	105
	21.9
	15.7-30.6
	121

	No
	12.6
	9.7-16.4
	152
	22.9
	16.9-31.1
	156

	p value
	0.81
	
	
	0.67
	
	

	
	
	
	
	
	
	

	GSTT1
	
	
	
	
	
	

	Yes
	11.6
	9.4-14.4
	228
	22.8
	17.1-30.4
	229

	No
	14.0
	9.8-20.0
	29
	22.0
	15.2-31.9
	48

	p value
	0.25
	
	
	0.79
	
	

	
	
	
	
	
	
	

	Percent body fat (quartiles) 
	
	
	
	
	
	

	1 (lowest)
	15.5
	11.6-20.8
	64
	23.5
	16.8-32.9
	70

	2
	12.5
	9.2-16.9
	65
	24.1
	16.8-34.5
	69

	3
	11.8
	8.7-16.0
	64
	21.0
	14.5-30.5
	70

	4 (highest)
	10.8
	7.8-15.0
	64
	21.2
	14.9-30.2
	68

	p for linear trend, cont.
	0.014
	
	
	0.23
	
	

	
	
	
	
	
	
	

	Overall mean
	12.8
	9.9-16.4
	
	22.4
	16.5-30.3
	

	
	
	
	
	
	
	

	Adjusted R2 
	0.066
	
	
	0.045
	
	


Aim 8 (Paper V)
There was no statistically significant association between consumption of fruit and vegetables and anti-5-HMdU aAb titres in men or women (Table 12). The results were not significantly changed after further stratification on smoking status, exclusion of obvious misreporters of dietary energy, of those with history 

Table 12. Mean (SE) consumption of fruits and vegetables (grams/day) and serum antioxidant concentration ((mol/l) by quartiles of anti-5-HMdU autoantibody titres (A492/(l).

	
Quartiles of anti-5-HMdU autoantibody titres

	
	Men (n=256)
	
	Women (n=277)

	
	Q1
	Q2
	Q3
	Q4
	
	
	Q1
	Q2
	Q3
	Q4
	

	

	3.2

(0.6-4.7)§
	6.5

(4.8-8.5)
	11.0

(8.6-14.1)
	21.5

(14.2-99.3)
	r‡
	
	5.6

(0.5-8.3)
	10.5

(8.4-15.3)
	20.3

(15.6-26.1)
	38.7

(26.3-168.6)
	r‡

	Fruits, total
	204 (18)
	201 (20)
	207 (20)
	223 (18)
	0.09
	
	270 (20)
	303 (21)
	283 (18)
	271 (16)
	0.03

	  Citrus fruits
	20 (3)
	25 (4)
	24 (3)
	27 (4)
	0.09
	
	36 (4)
	35 (3)
	37 (4)
	35 (3)
	0.04

	  Non-citrus fruits
	145 (13)
	129 (14)
	141 (13)
	147 (12)
	0.05
	
	185 (12)
	176 (12)
	189 (14)
	170 (12)
	-0.01

	  Fruit juice
	39 (9)
	47 (12)
	42 (11)
	50 (12)
	0.09
	
	49 (10)
	92 (16)
	57 (10)
	66 (12)
	-0.01

	Vegetables, total
	161 (13)
	181 (16)
	163 (12)
	171 (10)
	0.07
	
	179 (10)
	204 (15)
	194 (11)
	195 (11)
	0.05

	  Carrots a
	22 (4)
	21 (5)
	17 (3)
	25 (8)
	0.01
	
	28 (5)
	30 (5)
	33 (5)
	29 (4)
	0.04

	  Leafy vegetables
	18 (3)
	21 (5)
	19 (2)
	20 (3)
	0.09
	
	21 (3)
	28 (3)
	22 (2)
	24 (4)
	0.04

	  Tomatoes b 
	27 (3)
	32 (4)
	32 (3)
	37 (4)
	0.12
	
	37 (3)
	39 (4)
	40 (4)
	39 (2)
	0.04

	  Other vegetables c 
	102 (8)
	114 (10)
	100 (8)
	107 (7)
	0.04
	
	100 (6)
	113 (8)
	104 (6)
	113 (7)
	0.06

	Fruits and vegetables, total
	365 (24)
	381 (29)
	370 (26)
	395 (24)
	0.09
	
	448 (25)
	507 (27)
	477 (23)
	466 (22)
	0.03

	
	
	
	
	
	
	
	
	
	
	
	

	Serum (-carotene
	0.37 (0.04)
	0.33 (0.03)
	0.44 (0.05)
	0.39 (0.04)
	0.00
	
	0.59 (0.06)
	0.70 (0.06)
	0.58 (0.06)
	0.58 (0.05)
	0.02

	Serum (-tocopherol
	27.3 (1.4)
	26.0 (1.1)
	26.5 (0.8)
	26.3 (1.0)
	-0.03
	
	27.6 (0.9)
	28.9 (0.9)
	26.9 (1.1)
	26.9 (0.9)
	-0.05


§ Median and (range) of aAb titres.

‡ Pearson’s bivariate correlation coefficient. Multivariate results (see Methods) are not shown.

a Including carrot juice, see Appendix 2.

b Including ketchup etc, see Appendix 2.

c Including root vegetables, legumes, cabbages, vegetable mixes, and vegetable juice.

of a chronic condition, or of those who reported having substantially changed their dietary habits during adult life.

Further, we did not observe any associations between anti-5-HMdU aAb titres and serum concentrations of (-carotene or (-tocopherol (Table 12), supplemental intakes of antioxidants, or consumption of wine, spirits, coffee, or tea. However, we did observe a positive association between consumption of beer/cider and aAb titres in women (r=0.13, p=0.031). Further, after exclusion of misreporters of energy intake, we observed a positive association between intake of ascorbic acid supplements and aAb titers in men (r=0.25, p<0.001). Similar results were obtained when excluding subjects with history of a chronic condition or subjects who had changed their diets (data not shown). We also observed weakly positive associations between aAb titres and wine, spirits, and tea in sub-groups based on current smoking status.
Conclusions – There is no association between fruit or vegetable consumption and anti-5-HMdU autoantibody plasma titres in this population-based sample of middle-aged Swedes. We observed a positive association between beer/cider consumption and aAb titres in women, and a suggestion of a positive association between aAb titres and intake of ascorbic acid supplements in men. Apart from these, we observed no consistent associations between aAb titres and serum levels of (-carotene and (-tocopherol, or intake of antioxidant supplements, coffee, tea, wine or spirits. The problem of mass significance should be kept in mind when interpreting these results, particularly in the various subgroups.

Comments
The lack of association between smoking status and aAb titres (Table 11) may appear surprising, but is in agreement with two previous studies. QUOTE "94;138" 
94;138

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03454\1CHu, Chi, et al. 1999 454 /id\00\1C\00 
 However, one of these studies was small; QUOTE "138" 
138
 in the other, tobacco consumption was uniformly high; QUOTE "94" 
94
 and in ours, tobacco consumption was rather low. Thus, none of these may have been optimally suited to study the smoking association. However, the power of our study should have been sufficient to detect even minor differences between the groups. Further, it is not uncommon for studies of markers of oxidative stress not to show associations between smoking and the markers (e.g. ref. 40 and references therein).

Antibody titres were greater in men and women with high alcohol consumption than in persons with lower consumption. This is in accordance with studies in animals and humans, indicating that ethanol induces oxidative stress, particularly in the liver, QUOTE "16" 
16
 although a role for ethanol in oxidative stress in other parts of the body is possible. QUOTE "18" 
18

This is the first study to show an association between anti-5-HMdU aAb titres and body fatness: antibody titres were lower in obese men than in lean men. This is consistent with an impaired immune response in obesity, QUOTE "139;140" 
139;140

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03608#Nieman, Henson, et al. 1999 608 /id\00#\00 
 but alterations in DNA damage and / or repair rates in obesity are other possibilities. QUOTE "141" 
141

Women had higher aAb titres than men overall; this was true regardless of the other studied factors. This observation is in agreement with the study on heavy smokers by Mooney et al. QUOTE "94" 
94
 The reason for this difference is unknown, but may be related to a difference in immune responsiveness to 5-HMdU between men and women.

We observed the highest aAb titres in the youngest age groups of both men and women. Prior studies have shown similar results in women; QUOTE "13;91;94" 
13;91;94

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03338'Frenkel, Karkoszka, et al. 1998 338 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03508#Mooney, Perera, et al. 2001 508 /id\00#\00 
 it has been suggested that these differences are caused by menopausal status. QUOTE "94" 
94
 It was not possible to test this hypothesis properly in this population, since no women in the present sample were younger than 46 years old, and should thus probably be regarded as either post- or perimenopausal. Our findings would rather suggest an age-related mechanism, since the results were similar in both men and women.

It was previously shown that a generalized activation of the immune system (e.g. inflammatory diseases) might elevate aAb titres, QUOTE "91;92" 
91;92

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\10d:\5Creferens\5Ckoca\03\00\03244'Frenkel, Karkoszka, et al. 1993 244 /id\00'\00 
 but subsequent research showed that anti-5-HMdU aAbs were elevated to a much larger extent than were total IgM titres in persons at risk of breast cancer. QUOTE "13" 
13
 Further, in the present study, adjustment for subjects reporting chronic inflammatory bowel disease, diabetes, rheumatoid arthritis, or having a history of cancer and/or signs of the metabolic syndrome did not alter the results. Thus, these aAbs are not likely to be a generalized marker of immune function, although they could be a marker of immune responsiveness to oxidative stress. It may also be noted that levels of 5-HMdU have been shown to be significantly increased in blood DNA of women with breast cancer. QUOTE "142" 
142
 Correspondingly, increased levels of 5-hydroxy-methyluracil (5-HMU), the base corresponding to 5-HMdU, were observed in white blood cell DNA of women at risk of breast cancer. QUOTE "38" 
38

Men and women who smoked and who did not express GSTM1 had greater aAb titres than GSTM1-negative non-smokers. In men, these titres were also greater than in GSTM1-positive subjects, regardless of smoking status. This provides some support to the hypothesis that GSTM1 protects against the oxidative effects of smoking. QUOTE "24;97;143;144" 
24;97;143;144
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It is possible that a true association between fruit and vegetable consumption and aAb titres exists, but that our study failed to detect it. As mentioned above, the consumption of vegetables, apart from carrots, is generally low in Sweden, compared to most Western countries. QUOTE "104" 
104
 In spite of this, the 95th percentiles of the distributions of consumption of fruits and vegetables in men and women was still at least 5-15 times greater than the 5th percentiles (data not shown). This indicates a substantial range of exposures which should have been large enough to detect causal associations. One cannot exclude the possibility that a threshold value for the influence of FV on aAbs might exist, and that most subjects in our population did not attain that value, but this is pure speculation at present. Further, after stratification on sex, the study still had statistical power to detect linear associations as weak as 0.13. Our attempts to detect non-linear associations did not produce any different results. 

We observed no associations between aAb titres and serum levels of (-carotene or (-tocopherol. Cooney et al. observed a positive association between aAbs and plasma (-tocopherol in 41 healthy, non-smoking women, QUOTE "95" 
95
 while Mooney et al. found a weak (p=0.10), negative association in 63 female heavy smokers. QUOTE "94" 
94
 Interestingly, both of these associations were stronger in older women (>53 years and > 50 years, respectively). Mooney et al. observed no association in male smokers, however. Further, neither of these two studies noted any association between aAbs and plasma (-carotene. 

These findings suggest either that fruit and vegetable consumption is not associated with the kind of oxidative stress resulting in formation of 5-HMdU, or that it is not associated with a humoral immune response to that damage. Even if we failed to show any distinct evidence for an influence of fruit, vegetables, or antioxidant supplements on aAb titres, we did observe some associations with lifestyle factors, such as alcohol consumption and smoking. Further, we also observed an as yet unexplained seasonal variation, and, in the present study, an association between aAb titres and changed dietary habits. A human feeding trial, with fruits and vegetables as the intervention and aAb titres as the end-point, might be informative.

General methodological remarks

Representativity

In observational epidemiology, wide ranges of exposure(s) in the studied population is vital. Equally vital is that the investigator is able to classify these exposures correctly. These principles also hold true for the effect variables, whether they are serum levels of (-carotene or time before death of cancer. A good representativity is not an absolute requisite in association studies, but may be desirable anyway. An unrepresentative sample may entail, for example, narrower ranges of dietary intake than in the source population, which might make associations more difficult to detect. There may also be problems with generalizing study findings. Study population 2 could be described as reasonably representative of the source population, as seen in Table 1. Further, study population 2 had higher participation rate than the rest of the MDC cohort, and there is reason to believe that the representativity of the MDC cohort is reasonably good. QUOTE "145" 
145
 Thus, even if a “healthy cohort” effect may be present, it probably does not invalidate our results, since a better representativity most likely only would have meant wider exposure ranges in several variables, and, thereby, stronger correlations. Another point worth noting is that the reported average aAb titres and serum nutrient levels may be good estimates of the true background population means.

A disadvantage, however, is the fact that the inclusive approach used in the present studies may have done more harm than good to our ability to achieve our Aims. For example, it could be argued that if one wants to estimate the contribution of (-carotene supplements to (-carotene in serum, one should not look at a population in which only eight persons out of 529 actually consume these supplements (Table 5). Further, perhaps one should exclude obvious misreporters of energy intake from all analyses involving diet, and, likewise, exclude all subjects with history of a chronic condition from analyses involving anti-5-HMdU aAbs. It is not obvious how to define the necessary trade-off between statistical power, scientific precision, and generalizability; the latter of which may be compromised if the population sample becomes too “uncontaminated”. In the end, such decisions must rest with the researcher in charge of the study. In these studies, we have opted for statistical power (making more adjustments possible) and, potentially, a higher degree of generalizability.

The role of misreporting and other measurement errors

The degree of misreporting in nutritional epidemiology is often large. QUOTE "56" 
56
 Different food groups may be misreported to different extent and in different ways – high-fat snacks and added sugar tend to be under-reported, while fruits and vegetables may be over-reported. Women and obese subjects may misreport food consumption more than other subjects. QUOTE "56" 
56
 The ability to accurately describe dietary habits with a method such as the MDC method is dependent on a variety of cognitive factors. It employs the subject’s ability to recall and estimate portion sizes from photographs and her medium- and long-term memory. This may be difficult for some, although the requirement to recall details of recorded meals, aided by the menu book, actually may improve reporting. QUOTE "146" 
146
 A good deal of interest and motivation is also required.

The next layer of error is inherent in the method itself. Like all dietary assessment methods, the MDC method has its advantages and disadvantages – no method can be good for everything. The validation studies QUOTE "68;69" 
68;69
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 provide valuable data, but since there is no golden standard procedure for measuring food intake, the validity data are only relative to the reference method, which has its own drawbacks. Food records, which were used in this case, are known to often reduce and simplify the food consumption of the participants. There are few biomarkers of dietary intake good enough to be used for validation; most of those can only be used for validating one or just a few nutrients, and many are cumbersome or inconvenient to use. Examples include 24-h nitrogen assessment in urine (short term protein intake), fat tissue aspiration (fatty acid composition of usual diet), or the doubly labelled water technique (average energy expenditure).
Finally, all measurements entail random errors. Correction methods for such are available, but this issue is one of intense debate, with some investigators claiming that most correction methods are of limited use, and that the only solution is to use methods of high relative validity. QUOTE "147" 
147
 It should be noted that the MDC method is thought to be one of the most valid methods compared to those used in comparable cohorts. QUOTE "70" 
70

In papers II and III, we attempted to assess the role of under-reporting by applying a cut-off value of 1.35 to the EI:BMR ratio according to suggestions from Goldberg et al. QUOTE "148" 
148
 and Black et al. QUOTE "125" 
125
 However, this ignored the fact that both under-reporting and over-reporting exist, that one – ideally – should estimate the PAL of the subjects under study (or, at least, the PAL distribution in more than one stratum of activity level), and that trying to eliminate only under-reporting may distort the analyses. Based on the guidelines from the clarifying paper by Black, QUOTE "149" 
149
 we calculated a range of acceptable energy intakes for Paper V. As noted in Paper V, it was only possible to calculate one range for all subjects, which made the analyses more blunt than is desirable. Further, the acceptable EI:BMR range in Paper V depends on the assumed average PAL value of 1.65. A lower PAL would have resulted in a lower and somewhat narrower range. QUOTE "149" 
149
 The analyses in Papers II, III, and V provided little support for a substantial role for misreporting of energy intake in the results of these studies, however. 

Concerning other sources of error, the most practical solution is probably a thorough understanding of the advantages and disadvantages of the method one is using, in order to know where the pitfalls may be, thus making better interpretation of data possible. For example, the relative validity of fish consumption in the MDC study is only around 0.34 in men. Most persons in this population do not eat fish very often. However, even regular fish-consumers will be classified as zero consumers, unless they eat fish at least once during the seven-day registration period, because fish consumption is only recorded in the menu book, not in the FQ.
Time frame 

During the data collection of the MDC study, the subjects normally donated their blood sample several days before the dietary assessment was completed; the median time between blood sampling and dietary interview was sixteen days. This was a matter of concern, particularly for the associations between serum (-carotene and dietary estimates of (-carotene. However, since a single serum (-carotene measurement integrates much of the (-carotene intake during several weeks, QUOTE "12" 
12
 it is relatively insensitive to day-to-day variation. Barring any major changes in dietary habits during the period between blood sampling and dietary interview compared to the period before sampling, it should be relevant to use the blood samples in comparisons with dietary data. The other biomarkers studied in this thesis are more stable than serum (-carotene.

A related topic is seasonal variation. Seasonal variation in estimates of dietary intakes has been demonstrated, both in current diet QUOTE "150" 
150
 and in usual diet methods. QUOTE "151" 
151
 Even if the MDC method is a usual diet method, current diet may influence the results, because of the menu book and its seven-day registration of cooked meals. This is particularly true of foods that are mostly eaten in association with cooked meals, e.g. vegetables. Further, many biomarkers are influenced by season. For example, seasonal variation in both intake and plasma concentrations of several carotenoids has been demonstrated. QUOTE "152" 
152
 Seasonal variation is thus a factor to consider when planning statistical analyses. 
General discussion
An antioxidant pool? 

Our results provide some support for the hypothesis of functional synergisms between those antioxidants within the body and those derived from foods and dietary supplements, i.e. what has been termed an “antioxidant pool”. However, we are ignorant as to the status of several key functions in the antioxidant defence (see Background) of our population. One possibility might have been to try to determine total antioxidative capacity in plasma, for example. Unfortunately, there is no accepted standard for such tests, even though several commercial test kits are available, and their functional significance in relation to antioxidative capacity in tissues is not known.

Are anti-5-HMdU aAbs biomarkers of oxidative stress?

The intraindividual stability of the anti-5-HMdU aAb titres is notable, particularly since the aAbs belong to the comparatively short-lived IgM antibody subclass. This suggests that aAb titre reflects some kind of equilibrium or steady-state level. Previous research indicate that anti-5-HMdU aAbs is a marker of cancer risk, at least in women. QUOTE "13" 
13
 We still do not know, however, if anti-5-HMdU is a marker of oxidative stress, of an immune response to oxidative stress, both, or neither. aAb titres are hypothesized to be reflective of levels of 5-HMdU in the circulation. QUOTE "91" 
91
 It is thought that an increase of nucleosides such as 5-HMdU could be caused by an increased repair rate. QUOTE "45" 
45
 This repair rate could, in turn, either be caused by increased damage or by an improved repair capacity. QUOTE "153" 
153
 For example, it has been suggested that ascorbic acid may stimulate nucleotide excision repair. QUOTE "154" 
154
 Genetic variation may also be involved.
However, it was pointed out almost ten years ago that the most common response to oxidative damage to DNA bases is base excision repair. This results in bases, not nucleosides, entering the circulation. Instead, it was suggested that 5-HMdU and other oxidized nucleosides in blood stems from the DNA of dead cells, which could be oxidized and degraded by unspecific nucleases and phosphatases. QUOTE "155" 
155
 The nucleoside concentration might thus have no bearing on oxidative DNA damage. However, recent data concerning 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxo-dGuo), the most well-studied oxidized nucleoside, may suggest that 8-oxo-dGuo in urine is predominantly a repair product. QUOTE "154;156" 
154;156
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 Even if this should prove to be wrong, it is also possible that the rate of breakdown reflects overall oxidative stress, QUOTE "157" 
157
 which means that the nucleosides, and thus perhaps the anti-nucleoside autoantibodies, could be useful biomarkers of oxidative stress just the same. This is supported by a study showing that 8-oxo-dGuo in overnight urine measured by an ELISA was strongly correlated to 8-oxo-dGuo in lymphocytes measured by HPLC and to a measure of DNA damage induced by formation of 8-oxo-7,8-dihydroguanine, the base corresponding to 8-oxo-dGuo. QUOTE "157" 
157
 Further, since urine consists of plasma filtered and biochemically treated in the kidneys, concentration of oxidized nucleosides in urine could be associated with plasma nucleosides. This may provide some indirect support to the hypothesis that anti-5-HMdU aAb titres are associated with 5-HMdU and 5-HMU concentrations in blood, and, thus, to oxidative stress.

Antibody responses in general are negatively associated with obesity, QUOTE "139;140" 
139;140
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 chronic alcohol consumption, QUOTE "158" 
158
 and smoking. QUOTE "159" 
159
 In accordance with this, we observed a negative association between aAb titres and body fatness in men in Paper IV. On the other hand, we also observed positive associations between aAb titres and alcohol consumption, and, in GSTM1-negative individuals, current smoking. This suggests that aAb titre may not be a pure marker of either oxidative stress or immune function, but rather an effect of an equilibrium between the disposition to produce IgM and the influences of oxidative stress. 

Conclusion
In summary, the conclusions from the studies that comprise most of this thesis work are as follows:

· Fruit and vegetable consumption may confound the associations between cancer risk and other risk markers of cancer. 

· The hypothesis of functional synergisms between antioxidants in the body and dietary antioxidants receives some support from these results. 

· Anti-5-HMdU aAb titre may not be a pure marker of either oxidative stress or immune function, but rather of an equilibrium between disposition to produce IgM and oxidative stress. 

· Oxidative-antioxidative status in humans is probably determined by interactions between nutritional, genetic, metabolic, behavioural, and sociodemographic factors.

In essence, this thesis has dealt with some aspects of the relation between lifestyle and health. This relation is complex. Figure 5 represents an attempt to illustrate the pathways between lifestyle and cancer mediated via oxidative stress. This figure is very much simplified – it only shows the relations most important to the present work, it only shows relations which are reasonably well established, and it halts at the early stages of carcinogenesis. Trying to illustrate the associations between lifestyle, diet, and cancer development in their entirety would be very difficult and result in something staggeringly complicated. It is my belief that all researchers working in the field of cancer prevention, from epidemiologists to biochemists, would do well to appreciate this complexity and approach the field with a sense of humility. We are all like ants, working to build an anthill. We may do ourselves and our research a disservice by overestimating the usefulness of our own little needles and straws, even if they may seem grand to us. That being said, I hope the needles presented in this thesis will be of some use to the anthill, and to those who inhabit it.

Figure 5. Schematic picture of relations between lifestyle and carcinogenesis, mediated via oxidative stress. Rounded corners indicate entities, while sharp corners represent our attempts to measure them. Only reasonably well established associations, which are also used in this thesis, are included. ROS = reactive oxygen species, SEI = socioeconomic index (an index of education and employment), GST = glutathione S-transferase, 5-HMdU aAbs = autoantibodies to 5-hydroxymethyl-2’-deoxyuridine.
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Kost, livsstil, antioxidanter och riskfaktorer för cancer

De flesta forskare är överens om att våra matvanor spelar en betydande roll för risken att insjukna i cancer. Däremot är forskarna inte överens om vad och hur man bör äta för att förebygga cancer. 

En populär teori under det senaste decenniet har varit den så kallade antioxidantiahypotesen. Man har förstått att många svåra sjukdomar, t.ex. cancer, har samband med, och kan orsakas av, angrepp på kroppens byggstenar av reaktiva varianter av vanligt syre. Enligt antioxidantiahypotesen skulle mängden skador kunna minskas om vi åt mer av sådana livsmedel som innehåller ämnen som motverkar angreppen från de reaktiva syrevarianterna. Sådana ämnen kallas antioxidanter. Dessa finns i stora mängder i frukt och grönsaker, men även i fisk och frön, samt i drycker som te, rödvin och kaffe. Exempel på antioxidanter är vitamin E, vitamin C, betakaroten och selen.

Min avhandling är ett delprojekt inom Malmö Kost Cancer (MKC), en mycket stor studie om sambandet mellan kost och cancerrisk. I den studien intervjuades 28.000 medelålders malmöbor om sina matvanor och livsstil, och de fick också lämna blodprov. De har sedan dess följts upp med avseende på cancersjuklighet.

Den första artikeln i avhandlingen handlar om vad som utmärker personer som inte äter så mycket frukt och grönsaker. En typisk sådan person är en rökande, lågutbildad man som är född i Sverige och inte rör på sig så mycket på fritiden. De som äter mest frukt dricker lite eller måttligt med alkohol, medan de som dricker antingen mycket alkohol eller ingen alkohol alls, äter mindre frukt. Detta är intressant, eftersom många studier antytt att ett måttligt alkoholintag sänker risken för hjärtinfarkt. Detta skulle alltså delvis kunna förklaras av hög fruktkonsumtion.

Många studier har visat att personer med höga halter av betakaroten och vitamin E (alfatokoferol) i blodet löper mindre risk att drabbas av hjärt-kärlsjukdom och cancer. Uppsats 2 och 3 i avhandlingen handlar om vad som utmärker sådana personer, eftersom stora studier har visat att man inte får bättre hälsa av att äta betakaroten. Personer med högt betakaroten visade sig äta mycket fiber och betakaroten, samt vara icke-rökare och smala. Personer med högt vitamin E tenderade däremot att vara överviktiga, särskilt med stort midjemått. De fick i allmänhet i sig mycket vitamin E, selen och vitamin C, särskilt kvinnor. När vi tittade på vilka livsmedel personerna åt, fann vi att icke-rökarna med högt betakaroten åt mycket morötter, bladgrönsaker och selentillskott, medan rökarna med högt betakaroten drack kaffe, åt tomater och tog betakarotentillskott. När det gällde högt vitamin E, verkade det bara vara kosttillskott med vitamin E och selen som hade betydelse. Detta skulle i teorin kunna betyda att rökare, som inte brukar äta mycket grönsaker, kanske håller sitt betakaroten uppe genom att dricka kaffe. 
Det finns ännu ingen riktigt bra metod för att mäta skador som orsakats av reaktivt syre i kroppen. En intressant metod som vi studerar går ut på att mäta halterna i blodet av en viss antikropp som kroppen själv tillverkar. Denna antikropp är riktad mot en viss syrebetingad skada på vårt DNA. Tanken är att halten av antikroppen skall motsvara den egentliga skadenivån. Dessutom verkar det som om kvinnor med höga antikroppsvärden löper ökad risk att drabbas av cancer inom några år. I det fjärde delarbetet såg vi att personer som dricker mycket alkohol hade fler antikroppar än andra i blodet, särskilt om de dessutom rökte. Att röka i sig verkade dock inte ge fler antikroppar, såvida man inte också råkade sakna ett skyddsenzym vid namn glutation S-transferas M1. Ungefär hälften av alla svenskar saknar detta enzym, vilket är medfött.

I femte arbetet fann vi till vår förvåning inget samband mellan halter av antikroppar och hur mycket frukt och grönsaker man äter. Inte heller fanns det något samband mellan antikroppshalter och vitamin E eller betakaroten i blod. Vi såg däremot vissa tecken på att män som äter kosttillskott med vitamin C har högre antikroppshalter än andra män. Om detta fynd inte är en slump, skulle det kunna bero på flera olika saker: antingen att vitamin C orsakar skador på vårt DNA, förbättrar kroppens förmåga att bilda antikroppar, eller förbättrar DNA-reparationen så att fler skadade DNA-fragment kommer ut i blodet.

En viktig begränsning hos dessa studier är att vi kan ha svårt att skilja på orsak och verkan när vi talar om samband mellan olika saker, eftersom vi bara mätt blodvärden, matvanor och livsstil vid ett och samma tillfälle. Det är också viktigt att komma ihåg att avhandlingen inte direkt handlar om vad som är bra eller dåligt ur hälsosynpunkt. Förhoppningen är snarare att den skall ge ökade kunskaper om vad några av de så kallade riskfaktorer för cancer, som ofta diskuteras i massmedia och annorstädes, egentligen står för, särskilt när det gäller frågan om matvanornas roll. Slutsatserna av min avhandling kan sägas vara följande:
· Låg frukt- och grönsakskonsumtion hänger samman med många riskfaktorer för cancer.

· Om man äter en viss antioxidant är det möjligt att blodnivåerna av en annan antioxidant stiger – de kan tänkas ”spara” varandra.

· Antikroppen mot skadat DNA kan förmodligen ännu inte användas för att uppskatta mängden skadat DNA, eftersom mängden av antikroppen antagligen även påverkas av immunförsvarets tillstånd.

· Hur väl våra kroppar försvarar sig mot reaktiva syrevarianter beror sannolikt på komplicerade samband mellan ålder, kön, mat-, alkohol- och tobaksvanor, ärftlighet, ämnesomsättning, samt många andra faktorer.
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� The defining feature of a radical is that it has an electron with unpaired spin, denoted by the ( symbol. Many ROS are radicals, but not all. Similarly, even if a compound is a radical, it does not follow automatically that the compound is particularly toxic and reactive. Molecular oxygen (O2), for example, is a diradical, i.e. it has two unpaired electrons.
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