


































































































































































































































































































































































































































































































Serum fatty acids and risk of breast cancer in 
a nested case-control study of the New York 
University Women's Health Study 
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Introduction 
Experimental animal studies in rodents 
(Fay et al. , 1997) indicate that 
differences in breast cancer rates are 
partly related to dietary fat intake and 
especially to the quantity and the quality 
of fat ingested. These studies suggest 
that n-6 polyunsaturated fatty acids 
(PUFA) stimulate both mammary tumour 
growth and metastasis whereas n-3 
polyunsaturated fatty acids have a 
tumour-inhibiting effect. On the contrary, 
results from epidemiological studies are 
inclusive (Hunter et al., 1996). 

We carried out a nested case-control 
study within the cohort of the New York 
University Women's Health Study 
(NYUWHS). We analyzed the fatty acid 
composition of serum phospholipids of 
women with clinically identified breast 
cancer and their matched controls. We 
focused on 22 individual fatty acids 
belonging to the four major fatty acid 
families: saturated fatty acids (SFA), 
monounsaturated fatty acids (MU FA), 

and polyunsaturated n-6 and n-3 fatty 
acids (PUFA). 

Material and methods 
Subjects 
Subjects were participants in a 
prospective cohort study on hormones, 
diet and cancer, the New York University 
Women's Health Study, between 1985 
and 1991 (Toniolo et al., 1995). In this 
study, we included subjects diagnosed 
with breast cancer 6 or more months 
after cohort recruitment and prior to 
1995. Controls were cohort members 
free of cancer, randomly selected 
among those who matched a case by 
age at recruitment (±3 months), 
menopausal status at baseline (pre- or 
postmenopausal) , date of baseline 
blood sampling (±3 months) , and 
number of blood samplings prior to a 
case's date of diagnosis. If 
premenopausal , controls were matched 
also by phase and day of the menstrual 
cycle at the time of baseline blood 

collection. One control was identified for 
each case. 

Analysis of fatty acid composition in 
serum samples 
Samples were analysed in the Nutrition 
Laboratory of the International Agency 
for Research on Cancer (IARC), Lyon, 
France. 

Lipids were extracted from serum 
samples according to the method of 
Chajes et al. (Chajes et al., 1999). 
Phospholipids were purified by 
adsorption chromatography on silica 
tubes and then converted to fatty acid 
methyl esters (FAME) using 25 µ,L of 
methyl-prep II. 

FAMEs were separated on a gas 
chromatograph (Hewlett Packard, Palo 
Alto, CA) equipped with an on-column 
injector and a capillary column (length, 
30 m; diameter, 0.32 mm, Supelco, 
Bellefonte, PA) and were identified by 
thei r equivalent chain length in 
comparison with standards (Sigma, St. 
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Table 1. Relative riske (95% confidence intervals) of breast cancer for quartiles of serum phospholipids fatty 
acid levels 

Fatty acids Menopausal status RR (95% Cl) 

Quartile Pfor trend Pfor trend 
continuous categorical 

2nd 3rd 4th variable variable 

Saturates 

14:0 Pre 0.48 (0.20-1 .14) 1.27 (0.52-3.08) 2.22 (0.78-6.31) 0.07 0.14 
Post 0.59 (0.24-1.44) 0.72 (0.28-1.88) 0.57 (0.23-1 .41) 0.62 0.37 
Total 0.59 (0.33-1 .07) 0.97 (0.52-1 .81) 0.91 (0.49-1.67) 0.27 0.86 

18:0 Pre 1.01 (0.39-2.61) 1.27 (0.51-3.28) 2.31 (0.69-7.78) 0.53 0.19 

Post 1.62 (0.64-4.11) 0.88 (0.34-2.29) 1.01 (0.42-2.47) 0.59 0.65 

Total 1.24 (0.66-2.36) 1.04 (0.55-1.97) 1.18 (0.60-2.30) 0.91 0.79 
Total SFA" Pre 0.62 (0.24-1 .71) 0.85 (0.33-2.14) 1.66 (0.56-4.89) 0.40 0.45 

Post 1.26 (0.49-3.21) 3.91 (1 .41-10.87) 1.96 (0.73-5.25) 0.05 0.09 

Total 0.89 (0.46-1.70) 1.75 (0 .92-3.34) 1.46 (0.74-2.83) 0.18 0.11 

Monounsaturates 

16:1 n-7 Pre 1.31 (0.53-3.24) 1.36 (0.55-3.37) 1.07 (0.41-2.79) 0.91 0.77 

Post 0.96 (0.37-2.36) 1.11 (0.47-2.59) 1.27 (0.54-3.09) 0.92 0.53 

Total 1.09 (0.59-1.99) 1.25 (0.69-2.27) 1.16 (0.62-2.16) 0.90 0.53 
18:1 n-9c Pre 0.41 (0.16-1 .06) 0.52 (0.18-1 .52) 0.96 (0.37-2.45) 0.24 0.91 

Post 1.18 (0.49-2.82) 2.06 (0.84-5.05) 1.84 (0.72-4.71) 0.38 0.13 

Total 0.75 (0.41-1.39) 1.25 (0.66-2.37) 1.23 (0.65-2.32) 0.41 0.33 
Total MUFAb Pre 0.44 (0.18-1.08) 0.57 (0.21-1 .58) 1.13 (0.42-3.04) 0.18 0.82 

Post 1.01 (0.42-2.44) 1.55 (0.65-3.72) 1.38 (0.55-3.49) 0.71 0.37 

Total 0.71 (0.39-1 .29) 1.02 (0.54-1 .94) 1.15 (0.60-2.18) 0.43 0.45 

Polyunsaturates 

PUFAn-6, 

18:2 n-6 Pre 1.23 (0.45-3.37) 1.25 (0.41-3.84) 1.11 (0.42-2.94) 0.97 0.93 

Post 0.91 (0.4~.36) 0.83 (0.36-1 .88) 1.04 (0.40-2.67) 0.96 0.94 
Total 1.03 (0.55-1.92) 0.99 (0.51-1 .90) 1.01 (0.52-1 .95) 0.99 0.98 

PUFA n-6, 

20: 4 n-6 Pre 0.69 (0.25-1.91) 1.68 (0.59-4. 73) 0.62 (0.23-1 .69) 0.18 0.68 
Post 0.78 (0.34-1.80) 0.61 (0.27-1 .38) 0.89 (0.40-1 .94) 0.67 0.64 

Total 0.79 (0.43-1.46) 0.99 (0.55-1.81) 0.81 (0.45-1 .47) 0.80 0.66 
Total, n-6 

PUFN Pre 1.31 (0.46-3.77) 0.73 (0.27-1 .98) 0.64 (0.22-1 .86) 0.50 0.22 
Post 1.45 (0.65-3.25) 1.09 (0.49-2.41) 0.69 (0.28-1 .73) 0.48 0.49 
Total 1.39 (0.75-2.58) 0.97 (0.53-1.78) 0.70 (0.36-1 .36) 0.23 0.20 

PUFA n-3, 

18:3 n-3 Pre 0.86 (0 .35-2.10) 1.37 (0.54-3.46) 0.97 (0.41-2.26) 0.76 0.84 
Post 1.46 (0.64-3.36) 0.86 (0.32-2.28) 0.64 (0.26-1 .57) 0.35 0.23 

Total 1.14 (0.63-2.06) 1.14 (0.59-2.15) 0.80 (0.44-1 .46) 0.65 0.48 
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Table 1 cont. Relative riske (95% confidence intervals) of breast cancer for quartiles of serum phospholipids 
fatty acid levels 

Fatty acids Menopausal status RR (95% Cl) 

Quartile Pfor trend• Pfor trend 
continuous categorical 

2nd 3rd 4th variable variable 

PUFA n-3 , 

20:5 n-3 Pre 1.09 (0.48-2.46) 0.56 (0.20-1.58} 0.82 (0.32-2.11) 0.67 0.46 

Post 0.86 (0.33-2.22} 1.14 (0.43-3.01) 0.91 (0.32-2.62) 0.90 0.99 

Total 0.95 (0.53-1.69) 0.87 (0.47-1 .63) 0.85 (0.44-1 .65) 0.96 0.61 

PUFA n-3, 

22:6 n-3 Pre 0.48 (0.19-1 .19} 0.40 (0.14-1.13} 0.83 (0.27-2.58) 0.25 0.51 

Post 1.21 (0.49-2.99) 1.23 (0.52-2.94) 0.67 (0.27-1.70) 0.47 0.41 

Total 0.76 (0.41-1.41) 0.79 (0.41-1 .49) 0.70 (0.35-1.40) 0.76 0.49 

Total , n-3 
PU FA ct Pre 0.49 (0.20-1.21) 0.51 (0.19-1.39} 0.79 (0.29-2.18) 0.35 0.52 

Post 1.30 (0.52-3.27) 1.14 (0.44-2.95) 0.68 (0.26-1 .74) 0.45 0.30 

Total 0.79 (0.43-1.44) 0.80 (0.4 H .56) 0.69 (0.35-1.34) 0.73 0.30 

Total n-3 

and n-6 Pre 0.52(0.18-1.47) 0.47 (0.17-1.26) 0.60 (0.24-1.54) 0.48 0.39 

Post 0.86 (0.39-1 .87) 0.85 (0.34--2.16) 0.42 (0.17-1.08) 0.31 0.09 

Total 0.77(0.42-1.41) 0.68 (0.36-1.30) 0.59 (0.31-1 .09) 0.42 0.09 

PUFA/SFA Pre 0.43 (0.15-1.25) 0.51 (0.19-1.30) 0.45 (0.17-1 .23) 0.37 0.21 

Post 0.98 (0.44-2.21) 0.63 (0.28-1.43) 1.17 (0.49-2.76) 0.52 0.27 

Total 1.11 (0.62-2.00) 0.82 (0.45-1.51) 0.65 (0.34--1.22) 0.34 0.12 

"Included C15:0, C16:0, C17:0 and C20:0. 
blncluded C18:1 n-9t, C18:1 n-7c and C20:1 n-9c. 
' Included C18:3, C20:2, C20:3, C22:4 and C22:5. 
dlncluded C22:5. 
•RR adjusted for age at first full-term pregnancy, family history of breast cancer, history of benign breast disease and total cholesterol. 
Pre, premenopausal women; post, postmenopausal women; Total, entire population (pre- + postmenopausal women); SFA, saturated fatty acids; 
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
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Louis, MO, USA). The relative amount 
for each fatty acid was expressed as the 
percentage of total area. 

Statistical Analyses 
In statistical analyses, the paired t test 
was used to compare anthropometric 
values of cases and controls. 
Conditional logistic regression analysis 
evaluated the association between 
fatty acid composition of serum 
phospholipids and breast cancer risk. 

Results 
The study included 197 cases and 197 
controls (182 pre- and 212 
postmenopausal women). There were 
no significant differences between cases 
and controls in age at menarche, age at 
first full-term pregnancy, age at 
menopause and body mass index. 

The odds ratio for the association 
between breast cancer and serum levels 
of different fatty acids are given in Table 1 . 

No significant associations were 
found between individual or total 
monounsaturated fatty acids and the 
risk of breast cancer. 

Neither the essential n-6 polyun
saturated fatty acid, linoleic acid, nor 
other long-chain n-6 fatty acids were 
associated with cancer risk. 

Individual n-3 fatty acids of marine 
origin, eicosapentaenoic acid (C20:5 n-3), 
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docosahexaenoic acid (C22:6 n-3), and 
other individual or total n-3 fatty acids 
were not associated with the risk of breast 
cancer. 

Overall, total polyunsaturated fatty 
acids (n-6 and n-3) were found to be 
protective for breast cancer risk. 

Total saturated fatty acids were 
positively and significantly associated 
with the risk of breast cancer after 
menopause (Pfor trends= 0.05). 

Conclusion 
In this prospective study, we examined 
the fatty acid composition of 
phospholipids in the serum of 394 
subjects in order to determine the role 
of different types of fatty acids in the 
incidence of breast cancer. Our 
results, in conjunction with other 
epidemiological studies (Howe et al., 
1990) suggest that saturated fatty acids 
are related to the risk of breast cancer 
after menopause. On the contrary, this 
study does not lend support to the 
hypothesis that n-3 fatty acids, either 
total or long-chain polyunsaturated fatty 
acids of marine origin, are protectors 
against mammary carcinogenesis. 
Further epidemiological studies on 
biomarkers of fat intake are needed in 
order to clarify the role of different 
subtypes of dietary fat in breast cancer 
development. 
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Introduction 
The etiology of multiple myeloma (MM) 
is little known. Several reports have 
indicated an increased risk associated 
with farming and agriculture (Pearce et 
al., 1986) and food processing. 
However, evidence relating the 
increased risk with the exposure to 
pesticides or with exposure to some 
virus or antigen associated with meat is 
inconsistent. Radiation and various 
chemicals, besides pesticides, and 
wood dust have been suggested as risk 
factors for myeloma (lchimaru et al., 
1982). Chronic antigenic stimulation and 
defective immune response are also 
postu lated to be of importance in 
development of myeloma. 

The aim of this study was to test the 
existing hypotheses about factors related 
to occurrence of myeloma, as well as to 
investigate the poss ible relationship 
between dietary factors and this 
malignancy. In this report only results 
relating to dietary factors are presented. 

Material and methods 
The investigation was performed in 
Belgrade (Yugoslavia) during the period 
1994-1998. The case group consisted of 
100 newly diagnosed and histologically 

Table 1. Demographic characteristics of cases and controls 

Variable Cases (n=100) 

Sex 
Male 55 
Female 45 

Age (years) 
:> 44 10 
45-54 14 
55-64 32 
65-74 39 
75+ 5 

Residential area 
Rural 24 
Urban 76 

confirmed MM patients at the Institute of 
Hematology, University Clinical Center, 
Belgrade. The same number of controls 
was recruited among hospital patients. 
About 50% of controls had ischialgia and 
the other half were patients with light 
injuries and skin infections. Cases and 
controls were interviewed by two 
physicians using a standard questionnaire 
including questions on demographic 
characteristics, habits, personal history, 
family characteristics, and consumption 
frequency of main food groups and food 
items. In the data analysis, univariate and 
multivariate logistic regression were used. 

Controls (n=1 00) 

55 
45 

7 
15 
37 
36 
5 

25 
75 

Results 
Demographic characteristics of cases 
and controls are presented in Table 1. In 
both case and control groups, there 
were 55 men and 45 women. The vast 
majority of them were 45 years old or 
older. Patients and controls lived mainly 
in urban areas. 

Out of the main food groups and food 
items (Table 2), cases more frequently 
than controls consumed meat (OR, 1.92; 
95% Cl , 0.95-3.89; P=0.051), yogurt 
(OR, 2.42; 95% Cl , 1.26-4.69; P=0.004) 
and butter (OR, 1.99; 95% Cl , 1.09-3.63; 
P=0.016). Consumption of fruit and 
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-
Table 2. Consumption of food groups and food items of cases and 

controls 

Food groups and food items Cases Controls OR (95%CI) p 

(n=100) (n=100) 

Meat, 7 times per week 31 
Milk, 7 times per week 41 
Yogurt, 4-7 times per week 42 
Cheese, 7 times per week 24 
Eggs, 4-7 times per week 35 
Fruit, 4-7 times per week 62 
Vegetables, 4-7 times per week 81 
Juice, >1 time per week 79 
Butter, > 1 time per week 57 
Sweets, > 1 time per week 75 
Nitrate-treated meat, > 1 time per week 63 
Canned food, >1 time per week 32 
Lard for food preparation 10 
Alcohol consumption 37 
Coffee consumption 84 

vegetables was more frequently reported 
by controls (OR, 0.60; 95% Cl, 
0.32-1.15; P=0.098 and OR, 0.37; 95% 
Cl, 0.14-0.96; P=0.026). There were no 
significant differences between groups 
for alcohol and coffee consumption. 

According to multivariate analysis, 
consumption of yogurt, 4-7 times per 
week, (OR, 3.12; 95% Cl, 1.64-5.96; 
P=0.001) and vegetables (with the same 
frequency of consumption) (OR, 0.37; 
95% Cl, 0.14-0.96; P=0.022) were 
associated with MM, after adjustment for 
other factors significantly related to MM 
in the present study. 

Discussion 
According to the literature, etiological 
investigation of MM in the some 
countries has placed major emphasis on 
exposure to various chemicals, 
particularly pesticides. In recent studies, 
diet has also been associated with 
lymphoid neoplasms (Tavani et al., 
1997; Brown et al., 2001). 

This study comprised 100 MM 
patients and the equal number of 
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19 1.92 (0.95-3.89) 0.051 
30 1.62 (0.87-3.04) 0.104 
23 2.42 (1.26-4.69) 0.004 
20 1.26 (0.61-2.61) 0.494 
43 0.71 (0.39-1.31) 0.246 
73 0.60 (0.32-1.15) 0.097 
92 0.37 (0.14-0.96) 0.023 
70 1.61 (0.81-3.23) 0.144 
40 1.99 (1.09-3.63) 0.016 
73 1.11 (0.56-2.19) 0.747 
54 1.45 (0.79-2.66) 0.196 
29 1.15 (0.60-2.20) 0.645 
10 1.0(0.36-2.75) 1.00 
30 1.37 (0.73-2.58) 0.294 
79 1.40 (0.64-3.04) 0.362 

controls. With respect to yogurt as a risk 
factor for multiple myeloma, cases in the 
present study consuming not only 
yogurt, but also milk, butter and meat 
more frequently than controls could 
point to animal fat as a dietary factor 
related to MM. An elevated risk of non
Hodgkin lymphoma was found among 
men with high milk consumption in 
Nebraska (Ward et al. , 1994) as well as 
in the study of Tavani et al. (1997). In 
this latter study, butter intake was also 
an indicator of the risk of myeloma. The 
association found between animal fat 
and some other malignant diseases is 
most probably affected through changes 
in the hormonal environment. It is also 
known that some hormones have a 
strong influence on the immune system 
(Hunt, 1992). The protective effect of 
fruit and vegetable consumption has 
been suggested for many malignant 
diseases. In a population-based 
case-control study of MM in three areas 
of the United States, Brown et al. (2001) 
found that a reduced risk of MM was 
related to frequent intake of cruciferous 

vegetables (OR, 0.7; 95% Cl, 0.6-0.99) 
in both races combined, and vitamin C 
supplements in whites (OR, 0.6; 95% Cl 
0.5-0.9) and blacks (OR, 0.8; 95% Cl, 
0.5-1.4). In the investigation of Tavani et 
al. (1997), the highest tertile of intake of 
beta-carotene was inversely related to 
lymphoid neoplasms. 

Despite the relatively small number of 
cases and controls in the present study 
and drawbacks of investigations based 
on retrospective data and the use of 
frequency instead of quantitative diet 
history method, the results obtained are 
in accordance with other investigators. 
Additional studies are needed to confirm 
these findings. 
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Body weight, physical activity and cancer 
Overvad K. 
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DK-8000 Aarhus C, Denmark. 

Recently an IARC Handbook of Cancer 
Prevention was prepared addressing the 
importance of obesity and physical 
activity in cancer development, to be 
published in the year 2002. The most 
important aspects of body build and 
physical activity have not yet been 
identified and the causal pathways 
linking body build, physical activity and 
diet are very complex, as was also 
illustrated during this conference. 

Physical activity is reported to be 
important in the development of cancer 
in the colon, breast and lung (World 
Cancer Research Fund, 1997). Physical 
activity is an important determinant of 
body weight and therefore presumably 
also important in the development of 
other cancers where obesity is a risk 
factor. In the context of a conference on 
nutrition and cancer, physical activity is 
therefore a potential confounder in 
studies on diet and cancer in the colon, 
breast, lung and possibly other organs. 

Obesity is presumably important in 
the development of cancer in the 
endometrium, breast, colon, kidney and 
oesophagus (World Cancer Research 
Fund, 1997). When studying the 
importance of diet in the development of 
cancer in these organs, obesity is often 
considered an important confounder to 
be controlled for in the data analyses. 
Diet is, however, also important in 
weight control and in the development of 
obesity. In studies on diet and cancer, 

obesity thus appears as both a potential 
confounder and as a possible 
intermediate variable between diet and 
cancer. Therefore, the results of 
statistical analyses must be interpreted 
carefully. Results regarding associations 
between diet and cancer may be biased 
due to confounding from obesity. 
Controlling for confounding in 
multivariate analyses eliminates 
confounding from obesity from other 
etiologies but also eliminates the 
possible causal pathway from diet 
through obesity to cancer. The results of 
the bivariate analyses and the 
multivariate analyses thus no longer 
reflect the same biological setting. The 
bivariate analyses reflect all possible 
mechanisms from diet to cancer 
whereas the multivariate analyses 
reflect the associations between diet 
and cancer through mechanisms other 
than those involving body weight. 

Physical activity and obesity are 
presumably also independent risk 
factors for cancer development. 
Physical activity is a complex exposure 
and aspects such as duration, frequency 
and intensity of the activity have been 
investigated. It has not been well 
established, however, which of these 
are the most important aspects in 
cancer development. Furthermore, 
assessing levels of physical activity 
either by questionnaires or by diaries is 
difficult and only recent calibration 

studies using heart rate monitors or 
accelerometers provide insight into the 
validity of the exposure assessment. 

When studying the importance of 
physical activity in cancer development, 
both obesity and diet often have to be 
taken into account. As in its relation to 
diet, obesity may appear both as a 
potential confounder and as an 
intermediate variable between physical 
activity and cancer. Obesity thus has to 
be taken into account, considering the 
statistical analyses and the 
interpretation of the results in detail. 
Furthermore, some studies have 
indicated that obesity may also modify 
the importance of physical activity in 
cancer development (Thune et al., 
1997). 

The importance of diet is often 
considered, taking into account total 
energy intake in analyses also including 
variables of gender and age as well as 
measures of height and weight. When 
studying physical activity including these 
variables, the statistical modelling and 
interpretation of the results must be 
considered carefully. In a multivariate 
model, the variations in physical activity 
are now variations in disease risk 
between individuals of the same gender 
and age, with the same body build and 
with the same total energy intake. If the 
variables are simply included in the 
model together with measures of 
physical activity the variable physical 

235 



Nutrition and lifestyle: opportunities for cancer prevention 

activity no longer describes the 
importance of physical activity but more 
likely, given that the participants have a 
stable weight, the importance of the 
metabolic efficiency. In this situation, the 
bivariate analyses and the multivariate 
analyses thus assess the importance of 
completely different exposures. 

In studies regarding body build and 
cancer, a number of anthropometric 
measures have been used, including 
height and weight in absolute terms and 
changes in weight, together with ratio 
measures such as BMI and the waist
hip ratio . Skin folds and waist 
circumferences have been measured 
and recently assessment of lean body 
mass, total fat mass or fat percentages 
based on bioelectrical impedance 
measurements have been introduced. 
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The many different anthropometric 
measures used illustrates the 
complexity of describing body build and 
also the uncertainty about the most 
relevant mechanisms regarding the 
importance of body build in cancer 
development. 

Despite the relatively strong 
conclusions and the suggested 
population attributable risks assigned to 
excess body weight and physical activity 
in the coming IARC Handbook of 
Cancer Prevention, there is still a need 
for further studies. Hopefully, the large 
populations included in the EPIC studies 
and the substantial variation in body 
build, levels of physical activity, and 
dietary habits will provide further insight 
into this complex and seemingly 
important area of research 
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Introduction 
Cancer of the breast is the most 
common cancer and the most common 
cause of death from cancer in women, 
and the third most common cancer 
overall. Cancer of the colon and rectum 
is the fourth most common cancer and 
cause of death from cancer, throughout 
the world. Greater adult height, obesity 
and low physical activity are often cited 
as risk factors for both types of cancer 
(for review see World Cancer Research 
Fund, 1997). In this book, data until the 
mid-1990s are reviewed in a very 
comprehensive way. The purpose of the 
present paper is to extend the review of 
published reports on the association 
between anthropometry, physical 
activity and cancer of the breast and 
colon, up to 2000. Anthropometric 
variables were height, body mass index 
(BMI) and waist-hip ratio (WHR). 
Physical activity was reported 
separately for activity at work and during 
leisure time. 

Methods 
A structured search (e.g. Pub Med) and a 
review of original reports on 
anthropometry and/or physical activity in 
relation to one or both cancers, published 
until 2000, was carried out. For breast 
cancer, the analyses were divided into 
pre- and postmenopausal cancers. 
Where possible, physical activity was 

divided into physical activity at work and 
during leisure time. Colon cancer and 
rectal cancer were kept separately 
if so reported. Where appropriate, 
case-control and cohort studies are 
presented separately. Due to the limited 
space al lowed, this presentation only 
gives examples of central publications 
between 1995 and 2000 in an attempt to 
analyse new data adding to the picture 
given in the above-cited review. The 
structured analyses followed the scheme 
presented in the 1997 review. It should, 
thus, be understood that this work deals 
with a simplified review of the literature, 
adding a more specific review of more 
recent date. 

Results 
Height and risk of breast cancer 
In some early cohort studies, height was 
found to be positively associated with 
risk of breast cancer (de Ward 1974; 
Vatten & Kvinnsland, 1990), with a risk 
ratio of approximately 2 for a 15-20 cm 
increase in height. The Harvard Pooling 
Project - the largest anthropometric 
study of risk of breast cancer so far -
confirmed these findings (van den 
Brandt, 2000). This large nested case 
(n=4385)-control (10:1) study pooling 
seven cohorts showed a positive 
relationship between height and risk of 
breast cancer both in premenopausal 
and postmenopausal women, although 

Table 1. Data from the Harvard Pooling Projecta 

Anthropometric Premenopausal Postmenopausal 
variable women women 

RR Ptor trend RR Ptor trend 

Height (m) >1 .75 vs <1 .60 1.42 0.41 1.22 0.001 
Weight (kg) >80 vs < 60 0.58 0.02 1.25 0.003 
BMI (kg/m2) >33 vs <21 0.58 0.007 1.27 0.001 

"This is a nested case (n=4385)-control (10:1) study of seven large cohorts. Adjustments were made for 
menopausal status, age at menarchy, parity, age at birth of first child, hormonal replacement therapy, oral 
contraceptive drugs, benign breast disease, maternal history of breast cancer, breast cancer in sister, 
smoking, education, body mass index or height and intake of fat, fibre, energy and alcohol (From van den 
Brandt, 2000). 
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the P for trend was significant only in 
postmenopausal women (Table 1 ). 

BM/ and risk of breast cancer 
A large number of early case-control 
studies have examined BMI in relation to 
risk of breast cancer. The majority of 
these studies show an association 
between degree of obesity and risk in 
postmenopausal women. Several of the 
studies in premenopausal women 
indicate a decreased risk of breast 
cancer in obese women (World Cancer 
Research Fund, 1997). This inverse 
relationship between BMI and 
premenopausal breast cancer could be 
due to an effect of obesity on 
anovulatory cycles, in turn associated 
with decreased risk of breast cancer. For 
postmenopausal women, obesity may 
increase risk by affecting estrogen levels 
through increased conversion in adipose 
tissue. 

The Harvard Pooling Project also 
analysed BMI in relation to breast 
cancer risk (van den Brandt, 2000). In 
premenopausal women, weight and BMI 
were both inversely associated with 
risk of breast cancer, while in 
postmenopausal women the relationship 
was significantly positive (Table 1 ). Most 
relevant confounders were adjusted for 
with little evidence of interactions. 

WHR and risk of breast cancer 
This association was examined in the 
Nurses Health Study (Huang et al. , 
1999). Over a 6-year period of follow-up, 
1037 invasive breast cancers were 
gathered. WHR was found to be 
significantly associated with risk in 
postmenopausal women , especially 
those who had never taken hormone 
replacement therapy. There was no 
significant relationship among HAT 
users or among premenopausal women. 

Weight gain and risk of breast 
cancer 
Several cohort studies (Barnes-Josiah 
et al. , 1995; Huang et al., 1996) have 
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Table 2. Data from the Health Professionals Studya 

Anthropometric 
variable RR P for trend RR Pfor trend 

BMI (kg/m2) as vs a1 1.82 0.001 1.48 0.02 

Height (m) as vs a1 1.96 0.002 1.76 0.02 
WHR ( cm) as vs a 1 3.41 0.02 

Physical as vsa1 0.44 0.002 0.S3 0.03 
activity (METs) 

•This study of male health professionals performed a baseline examination during 1986 and had a 6-year 
follow-up yielding 203 cases of colon cancer. Physical activity was expressed in metabolic equivalents 
(METs) (From Giovannucci et al., 1995). 

RR, relative risk adjusted for age; multivariate RR, adjusted for BMI , physical activity, age, history of 
endoscopic screening or polyp diagnosis, parental history of colorectal cancer, pack-years of smoking, 
aspirin use, and intake of folate, alcohol, dietary fibre, red meat, and total energy; Q, quintile. 

shown a positive association between 
adult weight gain and risk of breast 
cancer. Recent analyses from The 
Malmo Diet and Cancer Study confirm 
the significant association between 
weight gain and risk of breast cancer 
(Lahmann et al., unpublished data). 

Physical activity and risk of breast 
cancer 
In the NHANES-1 (Albanes et al., 1989), 
a cohort study with a mean follow-up 
time of 10 years with 122 cases of 
postmenopausal breast cancer, 
nonrecreational physical activity (quite 
inactive vs very active) was significantly 
associated with the risk of breast cancer. 
The Nurses' Health Study II (Rockville et 
al., 1998) studied women aged 25-42 at 
entry during 6 years of follow-up , 
yielding 372 premenopausal breast 
cancer cases. Recreational physical 
activity was determined in high school , 
between age 18 and 22 and current 
physical activity at baseline 
examination. The authors found no 
significant relationship between any of 
these measures of recreational physical 
activity and risk of breast cancer. The 
Nurses' Health Study I (Rockhill et al., 
1999) found, however, a modest but 
significant protection from physical 

activity in mainly postmenopausal 
women, RR 0.82 (0.70-0.97) with a P 
for trend of 0.004. The very large 
Swedish Nationwide cohort study 
(Moradi et al., 1999), where physical 
demand at work defined by type of 
occupation was used as a proxy for 
physical activity, showed that jobs with 
higher physical demand protected from 
breast cancer. However, the association 
disappeared when adjusted for socio
economic factors. The Iowa Women's 
Health Study (Moore et al., 2000) 
confirmed a protective effect of physical 
activity in postmenopausal women. 

Height and risk of colon cancer 
Two major studies The NHANES 
(Albanes et al., 1988) and The Nurses' 
Health Study (Chute et al., 1991) both 
found significant positive relationships 
between adult height and risk of colon 
cancer (RR 04 versus 01 , varying 
between 1.6 and 2.1) in men and 
women . It is noteworthy that most 
case-control studies have not shown 
significant associations (World Cancer 
Research Fund, 1997). 

BM/ and risk of colon cancer 
It has been suggested that excess body 
weight increases risk of colon cancer, 



but the study results are not consistent. 
Some cohort studies (e.g. Nomura et al. , 
1985) and also some case-control 
studies (Peters et al., 1989; 
Gerhardsson de Verdier, 1990; Le 
Marchand, 1994) have found that men 
with high BMI (upper quartile) have a 
significant (twofold) increase in risk of 
colon cancer. However, there have been 
other studies (Thun et al., 1992; Kune et 
al., 1990) who could not find an 
association. 

Data for women are less consistent. 
One cohort study (Chute et al., 1991) 
was unable to find a significant 
relationship while two other cohort 
studies (Bostick et al., 1994; 
Gerhardsson de Verdier, 1990) found 
significant positive associations, the 
latter for both right and left colon but not 
for rectal cancer. 

WHR and risk of colon cancer 
In the Iowa Women's Health Study 
(Bostick et al., 1994), the WHR was not 
found to be significantly associated with 
colon cancer during a 4-year follow-up 
rendering 212 cases of colon cancer. A 
similar study in male health 
professionals (Giovanucci et al., 1995), 
the WHR was strongly and positively 
associated with risk of colon cancer (RR 
05 versus 01, 3.41 (1 .52-7.66, P for 
trend 0.001) even after adjustment for 
possible confounders. Data from The 
Malmo Diet and Cancer Study 
(Lahmann et al., unpublished data) 
points in the same direction. 

Physical activity and risk of colon 
cancer 
The majority of both case-control and 
cohort studies have shown a significant 
protective effect of high physical activity 
at work and during leisure time (for 
review, see World Cancer Research 
Fund, 1997). Occupational studies have 
examined physical activity during usual 
lifetime occupation, while leisure-time 
activity studies have examined activity 
long before diagnosis. High levels of 
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physical activity throughout life seem to 
carry the lowest risk of colon cancer. 
Analyses of specific associations with 
various subsites hint at a relationship 
that is stronger for distal than for 
proximal colon cancer. Evidence for a 
decreased risk of cancer of the rectum in 
subjects with high physical activity is not 
as clear as that for colon cancer (see 
World Cancer Research Fund, 1997). 

A number of recent studies add to 
the above picture. The Health 
Professionals Follow-up Study 
(Giovanucci et al. , 1995) analysed the 
association of physical activity and risk 
of colon cancer in 203 cases. Physical 
activity during leisure time (05 versus 
01) decreased age-adjusted risk 
significantly (RR, 0.44; 0.27-0. 71; P for 
trend 0.002). Even after adjustment for 
other possible confounders, the 
association was significant (RR, 0.53; 
0.32-0.88, P=0.03). The association 
found was significant only for distal 
colon cancers. The Nurses' Health 
Study (Martinez et al., 1997) reported 
87 cases of colon cancer during 6 
years of follow-up. They found a 
significant inverse relationship between 
physical activity and incidence of colon 
cancer (RR, 0.54; 0.33-0.90) after 
multivariate adjustments including BMI. 
The association was limited to distal 
colon. The Physicians' Health Study 
(Lee et al. , 1997) gathered 217 cases 
of colon cancer over 11 years of follow
up. They found no significant 
relationship between leisure-time 
activity and risk of colon cancer 
(RR, 1.1 ); it was nonsignificant after 
adjustment for age, BMI and alcohol 
intake. When using a compound 
variable of physical activity at baseline 
and after 36 months, the findings were 
similar. The recent publication from The 
ATBC Cancer Prevention Study 
(Colbert et al., 2001) regarding 12 
years of follow-up of male Finnish 
smokers yielding 152 colon cancer 
cases, found that both light and 
moderate/heavy occupational physical 

activity decreased risk of distal but not 
proximal colon cancer. The authors 
found no significant relationship with 
leisure-time physical activity. 

Comments and Conclusions 
Adult height seems to be positively 
associated with risk of breast cancer, 
with a doubling of the risk with a 15-20 
cm increase in height. Some studies 
indicate a stronger relationship in 
postmenopausal women but this needs 
to be further studied. The mechanism by 
which the association works is not clear. 
Rapid growth at a young age leading to 
early menarchy has been suggested. 
However, early menarchy is often 
associated with shorter adult stature and 
hence would not fit into the proposed 
mechanism. The relationships between 
early menarchy, adult height and risk of 
breast cancer deserve further research, 
where also socio-economic status is 
taken into account. 

BMI is negatively associated with 
premenopausal breast cancer risk 
and positively associated with 
postmenopausal risk. An inverse 
relation between BMI and risk of breast 
cancer might be due to the effect of 
obesity on anovulatory cycles. For 
postmenopausal women , on the 
contrary, obesity may increase risk by 
increasing levels of endogenous 
estrogens. However, the metabolic 
consequences of obesity with an 
increase in several growth factors that 
might influence the progression of 
breast tumours deserve further studies. 

WHR, waist circumference and 
weight gain are less studied in relation to 
breast cancer risk but the overall 
findings favour a positive association in 
postmenopausal women, especially 
those taking oral contraceptive therapy. 
In the majority of studies, high physical 
activity seems to protect against 
breast cancer, especially among 
postmenopausal women . However, the 
association is reduced when adjusted 
for socio-economic variables and further 
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analyses are needed before the 
questions can be answered . The 
mechanisms through which the 
protection occurs are not known, but 
biological pathways involving decreased 
levels of estrogens has been suggested. 

Height is positively and significantly 
associated with risk of colon cancer in 
both men and women in a majority of 
cohort studies, while positive 
associations have been more difficult to 
find in case-control studies. The 
mechanism by which adult height is 
related to risk of colon cancer is far from 
established, although the same 
hypothesis as for breast cancer - rapid 
growth at a young age - has been 
suggested. 

High adult BMI seems to increase 
risk of colon cancer both in cohort and in 
case-control studies. The relationship 
seems to be stronger for the left than for 
the right colon, while most studies show 
no significant association with rectal 
cancer. The data are more consistent for 
men than for women and less consistent 
for childhood BMI. In studies where 
adjustments for physical activity and 
dietary factors have been made, these 
adjustments seem to have little effect on 
the strength of the associations. The 
same seems to be true for abdominal 
obesity - reflected by a high adult WHR 
- which also is positively associated with 
colon cancer and whE;)re adjustments for 
physical activity and diet had only minor 
effects. 

Lastly, physical activity, whether 
reflected by occupational or recreational 
activity, seems to be inversely related to 
risk of colon cancer, although the 
findings vary somewhat between 
studies. The relation is stronger for the 
left than for the right colon and there 
seems to be no significant relationship 
to rectal cancer. 

Thus , there is rather strong 
epidemiological evidence indicating that 
tall height, obesity and low physical 
activity increase the risk of 
postmenopausal breast cancer and 
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colon cancer. This review of publications 
since 1995 strengthens this picture. 

References 
Albanes, D., Jones, D.Y., Schatzkin, A., 
Micozzi , M.S. & Taylor, P.R. (1988) Adult 
stature and risk of cancer. Cancer Res., 
48, 1658-1662 

Albanes, D., Blair, A. & Taylor, P.R. (1989) 
Physical activity and risk of cancer in the 
NHANES I population. Am. J. Public 
Health, 79, 744- 750 

Barnes-Josiah, D., Potter, J.D., Sellers, 
T.A. & Himes, J.H. (1995) Early body size 
and subsequent weight gain as predictors 
of breast cancer incidence. Cancer, 6, 
112-118 

Bostick, R.M., Potter, J.D., Kushi, L.H., 
Sellers, T.A. , Steinmetz, K.A., McKenzie, 
D.R., Gapstur, S.M. & Rolsom, A.R. (1994) 
Sugar, meat, and fat intake, and non
dietary risk factors for colon cancer 
incidence in Iowa women (United States). 
Cancer Causes Control, 5, 38-52 

Chute, C.G., Willett, W.C. , Colditz, G.A. , 
Stampfer, M.J. , Baron, J.A., Rosner, B. & 
Speizer, F.E. (1991) A prospective study of 
body mass, height, and smoking on the 
risk of colorectal cancer in women. Cancer 
Causes Control, 2, 117-124 

Colbert, L.H ., Hartman, T.J., Malila, N. , 
Limburg, P.J ., Pietinen, P. , Virtamo, J. , 
Taylor, P.R. & Albanes, D. (2001) Physical 
activity in relation to cancer of the colon 
and rectum in a cohort of male smokers. 
Cancer Epidemiol. Biomarkers Prev. , 10, 
265-268 

De Waard, F. & Baanders-van Halewijn, 
E.A. (1974) A prospective study in general 
practice on breast-cancer risk in 
postmenopausal women. Int. J. Cancer, 
14, 153-160 

Gerhardsson de Verdier, M., Hagman, U. , 
Steineck, G. , Rieger, A. & Norell, S.E. 
(1990) Diet, body mass and colorectal 
cancer: a case-referent study. Int. J. 
Cance~ 46, 832-838 

Giovannucci , E. , Ascherio, A. , Rimm, E.B., 
Colditz, G.A. , Stampfer, M.J. & Willett, 
W.C. (1995) Physical activity, obesity, and 
risk for colon cancer and adenoma in men. 
Ann. Intern. Med., 122, 327-334 

Huang, Z. , Hankinson, S. , Colditz, G., 
Stampfer, M., Hunter, D. , Manson, J., 
Hennekens, C., Speizer, F. & Willett, W. 
(1996) Body mass index, weight change 
and risk of breast cancer among women. 
Am. J. Epidemiol., 143, S85 

Huang, Z., Willett, W.C., Colditz, G.A., 
Hunter, D.J., Manson, J.E. , Rosner, B., 
Speizer, F.E. & Hankinson, S.E. (1999) 
Waist circumference, waist:hip ratio, and 
risk of breast cancer in the Nurses' Health 
Study. Am. J. Epidemiol. , 150, 1316-1324 

Kune, G.A. , Kune, S. & Watson, L.F. 
(1990) Body weight and physical activity 
as predictors of colorectal cancer risk. 
Nutr. Cancer, 13, 9-17 

Lee, l.M., Manson, J.E., Ajani, U., 
Paffenbarger, R.S. Jr., Hennekens, C.H. & 
Suring, J.E. (1997) Physical activity and 
risk of colon cancer: the Physicians' Health 
Study. Cancer Causes Control, 8, 568-574 

Lee, l.M., Manson, J.E. , Ajani , U. , 
Paffenbarger, R.S. Jr., Hennekens, C.H. & 
Bu ring , J.E. (2001) Physical activity and 
breast cancer risk: the Women's Health 
Study. Cancer Causes Control, 12, 
137-1 45 

Le Marchand, L. , Wilkens L.R. & Mi, M.-P. 
(1994) Obesity in youth and middle age 
and risk of colorectal cancer in men. 
Cancer Causes Control, 3, 349-354 

Martinez, M.E. , Giovannucci, E., 
Spiegelman, D., Hunter, D.J., Willett, W.C. 
& Colditz, G.A. (1997) Leisure-time 
physical activity, body size, and colon 
cancer in women. J. Natl. Cancer Inst., 89, 
948-955 

Moore, D.B., Folsom, A.R. , Mink, P.J., 
Hong, C.P., Andersson, K.E. & Kushi , L.H. 
(2000) Physical activity and incidence 
of postmenopausal breast cancer. 
Epidemiology, 11, 292-296 

Moradi, T., Adami, H.O., Bergstrom, R., 
Gridley, G., Wolk, A. , Gerhardsson, M., 
Dosemeci , M. & Nyren , 0. (1999) 
Occupational physical activity and risk for 
breast cancer in a nation-wide cohort study 
in Sweden. Cancer Causes Control, 10, 
423-430 

Nomura, A. , Heilbrun, L.K. & 
Stemmermann, G.N. (1985) Body mass 
index as a predictor of cancer in men. J. 
Natl. Cancer Inst., 74, 319-323 



Peters, R.K., Garabrant, D.H., Yu, M.C. & 
Mack, T.M. (1989) A case-control study of 
occupational and dietary factors in 
colorectal cancer in young men by subsite. 
Cancer Res., 49, 5459-5468 

Rockhill , B., Willett , W.C ., Hunter, D.J., 
Manson , J.E., Hankinson , S.E., 
Spiegelman, D. & Colditz, G.A. (1998) 
Physical activity and breast cancer risk in a 
cohort of young women. J. Natl. Cancer 
Inst., 90, 1155-1160 

Rockhill, B., Willett, W.C., Hunter, D.J., 
Manson, J.E., Hankinson, S.E. & Colditz, 
G.A. (1999) A prospective study of 
recreational physical activity and breast 

Anthropometry, physical activity and cancer of the breast and colon 

cancer risk. Arch. Intern. Med., 159, 
2290-2296 

Thun, M.J., Calle, E.E., Namboodiri , M.M., 
Flanders, W.D., Coates, R.J., Byers, T., 
Boffetta, P. , Garfinkel , L. & Heath, C.W. Jr. 
(1992) Risk factors for fatal colon cancer in 
a large prospective study. J. Natl. Cancer 
Inst., 84, 1491-1500 

Van den Brandt, P.A. , Spiegelman, D., 
Yaun, S.S., Adami, H.O. , Beeson, L., 
Folsom, A.R. , Fraser, G., Goldbohm, R.A. , 
Graham, S. , Kushi, L. , Marshall , J. R., 
Miller, A.B., Rohan, T., Smith-Warner, S.A. , 
Speizer, F.E., Willett, W.C., Wolk, A. & 
Hunter, D.J. (2000) Pooled analysis of 

prospective cohort studies on height, 
weight, and breast cancer risk. Am. J. 
Epidemiol. , 152, 514-527 

Vatten, L.J. & Kvinnsland, S. (1990) Body 
mass index and risk of breast cancer. A 
prospective study of 23 826 Norwegian 
women. Int. J. Cancer, 45, 440-444 

World Cancer Research Fund and 
American Institute for Cancer Research . 
(1997) Food, Nutrition and the Prevention 
of Cancer: A Global Perspective, 
Washington, D.C. , American Institute for 
Cancer Research 

241 





Leisure-time sport physical activity and 
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Purpose 
The objective of the present work is to 
evaluate the consumption of food 
groups according to levels of vigorous 
leisure-time physical activity seen within 
the EPIC cohort of Spain at recruitment 
(EPIC Group of Spain, 1994). 

Methods 
The EPIC cohort of Spain is composed 
of 25 813 females and 15 634 males, 
29-69 years of age, and with an 
average age of 50.9 (SD±7.2) and 48.4 
(SD±8.4) years, respectively. 
Participants were healthy volunteers, 
mainly blood donors. In the data 
analyses we only included those people 
who declared that they had not had 
dietary changes during the year up to 
the interview and those with all 
anthropometric measures performed, 
resulting in 37 287 people (90% out of 
the entire cohort) as suitable for 
inclusion. 

We used a validated questionnaire of 
physical activity (Pols et al., 1997) to 
measure the weekly frequency and 
duration of different kinds of sport 
activities. Following previous work 
(Matthews et al., 1997), we categorized 
the cohort members exclusively by their 
weekly time spent on physical sport 
activities. Thus, we considered inactive 

those people who accumulated :::; 30 
min/week of physical activity and active 
those who completed > 30 min/week. 
Furthermore, the latter were split into 
three progressively active categories of 
physical activity: a) low: 30 min to 2 
h/week, b) moderate: 2-3h/week and, 
c) intensive: > 3h/week. 

For dietary assessment, we used a 
validated diet history questionnaire 
(EPIC Group of Spain, 1997) that 
included all items eaten with a frequency 
of at least twice a month. It is structured 
by meals and administered by trained 
nutritionists. 

Anthropometric indexes measured 
were body mass index (BMI: weight 
(kg)/height (m)2) and waist:hip ratio 
(calculated by taking into account both 
circumferences and expressed without 
units). 

Other non-dietary factors included in 
the analyses were age, percentage of 
people with secondary or university 
studies, percentage of people involved 
in sedentary work, current smoking, 
high-excessive drinking (Encuesta 
Nacional de Salud, 1993) (~ 526 ml of 
pure alcohol/week), and whether they 
had had previous chronic diseases such 
as acute myocardial infarction, angina 
pectoris, stroke, cerebrovascular 
diseases, high blood pressure, 

hyperlipidemia and diabetes mellitus. 
We tested differences in food intake 

according to physical activity duration by 
means of an analysis of variance and 
an analysis of covariance adjusted 
for confounding factors (age, BMI , 
current smoking, high-excessive 
alcohol drinking, secondary and higher 
education , and sedentary physical 
activity at work). Linear increases or 
decreases in food intake across physical 
activity levels were tested by means of a 
regression analysis. 

Results 
Physical inactivity (0-0.5 h/week) was 
significantly associated with older age, 
higher waist/hip ratio and lower 
level of education, current smoking, 
high-excessive alcohol drinking, 
sedentary physical activity and having 
had previous diseases (Table 1 ). BMI 
decreased significantly and steadily 
from lowest to highest physical activity 
categories, being extremely high on 
average (mean: 28; SD ± 4.2). These 
findings hold for both genders except for 
current smoking, which was less 
frequent among sedentary women. 

Food group intakes showed a 
different pattern across different 
physical activity levels. Thus, more 
vegetables (men, from 233.9 g/day in 

243 



Table 1. Distribution of subjects: characteristics according to levels of sport physical activity: mean (SD) and frequency (%) 
comparisons 

Males Females 
0-0.5 0.5-2 2-3 >3 Total Sport physical 0-0.5 0.5-2 2-3 >3 Total 
(n=10 382) (n=1548) (n=686) (n=1612) (n=14 228) activity (h/week) (n=18 258) n=2280) (n=1172) (n=1349) (n=14 228) 

51 .5 (7.2) 48.9 (6.9)b 49.4 (7.0)b 49.3 (7.2)b 50.9 (7.2)C Age (years); 48.9 (8.4) 46.9 (8.2)b 46.9 (8.2)b 46.5 (8.1)b 48.4 (8.4)C 

mean (SD) 

28.7 (3.4) 27.8 (3.1)b 27.7 (3.0)b 27.6 (3.7)b 28.4 (3.4)C BMI (m/kg2); 28.5 (4.8) 26.6 (4.1)b 26.3 (3.8)b 26.3 (4.3)b 28.1 (4.7)C 

mean (SD) 

0.95 (0.56) 0.93 (0.50)b 0.93 (0.49)b 0.92 (0.58)b 0.95 (0.57)C Waist:hip ratio; 0.83 (0.78) 0.81 (0.61 )b 0.81 (0.58)b 0.80 (0.61 )b 0.82 (0.75)C 

mean (SD) 

17.7 32.9 35.7 37.1 22.4C ;:: Secondary 12.4 23.5 22.9 30.1 15.1 ° 

education(%) 

30.4 42.2 44.6 42.4 33.7° Sedentary PA 11 .6 17.9 14.2 18.5 12.7° 

at work(%) 

32.0 29.2 28.7 26.1 30.9° Current smoking (%) 17.6 22.6 22.0 24.9 18.8° 

17.7 16.1 13.0 13.2 16.8° High-excessive 0.3 0.1 0.1 0.4 0.3° 

alcohol(%) 

46.5 40.0 37.4 38.4 44.4° Concurrent 35.1 26.5 23.2 25.3 33.0° 

diseases•(%) 

0.0 (0.01) 1.5 (0.5)b 2.9 (0.2)b 6.8 (4.1)b 1.1 (2.6)C Sport physical activity 0.0 (0.1) 1.5 (0.4)b 2.9 (0.2)b 6.2 (4.0)b 0.7 (1 .8)" 

(h/week); mean (SD) 

•Acute heart attack, angina, stroke, other ischaemic or haemorragic cerebral accidents, high blood pressure, hyperlipidaemia, diabetes. 
b?:;, 0.05 for ANOVA comparing the mean value of each PA category with that of the reference level (Q--0.5) . 
<Significant (?:;, 0.05) linear trend tests across means and, for percentages, overall chi-square significance tests. 
SD, standard deviation; PA, physical activity. 



Leisure-time sport physical activity and dietary intake of foods in Spain 
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Figure 1 
Mean intake of different food groups (g/day) for males according to levels of sport physical activity 
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'Significant (P< 0.05) linear trend tests across means adjusted by age, BMI, current smoking, high-excessive 
alcohol drinking, secondary and higher education and sedentary physical activity at work. 

Figure 2 
Mean intake of different food groups (g/day) for females according to levels of sport physical activity 

0-0.5 h/week of sport physical activity to 
281 .3 g/day in >3 h/week), fruit, fish, 
dairy products and cheese were taken 
with increasing physical activity. 
Physically active people ate less 
tubercles, pulses, meat and cereals, and 
similar quantities of added fats than less 
active people. The average gender
weighted percentage change in the 
intake of some food groups increased 
when moving from the lowest levels of 
physical activity to the highest; this 
increase was 15.9% for vegetables, 9% 
for fish, 6.7% for fruit, and 5.6% for 
dairy products (Fig. 1 gives information 
separately by gender). 

The comparisons across levels of 
intake remained significant when the 
other possible confounding factors were 
adjusted (age, BMI, current smoking, 
high-excessive alcohol drinking, 
secondary and higher education, and 
sedentary at work), and showed a linear 
trend (P<;, 0.05) of increasing or 
decreasing intake with increasing 
physical activity. Further adjustment by 
total energy intake did not change the 
results appreciably; thus, the final 
adjusted model did not include total 
energy intake as an independent term. 

Total energy intakes were similar 
across different physical activity levels 
(<2% change in total energy intake 
between extreme physical activity 
categories) . 

Conclusions 
Differences between physical activity 
groups are more qualitatively (food 
groups) than quantitatively (kilocalories) 
driven, with caloric intake apparently 
similar across different demanding 
levels of physical activity. People 
engaged in sport physical activity follow 
healthier lifestyles, with a greater 
possibility for changing their dietetic 
habits in a healthier way. 
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Energy intake, energy expenditure and BMI 
influence the risk of endometrial cancer in a 
prospective study in Norway 
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Background 
Endometrial cancer is the sixth most 
common cancer among women 
worldwide and the incidence is 
increasing in the Nordic countries. 
Migrant studies indicate that lifestyle 
influences the risk of this malignancy. 
The female sex hormones are thought 
to be the most important effectors, with 
the potential to induce malignant 
transformation of the endometrial 
glandular cells when present at serum 
concentrations above the physiologically 
optimal level in certain sensitive periods 
of a woman's life. Inactivity, high body 
weight and weight gain might contribute 
to an unfavourable hormonal profile 
(Jasienska & Thune, 2001) and have 
been associated with increased risk of 
endometrial cancer in cohort studies (Le 
Marchand et al. , 1991; Moradi et al., 
1998; Terry et al., 1999; Thune & 
Furberg, 2001 ). However, several 
aspects of these associations remain to 
be clarified, including the impact of body 
size in different periods of life and the 
independent effect of physical activity. 

Aim 
The aim of this study was to determine 
whether energy intake, energy 
expenditure and body mass index (BMI) 

independently influence the risk of 
endometrial cancer in a general 
population. 

Materials and methods 
The women included in our study 
participated in a population-based 
screening survey conducted between 
1977 and 1983 in three counties of 
Norway. A total of 31 209 women aged 
20-54 years participated in this survey. 
The response rate was 90.8%. 

Energy intake was estimated from a 
self-instructive semi-quantitative food 
frequency questionnaire including 
information on 80 food items. The 
women marked thei r level of physical 
activity in leisure time and during work 
hours on a four-grade scale, where 
each higher level of activity 
corresponded to higher energy 
expenditure. Height and weight were 
measured, and an estimate of relative 
weight, BMI , was obtained by dividing 
the body weight in kilograms by the 
squared height in meters (kg m-2) . 

Every incident case of endometrial 
cancer was identified through record 
linkage to the Cancer Registry of 
Norway until the end of follow-up (31 
December 1996). Women with 
malignant disease diagnosed before 

baseline or within the first year of the 
study and women with incomplete 
information on the relevant variables 
were excluded from the analyses. 

Cox's proportional hazard regression 
analysis was used to investigate the 
simultaneous effects of energy intake, 
physical activity, BMI and changes in 
BMI , and co-variates on endometrial 
cancer incidence. Analyses were 
adjusted for potential risk factors (age, 
parity, age at first birth, geographical 
area, height, BMI , energy intake, energy 
expenditure, smoking and alcohol) when 
appropriate. 

Results 
We observed 144 incident cases of 
endometrial cancer among 24 665 
women during a mean follow-up time of 
15.9 years. The median age at baseline 
was 45 years and the oldest half of the 
population was diagnosed with 73% of 
the cancers. Mean age at diagnosis was 
57 years. 

The majority had given birth to three 
or more children and on average the 
first child was born when the mother 
was 24.4 years old. Mean daily energy 
intake was approximately 5700 kJ. 
Median BMI was 24 kg m-2 . Among the 
study population, 68% and 15% spent 
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Table 1. Adjusted relative risk (RR}8 of endometrial cancer according to 
BMI and level of occupational activity in a prospective cohort study in 

Norway (n=24 665) 

Level of occupational BMI < 23.8 kg m-2 BMI > 23.8 kg m-2 

activity Cases RR 95% Cl Cases RR 95%CI 

Sedentary 16 1.0 13 1.0 

Walking 25 0.46 (0.25-0.88) 56 0.85 (0.46-1.56) 

Lifting/heavy 
manual 8 0.39 (0.16-0.93) 26 0.84 (0.43-1 .66) 

Pfortrend 0.03 0.76 

"Adjusted for age at entry, geographical region, height, parity, leisure-time activity. 
Also considered age at first birth, smoking habit and alcohol consumption. 

4 hours or more of their leisure time in 
physical activities of moderate intensity 
and high intensity, respectively. About 
60% of the women walked a lot during 
work hours and 26% were engaged in 
both walking and lifting or heavy manual 
work. 

High energy intake was suggestive 
of an increased risk of endometrial 
cancer. Physical activity in the 
workplace was inversely associated 
with risk (relative risk [RR] = 0.63, 95% 
confidence interval [C l]: 0.42-0.96 for 
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active versus sedentary work) and was 
especially protective among lean 
women (BMI <23.8 kg m-2); the 
categories were: mostly engaged in 
walking (RR=0.46, 95% Cl: 0.25-0.88), 
or lifting/heavy manual work (RR=0.39, 
95% Cl : 0.16-0.93) {Table 1 ). We also 
observed a risk reduction by 
recreational physical activity. High BMI 
was associated with an overall 
increased risk (RR=2.45, 95% Cl: 
1.46-4.11 for top versus bottom 
quartile, P for trend =0.0002) . 

Conclusion 
This study indicates that physical activity 
per se reduces the risk of endometrial 
cancer, beyond the effect of 
consequently low BMI. 
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Introduction 
Anthropometric measures have been 
shown to be related to risk for many 
chronic diseases (WHO, 2000). This 
includes the growing evidence that 
excessive body weight increases risk 
of cancer at several sites such as the 
breast in postmenopausal women, the 
colon , endometrium, kidney, prostate, 
and adenocarcinoma of the 
oesophagus and thyroid (IARC , 
2002). 

Further evidence on the role of 
anthropometric characteristics 
associated with the risk of cancer and 
other diseases is needed. EPIC, as a 
large multicentre prospective study, 
may contribute to this in the future. 

The present paper describes the 
distribution of overweight, general and 
central obesity in adults aged 50-64 
years from different EPIC centres 
using baseline data, which were 
collected between 1992 and 1999. 

Methods 
Study populations, sample sizes and 
sources of populations are described 
in more detail elsewhere (Riboli & 
Kaaks, 1997). This description was 
restricted to 83 178 men and 163 851 
women aged 50-64 years with 
anthropometric data available. This 
age group was represented in all 
centres. 

Anthropometric examinations were 
mostly undertaken by trained 
observers using standardized methods 
and included measurements of weight, 
height, and waist and hip 
circumferences . The centres from 
France and the United Kingdom also 
included self-reports. In the health
conscious group (United Kingdom), 
self-reports were converted into 
estimations of measured values using 
prediction equations, which were 
determined by linear regression in 
subjects from this sample with both 

measurements and self-reports. The 
description of the French data will be 
restricted to the participants with 
anthropometric examination. In Umea 
(Sweden), only weight and height were 
measured. 

Body mass index (BMI) was 
calculated as weight (kg) divided by 
height (m) squared. World Health 
Organization guidelines were used to 
categorize subjects into BMI groups: 
underweight (BMI <18.5 kg/m2), 

normal weight (18 .5::; BMI <25.0 
kg/m2) , overweight (25.0::; BMI <30.0 
kg/m2) and obesity (BMI :2: 30.0 kg/m2) 

(WHO, 2000) . Waist circumference 
(WC) , was used to identify subjects 
with central obesity, which was 
defined as WC :2: 102 cm in males and 
WC:2: 88 cm in females (NIH, 1998). 

Age-adjusted prevalences of normal 
weight, overweight , general and 
central obesity are presented for men 
and women in each centre. 
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Results 
Prevalence of normal weight varied 
from 7.4% (Navarra, Spain) to 51.1 % 
(health-conscious group, United 
Kingdom) in men (Table 1) and from 
8.5% (Granada, Spain) to 70.5% 
(south coast of France) in women 
(Table 2). Prevalence of normal weight 
exceeded 50.0% in men and women 
from the health-conscious group 
(United Kingdom) and in women from 
France, Turin (Italy), Utrecht (The 
Netherlands), Malmo (Sweden) and 
Denmark. Prevalence of overweight 

varied from 40.9% (health-conscious 
group, United Kingdom) to 61.4% (San 
Sebastian, Spain) in men and from 
20.9% (south coast of France) to 
48.2% (Asturias, Spain) in women. 
Prevalence of obesity was less than 
10% in women from France, the men 
and women from the health-conscious 
group and in men from Umea 
(Sweden) and exceeded 25% in the 
Spanish and Greek centres, as well as 
in Ragusa and Naples (Italy). 

Prevalence of central obesity varied 
between 8.9% (health-conscious 

group, United Kingdom) and 52.3% 
(Murcia, Spain) in men (Table 1) and 
between 9.4% (health-conscious 
group, United Kingdom) and 76.3% 
(Murcia, Spain) in women (Table 2). 
The proportion of centrally obese 
subjects was lowest in the British 
health-conscious group and among the 
French women . The prevalence of 
central obesity exceeded 30.0% in men 
and women from Spain and Greece, 
and in women from Bilthoven (The 
Netherlands), Germany, Ragusa and 
Naples (Italy) . 

Table 1. Age-adjusted prevalence of underweight, normal weight, overweight, general and central obesity in men 
aged 50-64 years in the different EPIC centres 

Weight status Central obesity 

Under-weight Normal weight Overweight General obesity 
EPIC centre n % % % % n % 

Italy 
Florence 1708 0.2 31 .9 53.5 14.2 1449 14.1 

Varese 1587 0.4 32.1 53.4 14.1 1558 14.6 

Ragusa 1057 0.0 20.2 54.8 25.0 1057 29.2 
Turin 2841 0.2 36.8 50.9 12.1 2747 18.9 

Spain 
Asturias 1352 0.0 12.1 56.7 31 .2 1357 34.1 
Granada 879 0.1 10.5 49.3 40.1 891 49.7 

Murcia 1264 0.1 11 .6 55.9 32.4 1287 52.3 

Navarra 1907 0.0 7.4 55.2 37.4 1915 51 .6 

San Sebastian 2143 0.0 12.8 61 .4 25.8 21 45 34.8 
UK 

General 6473 0.4 39.2 49.1 11.3 6470 16.2 

Health-conscious 2415 0.6 51.1 40.9 8.0 2434 8.9 

Netherlands 
Bilthoven 3232 0.4 31.6 53.5 14.5 3226 23.9 

Greece 3662 0.3 19.3 50.6 29.9 3668 38.8 

Germany 
Heidelberg 7100 0.2 26.5 53.6 19.7 7218 29.3 
Potsdam 6086 0.3 26.3 54.4 19.0 6123 25.0 

Sweden 
Malmo 7299 0.7 41 .0 47.1 11.2 7295 18.4 

Umea 5154 0.3 43.3 47.1 9.3 no data no data 
Denmark 

Aarhus 8320 0.2 33.4 51 .3 15.1 8323 25.2 

Copenhagen 18 511 0.3 35.1 49.3 15.3 18 526 23.5 
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Discussion 
The EPIC study populations were not 
intended to be representative for 
general populations. Our observations 
may therefore deviate from resu lts of 
other regional studies considering 
general populations. 

Overall, more than 50% of the EPIC 
participants aged 50-64 years were 
overweight or obese. Prevalence of 
both general and central obesity was 
lowest among the French females and 
the British subjects with a health 
conscious lifesty le and was highest 

among the most southern EPIC centres 
(Granada, Murcia and Navarra, Spain; 
Naples and Ragusa, Italy; Greece). 
However, central obesity was also 
frequently observed in women from 
Bilthoven (The Netherlands) and 
Germany. 

' Table 2. Age-adjusted prevalence of underweight, normal weight, overweight, general and central obesity in 
women aged 50-64 years in the different EPIC centres 

Weight status Central obesity 

Under-weight Normal weight Overweight General obesity 
EPIC centre n % % % % n % 

France 
North East 5476 4.0 64.9 23.6 7.6 5479 14.7 
North West 1746 2.8 67.7 22.7 6.7 1764 12.9 
South 2901 3.6 69.9 21.5 5.0 2900 11.9 
South coast 1668 3.4 70.5 20.9 5.2 1669 11 .3 

Italy 

Florence 6505 0.7 44.6 39.5 15.2 6462 19.2 
Varese 4469 1.3 41 .9 40.4 16.4 4470 22.9 

Ragusa 943 0.3 26.7 44.8 28.2 943 43.9 
Turin 2413 1.6 50.4 35.8 12.2 2326 21 .7 

Naples 2304 0.4 27.2 45.6 26.8 2306 44.7 

Spain 
Asturias 1950 0.0 13.7 48.2 38.1 1956 52.7 
Granada 2566 0.0 8.5 38.3 53.2 2587 68.3 

Murcia 2303 0.0 10.1 41 .9 48.0 2329 76.3 
Navarra 1730 0.1 15.6 46.9 37.4 1743 60.6 

San Sebastian 1637 0.1 24.1 47.2 28.6 1637 44.0 

UK 
General 9314 1.4 49.2 34.2 15.2 9326 19.8 
Health-conscious 8366 1.4 58.9 30.5 9.2 8233 9.4 

Netherlands 
Bilthoven 3559 0.8 40.3 41.0 17.9 3544 36.8 
Utrecht 13 461 1.2 51.0 35.6 12.2 13 366 22.5 

Greece 5980 0.2 17.7 39.5 42.6 5987 54.5 

Germany 
Heidelberg 6387 0.9 42.4 37.4 19.3 6430 33.5 
Potsdam 7361 0.5 38.1 39.8 21 .6 7411 30.9 

Sweden 
Malmo 9318 2.3 54.8 30.8 12.1 9315 15.0 
Umea 5549 1.3 49.9 35.5 13.3 no data no data 

Denmark 
Aarhus 8597 1.3 50.6 34.7 13.5 8597 25.8 

Copenhagen 20 864 1.5 50.1 34.3 14.1 20 861 25.7 
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The notable high prevalences of 
general and central obesity in the 
southern Mediterranean centres do not 
(yet) coincide with risk of obesity-related 
diseases in the Mediterranean 
countries . In the future , it will be 
interesting to study the interaction 
between obesity, diet, lifestyle factors 
and disease risk in the different EPIC 
centres. 
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Introduction 
Body mass index (BMI) and smoking 
habits are major determinants of chronic 
disease risk, including cancer. Both life
style characteristics are related to 
dietary habits: smoking and body mass 
development influence dietary 
behaviour and vice versa. In addition, 
BMI and smoking status are similarly 
related to each other. However, the 
relation between smoking status and 
BMI varies between populations (WHO 
MONICA, 1997). Any analysis of the 
influence of dietary behaviour on 
disease risk must therefore take into 
account these important confounders or 
effect modifiers. The aim of the present 
analysis was to describe the relation of 
BMI to smoking status among middle
aged and older men and women from 
the EPIC study centres across Europe. 

Methods 
The present analysis was restricted to 
men and women between 50 and 64 
years of age with complete data for BMI 
and smoking habits (n=220 200). This 
age group was selected because it was 
represented in all centres. 

Information on lifestyle habits was 
derived from either questionnaires or 
personal interviews. Smoking status of 
cigarette smoking was defined as never
smokers (NSM), ex-smokers (EXSM), 
and current smokers (CSM) . Body 
height and weight were measured in all 

study centres except for the UK health
conscious group , where weight and 
height were self-reported . BMI was 
calculated as kg/m2. 

NSM, EXSM and CSM from each 
centre were compared with respect to 
BMI. Means and 95% confidence limits 
(upper confidence limit (UCLM) and 
lower confidence limit (LCLM)) were 
determined after adjustment for age, 
educational attainment and physical 
activity at work and sporting activities 
(as hours/week). For the adjustment, 
residuals of linear regression were used. 
For those centres with missing data for 
the control variables, crude values are 
presented. Differences were considered 
significant when the confidence limits 
did not include zero. All statistical 
analyses were performed with SAS®, 
version 8.0. 

Results 
Table 1 presents the prevalence of 
obesity (BMI ~ 30) and the frequency 
distribution of smoking status among 
men and women. In men , the 
prevalence of cigarette smoking varied 
from 5% among the health-conscious 
cohort from the UK to 37.2% in Greece. 
The prevalence of obesity (BMI ~ 30) 
ranged from 7.3% (UK, health 
conscious) to 40.6% in Granada, Spain. 
In women, the prevalence of smoking 
varied between 4% in Granada, Spain, 
and 33.4% in Naples, Italy. The 

prevalence of obesity (BMI ~ 30) ranged 
from 4.7% in the South of France to 
53.5% in Granada, Spain. 

In nine centres (out of 19), significant 
differences in BMI between male NSM 
and CSM were observed after 
adjustment for age, educational level , 
occupational and sport activity (Table 2) . 
BMI of NSM was significantly higher 
than BMI of CSM except for the 
Florence centre, where BMI of NSM was 
lower compared to CSM. Among 
women , this comparison revealed 
slightly less heterogeneity. In 15 centres, 
female NSM had a significantly higher 
BMI as compared to CSM. 

The comparison of EXSM with CSM 
revealed among men a significantly 
higher BMI among EXSM in all centres. 
Among women, in all but three centres , 
the BMI of EXSM was higher than the 
BMI of CSM; this difference was 
significant in 17 out of 25 centres. 

The comparison of NSM with EXSM 
with respect to BMI showed strong 
differences between men and women by 
centre. Among men , in all but one centre 
(San Sebastian) , EXSM had a 
significantly higher BMI as compared to 
the NSM. In contrast, among women in 
all centres of France, Germany, the UK, 
and in Umea and Florence, EXSM had a 
significantly higher BMI compared to 
NSM. In four centres (Asturias, 
Granada, Navarra, Bilthoven), the 
opposite was true. Among the remaining 
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~ I Table 1. Frequency distribution of smoking status and categories of BMI among men and women of the EPIC Study, (n=220 200) 

Country Centre Men 

n 

Denmark Aarhus 8239 

18 242 Copenhagen 

France North-east 

North-west 

South 

South coast 

Germany Heidelberg 6946 

6001 

3459 

1650 

1564 

1028 

2649 

Potsdam 

Greece Athens 

Italy Florence 

Varese 

Ragusa 

Turin 

Naples 

Netherlands Bilthoven 

Utrecht 

3218 

Spain Asturias 1350 

Granada 878 

Murcia 1263 

Navarra 1907 

San Sebastian 2142 

Sweden Malmo 6896 

Umea 4935 

UK General 
population 5952 

Health-conscious 2365 

•Obesity defined as BMI ~ 30. 

Prevalence Smoking status 
of obesity•% Never Ex 

15.1 

15.3 

20.0 

19.1 

30.7 

14.2 

14.2 

24.9 

11 .9 

14.5 

31.1 

40.6 

32.9 

37.5 

26.1 

11.9 

9.0 

11.3 

7.3 

% % 

26.1 

25.9 

31 .6 

29.7 

27.5 

25.3 

27.7 

27.4 

28.6 

20.9 

32.7 

29.4 

25.1 

35.3 

31.7 

30.3 

49.7 

36.5 

48.2 

38.1 

36.6 

47.9 

49.8 

35.2 

48.4 

44.8 

45.3 

45.8 

43.0 

34.4 

41.8 

39.7 

23.5 

28.2 

43.6 

31.2 

46.0 

43.6 

bQther, other than cigarettes (cigars, cigarillos, pipe). 

Current 
% 

27.5 

30.3 

18.9 

19.0 

37.2 

24.4 

25.8 

26.0 

23.6 

31.2 

24.7 

28.6 

31.0 

26.7 

22.8 

26.1 

16.6 

12.4 

5.0 

Otherb 

% 

8.3 

7.3 

1.6 

1.5 

0.1 

2.0 

1.8 

1.3 

2.0 

5.0 

8.2 

0.9 

4.3 

14.4 

17.3 

0.0 

2.5 

5.1 

3.2 

Women 

n 

8556 

20 701 

5079 

1659 

2702 

1561 

6352 

7357 

5787 

6480 

4462 

930 

2284 

2304 

3550 

13 356 

1950 

2565 

2306 

1726 

1635 

9174 

5405 

8780 

8333 

Prevalence 
of obesity• 
% 

13.4 

14.3 

7.4 

6.9 

4.7 

5.1 

19.9 

22.4 

44.3 

15.0 

16.6 

27.5 

12.1 

26.4 

17.2 

12.2 

38.4 

53.5 

48.1 

37.6 

29.3 

12.8 

13.4 

15.3 

9.1 

Smoking status 
Never Ex 
% % 

45.5 25.0 

43.1 24.6 

72.0 20.8 

76.5 18.1 

74.2 19.5 

76.3 17.2 

58.5 26.6 

67.9 20.7 

86.4 4.3 

51.3 21.9 

71 .5 13.1 

71 .3 13.2 

63.0 20.4 

49.5 17.1 

40.7 29.0 

42.1 35.0 

86.5 

93.1 

91.8 

88.7 

88.3 

45.2 

63.7 

58.5 

58.9 

4.8 

2.8 

3.0 

4.2 

5.6 

27.4 

17.2 

29.1 

34.0 

Current 
% 

29.3 

32.2 

7.2 

5.4 

6.3 

6.5 

14.9 

10.8 

9.4 

26.8 

15.4 

15.5 

16.6 

33.4 

30.1 

22.5 

8.7 

4.0 

5.1 

7.1 

5.9 

27.4 

19.0 

12.3 

7.0 

Otherb 
% 

0.1 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

0.4 

0.0 

0.0 

0.0 

0.1 

0.2 

0.0 

0.1 

0.1 

0.1 
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Table 2. Mean differences in BMI between NSM and CSM, CSM and EXSM, NSM and EXSM, stratified by sex. EPIC Study (n= 216142) 

Adjusted" mean differences in BMI between 

NSMandCSM 
Women Men 

Mean LCLMb UCLMc Mean LCLMb UCLMc 

Denmark 
Aarhus 
Copenhagen 

France 
North-east 

North-west 
South 
South coast 

Germany 
Heidelberg 
Potsdam 

Greece 
Athens 

Italy 
Florence 
Varese 
Ragusa 
Turin 
Naples 

Netherlands 
Bilthoven 
Utrecht 

Spain 
Asturias 

Granada 
Murcia 
Navarra 
San Sebastian 

Sweden 
Malmo 
Umea 

United Kingdom 
General population 
Health-conscious 

0.45 
0.66 

0.66 0.87 
0.52 0.81 

1.51 1.30 
1.29 1.15 

0.30 -0.22 

-0.03 -1 .05 
-0.03 -0.68 
-0.29 -1.16 

0.56 
0.43 

0.32 0.81 1.21 0.89 
0.16 0.70 0.49 0.16 

0.92 0.59 1.25 1.00 0.57 

-0.55 -0.99 -0.20 0.29 0.05 
0.06 -0.39 0.52 0.78 0.42 

-0.01 -0.58 0.57 0.15 -0.65 
0.15 -0.19 0.50 0.74 0.27 

0.73 0.34 

0.97 0.56 1.38 1.59 1.15 

-0.25 
0.50 
0.33 

0.12 
0.16 

0.58 
0.40 

0.48 
0.18 

-0.72 
-0.17 
-0.21 
-0.25 
-0.22 

0.24 
0.15 

0.13 
-0.49 

0.23 
1.18 
0.86 
0.48 
0.53 

0.91 
0.66 

0.82 
0.89 

0.76 0.58 

1.50 0.84 
0.79 -0.19 

0.88 0.06 
1.22 0.41 
0.81 -0.08 

0.54 
0.94 

0.20 
0.64 

0.77 0.38 
0.36 -0.13 

"Adjusted for age, educational level , occupational and leisure time activity. 
bLCLM, lower confidence limit. 
'UCLM,upper confidence limit. 

1.73 
1.43 

0.83 
1.99 
0.63 
0.57 

1.53 
0.83 

1.44 

0.52 
1.13 
0.94 
1.20 
1.11 

2.02 
0.93 

2.16 
1.77 
1.71 
2.03 
1.69 

0.88 
1.23 

1.16 
0.66 

dUnadjusted values because adjustment was not possible due to missing data. 

EXSM and CSM 
Men 
Mean LCLMb UCLMc 

1.06 0.87 1.25 
1.04 0.91 1.17 

1.20 0.97 1.43 
1.46 1.22 1.71 

1.13 0.82 0.44 

0.45 0.05 0.45 
0.49 0.07 0.89 
0.81 0.27 1.35 
0.46 0.15 0.77 

1.39 1.06 1.73 

0.62 0.14 1.10 
1.23 0.59 1.88 
1.18 0.66 1.69 
0.54 0.13 0.95 
0.49 0.10 0.88 

1.37 1.04 1.69 
1.07 0.79 1.37 

1.33 0.97 1.68 
1.09 0.39 1.80 

Women 
Mean LCLMb UCLMc 

1.40 1.15 1.64 
1.14 0.98 1.30 

0.75 0.16 

0.59 -0.65 
0.61 -0.20 
0.50 -0.49 

1.34 

1.83 
1.42 
1.50 

1.50 1.16 1.84 
1.31 0.91 1.71 

0.98 0.25 1.72 

0.83 0.55 1.12 
1.01 0.55 1.47 
0.04 -1.04 1.13 
0.95 0.41 1.49 
0.69 0.20 1.17 

1.07 0.63 1.50 
0.84 0.66 1.03 

-0.07 -0.98 0.84 
-0.66 -2.08 0.76 

1.67 0.10 3.22 
-0.19 -1 .38 0.99 

0.70 -0.56 1.96 

0.80 0.43 1.17 
1.32 0.94 1.70 

1.17 0.72 1.61 
0.73 0.29 1.17 

NSMand EXSM 
Men Women 
Mean LCLMb UCLMc Mean LCLMb UCLMc 

-0.40 -0.59 -0.21 0.12 -0.11 0.34 
-0.37 -0.51 -0.24 0.15 0.00 0.15 

-0.44 -0.77 -0.12 

-0.62 -1.21 -0.03 
-0.64 -1.05 -0.23 
-0.79 -1.34 -0.25 

-0.64 -0.83 -0.45 -0.28 -0.54 -0.03 
-1.03 -1.24 -0.83 -0.81 -1.07 -0.56 

-0.21 -0.53 0.11 0.02 -0.61 0.65 

-1.00 -1 .38 -0.61 -0.55 -0.80 -0.29 
-0.42 -0.81 -0.03 -0.23 -0.62 0.15 
-0.81 -1 .30 -0.32 0.10 -0.73 0.94 
-0.30 -0.60 -0.01 -0.21 -0.64 0.21 

0.04 -0.46 0.53 

-0.42 -0.79 -0.05 0.52 0.10 0.94 

-0.86 -1 .30 -0.43 
-0.73 -1 .36 -0.11 
-0.85 -1.38 -0.32 
-0.42 -0.79 -0.05 
-0.33 -0.68 0.01 

-0.79 -1 .07 -0.51 
-0.68 -0.89 -0.46 

-0.85 -1.07 -0.63 
-0.91 -1 .22 -0.61 

-0.09 -0.24 O.D7 

1.57 0.69 
1.44 0.32 

-0.78 -1.80 

1.42 0.40 
0.10 -0.80 

2.44 
2.57 
0.24 

2.43 
1.01 

-0.26 -0.57 0.04 
-0.38 -0.69 -0.08 

-0.39 -0.66 -0.13 
-0.47 -0.68 -0.25 
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centres no significant differences 
between EXSM and NSM were 
observed. 

Conclusion 
Considerable heterogeneity exists 
across EPIC Study populations and 
between men and women within each 
centre or country with respect to the 
relation between BMI and smoking 
status. This heterogeneity could not be 
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eliminated by adjustment for important 
confounding factors. Thus, BMI and 
changes in BMI reflect, to a varying 
degree, other determinants of BMI such 
as energy intake. 

It is therefore likely that in the long 
run also centre-specific heterogeneity 
will appear in the emerging EPIC results 
with respect to other risk factors and 
their relation to disease risk. 
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Introduction 
Obesity, physical inactivity, and 
consumption of a Western diet high in 
fat and low in fibre are associated with 
an increased risk of colorectal cancer. 
These factors have also been 
associated with an increased risk 
of non-insulin-dependent diabetes 
mellitus. Based on the similarity of risk 
factors for colorectal cancer and 
diabetes mellitus, McKeown-Eyssen 
(1994) and Giovannucci (1995) have 
proposed that high insulin levels may 
stimulate the growth of colorectal 
tumours. 

From this background, we 
prospectively examined the association 
between obesity, physical activity, 
diabetes mellitus and blood glucose, 
and the risk of colorectal cancer in a 
cohort of 75 219 Norwegian men and 
women. 

Materials and methods 
The study cohort was established 
between 1984 and 1986, when 77 310 
subjects in a Norwegian county (90.8% 
of the total adult population) participated 
in the HUNT study, which included 
anthropometric and physiological 
measures and two questionnaires. For 
the present study, we included 38 244 
women and 36 975 men aged 20 years 

and over, who had no history of any 
cancer at study entry. The participants 
were followed up through the Norwegian 
Cancer Registry and their data were 
collected for person-years from the date 
of study entry until the date of cancer 
diagnosis (of all sites), death, 
emigration, or the cut-off date of 
1 January 1996, whichever occurred 
first. 

Statistical analyses were conducted 
separately for males and females . We 
used Cox regression with each of the 
study variables and age within 1 O 
categories (<40, 40-44, ... , 75-79, and 
~ 80} to compute age-adjusted 
incidence rate ratios (RR) with 95% 
confidence intervals (Cls) and two-sided 
tests for trend across exposure 
categories. Multivariable analyses were 
conducted to assess potential 
confounding by the other main variables 
and by marital status and education. 

Results 
During the 12 years of follow-up (median 
=10.8), a total of 234 colon and 128 
rectal cancers were diagnosed in men, 
and 277 colon and 91 rectal cancers in 
women . Mean age at diagnosis of 
colorectal cancer was 72 years for both 
men and women. 

The results of the combined analysis 

of colon and rectal cancer are shown in 
Table 1. Separate analyses for each site 
(data not shown) showed that the 
negative association with physical 
activity among men was slightly stronger 
for colon cancer (RR=0.47; 95% Cl, 
0.28-0.80) than for rectal cancer 
(RR=0.63; 95% Cl , 0.36-1.12). 
Similarly, among women, the positive 
association with diabetes was slightly 
stronger for colon (RR=1 .60; 95% Cl , 
1.02-2.51) than for rectal cancer (1.41; 
95% Cl, 0.61-3.27), while the 
association with blood glucose was 
stronger for rectal (RR=2.70; 95% Cl , 
1.29-5.61) than for colon cancer 
(RR=1 .76; 95% Cl, 1.07-2.88). We also 
found suggestive evidence of a J
shaped association between body mass 
index (BMI) and colon cancer risk in 
men, where the point estimates were 
0.73, 0.85, and 1.04 for second, third, 
and highest quartile of BMI, respectively. 

Results from multivariable adjusted 
analyses were not materially different 
from the age-adjusted results for any of 
the main variables (data not shown). 

Discussion 
Several cohort studies have shown that 
physical activity is negatively associated 
with risk of colorectal cancer in men. 
Physical activity may reduce plasma 
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Table 1. Age-adjusted incidence rate ratios (RRs) for cotorectal cancer 
associated with BMI, physical activity, diabetes and blood glucose 

Men Women 

Variables RR 95% CI RR 95% CI 

BMI" 
Lowest quartile 1.0 Reference 1.0 Reference 
Second quartile 0.90 0.65-1.24 0.89 0.63-1.27 
Third quartile 0.96 0.71-1 .30 0.80 0.57-1 .13 
Highest quartile 1.07 0.80-1.42 0.98 0.71-1.34 

P trendb = 0.51 P trendb = 0.96 
Physical activity 

Low 1.0 Reference 1.0 Reference 
Medium 0.87 0.65-1.17 0.95 0.68-1.33 
High 0.54 0.37-0.79 0.81 0.54-1.23 

P trendb = 0.002 P trendb = 0.34 
History of diabetes 

No 1.0 Reference 1.0 Reference 
Yes 0.66 0.35-1 .24 1.55 1.04-2.31 

Blood glucose (mmol/L) 
< 8.0 1.0 Reference 1.0 Reference 
<'. 8.0 0.90 0.58-1.40 1.98 1.31-2.98 

•cut-off values for quartiles were 23.0, 24.9, and 27.1 kg/m2 in men, and 21 .8, 24.2, and 27.4 kg/m2 in 
women. 

bTwo-sided P values for trend from Cox regression when variables were treated as ordinal variables. 

insulin, and insulin is a colon tumour 
promoter in rats and a mitogen for colon 
carcinoma cells in vitro. Contrary to 
Thune and Lund (1996), we found no 
significant association with physical 
activity in women. Misclassification of 
physical activity due to energy 
expenditure in housework rather than in 
leisure-time activity might contribute to 
the null finding and little variation in 
physical activity could mask a difference 
in risk. 

Several possible mechanisms may 
explain a positive association with 
diabetes: slower bowel transit, and 
increased production of bile acids and 
higher insulin levels (Hu et al. , 1999). 
Nonetheless, these factors cannot 
explain that a positive association with 
diabetes is present only among 
women . In this study, few men with 
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diabetes developed colorectal cancer 
and the statistical power to examine 
this question may be too low. 

McKeown-Eyssen (1994) has 
suggested that serum triglycerides and 
plasma glucose are involved in 
colorectal carcinogenesis, possibly by 
increasing insulin secretion. In our 
study, we found a twofold increased risk 
among women with the highest blood 
glucose levels; this is in agreement with 
a study by Schoen et al. (1999). In 
contrast to our results, they also found a 
similar association in men. 

In summary, these results may, at 
least in part, support the hypothesis 
that insulin may act as a promoter in 
colorectal cancer. However, the 
gender-specific discrepancy in the 
results cannot be readily explained and 
calls for cautious interpretation . 

Acknowledgements 
Data were made available by the 
National Health Screening Service, the 
Cancer Registry of Norway, and the 
National Institute of Public Health, 
Community Medicine Research Centre 
in Verdal, Norway. 

References 
Giovannucci, E. (1995) Insulin and colon 
cancer. Cancer Causes Control, 6, 
164-179 

Hu, F.B., Manson, J.E., Liu, S. , Hunter, D., 
Colditz, G.A., Michels, K.B. , Speizer, F.E. 
& Giovannucci, E. (1999) Prospective 
study of adult onset diabetes mellitus (type 
2) and risk of colorectal cancer in women. 
J. Natl. Cancer Inst., 91, 542-547 

McKeown-Eyssen, G. (1994) Epidemiology 
of colorectal cancer revisited: are serum 
triglycerides and/or plasma glucose 
associated with risk? Cancer Epidemiol. 
Biomarkers Prev., 3, 687-695 

Schoen, R.E., Tangen, C.M., Kuller, L.H ., 
Burke, G.L., Cushman, M., Tracy, R.P., 
Dobs, A. & Savage, P.J. (1999) Increased 
blood glucose and insulin, body size, and 
incident colorectal cancer. J. Natl. Cancer 
Inst., 91, 1147-1154 

Thune, I. & Lund, E. (1996) Physical 
activity and risk of colorectal cancer in men 
and women. Br. J. Cancer, 73, 1134-1140 



BMI throughout life, intake of vitamin 
supplements and oral cancer in Spain 

Nieto A.1, Sanchez M.J.2, Quintana M.J.3, Castellsague X.3, Martinez C.2 , 

Munoz J.3 , Bosch F.X.3, Munoz N.4, Herrero R.4 , Franceschi S.4 

1Faculty of Medicine, University of Seville, Spain. 2Andalusian School of Public Health, Granada, Spain. 
3Catalan Institute of Oncology, Barcelona, Spain. 41nternational Agency for Research on Cancer, Lyon, France. 

Background 
The influences of body mass index 
(BMI) on colon and lung cancer mortality 
and morbidity have been explored 
(Ford, 1999), while several studies have 
suggested that dietary deficiencies 
could be associated with an increased 
risk of oral cancer, the high intake of 
fruits and vegetables being clearly 
protective against the appearance of 
cancer at this site (Bosetti, 2000). 

Purpose of the study 
The purpose of this study was to asses 
whether lifetime BMI history was related 
to the occurrence of oral and 
oropharyngeal cancer and also to 
explore the possible protective effect of 
the intake of vitamin supplements 
against this cancer. 

Materials and methods 
The International Agency for Research 
on Cancer (IARC) coordinated a 
case-control hospital-based study on 
cancer of the oral cavity and oropharynx 
in 14 countries and 18 centres, 3 of them 
in Spain. 

Cases were incident and 
histologically confirmed cases of oral 
cancer (codes c01 to c10 of the 
International Classification of Diseases 

for Oncology, ICD-0 2nd version), 
with no age or gender limitations, 
consecutively diagnosed from 1996 to 
1999 in the following Spanish University 
Hospitals: Santa Creu i Sant Pau 
and Ciutat Sanitaria de Bellvitge 
(Barcelona) , Virgen de las Nieves 
(Granada) and Virgen Macarena 
(Sevilla). 

Controls were patients from the same 
hospitals as the cases, group-matched 
by age and gender, randomly selected 
after excluding those patients diagnosed 
with diseases related to well-known or 
suspected risk factors for oral cancer. 

All the participants were personally 
interviewed and the study questionnaire 
included detailed information about 
socio-demographic characteristics, 
smoking and drinking habits, frequency 
of consumption of 25 food items and 
vitamin supplements, height, weight, 
oral health and family history of cancer. 

BMI was calculated from self-referred 
height and weight of participants (weight 
in kilograms divided by squared height 
in metres). Participants in Barcelona 
were asked to report their weight at the 
age of 30 and the participants in 
Granada and Sevilla were asked to 
report their weight at the age of 20. 
Height, weight and BMI distributions 

were grouped in approximate tertiles 
and the lowest tertile was used as the 
reference category for multivariate 
analysis. Odds ratios (OR) and 95% 
confidence intervals (95% Cl) were 
calculated by unconditional logistic 
regression methods, adjusting first for 
centre, age, gender and education and 
then introducing variables for smoking, 
alcohol intake, and frequency of 
consumption of fruits and vegetables. 

Results 
Gender and age distributions of the 375 
cases and 375 controls in Spain showed 
that 81 % were males and 49% were 
younger than 60 years. More than 40% 
of participants had less than 6 years of 
education. Only 22% were lifetime non
smokers and 15% had always abstained 
from alcoholic beverages. 

Mean height was 165 cm and mean 
weight was 71 kg at diagnosis, 72 kg 2 
years before diagnosis, 66 kg at 30 and 
64 kg at 20. Mean BMI was 25.9 (kg/m2) 

at diagnosis, 26.3 at 2 years before 
diagnosis, 24.0 at the age of 30 and 23.4 
at 20. 

Those patients in the highest tertile of 
weight or BMI at diagnosis, 2 years 
before diagnosis and at 30 had a 
decreased odds ratio of oral cancer after 
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Table 1. Height, weight and body mass index at diagnosis and 2 years 
before diagnosis. Odds ratios (OR) and confidence intervals (95% Cl) for 

oral cavity and oropharynx cancer, Spain 1996-1999 

Cases• Controls• QRb 95%CI QRC 95%CI 

Height (cm) 

5162 123 

163-169 113 

2 170 101 

P value for trend 

At diagnosis 

Weight (kg) 

5 65 179 

66-75 87 

2 76 75 

P value for trend 

Body mass index 

5 22 112 

23-25 104 

226 

P value for trend 

2 years before 

Weight (kg) 

5 65 

66-75 

276 

P value for trend 

Body mass index 

522 

23-25 

226 

P value for trend 

113 

159 

108 

80 

96 
106 

129 

97 

116 

124 

75 

123 

147 

40 

88 

204 

79 
126 

149 

36 

88 

207 

1.oct 1.oct 

0.72 0.49-1.07 0.86 

0.56 0.39-0.88 0.72 

0.007 0.103 

1.oct 1.oct 

0.29 0.20-0.43 0.34 

0.21 0.14-0.31 0.28 

0.000 0.000 

1.oct 1.oct 

0.42 0.27-0.67 0.51 

0.20 

0.000 

1.oct 

0.41 

0.26 

0.000 

1.oct 

0.45 

0.23 

0.000 

0.13-0.30 0.28 

0.000 

1.oct 

0.28-0.60 0.45 

0.17-0.38 0.34 

0.000 

1.oct 

0.28-0.72 0.50 

0.15-0.36 0.30 

0.000 

0.56-1.33 

0.46-1.14 

0.22-0.52 

0.18-0.43 

0.31-0.84 

0.17-0.44 

0.29-0.68 

0.22-0.52 

0.30-0.85 

0.19-0.49 

•some strata do not add up to the total because of a few missing values. 
bEstimates from unconditional regression equations including variables for age, gender, centre and 
education. 

'Estimates from unconditional regression equations including variables for age, gender, centre, education, 
smoking and drinking habits, fruit and vegetable intake. 

dReference category. . 

allowing for age, gender, center, 
education, smoking and alcohol drinking 
habits, and frequency of consumption of 
fruits and vegetables (Tables 1, 2). 
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However, neither weight and BMI at 20 
years of age nor height had any 
relationship with the occurrence of oral 
cancer. Finally, the intake of vitamin 

supplements, which was reported by 
11.7% of cases and 8.3% of controls, did 
not show any protective effect on the 
occurrence of oral cavity and 
oropharynx cancer (Table 2). 

Conclusions 
A BMI of at least 25 seems to be 
protective against the development of 
oral and oropharynx cancer. The results 
of this study agree, therefore, with other 
studies that showed an increased odds 
of smoking-related cancers (Franceschi, 
2001; D' Avanzo, 1996) in lean 
individuals. Leanness antedated cancer 
diagnosis, being therefore unlikely due 
to weight loss secondary to cancer 
symptoms. 

In spite of the clearly established 
protective effect of a high consumption 
of fruits and vegetables, the intake of 
vitamin supplements did not decrease 
the risk of oral cancer. It may, therefore, 
be important not to replace fruits and 
vegetables by vitamin supplements. 
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BMI throughout life, intake of vitamin supplements and oral cancer in Spain 

Table 2. Weight and body mass index at the age of 20 and 30 and vitamin 
intake throughout life. Odds ratios (OR) and confidence intervals (95% Cl) 

for oral cavity and oropharynx cancer, Spain 1996-1999 

Cases• Controls• QRb 95% CI OR0 95% CI 

At the age of 20• 

Weight (kg) 
$ 60 86 75 1.0d 1.0d 

61-66 27 36 0.62 0.34-1.13 0.59 0.31-1 .13 

-c. 67 49 63 0.65 0.39-1.08 0.77 0.43-1.35 

P value for trend 

Body mass index 
$22 77 64 1.0d 1.0d 

23-24 28 42 0.55 0.30-0.99 0.52 0.27-1.01 

-c. 25 43 51 0.72 0.42-1.23 0.72 0.40-1.32 

P value for trend 

At the age of 301 

Weight (kg) 
$ 61 71 51 1.0d 1.0d 

62-69 61 50 0.83 0.49-1.42 1.0 0.53-1.88 

-c. 70 49 76 0.43 0.25-0.74 0.50 0.26-0.94 

P value for trend 
Body mass index 

$ 23 93 67 1.0d 1.0d 

24-25 51 54 0.67 0.41-1 .10 0.87 0.48-1 .59 

-c. 26 33 47 0.50 0.29-0.87 0.50 0.26-0.97 

P value for trend 

Vitamin intake 
Never 319 335 1.0d 1.0d 

Ever 44 31 1.49 0.91-2.45 1.39 0.81-2.39 

•Some strata do not add up to the total because of a few missing values. 
bEstimates from unconditional regression equations including variables for age, gender, centre, and 
education. 

'Estimates from unconditional regression equations including variables for age, gender, centre, education, 
smoking and drinking habits, fruit and vegetable intake. 

dReference category. 
•Participants from Granada and Sevilla. 
1Participants from Barcelona. 
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Introduction 
The importance of overweight in adult 
life in relation to cancer risk has recently 
been highlighted (Bergstrom et al., 
2001) This study estimated that in the 
countries of the European Union, 
approximately 8% of breast cancers, 
10% of colon cancers and 40% of 
endometrial cancers are attributable to 
overweight and obesity. The importance 
of exposures in pre-adult life affecting 
cancer risk is suggested by 
observations that height is related to 
cancers that are not thought to be 
related to smoking (Gunnell et al., 2001) 
We therefore explored the association 
between overweight in early adult life 
and subsequent cancer risk. 

Methods 
In 1948, the University of Glasgow 
initiated annual health checks at the 
university health service at which height 
and weight measurements were made 
by a physician. The students who 
attended between 1948 and 1968 
comprise the Glasgow Alumni Cohort, 
described in detail elsewhere (Mccarron 
et al., 1999) The cohort members are 
flagged at the National Health Service 
Central Register (NHSCR) and we are 
notified of cancer registrations and 
deaths. We have recently sent a 
questionnaire to surviving members of 
the cohort, requesting information on 
self-reported cancers. 

The current study comprises follow
up to September 2001 for self-reported 
cancers and mortality and to December 
1998 for cancer registrations. Cancers 
related to smoking are: oropharynx, 
oesophagus, pancreas, respiratory and 
urinary tracts. The remainder were 
classified as cancers not related to 
smoking (Gunnell et al. , 1998). Because 
of the small numbers of people who 
were obese in young adulthood, body 
mass index (BMI) was categorized as 
lean (<19 kg/m2), normal (19-22.9 
kg/m2) , high normal (23-24.9 kg/m2) 

and overweight (<': 25 kg/m2) . We used 
logistic regression to compare cancer 
risk (occurrence or death) among each 
of these categories. 

Results 
Of the original 15 322 students, 9199 
men and 2528 women with complete 
data were traced and included in the 
study (77%) . The average age at weight 
measurement was 20.3 years, and 
mean BMI was 21 .6 kg/m2 in men and 
21.3 kg/m2 in women. Seven percent of 
males and females were overweight 
(n=811 ). In total, 886 cancers were 
identified. The most frequent site
specific cancers were those of the 
prostate (n=125), breast (n=113), lung 
(n=82 men) , haematopoietic system 
(n=67 men) and colorectum (n=111 
men). 

There was no association between 
BMI category and all cancers in men. 

The age-adjusted odds ratio (OR) and 
95% confidence interval (Cl) for lean, 
high normal and overweight individuals 
compared to normal individuals were 
1.01 (Cl 95%, 0.77-1.32); 0.92 (Cl 95%, 
0.73-1 .1 5) and 0.97 (Cl 95%, 
0.72-1.31 ). The risk among lean women 
was reduced compared to normal 
weight women (0.57, 0.36-0.91). High 
normal and overweight women were not 
at increased risk of all cancers 
compared to normal weight women: OR, 
0.83 (Cl 95%, 0.56-1 .25) and 0.93 (Cl 
95%, 0.54-1.59), respectively. 

The relative risks of the site-specific 
cancers studied according to categories 
of BMI are shown in Table 1. A trend of 
lower risk of lung cancer in heavier men 
was evident. This was unchanged when 
controlled for smoking behaviour, but 
the association was reversed when only 
non-smokers were considered. Lean 
men were at risk of haematopoietic 
cancer compared to normal weight men. 
There was no association between BMI 
and prostate, breast or male colorectal 
cancers. 

Comment 
The results from this study provide little 
evidence to support the suggestion that 
BMI in early life is detrimentally 
associated with cancer risk. 

There are certain limitations with this 
study that must be acknowledged. 
Firstly, the analyses are based on 77% 
of the original cohort, partly because we 
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,, T~ble _1. Association between weight3 in young adulthood and 
· . . . ~ site-specific cancer risk 

' - .. ,,' ~' / -:-- .. ~-- ~ ,..,.... _..,, -~ ~ 

Cases/non-cases Age-adjusted OR (95% Cl) 

Colorectal (males) 
Lean 
Normal 
High normal 
Overweight 
Per 1 kg/m2 

Lung (males) 
Lean 
Normal 
High normal 
Overweight 
Per 1 kg/m2 

Prostate 
Lean 
Normal 
High normal 
Overweight 
Per 1 kg/m2 

Haematopoietic system (males) 
Lean 
Normal 
High normal 
Overweight 
Per 1 kg/m2 

Breast (females) 
Lean 
Normal 
High normal 
Overweight 
Per 1 kg/m2 

6/975 

80/6056 

15/1432 

10/625 

12/969 

55/6081 

9/1438 

6/629 

15/966 

80/6056 

2211425 

8/627 

12/969 

35/6101 

13/1434 

7/628 

12/367 

80/1515 

13/365 

8/168 

0.48 (0.21-1.11) 
1b 

0.73 (0.42-1.28) 

1.00 (0.51-1 .95) 

1.03 (0.95-1.12); Ptrend = 0.46 

1.44 (0.77-2.71) 
1b 

0.62 (0.31-1.27) 

0.81 (0.35-1.92) 

0.89 (0.80-0.99); Ptrend = 0.023 

1.24 (0.71-2.16} 
1b 

1.05 (0.65-1 .70) 

0.74 (0 .36-1 .56) 

0.96 (0.89 to 1.04); Ptrend = 0.29 

2.28 (1.18-4.41) 
1b 

1.42 (0 .75-2.71) 

1.50 (0 .66-3.43) 

0.99 (0.89-1 .1 O); Ptrend = 0.82 

0.61 (0.33-1 .14) 
1b 

0.67 (0.37-1 .22) 

0.89 (0.42-1 .87) 

1.00 (0.92-1.08); Ptrend = 0.99 

•BMI definitions: lean, <19 kg/m2; normal, 19-22.9 kg/m2; high normal, 23-24.9 kg/m2; 

overweight, ? 25 kg/m2. 

bReference category. 

have only been able to trace 82% of the 
cohort, and because values for height 
and weight were missing. However, 
analyses have indicated that people 
excluded from the study did not differ 
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importantly in terms of baseline 
characteristics from those who were 
included. Secondly, we do not currently 
have information on health behaviours 
and patterns of weight fluctuation in 

adult life. Among a subsample of our 
cohort who were contacted in mid
adulthood, weight change was more 
important in determining risk of any 
cancer than was weight in young 
adulthood (unpublished results). 
However, the small numbers of people 
in that subsample precluded site
specific analyses. 

The main strength of the study is that 
the values of height and weight used to 
calculate BMI were made prospectively. 
The majority of studies which have 
reported on associations between BMI 
in early life and cancer risk have relied 
on self-reported measures. These may 
be poorly reported and subject to bias. 

Two interesting results of 
associations between BMI and cancer 
risk emerged from this study. The high 
risk of lung cancer seen among lean 
men is unlikely to be due to reverse 
causality (i.e. low weight in men with 
undetected disease) because of the 
young age at which the weight measure 
was made. The observation that non
smoking men, BMI was positively 
related to lung cancer suggests that the 
results in Table 1 may be due to error in 
measurement of smoking behaviour. 
The association of higher risk of cancers 
of the haematopoietic system among 
men who were lean at university was 
unexpected and needs to be replicated 
before being accepted as an important 
finding. 
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Physical activity and body weight are 
nowadays considered among the most 
important means to prevent a series of 
chronic diseases such as diabetes , 
cardiovascular disease and cancer 
(Friedenreich, 2001 ). Body weight is the 
result of a balance between energy 
intake and energy expenditure. In the 
last decades , our average energy 
expenditure has dropped. Furthermore, 
food is more easily accessible to the 
population, easy to prepare, and ready 
to eat. This results in an increase in total 
intake of energy, contributing to 
disrupting the balance. 

Dietary and life style habits in Europe 
show large differences both between 
and within countries. The present study 
aims to describe different physical 
activity patterns within EPIC-ITALY, and 
to present a method to convert physical 
activity, as measured by the life style 
questionnaire in the Italian EPIC 
centres, into an index of energy 
expenditure. 

Methods 
Five centres (Milan, Turin , Florence, 
Naples and Ragusa) participated in the 
Italian component of the EPIC study 
and have enrolled 47 749 volunteers 
{32 578 women and 15 171 men) from 
1993 to 1998. The physical activity 

section of the EPIC questionnaire is a 
modification of a validated tool (Pols 
et al., 1997). Subjects classified 
themselves in four categories of work 
activity. In addition, they reported the 
number of hours spent every week (in 
summer and in winter, separately) in the 
following leisure-time activities: walking, 
biking, gardening and exercising. Do-it
yourself activities were considered 
independently of the season. Subjects 
were also asked how many hours per 
week any of the above activities were 
performed so intensively as to generate 
sweat. The number of flights of stairs 
climbed per day was also requested. 
Women were asked to report on hours 
spent each week in household 
activities. To transform reported 
activities into energy expenditure we 
used metabolic equivalents (METs) for 
types of work (Commission of European 
Communities, 1993). Different sources 
{SINU, 1996) were used for translation 
of leisure-time activities into METs, 
ranging from 1.8 for do-it-yourself 
activities to 6.0 for exercise (such as 
swimming, running, aerobics, etc.) . 
METs were applied to each type of 
activity and weighted according to the 
number of hours spent on that activity. 
All weighted METs were summed to 
obtain the daily physical activity level 

(PAL) of each subject and multiplied for 
the estimated basal metabolic rate of 
each subject so as to compute a 
specific daily energy expenditure per 
subject. We also computed scores of 
the various types of activity and a 
cumulative activity score obtained by 
summing all specific activity scores, and 
categorized them from zero to three. At 
the time of the present analyses, 
information about type of work activity 
was unavailable for the Naples centre; 
data in Table 1 are therefore based on 
four centres. Also, some subjects were 
excluded due to missing answers. 

Results 
Figure 1 shows the distribution of hours 
per week spent in various activities. Very 
large differences in habits can be 
observed between centres. 

Characteristics of subjects by sex 
and by activity score are reported in 
Table 1. Energy intake by cumulative 
activity score varied from 10.4 (±3.1) MJ 
for the most sedentary to 13.3 (±3.7) MJ 
for the most active men, and 8.5 (±2.8) 
MJ to 9.9 (±3.1) MJ in women. Body 
mass index was rather stable across 
different activity score categories, as 
were other characteristics such as waist
to-hip ratio and blood pressure. Average 
energy expenditure in the lowest 
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Figure 1 
Number of hours per week spent in different leisure-time activities, by centre. EPIC-ITALY 1993-1998. 

expenditure category is 10.1 (±1 .0) to 
16.6 (±2.3) MJ in men and 8.1 (±0.7) MJ 
to 10.9 (±1.4) MJ in women . The 
average PAL estimated for this 
population was 1.60 for men and 
1.59 for women . Considering the 
recommended PAL of 1.75 (WCRF, 
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1997), only 24% of men and 19% of 
women met the recommendation (not 
shown). 

Conclusions 
The lifestyle questionnaire developed for 
the EPIC study in Italy allows one to 

compute indicators of energy 
expenditure. Energy intake seems to be 
in some way related to expenditure, 
although this is more visible in men than 
in women. In Italian women, house
cleaning activities seem to play an 
important role in determining energy 
expenditure; excluding this component, 
women show very low levels of 
expenditure. After this very preliminary 
analysis, more in-depth work is needed 
to evaluate the best way to use 
information from the physical activity 
section of the EPIC questionnaire. A 
better understanding of activity patterns 
in the EPIC populations will also be of 
value in implementing public health 
initiatives to promote healthy lifestyles 
in Europe. 
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Table 1. Characteristics of subjects, expressed as mean (SD), by cumulative activity score. EPIC-ITALY 1993-1998 

Men Women 

0 2 3 0 2 3 

Number of subjects• 559 4138 9482 521 791 6797 18183 1324 

Age (years) 50.7 (7.4) 50.5 (7.5) 49.5(7.6) 48.2 (7.5) 49.5 (8 .4) 49.9 (8.3) 50.5 (8.1) 49.4 (7.6} 

Body mass index (kg/m2) 27.5 (3.6) 26.8 (3.5) 26.4 (3.2) 26.8 (3.4) 25.5 (4.6) 25.4 (4.3) 25.5 (4.3) 25.8 (4.4) 

Waist-to-hip ratio 0.95 (0.) 0.94 (0.1} 0.93 (0.1} 0.93 (0.1) 0.79 (0.06) 0.79 (0.07) 0.79 (0.07) 0.79 (0.06) 

Pulse rate (per min) 70.1 (9.1) 69.5 (9.0) 68.3 (8.7) 67.6 (9.1) 72.0 (9.1) 71.8 (8.9} 71 .3 (8.8} 71.2 (8.5) 

Blood pressure 

Systolic (mmHg) 134.5 (16.7) 132.9 (16.5) 132.2 (15.8) 132.0 (16.2} 126.6 (17.9) 128.1 (18.8) 128.6 (18.9) 127.8 (18.4) 

Diastolic (mmHg) 85.1 (10.0) 84.3 (9.7) 83.9 (9.4) 83.4 (9.2} 80.7 (10.5) 81.0 (10.6) 81 .1 (10.4) 80.6 (10.7) 

Energy intake 

kcal 2486.7 (734) 2556.7 (741) 2759.4 (774) 3172.9 (895} 2020.5 (684) 2066.7 (617) 2159.0 (645) 2368 (746) 

MJ 10.4 (3.1) 10.7 (3.1) 11 .5 (3.2) 13.3 (3.7) 8.5 (2 .8) 8.7 (2.6} 9.0 (2.7) 9.9 (3.1) 

Work (h/day) 4.1 (2.5) 4.1 (2.5) 4.4 (2.3) 5.1 (1.2) 3.6 (2.5} 2.8 (2.7) 2.2 (2.5) 2.8 (2 .4) 

Leisure-time activity (h/day) 0.3 (0.13} 0.8 (0.5) 1.9 (1 .1) 2.7 (1 .0) 0.27 (0.1) 0.59 (2 .7) 1.37 (0.8) 2.3 (0.9) 

House cleaning (h/day) 0 0 0 0 1.29 (0.4} 2.7 (1 .7) 4.2 (1 .9) 5.5 (1.4) 

Flights of stairs (flights/day) 0.92 (0 .73) 2.5 (2.8) 6.4 (5.3) 12.1 (5.5} 1.0 (0.7) 2.0 (2.3) 5.2 (5 .1) 11 .0 (5.5) 

Physical activity level 1.34 (0 .04) 1.44 (0.12) 1.66 (0.24) 2.06 (0 .26) 1.39 (0.04) 1.49 (0.08) 1.62 (0.13) 1.83 (0.18) 

Estimated energy expenditure 

kcal 2411 .3 (246) 2567.7 (322} 2971 .5 (495) 3734.21 (558) 1924.5 (165) 2055.0 (190) 2262.6 (255) 2613.5 (325) 

MJ 10.1 (1.1) 10.7 (1.3) 12.4 (2.1) 16.6 (2.3) 8.1 (0.7) 8.6 (0.8) 9.5 (1 .1) 10.9 (1.4) 
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Introduction 
Breast cancer risk is increased by early 
menarche and by late menopause 
(Kelsey, 1979). These relationships 
indicate that the high serum 
concentrations of estradiol and/or 
progesterone in premenopausal women 
cause a greater increase in breast 
cancer risk per year than the much 
lower concentrations of estradiol and 
progesterone in postmenopausal 
women . Neither estradiol nor 
progesterone is genotoxic and it is likely 
that the high serum concentrations of 
these hormones in premenopausal 
women increase breast cancer risk by 
increasing the mitotic rate of the breast 
epithelial cells (Pike et al., 1993). 

Estradiol alone has been shown to 
stimulate breast cell mitosis in model 
systems, but the observation that the 
mitotic rate of human breast epithelial 
cells is highest during the luteal phase 
of the menstrual cycle led to the 
hypothesis that progesterone might 
augment the mitotic action of estradiol 
(Key & Pike, 1988; Pike et al., 1993). 
However, the simplest hypothesis in 
relation to hormones and breast cancer 
is that estradiol is the major determinant 
of the mitotic rate of human breast 
epithelial cells and that breast cancer 
risk is increased by relatively high 
serum concentrations of estradiol in 
both premenopausal and 
postmenopausal women. Other sex 
hormones might also play a role, 

perhaps through conversion into 
estradiol within the breast, and recent 
research has highlighted the potential 
importance of growth factors such as 
insulin-like growth factor-I (IGF-1). 

Estradiol and breast cancer 
risk in postmenopausal 
women 
Early studies examined estradiol levels 
and breast cancer risk by measuring 
serum concentrations or urinary 
excretion of estrogens in women 
diagnosed with breast cancer and in 
women without breast cancer. Most of 
these case-control studies showed that 
postmenopausal women with breast 
cancer had higher estrogen levels than 
control women (Key & Pike, 1988), but 
these findings must be interpreted very 
cautiously because the estrogen levels 
in the women with cancer could be 
affected by the presence of the cancer 
or by the treatment for cancer. To 
eliminate this problem it is necessary to 
conduct prospective studies in which 
estrogen concentrations are measured 
in serum samples collected from women 
before the diagnosis of breast 
cancer and compared with estrogen 
concentrations in serum from women of 
the same age who did not develop 
breast cancer during the same period. 

Results from ten prospective studies 
have now been published. The earlier 
studies did not clearly indicate that 
women who developed breast cancer 

subsequent to blood collection had 
higher estradiol concentrations than the 
control women (Wysowski et al., 1987; 
Garland et al. , 1992; Helzlsouer et al., 
1994), but the numbers of cases in 
these studies were relatively small (39, 
15 and 29, respectively). The more 
recent, generally larger studies have 
reported that relatively high estradiol 
concentrations are significantly related 
to an increased risk for breast cancer 
(Toniolo et al., 1995; Berrino et al., 1996; 
Dorgan et al., 1996; Thomas et al. , 
1997a; Hankinson et al., 1998a; Cauley 
et al., 1999; Kabuto et al., 2000), with 
relative risks in the region of 2 to 3 for 
women with relatively high levels of 
estradiol compared to women with 
relatively low levels of estradiol. Overall , 
therefore, the worldwide data are 
consistent with the hypothesis that high 
serum concentrations of estradiol in 
postmenopausal women increase 
breast cancer risk. 

Bioavailable estradiol and sex 
hormone-binding globulin 
Most of the estradiol in the blood is 
bound either tightly to sex hormone 
binding globulin (SHBG) or more loosely 
to albumin , with only about 2% non
protein-bound or free. A variety of 
evidence indicates that the fraction of 
estradiol which is bound to SHBG is not 
generally available to enter the cells and 
that the bioavailable fraction of estradiol 
is either the circa 2% which is free, or 
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perhaps all the estradiol which is not 
bound to SHBG (i.e. free plus albumin
bound estradiol, sometimes termed 
non-SHBG-bound estradiol). It would be 
expected, therefore, that the association 
of estradiol with breast cancer risk might 
be stronger for free or non-SHBG-bound 
estradiol than for total estradiol, and 
indeed the studies which have examined 
one or both these indices have generally 
supported this hypothesis (Helzlsouer et 
al., 1994; Toniolo et al., 1995; Dorgan et 
al. , 1996; Hankinson et al., 1998a; 
Cauley et al. , 1999; Kabuto et al. , 2000). 
Similarly, most of the prospective studies 
have also observed SHBG itself to be 
weakly inversely associated with risk 
(Berrino et al., 1996; Dorgan et al., 1996; 
Thomas et al., 1997a; Cauley et al. , 
1999; Kabuto et al., 2000), although little 
association was observed in two small 
studies (Helzlsouer et al., 1994; Garland 
et al. , 1992). 

Body mass index, estradiol 
and breast cancer risk in 
postmenopausal women 
Breast cancer risk is positively 
associated with body mass index in 
postmenopausal women ; risk is 
approximately 50% higher in obese than 
in lean postmenopausal women (Key et 
al. , 2001) . The principal source of 
estradiol in postmenopausal women is 
via the extraglandular aromatization 
of androstenedione, and estradiol 
increases with increasing body mass 
index in postmenopausal women (Siiteri 
& MacDonald, 1973). Furthermore, 
since increasing body mass index is 
associated with a decrease in SHBG, 
obesity in postmenopausal women is 
associated with a marked increase in 
free estradiol (Key et al., 2001 ). It is 
possible that the relationship between 
body mass index and breast cancer risk 
can largely be explained by the 
relationship of body mass index with 
serum estradiol concentrations, but this 
has not yet been clearly demonstrated 
by data from J')rospective studies. 
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The possible roles of other 
sex hormones 
The prospective studies which have 
reported data on estradiol and breast 
cancer risk have also reported data for 
several other sex hormones, although 
the hormones measured have varied 
between studies. Some data have 
been published for the estrogens 
estrone and estrone sulphate and for 
the androgens dehydroepiandros-
terone, dehydroepiandrosterone 
sulphate, androstenedione and 
testosterone. The results of individual 
studies have varied somewhat, but 
overall have suggested that all these 
estrogens and androgens are 
positively associated with breast 
cancer risk in postmenopausal women 
(Wysowski et al., 1987; Barrett-Connor 
et al., 1990; Gordon et al., 1990; 
Garland et al. , 1992; Helzlsouer et al., 
1994; Toniolo et al., 1995; Berrino et 
al. , 1996; Dorgan et al. , 1996, 1997; 
Zeleniuch-Jacquotte et al., 1997; 
Hankinson et al., 1998a; Cauley et al., 
1999; Kabuto et al. , 2000). 

The picture emerging is that, among 
postmenopausal women, all estrogens 
and androgens studied may be 
significantly positively associated with 
breast cancer risk . These steroid 
hormones are all closely related to 
each other metabolically, and typically 
the serum concentrations of these 
hormones are positively correlated 
with each other. It may therefore 
be difficult to establish from 
epidemiological studies which of the 
various sex hormones are most closely 
associated with risk. Estradiol is 
probably causally related to risk 
because it is known to affect breast cell 
division and because antiestrogenic 
treatment is effective in early breast 
cancer; androgens might also be 
important because they circulate at 
much higher concentrations than 
estrogens after menopause and can be 
converted to estrogens within the 
breast. 

Estradiol and breast cancer 
risk in premenopausal women 
Evaluating the association between 
breast cancer risk and estradiol 
concentration among premenopausal 
women is difficult due to the wide 
variation in estradiol and progesterone 
levels throughout the menstrual cycle. 
To date, five prospective studies 
have reported on serum estradiol 
concentrations and breast cancer in 
premenopausal women. Two earlier, 
relatively small studies from the 
Washington County Cohort (Wysowski 
et al. , 1987; Helzlsouer et al., 1994) 
reported no differences in estradiol 
concentrations between cases and 
controls (over the whole menstrual 
cycle). More recent, slightly larger 
studies (Rosenberg et al., 1994; 
Thomas et al., 1997b; Kabuto et al., 
2000) have suggested that estradiol 
concentrations may be higher in cases 
than controls. In one study it was noted 
that the difference in estradiol between 
cases and controls was greatest for 
women sampled during the mid-part of 
the menstrual cycle (Thomas et al., 
1997b). 

Together, these five prospective 
studies included only 225 women who 
developed breast cancer after blood 
collection, and few conclusions can be 
drawn from such limited data. Although 
premenopausal women who develop 
breast cancer do not appear to 
have grossly elevated estradiol 
concentrations compared with healthy 
individuals, it remains unclear whether 
moderately higher levels of estradiol are 
associated with an increased breast 
cancer risk. 

Insulin-like growth factor-I 
Insulin-like growth factor-I (IGF-1) is a 
polypeptide hormone which, like estradiol, 
acts to stimulate cell growth and inhibit 
cell death in many tissue types, including 
normal and diseased breast tissue. Two 
prospective studies have investigated the 
association between circulating IGF-1 



concentration and breast cancer risk. 
These studies have both found a 
relatively high IGF-1 concentration, either 
as absolute concentrations or relative to 
levels of its main binding protein, IGF 
binding protein-3, to be associated with an 
approximately twofold increased risk of 
breast cancer in premenopausal women 
but not in postmenopausal women 
(Hankinson et al. , 1998b; Toniolo et al., 
2000). Further data are needed on this 
possible association of IGF-1 with breast 
cancer risk and on whether the effect of 
obesity on breast cancer risk may be 
partly due to the effects of insulin on the 
bioavailability of IGF-1 (Kaaks & 
Lukanova, 2001). 

Prolactin 
Prolactin is a polypeptide hormone 
which is essential for mammary gland 
development and lactation . Four 
prospective studies have examined the 
association between serum prolactin 
concentration and breast cancer risk, 
and three have observed an increase in 
risk with increasing prolactin levels, 
although this was only statistically 
significant in the largest study by 
Hankinson et al. (Wang et al., 1992; 
Hankinson et al., 1999; Kabuto et al., 
2000); the small study of Helzlsouer et 
al. observed no association (Helzlsouer 
et al., 1994). Further data are needed on 
the possible association of prolactin with 
breast cancer risk. 

Conclusions 
Among postmenopausal women, breast 
cancer risk is strongly related to the 
serum concentration of estradiol. High 
risk is also associated with relatively 
high concentrations of other sex 
hormones . Mechanistic arguments 
suggest that estradiol is likely to be the 
most important hormone in determining 
risk, but the epidemiological data are 
currently insufficient to establish this. 
There are relatively few data for 
premenopausal women; the data 
available are inconclusive but are 

compatible with the hypothesis that 
breast cancer risk is increased by 
relatively high estradiol concentrations 
in premenopausal women. Other sex 
hormones and IGF-1 may also play 
important roles. To clarify these 
relationships , the Endogenous 
Hormones and Breast Cancer 
Collaborative Group has been 
established to conduct pooled analyses 
of prospective studies of endogenous 
hormones and breast cancer risk. 
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Bruce W.R., Giacca A., Medline A. 
Departments of Nutritional Sciences, Physiology and Pathology, University of Toronto, Canada. 

Introduction 
The most important environmental risk 
factor for colorectal cancer is thought to 
be diet, with diets high in saturated fat 
and low in fruits, vegetables and fibre 
believed to increase risk. However, 
several clinical intervention trials with 
reduced fat and increased fibre, fruits 
and vegetables have failed to affect 
the development of colonic polyps 
(Schatzkin et al., 2000). This suggests 
that our understanding of the 
mechanisms relating diet and colon 
cancer development is incomplete and 
that new, clearly defined hypotheses are 
needed, together with methods for 
testing them. 

Recent developments in epidemi
ology, experimental carcinogenesis, 
metabolic and membrane physiology, 
and tumour genetics suggest that diet 
composition can affect colon cancer risk 
through two quite different physiological 
mechanisms (Bruce et al., 2000a). In the 
first, dietary excess, through the process 
of insulin resistance, increases 
circulating insulin and energy sources 
and provides a proliferative stimulus that 
increases cancer risk. In the second, 
dietary deficiencies and excesses, 
through processes affecting epithelial 
permeability, expose focal areas of the 
colon to intraluminal growth factors and 
to inflammatory agents which increase 
proliferation and mutation, and thereby 

cancer risk. Both mechanisms explain a 
wide range of epidemiological and 
experimental data. However, at this time 
both must be considered hypotheses, 
with new approaches to cancer 
prevention studies required. 

The insulin resistance 
mechanism 
A highly palatable, energy-dense diet, 
which is high in fat and low in dietary 
fibre, may provide insufficient satiety 
and therefore excess energy for 
individuals with a sedentary lifestyle 
(Drewnowsky, 1998). The consequences 
of consumption of excess calories are 
that circulating levels of glucose, 
triglycerides and non-esterified fatty 
acids (NEFAs) tend to increase, with [3-
cell production of insulin increasing to 
reduce circulating glucose. Energy 
substrates increase in muscle, liver and 
fat cells. With their accumulating energy, 
these organs begin to display a 
resistance to the effect of insulin. As a 
result, circulating levels of insulin, 
triglycerides and NEFAs become even 
more elevated. Thus a full-blown picture 
of hyperinsulinemia/insulin resistance 
develops and all the cells in the body are 
exposed to higher levels of insulin and 
energy substrates (DeFronzo et al., 
1991 ). In this setting, colonic cells may 
be more likely to proliferate and suffer 
oxidative damage. These effects 

increase the possibility for initiation and 
promotion of colon cancer (Bruce et al., 
2000b). 

Many epidemiological studies have 
shown association of colon cancer risk 
with levels of insulin and triglyceride 
(Bruce et al., 2000a). This may merely 
reflect a concomitant association, since 
the risk factors for colon cancer and 
insulin resistance or type 2 diabetes are 
similar. Both are positively associated with 
diets that provide excess calories and with 
lifestyles that are sedentary. Both are also 
associated with increased levels of 
saturated fatty acids and perhaps 
deficiencies of essential fatty acids. 

Experimental animal studies, 
however, suggest that elevated insulin 
and/or energy substrates are on the 
pathway between diet and cancer. The 
first of these studies was made using 
rats given a colon carcinogen , 
azoxymethane. Treatment of these 
animals with exogenous insulin resulted 
in larger aberrant crypt foci (ACF), 
putative precursors of colon cancer 
(Corpet et al. , 1997), and increased 
number and frequency of tumours (Tran 
et al., 1996), a result consistent with the 
proposed mechanism but not conclusive, 
since exogenous insulin has many 
dietary, hormonal and metabolic effects. 

Dietary studies with carcinogen
treated animals provide further support 
for the importance of insulin resistance 

277 



Nutrition and lifestyle: opportunities for cancer prevention 

in colon carcinogenesis. They show 
that diets, which increase energy 
consumption, also increase the degree 
of both measures of insulin resistance 
and colonic tumour promotion 
(Koohestani et al., 1998). Compared 
with the control diet, a calorie-restricted 
diet decreased, while a high-fat or 
cafeteria diet increased glucose 
intolerance, as measured by area under 
the glucose tolerance curve. Similarly, 
calorie-restricted diets decreased and 
calorie-excess diets increased the 
growth of ACF. These results are thus 
consistent with the proposed 
mechanism. 

Experimental studies with infused 
insulin and energy substrates allow a 
more specific test of possible 
mechanisms. Such studies permit 
separate measure of the effect of insulin, 
glucose and fatty acids on the colonic 
epithelium. Early results with this 
approach indicate that insulin by itself 
can increase proliferation of colonic 
epithelial cells. Fatty acids with insulin 
may increase this effect. Insulin could 
also have promotional effects through a 
reduction of apoptosis, and the effects of 
insulin may be mediated in part through 
increased levels of free IGFs or 
increased intracellular energy. 

The effects of insulin and energy 
substrates on colonic cells have not 
been systematically studied in vitro; 
however, insulin has been shown to 
stimulate DNA and RNA synthesis 
(Cezard et al., 1981) and insulin and 
glucose have been shown to increase 
reactive oxygen species (ROS) in HT29 
colon adenocarcinoma cells (Giulivi & 
Cadenas, 1998). Studies with other 
epithelial cell lines have demonstrated 
possible links of both insulin and energy 
pathways with epithelial cell proliferation 
(Bjjork, 1993; Hardy 2000). In vitro 
studies with colonic cells may be 
particularly valuable for elucidating 
pathways involving pharmacological 
agents, which affect insulin resistance. 

The genetic properties of human 
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tumours may provide evidence relating 
to their origin. Many tumours have 
increased IGF and insulin receptors 
(Singh & Rubin, 1993). Most show 
evidence of defects in cell cycle control 
(Weinstein et al. , 1997). These 
observations are consistent with the 
proposed insulin resistance mechanism 
outlined above. 

The focal inflammation 
mechanism 
A high-risk diet may increase colonic 
permeability focally, affecting tight 
junctions (T Js) between epithelial 
colonocytes. Some dietary factors 
increase T J permeability, while others 
produce a decrease. The focal increase 
in colonic permeability exposes the 
basal and lateral surfaces of adjacent 
epithelial cells and the cells of the 
lamina propria to agents in the luminal 
environment. This includes locally 
produced growth factors , which can be 
at high concentration in the lumen 
(Mullin, 1997). It also includes toxic 
agents that induce inflammation. Both 
growth factors and products of 
inflammation can increase proliferation, 
affect rates of apoptosis and mutations, 
thereby increasing the possibility for 
epithelial cell carcinogenesis. The cycle 
of increased permeability and 
inflammation can be perpetuated. 
Inflammation can further increase 
colonic permeability and mutations can 
reduce the effectiveness of T J closure. 

Epidemiological studies support 
an association between colonic 
inflammation and colon cancer risk. 
Colon cancer risk is markedly increased 
in inflammatory bowel disease (IBD), 
especially ulcerative colitis and the 
geographic pattern of risk for IBD and 
colorectal cancer are similar (Sandler & 
Eisen, 2000). Recent Norwegian studies 
with the granulocyte marker protein, 
calprotectin , also support such an 
association. Granulocytes are the 
definitive marker of acute inflammation. 
Since calprotectin resists breakdown by 

colonic bacteria, its presence in faeces 
indicates the presence of an 
acute inflammatory process in the 
gastrointestinal tract. The levels of 
calprotectin in faeces have been 
measured with an enzyme-linked 
immunosorbent assay (ELISA) reliably 
and reproducibly, in 100-mg samples of 
faeces (T0n et al., 2000). Such assays 
have been used in assessing the status 
and prognosis of IBD. They have also 
been used to screen for colorectal 
cancers and polyps (Tibble et al. , 2001 ). 
Granulocyte marker protein is elevated 
in faeces of carcinogen-treated rats 
before the appearance of colonic polyps 
(Kristinsson et al., 1999). It is also likely 
the case in human colon carcinogenesis 
as calprotectin levels are frequently 
found to be elevated even after the 
removal of polyps and cancers. These 
observations are consistent with an 
association of colon carcinogenesis and 
colonic inflammation. 

At least one component in the diet 
can affect colonic inflammation. Oral 
sodium phosphate, as used in the 
colonic preparation prior to colonoscopy, 
has been shown repeatedly to induce 
aphthous ulcers and focal inflammation 
in the colon approximately 1 day after 
administration in some patients (Driman 
& Preiksaitis, 1998). The levels of 
phosphate used were larger than daily 
intake of phosphate in the diet and, in 
the diet, phosphate is usually 
accompanied by calcium with which it 
interacts, reducing the concentration of 
free phosphate (Newmark et al. , 1984). 
Indeed, there is no reported clinical or 
epidemiological evidence that high 
concentrations of phosphate represent 
an increased colon cancer risk in 
humans. However, diets high in 
phosphate and low in calcium act as 
promoters in carcinogen-treated animals 
(Wargovich et al. , 1990} and similar 
diets, with other potential risk factors 
associated with the Western diet, 
produce evidence of hyperproliferation 
and a small number of tumours in 



animals not treated with carcinogen 
(Yang et al., 2001) . Furthermore, a 
recent intervention study found that 
supplementary calcium reduced the 
recurrence of colonic polyps (Baron et 
al. , 1999). Supplemental calcium may 
counter the effect of the large excess of 
phosphate in meats, leavened breads 
and potatoes of some diets. 

Calcium has been known for more 
than 30 years to have a striking effect on 
in vitro models of colonic epithelium. In 
these models epithelial cells are grown to 
confluence on permeable fibres in 
specially constructed chambers that allow 
for the separate control of the basal and 
apical (or luminal) surfaces of the cells. 
The T Js of epithelial cells normally form a 
seal to separate the luminal from 
basolateral spaces and also act as a 
'fonce", separating the apical from the 
basal and lateral surfaces of each 
epithelial cell . The closure of T Js is 
markedly affected by the calcium 
concentration on the basal surface (Ma et 
al., 2000). With decreased calcium, T Js 
open. With normal calcium, T Js quickly 
close in a process referred to as the fast 
calcium switch. Phorbol esters and many 
other factors can have effects similar to 
reduced calcium and the study of the 
molecular biology underlying these 
phenomena has become an important 
area of physiological investigation. These 
investigations have shown that the 
closure of T Js critically depends on the 
function of adhesion molecules, including 
cadherin (Troxell et al. , 1999). Open T Js 
can allow the passage of large molecules 
such as epidermal growth factor (EGF) 
and presumably other growth factors from 
the luminal surface, through the epithelial 
layer (Mullin et al., 1998). The in vitro 
model of epithelial cell growth may appear 
rather artificial. However, tight junctions 
can be identified in colonic epithelium. 
Macromolecules labelled with heavy 
metals are excluded by normal epithelium 
but penetrate through the T Js between 
epithelial cells in at least some polyps and 
apparently all cancers (Soler et al., 1999). 

Possible mechanisms relating diet to colorectal cancer risk 

A large number of experimental animal 
studies have examined the effect of 
dietary supplements and additives on 
carcinogenesis. Rats and mice have been 
given a colon carcinogen and the effect of 
dietary supplements on the yield of 
subsequent tumours has been observed 
(Bruce et al., 2000a). Protective effects 
have been noted with a wide range 
of additives, in addition to the 
aforementioned effect of calcium in a high
phosphate diet. Clear protection has been 
observed with folic acid given to animals 
receiving a folic-acid-deficient diet, with 
non-steroidal anti-inflammatory drugs, with 
n-3 fatty acids, with pre- and probiotics, 
with the demulcent, polyethylene glycol 
MW8000, and with a large group of 
phytochemicals that are thought to reduce 
inflammation. We have noted that these 
additives could each inhibit the pathway to 
inflammation in the colon by reducing 
colonic epithelial permeability and the 
degree and toxic effects of focal 
inflammation (Bruce et al., 2000a). 

Most human adenomatous polyps and 
colon tumours have mutations of the APC 
gene, known to affect cadherin activity 
and the closure of TJs (Troxell et al. , 
1999). This observation is consistent with 
the proposition that these mutations are 
selected for during the process of 
repeated opening and closing of T Js by 
dietary factors. 

Possible tests of the 
mechanisms 
A clear prediction of the dietary 
excess/insulin resistance hypothesis 
is that dietary or pharmacological 
interventions that reduce insulin 
resistance and the level of insulin 
will impede the process of colon 
carcinogenesis. The expected reduction 
of colon carcinogenesis must follow a 
demonstration of the control of insulin 
levels by dietary or pharmacological 
methods. That is, it is first necessary to 
identify a particular intervention 
that reduces hyperinsulinemia/insulin 
resistance before it is possible to 

determine if this intervention reduces 
carcinogenesis . On the basis of the 
model we have presented here, 
hyperinsulinemia/insulin resistance 
might be reduced in several ways: 

By increasing the satiety of food to 
reduce dietary energy intake. 
By increasing energy expenditure to 
reduce the excess available. 
By diverting fat to adipocytes 
through the action of peroxisome 
proliferator agonist receptor (PPAR) 
"I activators, thereby reducing 
triglycerides in muscle and liver. 
If such strategies succeed in reducing 

insulin, the intervention(s) could be 
tested for colon carcinogenesis. 
Presumably, this could be done by 
observing the effect of the intervention 
on ACF size observed in vivo, or through 
effects on colonic polyp recurrences. 

A clear prediction of the increased 
permeability/focal inflammation 
hypothesis is that a dietary or 
pharmacological intervention that 
decreases colonic permeability or 
inhibits focal colonic inflammation will 
reduce colon carcinogenesis. As with 
the insulin resistance hypothesis, this 
expectation is conditional. That is, it is 
first necessary to identify a particular 
intervention that reduces colonic 
inflammation before it is possible to 
assess the effectiveness of the 
intervention in reducing carcinogenesis. 
Again, on the basis of the model 
we have presented here, colonic 
inflammation might be reduced in 
several ways: 

By increasing dietary calcium, or 
reducing dietary phosphate, to 
reduce the possibility of T J opening 
with resultant colonic permeability. 
By providing factors in the diet that 
increase the osmotic pressure of the 
faecal stream and the tension on 
epithelial cell membranes and 
junctions (Parnaud et al., 2001 ). 
By inhibiting the process of 
inflammation directly to reduce the 
effect of inflammatory products on 
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epithelial permeability and the 
possibility of a continuing 
inflammatory process. 

If such strategies are successful in 
reducing colonic inflammation, the 
intervention(s) could be tested for effect on 
colon carcinogenesis, again by observing 
ACF number and size in vivo or through 
effects on colonic polyp recurrences. 

The two-step approach to testing 
mechanisms has several advantages 
over more prolonged studies applied 
directly on colon carcinogenesis: clinical 
trials to reduce hyperinsulinemia/insulin 
resistance and to reduce colonic 
inflammation . Studies focused on 
processes that increase colon cancer risk 
could be completed in less time and with 
less expense than studies directed at the 
longer-term goal with carcinogenesis 
endpoints . Finally, combined 
interventions that reduce insulin 
resistance and focal colonic inflammation 
could be tested for their effects on colon 
carcinogenesis to add to the 
understanding of the overall process of 
colon carcinogenesis and its prevention. 
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Androgenic hormones and prostate cancer 
risk: status and prospects 
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Prostate cancer is the most common 
potentially life-threatening cancer 
diagnosed among men in Western 
countries today. The relationship of 
androgen hormone levels to risk of 
developing prostate cancer has been an 
important focus of investigation since 
the Nobel Prize-winning work of Charles 
Huggins several decades ago, which 
demonstrated the effectiveness of 
castration in the treatment of advanced 
disease (Lytton, 2001 ). The issue is 
relevant to nutrition research , because it 
is clear from migrant studies that some 
feature or features of the environment 
affect prostate cancer risk on the 
population level and because it is 
plausible that some degree of the 
variation in hormone levels between 
individuals is attributable to dietary 
differences. Hence the effects of 
hormones and diet on prostate cancer 
risk are likely to be inter-related. Despite 
significant advances in both laboratory 
technique and knowledge of the 
underlying biology, the major questions 
remain unresolved , and thus 
opportunities for primary prevention are 
not yet available. The aim of this paper is 
to briefly review the evidence linking 
androgens to prostate cancer risk, 
critically discuss the obstacles faced by 
past and current research, and present 
several promising new areas of study. 

Nonepidemiological evidence 
relating androgen levels to 
prostate cancer risk 
Prostate cancer requires a sufficient 
level of androgens in order to develop. 
Research thus far in culture systems, 
animal models and clinical observation 
has been unable to determine whether 
this relationship is merely facultative or 
more subtle variations between men are 
determinants of risk. The prostate gland 
needs a constant supply of androgens to 
develop and maintain itself. Apart from 
the findings concerning the effect of 
androgen deprivation on existing 
cancers, males with a rare inherited 
defect in 5u-reductase synthesis have 
small , underdeveloped prostate glands 
(Thigpen et al. , 1992). This enzyme is 
responsible for the conversion of 
testosterone to dihydrotestosterone 
(DHT), which is believed to be the most 
important intraprostatic androgen. Many 
literature sources also state that 
eunuchs (males castrated before or 
soon after puberty) do not develop 
prostate cancer. It is more accurate to 
state, based on limited observation, that 
eunuchs have underdeveloped glands. 
Castration was practiced in Imperial 
China to produce palace guards and in 
Italy to produce opera singers with 
unique vocal qualities. But these 
practices were ended long before 
cohorts of eunuchs could be observed 

by modern methods of scientific 
observation . In 1960, 26 surviving 
elderly eunuchs in Beijing were 
examined and all were found to have 
either non-palpable or very small 
prostates (Ping & Fang-Liu, 2001 ). 

Studies of cultured prostate cancer 
cells demonstrate a dose-dependent 
relationship of androgen to three 
major processes involved in 
prostate carcinogenesis: proliferation , 
differentiation and apoptosis. The dog is 
the only animal besides man in which 
prostate cancer is known to occur 
spontaneously, except in rare instances. 
Nonetheless, some rodent models for 
prostate cancer have been informative 
regarding the role of androgens. 
Adenocarcinoma of the prostate can be 
induced in several strains of rat by 
exogenous testosterone alone, and 
more strongly by testosterone combined 
with estrogen (Bosland et al., 1995). 
Interestingly, concurrent stimulation of 
cell proliferation by hormonal treatment 
appears to increase the ability of 
chemical carcinogens to induce prostate 
cancer in the rat. It is important to note 
that the tumour-promoting effects of 
androgens in these models are quite 
potent; they can be observed with only a 
twofold to threefold sustained increase 
in plasma testosterone (Bosland et al., 
1995). This is well within the amount of 
variation seen in human populations. 
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For example, in a population of 1418 
men aged 28-40 years, we recently 
observed an approximately threefold 
difference in serum testosterone 
between the upper and lower quartile 
means (unpublished data). 

Epidemiologic evidence 
The following is a brief summary; 
several more extensive reviews have 
been published recently (Eaton et al., 
1999; Bosland , 2000; Hsing, 2001; 
Kaaks et al. , 2001). Numerous 
case-control studies on the relationship 
of circulating hormone levels to prostate 
cancer were published from the 1960s 
through the 1980s, in what might be 
considered Phase 1 of epidemiological 
research in this area. These studies had 
several serious limitations: sample sizes 
were often small and controls were often 
selected based on convenience rather 
than representativeness of the source 
population for cases. Most importantly, 
blood samples were collected after 
diagnosis, which could introduce bias 
due to the effect of disease on hormone 
levels, rather than vice-versa. Apart from 
the suggestion that hormone 
metabolism could be affected by the 
stress and lifestyle changes that 
accompany a diagnosis of cancer, there 
is evidence to suggest that androgen 
levels at diagnosis are affected by 
disease. Men with prostate cancer have 
increased clearance of androgens and 

lower levels of androgens at diagnosis 
are associated with increased stage and 
an unfavorable prognosis (Harper et al., 
1987; Meikle et al., 1987). 

The second phase of epidemiological 
research involves prospective studies, 
usually with a case-control design , 
nested within a defined cohort. 
Approximately 8-10 such studies were 
conducted during the 1990s. All of these 
studies evaluated total testosterone and 
several also measured DHT, 3a
androstanediol glucuronide (a major 
intraprostatic DHT metabolite) and sex 
hormone-binding globulin (SHBG). Only 
one study, which we conducted within the 
Physicians' Health Study cohort, 
observed a clear relationship between 
androgen levels and prostate cancer risk 
(Gann et al., 1996). In this analysis, which 
was the largest to date with 222 cases 
and 390 controls, total testosterone and 
SHBG were very weakly associated with 
prostate cancer risk (testosterone 
positively and SHBG inversely) when 
evaluated separately. However, as other 
investigators have observed, there was a 
substantial correlation between 
testosterone and SHBG levels (r=0.6) , 
due to the servomechanism operating 
within the hypothalamic-pituitary axis. 
Because of this correlation and because 
androgen bound to SHBG is presumed to 
be biologically inactive, the results for 
testosterone and SHBG are mutually 
confounding. When these analytes were 

Table 1. Methodological limits of second phase, prospective studies on 
circulating androgens and prostate cancer risk 

1. 

2. 

3. 
4. 

5. 

6. 
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Uncertainty regarding the "active" forms of androgen and lack of consensus 
regarding how to handle protein binding. 
The relationship of blood-to-tissue levels of androgens is largely unknown. 
Potential problems with sample integrity with frozen storage over long periods. 
Difficulty maintaining assay reproducibility, especially when assaying many batches 
of samples. 
Consistency of hormone level over time not well understood; single measures could 
be a poor reflection of levels at distant time points. 
Androgen exposure might be more important during certain age periods in life. 

simultaneously adjusted, strong linear 
associations were apparent (again, 
positive for testosterone and inverse for 
SHBG). Two recent prospective studies 
have attempted to replicate these findings 
with respect to simultaneous adjustment 
for testosterone and SHBG. One, 
conducted with the cohort of male 
smokers participating in the Finnish 
antioxidant trial , found no associations 
with or without adjustment (Dorgan et al., 
1998). The other, which used serum 
collected in another Finnish cohort from 
1966 to 1972, found no associations 
when all 24 years of follow-up were 
included (Heikkila et al., 1999). However, 
when the first 8 years of follow-up were 
excluded, there was evidence for a 
positive association for testosterone 
(SHBG-adjusted), with an odds ratio of 
2.0 in the highest versus lowest quintile, 
and a trend across quintiles with a P 
value of 0.06. 

Clearly, further prospective studies 
such as these are warranted. Several 
methodological issues will have to be 
addressed in order to avoid biased 
results, as listed in Table 1. 

Since DHT is most likely a more 
important androgen than testosterone in 
the prostate, it would appear important to 
measure DHT in the circulation. However, 
blood levels of DHT are strongly 
influenced by production of DHT in the 
skin and elsewhere, from the action of 
type I 5a-reductase. Moreover, DHT is 
rapidly metabolized to androstanediol, 
which contributes to a predictably poor 
correlation between DHT levels in the 
blood and prostate. Investigators have 
measured 3a-androstanediol glucuronide 
as a surrogate for DHT, and although it 
has a longer half-life in blood than DHT 
and has been used to identify the 
presence of clinical disorders affecting 
DHT metabolism, it can also be produced 
in tissues other than the prostate (Kaaks 
et al. , 2001). 

Protein binding of androgens in the 
blood presents another challenge. 
Ideally, one could measure testosterone 



in at least two of its three circulating 
forms: free, albumin-bound, and SHBG
bound. However, assays for free and 
SHBG-bound testosterone requi re 
relatively large amounts of serum or 
plasma that are often not available in 
precious archived samples. Calculation 
of the amount of testosterone in each 
compartment, using information on the 
binding constant of testosterone for 
each protein as wel l as hormone and 
protein concentrations has been 
suggested . In some cases, albumin 
levels are assumed to be constant, 
since these do not vary greatly and have 
little effect on bioavailability due to the 
weak binding of androgens to albumin. 
There are surprisingly few data on the 
correspondence between these 
calcu lated values and directly measured 
ones and hence the suitabil ity of these 
estimates is open to question 
(Vermeulen et al., 1999). For the 
moment, the most accurate and efficient 
method for considering the effects of 
SHBG binding on testosterone effects 
might be simultaneous adjustment using 
mathematical models. 

It is clear that androgen levels within 
the prostate are more germane than 
those in the circulation. Given the 
presence of androgen-metabolizing 
enzymes with the prostate, 
serum-tissue discrepancies would not 
be surprising. There are data indicating 
that although testosterone and DHT 
levels decline with aging, they do not 
necessarily decline in the prostate, 
particularly in the stromal as opposed to 
the epithelial compartment (Kreig et al., 
1993). Unfortunately, we do not have 
good methods at present for measuring 
the amounts of intraprostatic androgen 
or the specific effects of androgen 
action . Liquefying tissue samples and 
relating hormone concentrations to 
measures of total protein or DNA are not 
very accurate. Improvement of such 
methods would provide a great boost. 

Most steroid hormones are fairly 
robust in frozen storage. However, the 
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Table 2. Consistencv of testosterone and SHBG levels over time: 
two serum samples, 3 years apart, CARDIA Male Hormone Study 

N, pairs Varw Var8 R 95% Cl, r 

Total testosterone 

Black 622 1.42 2.1 9 0.60 0.52-0.67 

White 796 0.93 2.25 0.71 0.64-0.76 

All 1418 1.14 2.24 0.66 0.59-0.72 

SHBG 

Black 622 41 .15 129.57 0.76 0.71-0.80 

White 796 36.09 137.57 0.80 0.75-0.83 

All 1418 38.22 134.17 0.78 0.73-0.82 

CARDIA, Coronary Artery Risk Development in Young Adults; Varw and Var9, variance within and between 
persons; r, Pearson correlation coefficient; Cl , confidence interval. 

integrity of samples frozen for very long 
periods, particularly at temperatures 
warmer than -70°C, is a concern. In one 
of the prospective studies mentioned 
earlier, samples were stored for more than 
25 years at -20°c . Storage integrity of 
proteins such as SHBG is of even greater 
concern. Our laboratory and others have 
observed that frequent or rapid thawing of 
samples can reduce the amount of 
SHBG measurable by immunoassays. 
Maintaining immunoassay reproducibility 
for hormones is not a simple task, 
especial ly when large numbers of 
samples are assayed for epidemiological 
research. Reproducibility errors can result 
from factors such as the sticking of 
steroids to glass or plastic ware, low 
activity for radioactive or fluorescent 
tracers, use of a new antibody lot, and 
inaccurate standard curves. Studies 
should always strive to minimize the 
effects of interbatch variance by assaying 
cases and matched control samples in the 
same batch. In addition, reproducibility 
resu lts from identical masked 
quality control samples, which are 
indistinguishable from subject samples, 
are an important method for assessing 
inter- and intrabatch variability. In our 
laboratory, we observed a sudden 35% 

drop in values for SHBG from identical 
QC samples and were eventually able to 
trace this to a change in the source of 
SHBG standards used for development of 
the standard curves. 

Only one of the prospective studies 
conducted to date was able to measure 
hormone levels at more than one time 
point, and that study had on ly 16 cases 
(Carter et al., 1995; Pearson et al., 
1996). Indeed, we have had surprisingly 
little information on the consistency of 
androgen levels within the same man 
over time, yet this can contribute 
substantially towards attenuation of risk 
estimates in studies uti lizing only a 
single measure. We recently obtained 
the fo llowing data (Table 2) from the 
CARDIA Male Hormone Study, which 
illustrate the correlation among Black 
and white men aged 28-40 for 
measurements of total testosterone and 
SHBG, with samples taken 3 years 
apart. 

Both measurements were obtained in 
the same assay run . The within-person 
correlations are somewhat reassuring , 
yet they indicate the potential for serious 
attenuation in estimating relatively 
modest risks . The timing of androgen 
measurement during the life cycle must 
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also be considered. While it is well 
known that prostate cancer occurs 
primarily within ageing men whose 
androgen levels are declining, androgen 
levels much earlier in life might affect 
risk, even during the period in utero 
when imprinting of developing tissues 
can occur (Ekbom et al., 1996). 

Emerging opportunities for 
future research: genetics, 
structural biology and 
androgen action 
Several areas of research show promise 
for developing new insights into the role 
of hormones in the etiology of prostate 
cancer, including identification of genetic 
polymorphisms that could affect 
androgen action , studies on the 
determinants of androgen levels and 
new findings in structural biology and 
the molecular mechanisms of androgen 
action. Development of methods for 
high-throughput genotyping has created 
an explosion in the amount of 
information available on human genetic 
variation. Many prostate cancer 
investigators have recognized the 
potential importance of studying 
polymorphisms among genes involved 
in the synthesis, action and metabolism 
of androgens (Ross et al., 1999). While 
we are still in the early phase of this 
research, it is well advised to identify 
several challenges that lie on the road 
ahead. 

First, we do not know which genes 
are important. Any examination of 
androgen synthesis and metabolic 
pathways can reveal a discrete number 
of obvious candidate genes, but the 
actual number of potentially relevant 
genes could be far greater. If, for 
example, unsuspected genes influence 
expression of an enzyme involved in the 
pathway, we have the possibility of an 
almost unlimited number of relevant 
genetic variants as the causal web 
moves outward. Second, within each 
candidate gene, we are not sure how 
many polymorphisms exist nor which of 
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them might be functionally significant. 
The studies required to determine 
functional significance can be very 
costly, and perhaps represent a major 
bottleneck in the research effort. Third, 
adequate planning and interpretation 
of epidemiological studies on 
polymorphisms related to hormone 
action require specification of plausible 
gene-hormone interaction models. For 
example, in the case of CYP17, an 
enzyme involved in the early steps of 
steroid biosynthesis, hormone levels 
would represent an intervening variable 
between the polymorphism and its effect 
on prostate cancer risk and thus no real 
interaction could be predicted. In other 
cases, the genetic and hormonal factors 
both could bear on a common pathway, 
which would lead to an additive 
prediction for joint effects. An example of 
this could be the effects of a hormone 
and a gene on a single factor: activation 
of the androgen receptor. Truly 
multiplicative interactions have the 
potential to affect risk most strongly, but 
these should be specified in advance to 
the extent possible. 

We already know, based on the 
degree of clustering of prostate cancer 
within families, that single gene effects 
and simple Mendelian inheritance will 
not explain a large percentage of 
prostate cancer incidence. This means 
that gene-gene and gene-environment 
interactions are essential , and not 
merely en vogue. These interactions 
could easily be beyond second order, 
i.e. involve more than two factors, 
leading to an exponential growth in 
exposure categories. Given this, plus 
the near certainty that the main effects 
of any polymorphism on risk are likely to 
be very small (particularly in genetically 
heterogeneous populations), we have a 
situation that demands very large study 
sizes and an enormous problem with 
multiple comparisons. These problems 
apply for the candidate gene approach 
to research, much less the genomic or 
anonymous gene approach, for which 

the problems would be even more 
constraining . There is even the 
possibility - taking pessimism to the 
extreme - that no identifiable set of 
genetic and hormonal interactions will 
explain a meaningful proportion 
of cases. These challenges 
notwithstanding, research in this area is 
likely to progress to the extent that it 
exploits emerging information regarding 
the biology of prostate cancer. 

As stated earlier, interindividual and 
interpopulation differences in androgen 
levels are real and substantial. An 
indirect but potentially useful research 
strategy is to identify the determinants 
(both genetic and environmental} of 
androgen levels and then look 
for associations between these 
determinants and prostate cancer risk. 
Studies aimed at determining the 
relationship of body size, diet and 
physical activity to androgen action are 
of interest, particularly if they include 
longitudinal measurements at various 
ages. Finally, new information from 
molecular and structural biology is 
likely to have a profound effect on the 
way we think about androgen action. 
Changes in mRNA and protein 
expression that result from androgen 
exposure to normal prostate tissue are 
beginning to be elucidated. This could 
create important opportunities for 
epidemiologists to develop biomarkers 
that reflect the proximal effects of 
androgen in the prostate. For example, 
gene expression scans have led to the 
identification of calreticulin as a 
molecule that is strongly up-regulated 
by androgens in few tissues except the 
prostatic epithelium (Zhu et al., 1998). 
The early model of androgen action 
that involves primarily a ligand and a 
receptor is rapidly giving way to a far 
more complex model, one that allows 
numerous entry points for influences on 
androgen action whether receptor
mediated or not. Elaboration of proteins 
involved in key signal transduction 
pathways provides just one example. 



Structural biologists have solved the 
three-dimensional structures of two 
crucial molecules - androgen receptor 
and SHBG - just within the past two 
years (Grishkovskaya et al., 2000; 
Sack et al., 2001 ). These discoveries 
will inevitably lead to new hypotheses 
regarding the regulation of androgen 
action, and thus new testable 
hypotheses concerning the role of 
androgens in prostate cancer etiology. 

In conclusion, the hypothesis that 
interindividual differences in androgen 
levels affect prostate cancer risk 
remains viable but not yet established. 
Research to date has taught us what 
some of the most important current 
methodological challenges are. Ongoing 
basic research is providing us with an 
ever-expanding array of tools and 
hypotheses. The finasteride trial for 
primary prevention of prostate cancer, 
which will report its results in several 
years, could by itself provide a major 
proof-of-principle for the hypothesis 
(Thompson et al., 1997). Resolution of 
the hormone-prostate cancer question 
will have a profound influence on how 
we approach primary prevention of 
prostate cancer. It will also affect policies 
regarding the use of androgen 
supplements, which are now used by 
millions of men in the U.S. - with or 
without medical supervision - since the 
topical gel form was approved for use in 
2000 (Anonymous, 2000). 
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Nutrition, energy balance and colon cancer 
risk: the role of insulin and insulin-like 
growth factor-I 

Kaaks R. 
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Introduction 
Age-adjusted incidence and mortality 
rates of colon cancer are many times 
higher in Western, industrialized 
societies than in rural Africa or Asia. 
Strong international correlations 
between age-standardized incidence or 
mortality rates and estimated per capita 
availabilities of foods and nutrients 
suggest that a Western type of diet -
characterized by high intakes of total 
and saturated fats, meat, and refined 
carbohydrates - predisposes to colon 
cancer development. In addition, colon 
cancer risk is directly related to 
measures of obesity such as body mass 
index (BMI} or the ratio of waist-to-hip 
circumferences (WHR), and relates 
inversely to physical activity levels. 
Finally, colon cancer risk has also been 
found to be associated with adult body 
height, a marker of growth rates, and 
indirectly of nutrition , during childhood. 

This paper reviews the background 
and epidemiological evidence for 
recent theories which stipulate that a 
Western nutritional lifestyle may 
increase colon cancer through 
increases in plasma and tissue levels 
of insulin and/or as insulin-like growth 
factor (IGF)-1. 

Effects of insulin and IGF-1 
on cell proliferation, 
apoptosis, and tumour 
development 
The development of tumours is thought 
to result from an imbalance between 
cellular differentiation, proliferation and 
programmed death (apoptosis), 
allowing the clonal selection and 
multiplication of cells that have 
accumulated somatic mutations in pro
oncogenes and tumour-suppressor 
genes, making them independent of 
normal growth control. Hormones and 
growth factors play a key role in 
regulating cellular growth control. 
Among various peptide growth factors 
involved, insulin, IGF-1 and IGF-binding 
proteins (IGFBPs) are of special 
interest, as their concentrations in 
plasma and tissues are intricately 
related to nutritional status. 

Insulin and IGF-1 both stimulate the 
proliferation, and inhibit apoptotis, of 
normal and neoplastic cells (Jones & 
Clemmons, 1995; Werner & LeRoith, 
1996), including those of the colonic 
mucosa (Singh & Rubin , 1993). Colon 
cancer tissue has receptors for both 
insulin and IGF-1 (Guo et al., 1992; 
MacDonald et al., 1993). Signal 

transduction pathways mediating the 
effects of insulin on gene expression 
and mitosis include the activation of the 
ras oncogen (Burgering et al. , 1989; 
Burgering et al., 1991), which plays a 
central role in colon carcinogenesis. 

IGF-1 bioactivity within tissues is 
modulated by IGFBPs, which may 
either enhance or inhibit binding of IGF-
1 to its receptors (Jones & Clemmons, 
1995). In addition, some of the IGF
binding proteins may exert growth 
regulating effects through their own 
specific binding sites on the cell 
membrane. For example, IGFBP-3 has 
been shown to inhibit cellular 
proliferation and to enhance apoptosis 
through binding with specific IGFBP-3 
binding sites (Jones & Clemmons, 
1995; Rajah et al., 1997). 

Nutritional determinants of 
plasma insulin and IGF-1 
bioactivity 
Nutritional determinants of insulin 
levels 
Chronically elevated plasma insulin 
levels, also in the fasting state, occur 
when tissues (especially skeletal muscle 
and liver) have a diminished sensitivity 
to the physiological actions of insulin. 

289 



Nutrition and lifestyle: opportunities for cancer prevention 

Insulin resistance is a frequent 
phenomenon in Western populations. It 
is partially a consequence of increased 
hepatic and muscular uptake and 
oxidation of fatty acids (Randle, 1995) 
which, in turn, is related to a rise in 
plasma concentrations of free fatty 
acids. Another metabolic factor in the 
circulation that causes insulin resistance 
and that is also partially derived from 
adipose tissue is tumour-necrosis factor 
alpha (TNF-alpha). The development of 
insulin resistance is thus strongly related 
to obesity (Reaven, 1988). 
Nevertheless, insulin resistance is also 
observed in relatively high proportions of 
adult men and women with normal 
weight for height, but with some 
increase in intra-abdominal fat stores. 

Physical activity improves insulin 
sensitivity and decreases plasma insulin 
(Mayer et al. , 1998). In sedentary 
subjects, physical activity can improve 
insulin sensitivity within days and thus 
independently of any substantial 
changes in body weight. Over the longer 
term, physical activity can also improve 
insulin sensitivity by preventing or 
reducing obesity. 

In addition to insulin resistance, the 
consumption of foods rich in refined 
carbohydrates that are rapidly digested 
and absorbed, elicits elevated glycemic 
and insulinemic responses. It is possible 
that especially at such postprandial 
concentrations, insulin provides a direct 
stimulus to the development of colon 
tumours. Furthermore, there is some 
evidence from cross-sectional and 
prospective cohort studies that over the 
long term, the consumption of foods rich 
in rapidly digestible carbohydrates may 
also contribute to the development of 
insulin resistance (Feskens & Kromhout, 
1990). 

The IGF-11/GFBP system 
The bioactivity of IGF-1 within tissues is 
determined partially by total plasma 
concentrations of IGF-1 and of its major 
plasmatic binding proteins (IGFBPs), 
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and partially also by the local production 
of IGF-1 and IGFBPs within tissues 
(Thissen et al., 1994; Jones & 
Clemmons, 1995). At least six different 
IGFBPs have been identified so far 
(Jones & Clemmons, 1995). Most of 
IGF-1 and IGFBPs circulating in plasma 
is produced in the liver. Over 80% of 
IGF-1 in plasma is complexed with 
IGFBP-3 plus another glycoprotein, 
called acid-labile subunit (ALS), and 
most of the remaining fraction is bound 
to the other IGFBPs in blood. IGFBP-3 
has a very high affinity for IGF-1 and the 
large IGF-1/IGFBP-3/ALS complex 
cannot pass through the capillary barrier 
to target tissues. IGFBP-5 has an even 
higher affinity than IGFBP-3 for IGF-1, 
and also forms a complex with ALS. The 
IGFBPs -1 , -2, -4 and -6 have lower 
binding affinities for IGF-1 , do not bind 
ALS, and are small enough to cross the 
endothelial barrier (Jones & Clemmons, 
1995). Among the six or more IGFBPs, 
the IGFBPs -1 , -2 and -3 appear to be 
most strongly dependent on nutritional 
status. 

Nutritional determinants of /GF-1 
bio-activity 
Growth hormone (GH) provides the 
primary stimulus for the production of 
IGF-1 and of its major plasmatic binding 
protein (IGFBP-3) , in liver and many 
other tissue types (Thissen et al., 1994; 
Jones & Clemmons, 1995). Besides GH, 
insulin plays a central role in regulating 
levels of IGF-1 and IGFBPs. Insulin 
improves GH sensitivity of tissues by 
increasing hepatic GH-receptor levels 
(Baxter & Turtle , 1978; Mercado & 
Baumann, 1995) and by enhancing 
cellular uptake of amino acids for protein 
(Thissen et al., 1994). Furthermore, 
insulin reduces concentrations of 
IGFBP-1 by acute inhibition of its 
synthesis in liver and other tissues and 
is also inversely related to levels of 
IGFBP-2 (Nam et al., 1997). Thus, 
situations in which endogenous insulin 
synthesis is low, such as prolonged 

fasting , chronic malnutrition, but also 
insulin-dependent diabetes mellitus 
(IDDM), all cause a decrease in GH 
receptor levels, resistance to the GH 
stimulation of IGF-1 synthesis, 
reductions in plasma IGF-1 and IGFBP-
3, and rises in plasma levels of GH, 
IGFBP-1 and IGFBP-2. In addition , 
these situations are related to 
decreased levels of plasma free IGF-1, a 
small fraction of IGF-1 in blood plasma 
that is not bound to any IGF-binding 
protein (Nam et al., 1997). By contrast, 
situations of chronic hyperinsulinemia, 
such as obesity, but also non-insulin
dependent diabetes mellitus (NIDDM), 
are related to reduced levels of IGFBP-1 
and IGFBP-2, an increase in free 
plasma IGF-1 , and a reduction in plasma 
GH. Plasma total IGF-1 levels, however, 
either remain stable (in mildly obese 
subjects) or decrease only slightly (in 
more severely obese subjects) . The 
reduction in GH levels in obese and 
insulin-resistant subjects may be 
explained by an increased negative 
feedback on pituitary GH secretion by 
free IGF-1 (Chapman et al., 1998) and by 
an increased sensitivity to GH, and thus 
a reduction in GH requirements for 
synthesis of a given amount of IGF-1 
(Thissen et al., 1994). 

The decreases in absolute plasma 
IGF-1 concentrations, both in conditions 
of chronic malnutrition (a severe 
decrease in IGF-1) and obesity (a more 
modest decrease), suggest a nonlinear 
relationship between body energy 
reserves and IGF-1 levels. In well 
nourished men and women , 
cross-sectional studies have indeed 
shown such a nonlinear relationship 
between BMI and IGF-1 levels, with peak 
levels of IGF-1 around a BMI of 25- 26 
(Kaaks et al., 2001). In addition to 
energy balance, the intake of animal 
protein may stimulate IGF-1 synthesis, 
as reflected lower IGF-1 levels in vegans 
compared to lacto/ovo vegetarians and 
meat eaters (Allen & Key, 2001 ; Kaaks 
et al., 2001). 



Plasma insulin and colon 
cancer risk 
The insulin-colon cancer hypothesis 
derives from several lines of evidence. 
First, as discussed above, experimental 
studies have shown that insulin can 
enhance tumour development, either 
directly by acting itself as a growth factor 
or indirectly by increasing the biological 
activity of IGFs. Second, the insulin
colon cancer hypothesis integrates most 
observations of potential nutritional risk 
factors for colon cancer, many of the risk 
factors for colon cancer, including 
sedentariness, obesity, and high intakes 
of refined carbohydrates, have also 
been related to increases in fasting and 
non-fasting plasma insulin . Based on 
these various observations, both 
McKeown-Eyssen (McKeown, 1994) 
and Giovannucci (Giovannucci , 1995) 
postulated independently that colon 
cancer development may be promoted 
by elevated fasting or postprandial 
plasma insulin levels (insulin 
hypothesis). 

Indirect epidemiological evidence 
supporting the insulin hypothesis comes 
from studies showing an increase in 
colorectal cancer incidence and 
mortality in subjects with elevated 
fasting or post-challenge plasma 
glucose concentrations (McKeown, 
1994; Giovannucci, 1995; Schoen et al., 
1999), which is a correlate of insulin 
resistance and fasting and non-fasting 
plasma insulin levels. In addition , 
several studies, but not all , have shown 
an increased risk of colon cancer in 
diabetics who, although being glucose
intolerant, generally have high 
endogenous production and plasma 
levels of insulin (McKeown, 1994; 
Giovannucci, 1995; Hu et al. , 1999). 

More direct evidence for the insulin 
hypothesis comes from at least two 
prospective cohort studies. The first of 
these showed an approximately twofold 
increase in colorectal cancer risk in men 
and women who had elevated plasma 
insulin concentrations 2 hours after 
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having taken a standard oral dose of 
glucose (Schoen et al., 1999). The 
second study, in New York women, 
showed an approximate fourfold 
increase in colon cancer risk comparing 
subjects in the top and bottom quartiles 
of serum C-peptide (Kaaks et al. , 2000), 
a marker of pancreatic insulin secretion. 
In the latter study, colon cancer risk was 
also inversely related to serum levels of 
IGFBP-1 and IGFBP-2, two IGF-binding 
proteins that generally have lower levels 
in subjects with comparatively elevated 
plasma insulin. 

Plasma IGF·I and colon 
cancer risk 
Epidemiological studies have shown a 
direct association of colon cancer risk 
with body height, which may reflect 
levels of IGF-1 during puberty and 
adolescence. Furthermore, patients with 
acromegaly - a pathology due to a GH 
excess and associated with elevated 
IGF-1 levels - have an increased risk of 
developing colonic polyps and colon 
cancer (Giovannucci, 1995). In two 
case-control studies (Giovannucci et al., 
2000; Renehan et al., 2001 ), the 
presence of large and high-risk 
colorectal adenomas, but not of small 
adenomas, was found to be associated 
with more elevated IGF-1 levels, 
compared to adenoma-free controls . 
These observations, plus the known 
effects of nutritional energy balance on 
IGF-1 levels, lead to the speculation that 
elevated total plasma IGF-1 might be a 
risk factor for colon cancer (IGF-1 
hypothesis). 

At least three cohort studies (Ma et al., 
1999; Kaaks et al. , 2000; Giovannucci et 
al. , 2000) have shown mild, statistically 
nonsignificant increases in risk with 
increasing plasma or serum levels of total 
IGF-1. In two of the three studies (Ma et 
al. , 1999; Giovannucci et al., 2000), but 
not in the third, the risk showed a much 
stronger and statistically significant 
increase in relation to IGF-1 after 
adjustment for circulating levels of 

IGFBP-3. In a fourth study (Palmqvist et 
al., 2001) , absolute plasma IGF-1 
unadjusted for IGFBP-3 was directly and 
significantly associated with colon cancer 
risk but, unexpectedly, showed an 
inverse (but statistically nonsignificant) 
association with risk of rectal cancer. 
Finally, in one case-control study 
(Manousos et al., 1999), colorectal 
cancer risk was associated positively with 
IGF-1 and inversely with IGFBP-3, 
although neither of these relationships 
reached statistical significance. 

Conclusions 
Traditional theories about mechanisms 
relating nutrition to colon cancer risk 
have focused mostly on effects of diet 
on the exposure of the colonic mucosa 
to mutagenic or tumour-promoting 
compounds within the lumen. Such 
compounds may be of endogenous 
origin, for example, bile acids, converted 
by the colonic microflora into secondary 
and tertiary bile acids with tumour
promoting activity (Weisburger, 1991) or 
of exogenous origin such as 
heterocyclic aromatic amines or 
polycyclic hydrocarbons formed in meat 
during grilling or frying (Sugimura & 
Sato, 1983). A limitation of these 
theories is that they do not provide an 
explanation for the associations of colon 
cancer risk with excess body weight and 
lack of physical activity. 

The present review presents 
preliminary evidence in favour of 
complementary theories suggesting that 
colon cancer risk may be related to 
chronically elevated insulin levels, as 
well as to increased levels of IGF-1 , 
either as absolute concentrations or 
relative to levels of IGFBP-3, IGF's 
major plasmatic binding protein. The 
evidence presented, however, is not 
entirely consistent across studies (e.g., 
associations with absolute IGF-1 
concentrations, or only with levels of 
IGF-1 adjusted for IGFBP-3) and 
requires confirmation from further 
prospective cohort studies. 
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Further studies are also needed to 
better understand the relationships 
between levels of IGF-1 and its various 
binding proteins in blood plasma and 
within tissues. It is believed that a 
decrease in plasma IGFBP-3, with a 
transfer of IGF-1 to IGFBP-1 or IGFBP-2, 
will result in greater availability of 
circulating IGF-1 to tissues. Decreases in 
plasma IGFBP-1 or -2 (leading to an 
increase in plasma free IGF-1) are also 
believed to increase the bioavailabil ity of 
IGF-1. In addition, IGFBP-3 itself is 
believed to exert proapoptotic and 
antimitogenic effects via its own receptor, 
thus antagonizing the effects of IGF-1 
(Thissen et al., 1994; Jones & 
Clemmons, 1995). Further studies are 
needed to confirm these various 
hypotheses and to show possible 
relationships between levels of circulating 
IGF-1 and IGFBPs and indices of cell 
proliferation and/or apoptosis within the 
colonin mucosa and other tissues. 
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Introduction 
Insulin-like growth factor-I (IGF-1) is a 
polypeptide involved in the control of 
mitogenesis, cell-cycle regulation and 
cell survival. Prospective epidemiological 
studies suggest that elevated circulating 
levels of IGF-1, either as absolute 
concentrations or relative to levels of 
insulin-like growth factor binding protein-
3 (IGFBP-3), are a risk factor for the 
development of several common types 
of cancer, including cancers of the 
prostate, breast, colorectum and lung 
(Yu and Rohan, 2000). Circulating levels 
of IGF-1 and its main binding proteins are 
known to be sensitive to nutrition and 
energy balance, but the effect of diet on 
IGF-1 levels in the general population 
have not been studied in detail. The aim 
of this study was to examine the 
nutritional determinants of serum IGF-1 
and its main binding proteins among a 
large group of meat-eaters, vegetarians 
and vegans. 

Material and methods 
Cross-sectional data were available for 
696 men and 294 women participating in 
the Oxford arm of the European 
Prospective Investigation into Cancer 
and Nutrition (EPIC) . Subjects were 
excluded if they had a self-reported 
history of cancer or were taking 
medication known to influence hormone 

levels. Equal numbers of meat-eaters, 
vegetarians and vegans were included 
in order to obtain a wide range of 
nutrient intakes. All participants 
completed a questionnaire containing 
questions on age, anthropometric, 
smoking and other lifestyle factors as 
well as a detailed semi-quantitative food 
frequency questionnaire. A 30-ml non
fasting blood sample was taken and 
serum concentrations of IGF-1 were 
measured in men and serum 
concentrations of IGF-1 and its main 
binding proteins (IGFBP-1 , -2 and -3) 
were measured in women using 
immunoenzymatic assays. 

Statistical methods 
Hormone concentrations were loga
rithmically or square-root transformed to 
approximate normal distributions. Mean 
values of IGF-1 and its main binding 
proteins by dietary group were compared 
using analysis of variance, adjusted for 
age, smoking (men only) and for 
variables associated with blood collection 
and analysis (batch , time of day at 
venipuncture, time since last eaten at 
venipuncture, and days between 
venipuncture and blood processing). 

Results 
The mean age was 47 years for men 
and 44 years for women (67% of 

women were premenopausal and 33% 
were postmenopausal) . Vegetarians 
and vegans had a lower weight and BMI 
than meat-eaters. Examination of 
nutrient intakes showed that 
vegetarians and vegans had lower 
intakes of energy, protein, total fat , 
saturated and monounsaturated fatty 
acids, and alcohol (each as percent 
energy) and dietary cholesterol than 
meat-eaters. Conversely, vegans had 
higher intakes of polyunsaturated 
fatty acids (percent energy) , 
polyunsaturated:saturated fatty acid 
ratio and non-starch polysaccharides 
than meat-eaters. 

The mean serum IGF-1 
concentration was significantly lower 
among vegan men than meat-eaters 
and vegetarians after adjustment for 
potential confounders (Allen et al., 
2000). Vegan women also had a lower 
mean IGF-1 concentration and a lower 
ratio of IGF-l:IGFBP-3, used as a 
marker of biologically active IGF-1 , 
than meat-eaters and vegetarians . 
Serum IGFBP-1 and IGFBP-2 
concentrations were significantly 
higher among vegan women than 
meat-eaters and vegetarians . The 
serum concentration of IGFBP-3 in 
women was similar across the three 
dietary groups (Allen et al., submitted 
for publication). 
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Discussion 
A vegan diet is associated with a lower 
concentration of IGF-1 and ratio of IGF
l:IGFBP-3 and a higher IGFBP-1 and 
IGFBP-2 concentration compared with 
an omnivorous or vegetarian diet, 
suggesting that nutritional factors 
specific to a vegan diet are important 
determinants of IGF-1, IGFBP-1 and -2. 

The relationship between IGF-1 and 
its binding proteins is complex and not 
completely understood; however, it is 
thought that an increase in IGFBP-1 and 
-2 may lead to an increased binding of 
IGF-1, thus reducing the proportion of 
IGF-1 that is biologically active (Jones 
and Clemmons, 1995). These results 
suggest that both the circulating total 
IGF-1 and the proportion of IGF-1 that is 
biologically available is lower among 
individuals who adopt a vegan diet. 

The mechanisms through which a 
vegan diet may reduce IGF-1 and 
increase IGFBP-1 and -2 are not known, 
but may be related to the reduced intake 
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of certain essential amino acids, which 
may directly suppress growth hormone 
secretion. This may reduce hepatic 
production of IGF-1 while boosting that of 
IGFBP-1 and -2 (Harp eta/., 1991). It is 
not known whether differences in insulin 
sensitivity between dietary groups have 
an effect on the production of IGF-1 and 
IGFBP-1 (Brismar et al., 1994). 

These results suggest that total IGF-1 
and the proportion of IGF-1 that is 
biologically active is lower among 
individuals who adopt a vegan diet. 
Future work is needed to determine the 
nutritional components of a vegan diet 
that are associated with lower IGF-1 
levels and whether this is associated 
with a subsequent reduction in cancer 
incidence. 
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Purpose 
Breast cancer is the most common 
cancer in Portuguese women. Although 
Portugal shares some southern 
European food patterns, it has 
particular food habits. Identification of 
foods and nutrients associated with the 
risk of breast cancer could give 
etiological clues to the disease and 
allow the development of preventive 
strategies. 

The aim of this study was to evaluate 
the effect of diet in the risk of breast 
cancer independently of the contribution 
of reproductive factors, tobacco, alcohol 
intake and other lifestyle factors. 

Methods 
We conducted a hospital-based 
case-control study in Porto between 
1993 and 1996. Breast cancer cases 
involved 127 Portuguese Caucasian 
postmenopausal women with incident 
histologically confirmed breast cancer 
(median age, 64 years) consecutively 
admitted for treatment in the major 
oncology hospital in Porto. The control 
group consisted of 158 woman (median 
age, 62 years) from the same residential 
area, admitted consecutively for non
tumoral diseases in the major central 
hospital in Porto during the same 
period (minor general or osteoarticular 
surgery). 

A questionnaire was used to 
collect data on socio-demographic 
characteristics, family history of breast 
cancer, physical activity, smoking, 
reproductive and medical history, 
anthropometry, alcohol intake and other 
dietary patterns. 

A food frequency questionnaire (180 
foods and recipes) was developed to 
measure food intake during the previous 
year and to classify the participants 
according to quartiles of daily intake of 
foods, food groups and nutrients. 
Trained nutritionists collected data by 
direct interview. We considered 
information about food portion sizes, 
obtained with visual aids, as well as 
about culinary methods and seasonality. 
Foods were converted to nutrients using 
the software package Microdiet® 
completed with Portuguese data. 

Relative validity was assessed in a 
sample of university students and in a 
sample of the control group. Results 
showed that this food frequency 
questionnaire could be regarded as a 
reliable source of information for most 
nutrients (Amaral, 1998). 

Cases and controls were distributed 
in quartiles according to the distribution 
of each variable of the entire study 
group. Food groups, foods and nutrients 
were adjusted for total energy intake by 
the residual method. 

The association between the disease 
and possible risk factors was calculated 
by means of odds ratios (OR) and 95% 
confidence intervals (Cl) in univariate 
analysis and adjusted using non
conditional logistic regression (OR for the 
highest category versus the lowest). 

Results 
Total energy intake was independently 
associated with postmenopausal breast 
cancer risk (Table 1 ). Low intake of vitamin 
C and vegetables and high intakes of 
white fish and olive oil were also 
significantly associated with increased 
breast cancer risk (Table 2). Although non
significant, high intakes of protein, 
monounsaturated fatty acids and 
cholesterol and low intake of carotenes 
and fibre increased breast cancer risk. 
Other aspects of food habits, including 
ethanol and alcoholic beverage intake, 
showed no association with increased risk. 

Discussion 
As various previous studies, this 
case-control study showed a protective 
effect for vitamin C and for vegetables. 
Our results suggest that total energy 
intake is more associated with the risk of 
breast cancer than any source of energy 
(total fat or types of fat, protein or total 
carbohydrate) . The adverse effect of 
energy was also reflected in height, a 
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Table 1. Postmenopausal breast cancer risk - multivariate analysis 

OR 

Age (years) 1.06 
Education (years) 

0 1.00 
1-4 1.20 

"= 5 2.76 
Positive fami ly history of breast cancer 

yes versus no 2.92 
Age at first birth (years) 

Nulliparous 1.00 
~ 21 0.64 
22-25 1.06 

"= 26 1.14 
Menopause-menarche (years) 

<33 1.00 
33-36 1.48 

"= 37 1.27 
Height (metres) 

<1.50 1.00 
1.50-1 .54 3.08 
1.55-1 .60 2.13 

"= 1.61 3.15 
Energy intake (kcal/day) 

~ 1223 1.00 
1224-1553 0.67 
1554-1889 1.37 
1890-3729 3.16 

Non-removal of visible fat in meat 
Never versus ever 1.86 

measure suggestive of high intakes of 
energy in early childhood and 
adolescence, and independent of 
memory, as found by others (Mannist6 
et al. , 1996). 

Cases and controls had a similar 
pattern in the choice of different types of 
cooking and seasoning fat (data not 
shown) . Regarding the amount, we 
found a significant increase of the risk of 
breast cancer with a high intake of olive 
oil used in seasoning. Other studies 
conducted in Mediterranean countries 
found protection for higher intakes of 
olive oil (La Vecchia et al., 1995; 
Moreno et al., 1994). These discrepant 
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95%CI 

1.02-1 .09 

0.67-2.15 
0.86-8.88 

0.83-10.30 

0.26-1.57 
0.44-2.51 
0.48-2.73 

0.74-2.94 
0.65-2.46 

1.26-7.52 
0.89-5.09 
1.25-7.96 

0.33-1 .37 

p 

0.002 

0.547 
0.088 

0.096 

0.326 
0.903 
0.767 

0.267 
0.482 

0.014 
0.091 
0.015 

0.276 
0.65-2.91 0.407 
1.38-7.24 0.006 

0.93-3.74 0.081 

results could be explained by 
differences in content of either 
protective or adverse components or in 
some other protective aspect of the 
lifestyle of these women (Simonsen et 
al. , 1998). 

Conclusions 
This study confirms, in a southern 
European popu lation, the protective 
effect of vitamin C, vegetables and low 
levels of energy intake on the risk of 
breast cancer. 

We found no relation of ethanol and 
alcoholic beverages or other dietary 
patterns with the risk of breast cancer. 
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----------

Table 2. Nutrients and foods and postmenopausal breast cancer risk -
multivariate analysis. 

Cases/controls 
(n) OR• 95% Cl 

Protein (g/day) 
26.5-63.7 28/54 1.00 
63.8-73.1 34/35 1.60 0.74-3.46 
73.2-94.0 35/33 2.34 1.07-5.11 
94.1-151.4 30/36 1.57 0.71-3.46 

Cholesterol (mg/day) 
27.2-158.4 28/55 1.00 
158.5-203.8 39/35 2.20 1.08-4.47 
203.9-258.4 32/34 1.73 0.80-3.71 
258.5-484.0 28/34 1.87 0.83-4.19 

MUFA (g/day) 
4.4-11.7 29/46 1.00 
11.8-14.4 39/39 1.98 0.95-4.13 
14.5-17.5 26/38 0.91 0.41-2.03 
17.6-46.7 33/35 1.50 0.70-3.32 

Vitamin C (mg/day) 
27.1-78.4 39/33 1.00 
78.5-113.5 31/40 0.76 0.35-1.64 
113.6-162.5 28/33 0.56 0.25-1 .27 
162.6-600.5 29/52 0.46 0.22-0.96 

Fibre (g/day) 
9.1-15.6 31 /32 1.00 
15.7-18.7 37/35 0.90 0.41-1.97 
18.8-22.9 23/41 0.53 0.23-1 .22 
23.0-37.4 36/50 0.56 0.26-1 .22 

Carotene (µg/day) 
298.9-1975.7 36/32 1.00 
1975.8-2897.1 37/36 0.96 0.45-2.06 
2897.2-4461.9 29/38 0.78 0.36-1 .71 
4462.0-20 603.1 25/52 0.48 0.23-1 .02 

Olive oil (g/day) 
0.0-1.7 19/41 1.00 
1.8-3.9 34/30 3.81 1.58-9.20 
4.0-6.5 34/45 2.02 0.85-4.80 
6.6-57.9 40/42 2.45 1.07-5.64 

White fish (g/day) 
0.0-3.4 29/47 1.00 
3.5-11.5 35/24 2.14 0.90-5.07 
11 .6-20.5 26/43 1.18 0.53-2.64 
20.6-123.0 37/44 2.16 0.97-4.81 

Vegetables (g/day) 
7.0-125.9 40/31 1.00 
126.0-182.8 30/39 0.65 0.30-1.43 
182.9-288. 7 32/40 0.80 0.37-1.74 
288.8-693.6 25/48 0.34 0.15-0.76 

"Adjusted for age, education, height, age at first birth, length of exposure to endogenous estrogens, family 
history of breast cancer, non-removal of visible fat in meat and total energy. 
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Introduction 
Use of hormonal therapy for menopause 
has increased in many countries in 
recent years ; however, large-scale 
comparable data on its use in European 
countries are lacking. This paper 
describes and compares patterns of use 
of hormonal therapy for menopause in 
countries participating in the European 
Prospective Investigation into Cancer 
and Nutrition (EPIC) . 

Study population 
Cross-sectional data from 105 618 
women joining EPIC at 11 centres in 
Britain , Denmark, Germany, Greece, 
Italy, The Netherlands and Spain from 
1993 to 1997 were analysed. 

Use of hormonal therapy in 
Europe 
Large variations in the prevalence of 
current use of hormone replacement 
therapy (HRT) for menopause were 
observed between countries. Overall , 
the prevalence of current HRT use was 
around 40% in Germany, 30% in 
Denmark and the United Kingdom, 
10%-15% in The Netherlands, Northern 
Italy and Northern Spain, and 2%-5% in 
Southern Spain, Southern Italy and 
Greece (Table 1 ). This pattern of 
variation in use was seen at most ages 

examined (Fig. 1 ). The prevalence of 
past use varied from around 5% to 16%. 
In almost all of the centres examined, 
the highest prevalences of use were 
seen in women aged 50-54. Relatively 
rapid increases in the age-adjusted 
prevalence of current use of HRT were 
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seen in the United Kingdom, Northern 
Spain and Northern Italy from 1993 to 
1997, while use in Greece decreased 
over this period. 

The prevalence of hysterectomy 
without oophorectomy varied from 3% to 
26% by recruitment region and the 

45-49 50-54 55-59 60-64 
Age 

Figure 1 
Use of hormonal therapy for the menopause in the EPIC cohort among women aged 5D-64, 1993-1997. 
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Table 1.Use of hormonal therapy for menopause in the EPIC cohort among women aged 5~64, 1993-1997 
. ' / ' 

Denmark Heidelberg Potsdam Cambridge Oxford Netherlands N. Spain S. Spain N. Italy S. Italy Greece 

n::29484 n::SOSO n::5980 n::7703 n::9514 n::16940 n::5205 n::4852 n::13262 n::3273 n::4355 

% % % % % % % % % % % 

HRT use 

Ever user 44.8 54.6 52.7 43.2 46 .1 26.3 19.3 12.8 24.1 13.9 7.3 

Current user 29.0 40.7 38.6 28.1 30.3 14.3 11.5 4.5 10.3 4.4 2.1 

Past user 15.8 14.0 14.2 15.1 15.8 12.0 7.8 8.3 13.9 9.5 5.2 

Age at starting HRT use among ever users 

< 45 16.7 9.9 5.6 6.1 8.2 13.0 12.0 19.1 14.0 16.4 33.8 

45-49 35.2 30.5 21 .5 29.7 34.2 34.7 28.2 28.2 29.3 31 .3 33.1 

50-54 40.0 46.5 53.0 43.3 43.2 43.1 45.2 42.0 46.4 43.8 25.2 

55+ 8.1 13.1 19.9 20.9 14.4 9.2 14.6 10.8 10.3 8.6 7.9 

Duration of HRT use among ever users 

::; 1 year 28.0 17.6 22.2 35.8 33.8 39 .0 56.1 70.1 56.2 62 .2 65.0 

2-4 years 25.3 29.0 38.4 33.0 31 .0 33.0 33.4 23.3 29.6 26.5 20.1 

5-9 years 20.3 31.4 28.9 24.0 26.0 18.7 6.7 3.7 10.7 9.2 10.2 

10+ years 26.4 22.0 10.5 7.3 9.2 9.3 3.7 3.0 3.6 2.0 4.8 

Gynaecological operations 

Hysterectomy 

without 

oophorectomy 10.6 26.4 13.6 16.5 16.8 20.1 3.9 3.7 7.5 4.0 3.3 

Bilateral 

oophorectomy 4.9 5.0 8.1 5.9 6.1 4.2 10.2 9.5 5.9 9.2 8.5 

HRT, hormone replacement therapy. 

302 



prevalence of oophorectomy ranged 
from 4% to 10% (Table 1). At all of the 
centres examined, current use of HRT 
was substantially more common among 
women who reported hysterectomy 
and/or oophorectomy than among 
women who had not had either of these 
operations (data not shown). 

Comment 
The data presented here suggest that 
large numbers of women in Europe are 
using hormonal therapy for menopause. 
Substantial variation in the prevalence 
of current use exists between countries 
in Europe, with use being more common 
in northern versus southern European 
centres. However, it should be noted 
that the methods and sampling frame for 

Use of hormonal therapy for menopause in nine European countries 

recruitment into the EPIC study vary 
according to the centre involved and the 
prevalences shown here may not 
directly reflect those in the general 
population of each country or region . 
Bearing this in mind, the almost 20-fold 
range of variation in the prevalence of 
current use of hormonal therapy 
observed between countries suggests 
that real differences in the patterns of 
use are likely. The reason for the wide 
variation in use is unclear. The finding of 
increased use among women who 
reported having had a hysterectomy 
and/or oophorectomy was common to 
all countries and regions examined and 
is consistent with results from previous 
studies (Lancaster et al., 1995; 
Johannes et al., 1994). 
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Introduction 
Secondary bile acids produced by the 
action of the colonic microflora may 
increase the risk of breast cancer (Hill et 
al., 1971 ). DCA is found in human breast 
cyst fluid at concentrations about 50 
times greater than those in plasma 
(Javitt et al. 1994). DCA is mutagenic, 
has a co-carcinogenic activity and 
promotes the growth, oestrogen 
receptor and oestrogen-regulated 
proteins of MCF-7 human breast cancer 
cells (Baker et al., 1992). 

The aim of the present study was to 
ascertain whether plasma 
concentrations of DCA were greater in 
newly diagnosed patients with breast 
cancer than healthy controls matched 
for age and body mass index. 

Subjects, Materials and 
Methods 
Subjects 
Twenty Caucasian postmenopausal 
women with newly diagnosed breast 
cancer were recruited from the 
Oncology Clinics of Guy's and Charing 
Cross Hospitals in London . Twenty 
healthy postmenopausal women were 
recruited from the staff and relatives of 
staff and students of King's College 
London and from the general public, 
using an advertisement in the 
newspaper The Guardian. Exclusion 
criteria included any treatment for breast 
cancer or diabetes mellitus, use of 

hormone replacement therapy in the last 
12 months, a history of liver or gall 
bladder disease or abnormal liver 
function. A fasting blood sample was 
obtained for determination of liver 
function tests and bile acid 
concentration. Cases were matched by 
age (mean, 60; range, 50-75 years) and 
body mass index (mean, 26.1 ; SD, 3.6 
kg/m2) with postmenopausal women. 

Laboratory methods 
Blood was col lected from an anticubital 
vein using the vacutainer technique into 
tubes containing EDTA as anticoagulant 
for analysis of bile acids. Plasma 
samples from cases and their respective 
controls were analyzed in the same 
batch. Plasma bile acids were 

analyzed by gas chromatography/mass 
spectroscopy (Clayton & Muller, 1980). 

Statistical analysis 
A sample size of 20 subjects had 
statistical 85% power to detect a 1 SD 
difference in plasma DCA concentration 
between groups at P<0.05 . 
Comparisons between cases and 
controls were made using a paired 
sample t test. 

Results 
Table 1 shows the plasma bile acid 
concentrations in the cases and the 
controls. Plasma deoxycholic acid 
concentrations were 52% higher 
(P=0.012) in patients with breast cancer 
than in controls. The ratio of plasma 

Table 1. Plasma bile acids concentrations (µmol/L) in 20 postmenopausal 
women with breast cancer compared with age and BMI matched controls 

Breast cancer patients Controls 
Mean SE Mean SE 

Cholic acid (CA) 0.93 0.10 1.00 0.11 

Chenodeoxycholic acid 1.31 0.18 1.04 0.11 

Deoxycholic acid (DCA) 1.31 " 0.17 0.86 0.07 

Ursodeoxycholic acidb 0.45 0.08 0.36 0.08 

Total bile acids 3.95 0.42 3.17 0.27 

Ratio DCA:CA 1.61 0.25 1.16 0.21 

"Significantly different compared with the controls P<0.05 (paired sample ttest) . 
bDetected in 14 cases and 15 controls. 
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DCA:CA tended to be higher in the 
cases compared to the controls but the 
difference was not statistically significant 
(P=0.105). No other significant 
differences were noted. 

Discussion 
There are several possible explanations 
for the higher plasma concentrations of 
deoxycholic acid. Plasma bile acids are 
rapidly cleared from circulation by the 
liver and one cause of elevated plasma 
bile acid concentrations is liver disease. 
However, this is an unlikely explanation 
in the present study as liver function was 
normal. Fasting plasma bile acid 
concentrations were measured in the 
present study as there is a large increase 
following meals containing at least 15 g 
of fat (Costarelli & Sanders, 2001 ). In 
contrast, fasting plasma bile acid 
concentrations did not differ significantly 
on a day-to-day basis over a 6-week 
period (the mean within subject deviation 
for DCA was 0.43 µmmol/L). 
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These findings support the concept of 
a relationship between intestinally 
derived bile acids and risk of breast 
cancer, but require confirmation from 
prospective case-control studies. 
Future studies should also consider 
determining both fasting and 
postprandial plasma concentrations of 
bile acids in cases and controls as well 
as determining the concentrations of 
deoxycholic in breast cyst aspirates of 
cases and controls. 
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Introduction 
Studies have consistently shown that 
women having their menarche at an 
earlier age are at increased risk for 
breast cancer compared to women who 
had their menarche at a later age (Key 
et al., 2001 ). The role of height as a 
breast cancer risk factor has been under 
debate for many years, but the majority 
of studies show that taller women have a 
higher breast cancer risk than shorter 
women (Key et al., 2001). 

Since the early nineteenth century, 
secular changes have been described 
for age at menarche as well as for adult 
height. In several European countries, 
height has increased by about 
0.3-3.0 cm per decade in the last half of 
the twentieth century (Hauspie et al., 
1997). Also, the age at menarche has 
decreased in this same period, although 
the results from the last 50 years are 
less consistent (Hauspie et al., 1997). 

Although on a population level women 
seem to grow taller and have their 
menarche earlier, several studies showed 
that women who have their menarche 
earlier stay shorter than women having 
their menarche at a later age (Biro et al., 
2001 ). The relationship between 
menarcheal age and adult height on the 
one hand, and their individual effects on 
breast cancer risk on the other, shows an 
intriguing discrepancy. Women with 

earlier menarche have an increased 
breast cancer risk, but at the same time 
these women reach a shorter adult 
height, which decreases their risk of 
breast cancer. 

The aim of the present paper is to 
describe secular trends in the last century 
in height and age at menarche in nine 
European countries and to investigate 
whether, on an individual level , adult 
height is still related to menarcheal age. 

Methods 
The EPIC study is a multicentre 
prospective study carried out in 23 study 
centres from 10 countries. The results of 
Norway were not yet included in the 
central database at the time of the 
analysis. Over 500 000 middle-aged men 
and women participated between 1992 
and 1999. The study design of the EPIC 
study was described in detail earlier 
(Riboli & Kaaks, 1997). In the present 
study, only the data from the female EPIC 
participants were used (n=307 081 ). The 
analyses were restricted to women who 
had their menarche between age 10 and 
18 (n=303 238). 

For the description of secular trends, 
mean age at menarche and height were 
plotted by 5-year birth cohorts (Fig. 1). 
Trends were tested using a linear 
regression model with 5-year birth cohort 
as the independent variable and either age 

at menarche or height as the dependent 
variable. Linear regression models were 
also used to assess the relationship 
between age at menarche and adult 
height on an individual level. Results were 
adjusted for age at the time of inclusion in 
the EPIC study. Because there were 
significant differences in the relationship 
between age at menarche and adult 
height between different countries and 
between women born before 1940 and 
from 1940 onwards, the analyses were 
done separately for each country and for 
these two groups of year of birth. 

Results 
In all European countries, a significant 
downward trend in the mean age at 
menarche of 1-2 months per 5 years was 
observed (!) trend ranges from -0.06 to 
-0.17 years, P<0.0001 , in all countries). In 
several countries, the decline in the mean 
age at menarche seems to have 
stabilized (Italy and Germany) or even 
reversed (Spain and United Kingdom) in 
the last decade, although in other 
countries, a decrease is still visible 
(Denmark, Sweden, The Netherlands, 
Greece and France). In France, Germany, 
The Netherlands and to a lesser extent in 
Italy, a sudden increase in mean age at 
menarche was seen in women born 
between 1920 and 1940. This is probably 
due to malnutrition during the period in 
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Figure 1 
Mean age at menarche and mean adult height for the nine countries in 5-year birth cohorts 

which they should reach menarche 
because of the Second World War. 

countries) . In several countries (The 
Netherlands, Sweden, UK, France, 
Italy, Greece, Spain), it looks like the 
increase in mean height is leveling off, 
indicating that a maximum has been 
reached. 

The mean height for women has 
increased in all European countries with 
0.6-1.3 mm per 5 years (13 trend ranges 
from 0.6 to 1.3, P<0.0001, in all 

- ---.., ,, ~ ,- ~- . - - ~' ~ ~ -
Table 1. Regression coefficients for the indMdual relationship b~tween, 

age at menarche and measur.ed height per country and for two birth 
, , cohorts, adjusted for age at the in~lusion into the EPIC study 

·- -~ ' ' .c -

1920-1939 1940-1 964 

~ 95%CI ~ 95%CI 

France 0.44 0.35-0.53 0.55 0.48-0.62 

Italy 0.26 0.17-0.34 0.42 0.36-0.48 

Spain 0.17 0.09-0.26 0.36 0.31-0.42 

United Kingdom 0.33 0.25-0.41 0.37 0.28-0.45 

The Netherlands 0.16 0.08-0.23 0.30 0.23-0.37 

Greece 0.22 0.13-0.31 -0.03 -0. 12 to 0.06 

Germany 0.26 0.17-0.35 0.40 0.34-0.46 

Sweden 0.22 0.14-0.30 0.26 0.15-0.36 

Denmark 0.19 0.13-0.26 0.35 0.29-0.42 
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Women who had their menarche at a 
later age reached a taller adult height 
(Table 1 ), e.g. for France a delay of 
menarche of 1 year increased the adult 
height by 0.44 cm. In the majority of the 
countries, the association was stronger 
for women born in 1940 or later. 

Discussion 
In this study we found that in Europe, 
mean adult height has increased and 
mean age at menarche has decreased 
over the years. The trends observed are 
probably due to changes in nutritional, 
hygienic and health status of all 
populations (Hauspie et al., 1997) . Our 
data support the general belief that 
women who have their menarche at a 
later age will eventually grow taller than 
those with an early menarche. This 
association is still present for women 
from the later birth cohorts (1960-1964), 
who reach menarche earlier but grow 
taller than older women. Although the 
associations observed are quite strong, 



only a small part of the variation in 
height is explained by the variation in 
menarcheal age (about 2% in this study) . 
This could be an explanation for the 
apparent discrepancy between the effect 
of menarcheal age on adult height and 
the individual effects of both factors on 
breast cancer risk. 
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Introduction 
In 1909 Moreschi reported that caloric 
restriction may reduce cancer risk in 
rodents , a result that was consistently 
reproduced in the following years 
(Moreschi, 1909). This triggered interest 
in a preventive potential of caloric 
restriction on cancer risk in humans. 

In the Netherlands, at the end of the 
Second World War, history provided an 
experiment where one can investigate 
the effects of extreme caloric restriction 
in humans: the October 1944-May 1945 
Dutch famine . 

In September 1944, a railroad strike 
was ordered by the Dutch government in 
exile to thwart German transport of 
troops and ammunition in order to 
support an Allied attempt to capture 
the Rhine bridge at Arnhem, the 
Netherlands. The German occupier 
reacted with a food embargo, resulting in 
a fierce famine in the densely populated 
western parts of The Netherlands. The 
official daily rations per capita for adults 
dropped from about 1500 calories in 
September 1944 to below 700 calories in 

January 1945. The ratio of proteins, fats 
and carbohydrates remained practically 
unchanged during the 6-month famine, 
which ended with liberation on 5 May 
1945 (Burger et al., 1948). 

Methods 
Between June 1983 and March 1986, all 
19 732 women born between 1911 and 
1941 and participating at that time in the 
DOM breast cancer screening project in 
Utrecht, The Netherlands (De Waard et 
al., 1984), received a questionnaire 
regarding their famine experience. They 
were asked about their wartime place of 
residence and their experiences of 
hunger, cold and weight loss during the 
famine period. These last questions 
were categorized into three levels: 
hardly, a little or very much. We 
combined these answers into an 
individual 3-point subjective hunger 
score. Women reporting severe 
exposure to at least two of the 
above-mentioned famine characteristics 
were considered severely exposed. 
Women reporting no exposure to at 

least two of the above-mentioned 
famine characteristics were considered 
unexposed and all others were 
considered moderately exposed (after 
Van Noord & Kaaks, 1991 ). 

Information regarding their place 
of residence included degree of 
urbanization: rural area, village, 
small city, large city, Amsterdam/ 
Rotterdam/The Hague or concentration 
camp. This distinction was made 
because people in concentration camps 
and the densely populated cities of 
Amsterdam, Rotterdam and The Hague 
were much more affected by famine 
than those living in rural areas where in 
many cases there was still plenty of food 
(De Jong, 1981 ). We used th is 
information to validate the subjective 
hunger score. 

Of the 19 732 women, 16 821 (85%) 
could be classified as to their exposure 
status and place of residence. As 
displayed in Figure 1, the proportion of 
women reporting severe exposure to the 
famine increased with the degree of 
urbanization, as expected. 
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Age at exposure 
Famine exposure status Early childhood Middle childhood Later childhood Adolescence Adult 

2-6 years 7-9 years 10-12 years 13-18 years >18 years 
(n=851) (n=856) (n=1037) (n=1992) (n=4735) 

Not exposed Reference 
Moderately exposed 

~· -0.16 0.22 -0.03 0.04 - 0.01 
95%CI (- 0.69 to 0.36) (-0.70 to 0.26) (- 0.47 to 0.41) (-0.37 to 0.29) (-0.25 to 0.23) 

Severely exposed 

~· 
95%CI -1.83 1.30 -0.47 - 0.32 0.14 

(-3.03 to - 0.63) (-2.18 to -0.42) (- 1.24 to 0.31) (- 0.84 to 0.21) (-0.48 to 0.19) 

•Adjusted for smoking, socio-economic status, body mass index, parity, age at menarche and year of birth. 
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!iii Severely exposed 173 316 1020 116 247 54 

[] Moderately exposed 106 596 3029 605 1727 574 

D Not exposed 24 291 2219 883 3081 1760 

Figure 1 
Distribution of recollected famine exposure status according to place of residence during famine. Numbers in table are number of women within categories 

312 



The 1944-1945 Dutch famine and age at natural menopause - the value and validity of individual exposure assessment. 

The ability to discriminate between 
three levels of famine exposure makes it 
possible to investigate the effects of 
caloric restriction in a dose-response
like manner and to get quantitatively 
better estimates of the effects compared 
to ecological studies. 

This individual famine exposure 
score was used to investigate the effect 
of caloric restriction on age at natural 
menopause. Only women with a natural 
menopause who did not use hormonal 
replacement therapy were included in 
this analysis (n=9471 ). 

A multivariate linear regression 
model was fitted on the data to adjust 
the effect of famine exposure on age at 
natural menopause for smoking, parity, 
socioeconomic status, body mass 
index, age at menarche and year of 
birth. 

The study population was then 
divided into age groups at exposure, 
specifically relevant in the female 
development, to examine time windows 
in which caloric restriction may have the 
largest impact. 

Results 
Overall, severely exposed women 
experienced age at natural menopause 

on average 0.36 years earlier (95% 
confidence interval, -0.60 to -0.11) 
and moderately exposed women 
experienced age at natural menopause 
0.06 years earlier (95% Cl, -0.22 to 
0.09) compared to unexposed women. 
This effect was particularly pronounced 
in the severely exposed at 2-6 years of 
age: -1 .83 years (95% Cl, -3.03 to 
-0.63) (Table 1). 

We were able to show that caloric 
restriction decreases age at natural 
menopause, which might reduce 
subsequent breast cancer risk. 
Prepuberty seems to be a particularly 
sensitive period for this effect. 

Discussion 
We can conclude that the famine 
exposure score based on individual 
recollection seems to give a valid 
discrimination between exposure to 
famine categories and is capable of 
measuring an effect of caloric restriction 
on age at natural menopause. 

This score provides us with a tool to 
investigate the effect of caloric 
restriction on cancer risk in humans. 

This study was supported by grant 
UU 2000-2313 from the Dutch Cancer 
Society to Dr. P.A.H. van Noord. 
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Introduction 
Most cancers show signs of 
chromosomal instability; however, all 
genetic defects in nuclear DNA, e.g. 
BRCA-1 or 2 mutations combined , 
explain only a small percentage of 
cancers such as breast cancer. 
Epigenetic factors influencing 
chromosomal stability could provide a 
missing link (Chen & Loeb, 1997). 
Chromosomal instability is not limited to 
cancer, but operates already around 
conception, affecting reproductive fitness. 
Fecundity declines and oocyte 
aneuploidy increases with maternal age, 
reflected in increasing spontaneous 
abortion, trisomy and twinning rates. 
Parents of trisomy have a tendency to 
aneuploidy, which may reflect a more 
general cellular propensity that is only 
accentuated by maternal and oocyte age. 

Maternal age at birth has consistently 
been shown to have negative effects on 
cancer risks. Based on maternal age 
effects on the menopause of daughters, 
we put forward a hypothesis that links 
such preconception maternal/oocyte-

related phenomena to cancer as well as 
its risk factors (van Noord & Dubas, 
2001 ). As for the vulnerable time 
window, our hypothesis proposes that 
this period precedes the two early life 
and uterine growth phase hypotheses 
put forward by de Waard (De Waard & 
Trichopoulos, 1988) and by Trichopoulos 
(Trichopoulos, 1990; Titus-Ernstoff et al., 
2002). 

Our hypothesis predicts that several 
breast cancer risk factors may worsen 
with the "biological" age of the oocyte at 
conception, reflected by higher maternal 
ages at birth. 

Methods 
This study explored correlations and t
test differences in maternal/oocyte age 
and several known breast cancer risk 

Table 1. Pearson's correlation coefficient of mother's aae at birth 
(a cohort of 2979, 15-42 years) and breast cancer risk factors 

Range Pearson's r p 

Menarche 10-18 years -0.03 0.36 

Interval marriage to first birth 0-18 years 0.02 0.63 

Number of live births 0-9 -0.03 0.17 

Age first childbirth 16-42 years 0.12 0.00 

Body mass index 15-49 -0.09 0.00 

Adult height 100-184 cm 0.07 0.00 

Age at natural menopause 30-58 years -0.05 0.00 
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Range ttest 

With 
DY pattern 26.0 -2.1 

Without 
DY pattern 25.7 ( -0.36 y) 

indicators in a cohort of healthy Dutch 
women. The study was done in a DOM 
(Diagnostisch Onderzoek Mamma
carcinoom) cohort, from a 
population-based breast cancer 
screening project (Collette, 1984) 
consisting of women born between 1911 
and 1926 who participated after 1983 in 
the fifth screening round when all 
women had been asked for information 
about parental characteristics. 

Results 
Results are shown in Tables 1 and 2. 
Daughters with no children (n=561) 
differed from daughter's with children. 
Non-parous women had mothers that 
were on average 1 year older at the birth 
of their daughters (P<0.00). The 
daughters themselves had a slightly 
earlier natural menopause (P=0.001 ), 
were 1 cm taller (P<0.002) and weighed 
3 kg less (P<0.000). They had a lower 
BMI (P<0. 100) and had similar ages at 
menarche (P<0.52) as daughters with 
children. 

Discussion 
The results seem to fit our hypothesis on 
preconceptional epi-genetic aspects of 
oocyte-mediated qualities, reflected by 
maternal age at birth, and affecting 
breast cancer risk factors in their 
daughters. Women born of biologically 
older oocytes show more unfavourable 
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levels of breast cancer risk factors, such 
as age at first childbirth, parity, height, 
age at menopause and percentage of 
daughters with dysplasia. 

The later age at the birth of the first 
child, a lower number of children and an 
earlier menopause could all be evidence 
of oocytes that are less fit and therefore 
of a similar condition of all body cells in 
daughters of older mothers. A 
comparable tendency was seen among 
women who had not conceived or had 
not been able to conceive. Having no 
children might, in terms of maternal 
factors, reflect the contribution of oocyte 
aneuploidy to infertility, leading to 
childlessness in some women and a 
longer interval to first conception in other 
women who had borne children. 

We think that the relevance of our 
findings is not in the size of the effects, 
as each separate effect is rather small, 
but in the consistency of the emerging 
pattern. Cellular tests (if available) could 
result in fewer misclassifications of 
these oocyte-mediated traits than the 
crude epidemiological risk factors used 
here, especially since we think that the 
underlying mechanism operates at the 
level of mitochondrial DNA. The mtDNA 
is purely maternally inherited through 
ooplasm. Mitochondrial DNA, in contrast 
to nuclear DNA, is especially vulnerable 
to free-radical-mediated mutations in 
post-mitotic/meiotic non-dividing resting 
cells (Ozawa, 1999). Oocytes can 
remain in such a resting state for 
decades, covering generations as well 
as all exposures during that time-span . 

Our hypothesis is not germline DNA
mutation-based, but relates to mtDNA 
as directly responsible for proper 
functioning of all cellular ATP energy 
centers, the mitochondria (Ozawa, 
1999). Ooplasm donation with young 
donor-mother mtDNA was shown to 
revitalize less fit oocytes before 
conception (Cohen et al., 1998). 
Particularly during the first post
conception cell divisions, the blastula is 
entirely dependent on the proper 

functioning of this energy source, that 
upon fertilization drives the nuclear 
spindle, the imprinting process, etc. 
(Volarcik et al., 1998). All these events 
happen well before nidation but from 
there on in all cells divided throughout 
the rest of life. 

Preconception effects might also 
explain some phenomena covered by the 
two previous hypotheses on early-life 
effects. Since our hypothesis could reflect 
proposed, more general phenomena, we 
assume that similar relations on cancer 
risk may exist with the age at which the 
mother is to experience her own (natural) 
menopause. 

To the extent that ovarian ageing 
indicates general ageing, we also 
expect relations with the age at which 
the mother (but not necessarily the 
father) dies, thereby fitting the more 
general disposable soma hypothesis of 
ageing. Studies in other populations 
(including animals) are required to test 
the predictions following from the 
proposed hypothesis. 
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Introduction 
Increased calcium intake has been 
associated with increased risk of 
prostate cancer (Chan et al., 1998; 
Giovannucci et al., 1998). In this report 
we use the NHANES-1 follow-up to 
pursue the hypotheses that (bone 
mineral density) BMD will correlate 
directly with subsequent prostate cancer 
incidence. 

Methods 
The first National Health and Nutrition 
Examination Survey (NHANES-1) 
collected data from a national probability 
sample of the United States civilian non
institutionalized population between the 
ages of 1 and 7 4 years (National Center 
for Health Statistics, 1973). In addition to 
the emphasis on nutrition in NHANES-1, 
a subset sample of persons age 25-74 
received a more detailed health 
examination through October 1975. This 
additional exam included a hand/wrist X
ray, completed in 6413 subjects. Each 
X-ray was a posterior/anterior view of 
the left hand and wrist taken by direct 
exposure using 10 x 12 Eastman 
Industrial Type AA Ready Pak film . The 
prescribed radiography technique called 
for a focus-to-film distance of 36 in. with 
the focal spot centred on the midpoint of 
the third metacarpal. These hand/wrist 
X-rays were reread for bone density 
using a technique called osteogram 

radiographic absorptiometry (RA) by 
Compu-Med Incorporated. BMD could 
not be calculated using this method for 
153 of the 6413 subjects with hand X
rays due to improper exposure, poor 
picture quality or damaged or missing 
film . 

Follow-up data on disease incidence 
are available through 1993. Outcome 
date was obtained on these individuals 
from the NHANES-1 Epidemiologic 
Follow-up Studies (NHEFS) . Those with 
at least one follow-up record were 
included in the analysis, resulting in a 
final sample size of 6046. Disease 
outcomes were obtained using ICD-9 
codes (International Classification of 
Diseases, 9th Revision) from death 
certificates and diagnostic codes in 
NHEFS mortality and health care facility 
stay data bases. They were, 
respectively, prostate cancer (185), hip 
fractures (820.0-820.9) and 
osteoporosis (733.00-733.03, 733.09). 

Person-years of follow-up were 
computed for each cohort as the amount 
of time since the NHANES-1 
examination to the date of ICD-9 
disease code of interest from the health 
care facility stay file or date of death 
from the NHEFS mortality file, or the last 
day of contact from 1992 NHEFS vital 
status file. For persons with more than 
one hospital admission listing a disease 
outcome of interest, the date of the 

earliest admission was used. Person
years of follow-up were calculated 
separately for each disease outcome. 
Cohorts who reported a history of hip 
fracture at baseline were excluded from 
the hip fracture analysis (30 women and 
27 men) and those who reported a prior 
malignant tumour or growth were 
excluded from all the cancer analyses 
(120 women and 49 men). 

Cohorts were divided into four 
groups according to their RA BMD: <96, 
95-105, 105-115, >115 (mass/volume 
units established by Compu-Med). 
Incidence rates for each diagnosis of 
interest were calculated for each BMD 
group by dividing the number of cases 
of disease by the number of person
years of follow-up. Analyses of hip 
fractures and osteoporosis outcomes 
were adjusted for gender. Cox 
proportional-hazards models were fitted 
for disease outcomes with BMD groups, 
controlling for age at NHANES-1 
examination , body mass index at 
NHANES-1 examination , and race. 
Similar models , replacing the three 
indicator variables for RA BMD with a 
single variable for RA BMD group, were 
tested to determine the significance of 
the trend in risk of disease. Body mass 
index and race were omitted from the 
final models, as they did not confound 
the relationships of disease outcomes 
with BMD. 
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Results 
The BMD sample of NHANES-1 
included 6046 individuals who had 
bone density read by RA with follow-up 
data in NHEFS. This group included 
5252 Caucasians, 742 African
Americans and 52 individuals of 
Hispanic origin. There were 2818 men 
and 3228 women. The median age at 

the time of bone density reading was 
slightly less than 50 years. 

By 1993, a total of 94 cases of 
prostate cancer had been reported 
within this subset of the NHANES-1 
cohort. In addition, there had been 103 
cases of osteoporosis and 84 cases of 
reported hip fracture. Significant 
inverse associations were seen with 

both osteoporosis and hip fracture 
(Table 1) after adjustment for age and 
gender. 

Prostate cancer risk was not 
significantly associated with increasing 
levels of BMD, although there were 
diminished risks in upper quartiles of 
BMD, which was in the opposite 
direction of our hypothesis (Table 2). 

,· ,: T;bl_~d .. Bon;!mineral.de.ns,ity and subs~quent.incide~ce of osteoporosis and.hip.fracture -in men.and women~-~. 
~-"' -:i;"c'." -< '.:'< v<~ ,, "o-Y <"• - ..-_,,.,,.., '6 _,. _,.,, , ~ ' "'~ •:.-' ,, • , ._,. • .- -"'< """' - _,. " • " '" 

Number in cohort Number of cases Incidence rate Age & gender: Pvalue for 
(cases/1000 adjusted rate rate ratio 
person-years) ratio (95% CL) 

Hip fractures 
All 5989 84 0.87 

RABMD 
<95 1577 58 2.63 1 
95-105 1352 14 0.64 0.44 (0.24-0.80) 0.008 
105-115 1483 7 0.28 0.32(0.14-0.72) 0.006 

>115 1577 5 0.18 0.27 (0.10-0.71) 0.009 

Test for linear trend 0.0003 

Osteoporosis All 6046 103 1.06 

RABMD 
<95 1607 70 3.13 1 

95-105 1363 17 0.77 0.51 (0.30-0.89) 0.02 
105-115 1491 8 0.32 0.35 (0.16-0.75) 0.008 

>115 1585 8 0.29 0.39 (0.17-0.88) 0.02 

Test for linear trend 0.001 

~ ¥ - , ~ , ' ; 

: . · Table 2. Bone mineral density and subsequent incidence of prostate cancer 
v ' ' ,, , , - ~ • .;:: ~- ''"" - ", - ' " • , • h ..,- - • - - • ,· -' , 

Number in cohort Number of cases Incidence rate Age & gender: Pvalue for 
( cases/1 000 adjusted rate rate ratio 
person-years) ratio (95% CL) 

Men 
All 2769 94 2.20 

RABMD 
<95 649 39 4.68 1 
95-105 686 22 2.09 0.65 (0.38-1.09) 0.10 

105-115 734 20 1.67 0.88 (0.51-1 .53) 0.65 

>115 700 13 1.10 0.74 (0.39-1.41) 0.36 

Test for linear trend 0.42 
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Discussion 
Hip fracture and osteoporosis 
Associations of BMD with hip fractu re 
and the development of osteoporosis 
were investigated in order to establish 
the validity of this BMD measurement. 
As anticipated, in the NHEFS, 
diminished BMD is significantly 
associated with the development of 
osteoporosis and hip fracture (Table 1 ). 

Prostate cancer 
As stated above, calcium ingestion has 
also been associated with an increased 
risk of prostate cancer (Chan et al., 
1998; Giovannucci et al. , 1998). The 
only study to look at BMD and prostate 
cancer risk was a case-control design. It 
showed no association, though cases 
already had prostate cancer when BMD 
was measured and controls were 
patients with other urological diseases 

Bone mineral density and subsequent risk of prostate cancer In the NHANES-1 follow-up 

or presenting for prostate cancer 
screening (Demark-Wahnefried et al., 
1997). Reported herein is the first study 
to obtain BMD measurement prior to the 
diagnosis of prostate cancer; no 
association was found (Table 2) . 
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Introduction 
Blood levels of sex steroids in 
postmenopausal women have been 
associated with risk of different cancers. 
The main prerequisite for the estimation 
of relative risks in this population is the 
accurate ranking of subjects by their 
hormone levels. Since sex-steroid 
concentrations in this population are very 
low, accurate measurements of these 
hormones in serum samples are a difficult 
task to achieve. Methods used for these 
measurements must be very sensitive 
and in order to be applicable to large
scale epidemiological studies, they must 
be fast, relatively inexpensive and require 
a small amount of sample. Direct 
immunoassays could meet these needs, 
but since they are mainly designed for 
clinical use, their validity and precision in 
this domain must be assessed. We report 
the results of a study for the validation of 
commercially available direct assays for 
testosterone (T), ll4-androstenedione 
(A), estrone (E1) and 1713-estradiol (E2), 

in view of their possible use in 
prospective cohort studies on cancer risk. 

Materials and methods 
Concentrations of T, A, E1, and E2 were 
measured by direct radioimmunoassays 
in serum samples from 20 
postmenopausal women, who 
participated in an ongoing prospective 
study: the New York University Women's 
Health Study (NYUWHS). These values 
were compared with those obtained by 
radioimmunoassays after organic 
extraction and chromatographic 
prepurification on celite columns (Celite 
method). Direct assays for the four 
steroids were chosen among those 
commercially available in France and 
were performed according to the 
protocols from the manufacturers. 
Indirect assays of T, A, E1 and E2 were 
based on sample extraction by organic 
solvent, purification on celite 
columns and radioimmunoassay. All 
measurements were done in duplicate in 
each batch and all assays were 
performed twice over time (Time 1, Time 
2). Direct assays were measured at the 
International Agency for Research on 
Cancer (Lyon, France), while the indirect 

assays were measured at the Central 
Laboratory for Biochemistry, H6pital de 
l'Antiquaille (Lyon, France) . 

All statistical analyses were 
performed on log-transformed variables. 
They included the calculation of means 
and population standard deviations of 
the measurements, and calculation of 
Pearson correlation coefficients. 

Results 
For each steroid, mean values varied 
widely between the different kits used 
and the values obtained by indirect 
method were systematically lower than 
those obtained by direct assays (Table 
1 ). In the same batch, the reproducibility 
of subject ranking by the direct assays 
was generally high (Pearson 
correlations all above 0.81 ). Between 
batches, Pearson correlations were also 
high (r>0.80). 

The validity of ranking, as judged 
from the Pearson correlations between 
direct and indirect assays, was good 
for all six assays for T (r >0.70), for all 
four assays for A (r >0.82), and for the 
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Table 1. Means, confidence intervals and Pearson correlation coefficients within and between batch for 
testosterone, M-androstenedione, estradiol and estrone measurements by indirect method and direct assays in 

20 serum samples of postmenopausal women 

Hormone Time 1 Time2 Pearson r 
Method• Mean Cl Mean Cl Within batch Between batch 

Testosterone (nmol/L) 

Ce lite 0.39 (0.28-0.52) 0.41 (0.31 - 0.55) 0.99 

lmmunotech 0.65 (0.51-0.84) 0.39 (0.28-0.55) 0.95 0.91 

Orion 0.72 (0.55-0.95) 1.03 (0.77-1 .36) 0.91 0.87 

Cisbio 1.22 (1.00-1 .50) 0.87 (0.64-1.18) 0.99 0.84 

DSL 1.22 (1.00-1.47) 0.85 (0.66-1 .09) 0.97 0.80 

Sorin 0.73 (0.57-0.94) 0.63 (0.47-0.84) 0.94 0.93 

Byk 0.82 (0.62-1 .09) 0.96 (0.69-1.34) 0.98 0.80 

Androstenedione (nmol/L) 

Ce lite 1.41 (1 .04-1.89) 1.31 (0.99-1 .75) 0.99 

lmmunotech 2.28 (1 .60-3.25) 4.41 (3.32-5.86) 0.94 0.97 

DSL 3.73 (2.98- 4.67) 3.93 (3.04-5.08) 0.93 0.90 

Sorin 3.28 (2.61-4.12) 3.74 (3.04-4.60) 0.96 0.92 

DPC 2.57 (1 .89- 3.50) 3.12 (2.27-4.28) 0.98 0.98 

Estradiol (pmol/L) 

Ce lite 0.07 (0.05- 0.09) 0.10 (0.08-0.14) 0.92 

lmmunotech 0.56 (0.46- 0.68) 0.66 (0.55-0.81) 0.94 0.97 

Cisbio 0.27 (0.21-0.35) 0.31 (0.26-0.38) 0.89 0.98 

DSL 0.28 (0.22-0.36) 0.36 (0.30-0.43) 0.81 0.95 

Sorin 1.61 (1.48-1 .68) 1.17 (1.03-1.33) 0.97 0.90 

Biosource 0.78 (0.63-0.97) 0.88 (0.77-1.00) 0.90 0.94 

Estrone (pmol/L) 

Ce lite 0.32 (0.24-0.42) 0.22 (0.15-0.31) 0.97 

DSL 0.68 (0.57-0.81) 0.90 (0.79-0.10) 0.81 0.91 

•1mmunotech, lmmunotech, Marseille, France; Orion, Orion Diagnostica, Espoo, Finland; Cis-Bio, Cis-Bio International , Gif-sur-Yvette, France; DSL, Diagnostic 
System Laboratories, Webster, Texas, USA; Sorin, DiaSorin, Saluggia, Italy; Byk, Byk-Sangtec Diagnostica, Dietzenbach, Germany; Bio-Source, Bio-Source Europe, 
Nivelles, Belgium; DPC, Diagnostica Products Corporation, Los Angeles, USA. 

"' ..,. ~ ~ ,,,. . - . 
_-- - - _Tabl~ 2. Pearson correlation coefficients betw_een direct assays and the indirect method 
. ' «~ 

DSL Sorin lmmunotech CisBio Byk Orion DPC BioSource 

Testosterone 0.76 0.76 0.86 0.70 0.78 0.79 
M-Androstenedione 0.82 0.86 0.89 0.85 
Estradiol 0.84 0.86 0.29 0.65 0.42 
Estrone 0.81 
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assay of E1 (r=0.81 ) (Table 2). For E2 , 

however, only two direct kits gave good 
correlations with the indirect assay. 

Discussion 
In this study, the reproducibili ty and the 
val idity of measurements of sex steroids 
by direct radioimmunoassays using 
commercially available kits were 
evaluated. This evaluation was done by 
comparing di rect radioimmunoassays 
with indirect assays, requiring sample 
extraction and chromatographic 
prepurification before quantification by 
radioimmunoassay. 

Previous studies have addressed the 
reproducibility of hormonal assays within 
and between laboratories (Falk et al., 
1997; Gail et al., 1996), or correlations 
over time between hormone assays in 
blood samples collected at different 
points in time (Cauley et al. , 1991; 
Hankinson et al. , 1995; Muti et al., 
1996). To our knowledge, this study is 
the first to compare direct with indirect 
assays in samples from a representative 
sample of women from a well-defined 
epidemiological study population. 

The reproducibility of direct assays 
tested in this study appeared to be high, 
both between and within batches. Most 
of the direct assays for T, A and E1 
showed good correlations with the 
indirect assays, suggesting little subject 
misclassification and random error in the 
direct assays. For E2, however, 

correlations with the indirect assays 
were elevated (>0.84) for only two out of 
five kits tested. 

Absolute mean levels varied 
substantially for a given hormone, 
depending on the kit used, and values 
obtained from the indirect method were 
always lower than those obtained by 
direct assays. Even though the absolute 
levels of measurements is of secondary 
importance in epidemiological studies 
compared to the correct ranking 
of subjects, proper scaling of 
measurements enhances comparability 
of results between studies and may also 
be important for the calculation of levels 
of bio-available Tor E2 . 

In conclusion, direct immunoassays 
have the advantage over indirect assays 
of requiring smaller volumes of serum or 
plasma and of being amenable to 
automation. Our resu lts show that, with 
careful selection, and depending on the 
specific study population to be analysed, 
commercial kits can provide accurate 
resu lts in terms of relative ranking by 
hormone level. 
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Mechanisms of nutritional carcinogenesis and 
anticarcinogenesis 
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Numerous epidemiological studies have 
confirmed a link between diet and the 
risk of cancer. The mucosal lining of the 
digestive tract is indeed directly exposed 
to nutrients which may cross the 
mucosal barrier either through cellular 
absorption or through an abnormal 
permeability of the tight junctions 
between cells. Nutrients undergo 
metabolic changes during this phase 
and the resulting metabolites may 
interact with molecular carcinogenesis 
at any of the successive steps: initiation 
linked to the first mutation, then 
promotion of a benign tumour, and 
finally progression to malignancy. 
Metabolized nutrients may be 
transformed into pro-carcinogens, 
interacting either at the initiation or at the 
promotion phase of carcinogenesis. On 
the other hand, the metabolized 
nutrients may act as inhibitors. The 
impact of diet on carcinogenesis 
and anticarcinogenesis occurs 
spontaneously in connection with socio
economic factors governing lifestyle. 
Recommendations for a healthy diet 
may be suggested by health authorities. 
A considerable number of studies aim to 
isolate specific molecules affording 
protection on animal models. The 
application of such molecules in 
chemoprevention protocols for humans 
requires a sound basis of their point of 
impact in cell biology and confirmation of 
their efficacy in randomized trials. 

The global energy intake has an 
impact on the risk for cancer and an 
excess intake of either carbohydrate or 
fat has per se a promoting effect on 
cancer. Concerning fat intake, the luminal 
content of the colon may achieve 
genotoxicity in relation to its content in fat. 
Fatty acids in intimate contact with the 
epithelium can alter the transcription of 
COX-2, which stimulates cell proliferation 
in the mucosa. The promoting effect of 
meat may relate to the presence of high 
amounts of genotoxic substances in 
pyrolysis products (heterocyclic amines 
and polycyclic aromatic hydrocarbons) 
formed during cooking at high 
temperatures. It is also modulated by the 
nature of the fat included in meat. A major 
role is attributed to intestinal permeability 
in the passage of promoting agents for 
cancer, elements protecting the mucosal 
barrier could reduce the passage of 
promoting agents, as demonstrated in 
the experimental model with the 
protective effect of polyethylene glycol. 

Specific protective effects of 
macronutrients in carbohydrates 
and fats have been shown. With 
carbohydrates, protective effects 
correspond to dietary fibre and their 
bacterial metabolism in the colon and to 
lignans, whose chelating properties may 
block the absorption of some pro
carcinogens. With fat , protection is 
linked to polyunsaturated fatty acids, 
mainly of the omega-3 family. The 

unsaturated fatty acids are present in 
fish; however, their presence may be 
influenced by the nutrition of the fish and 
one may suspect that the protection 
afforded by the consumption of wild fish 
should be less with farm fish . 

Micronutrients from plants are a 
major source of studies on 
anticarcinogenesis factors present in 
the diet. However, their quantitative 
and qualitative distribution in a plant 
depends on its geographical origin, the 
composition of the soil, the age of the 
plant, either on the site or after 
collection. Such factors have proved to 
play a role with the allyl compounds in 
garlic. Anticarcinogens can also be 
destroyed by heating or cooking the 
plant. Finally, micronutrients undergo 
alterations in the digestive lumen or 
after their absorption. A common 
feature of these studies on vegetal 
compounds is that the literature 
advocating protection is rarely 
supported by a precise analysis of their 
point of impact on the cell cycle, nor by 
rigorous trials in human beings. 
However, a large field of experimental 
research is now emerging with 
thousands of plants analysed for 
isolation of candidate molecules. 
In addition , numerous studies 
are conducted on experimental 
carcinogenesis and its inhibition in 
rodents, aiming to explore the efficacy 
of the candidate molecules. 
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Among mineral micronutrients, 
selenium has often been considered as 
protective against cancer. The presence 
of selenium in various enzymes is the 
suggested molecular mechanism of 
action. A number of trials in humans have 
been conducted, some countries have 
added selenium to the water supply, some 
agronomic industries have raised plants in 
selenium-enriched soils. However, there 
is persisting doubt about selenium's 
protective capacity and about the 
molecular form of action. Indeed, 
selenium is believed to be less active as a 
mineral than in organic sulfur compounds 
(methyl-seller-cysteine). Other organic 
molecules assumed to be protective are 
present in the cruciferous vegetables, 
particularly the isothiocyanates, which 
occur as conjugates in a variety of 
cruciferous vegetables. The protecting 
capacity of garlic is assumed to correlate 
with the presence of allyl compounds 
whose concentration is increased in the 
aged plant and decreased by cooking. 
Some organosulfur compounds (diallyl
disulfide, diallyl-sulfide) have been 
demonstrated to inhibit chemical initiation 
of carcinogenesis while their effect on 
promotion is still questioned. Currently, 
most studies on vegetables concern the 
group of phytoestrogens with three 
classes of molecules, isoflavones, 
coumestans and lignans, present in the 
soybean but also in bean sprouts, and 
some are studying linseed, whole grains 
and berries. The best-known compounds 
are the isoflavones, which have a 
structural similarity to mammalian 
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estrogens. The soybean is a major source 
of isoflavones (genistein and daidzein) 
Protection against breast cancer has 
been assumed because of the lowest 
incidence in Asian countries with a diet 
that is rich in soybean (tofu is an 
example). There is still conflicting 
evidence on protection because the 
flavonoids ingested are believed to 
undergo metabolic changes to 
compounds with hormonal activity. They 
may either act as a natural alternative to 
tamoxifen blocking the estrogen beta
receptors, or m1m1c hormonal 
pro-carcinogen effects. Other molecules 
are assumed to be protective in relation to 
antioxidant properties (beta-carotene, 
lycopene extracted from tomatoes). 

Finally, the supposed anticancer 
activity of some minerals or some 
nutrients extracted from plants is 
extensively advertised in the area of 
nonconventional medicine. Multiple 
variants of soybean extracts, 
antioxidants, lycopene, and selenium 
preparations are available either on the 
Internet or in healthfood shops. In 
contrast to pharmaceutical products, 
these compounds are subject to no 
control of their content in terms of quality 
and efficacy in most countries. 

This section of the volume groups 
three kinds of reports: 
- minireviews presenting the list of plant
derived anticarcinogens, the relation of 
phytoestrogens and unsaturated fatty 
acids with breast cancer and the relation 
of polysaccharides and meat with 
colorectal cancer; 

- human studies based on the analyses 
of collected samples. This includes a 
demonstration that the consumption of 
red meat increases the faecal content in 
carcinogenic nitroso compounds and 
that a diet enriched in vegetables 
increases the exfoliation of colonic cells. 
The extracts of human faecal water 
have been shown to stimulate 
proliferation on cell lines, with induction 
of cyclooxygenase-2 activity. The 
hormonal influence of isoflavones from 
soy foods has not been confirmed by the 
analyses of blood and urine samples 
collected in premenopausal women 
receiving or not receiving isoflavones. 
- results of studies on the experimental 
animal model (the rat) for mammary and 
colonic carcinogenesis. For colonic 
carcinogenesis where the aberrant crypt 
foci are often the end point of the 
studies, the modulating effect of the diet 
on the genotoxicity of an imidazole
quinoline derivative is confirmed. The 
promoting effect of sucrose and dextrin 
is confirmed while indigestible 
carbohydrates are protective. A ranking 
list of chemopreventive agents 
introduced in the diet is established 
in the rat model. For mammary 
carcinogenesis, there is a complex 
interaction between antioxidants and 
polyunsaturated fatty acids in the diet. 
Depending on the concentration of the 
fatty acid in the diet, the antioxidant may 
or may not have a promoting effect on 
the number of tumours per rat. 
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Introduction 
Phytoestrogens are natural plant 
substances (Setchell et al., 1984). The 
three main classes are isoflavones, 
coumestans , and lignans. These 
compounds show structural similarity to 
mammalian estrogens. lsoflavones, the 
most frequently studied, are present in 
large amounts in soybeans and soy 
products such as miso and tofu . The 
most important isoflavones are 
genistein and daidzein. Biochanin A 
and formononetin are precursors, 
present in some legumes, which are 
metabolized to genistein and daidzein , 
respectively. Coumestans occu r in 
bean sprouts and fodder crops, and 
they have received little scientific 
attention so far. Lignans occur as pre
lignans and are more widespread in 
plants, where they form the building 
blocks in cell walls . Linseed (flaxseed) 
especially is a rich source, but lignans 
also occur in relatively high amounts in 
whole grains and berries. 

The potential preventive actions of 
phytoestrogens on the occurrence of 
cancer have been suggested and 
studied in the 1980s and 1990s 
(Adlercreutz et al., 1982; Messina et al., 
1994). This study will summarize the 
postulated mechanisms of isoflavones 
on breast cancer risk and will review the 
epidemiological evidence for this 
hypothesis. 

Anticarcinogenic mechanism 
lsoflavones have received scientific 
attention largely due to their actions as 
phytoestrogens : after consumption 
many metabolic conversions occur 
in the gut, resulting in hormone
like compounds. The postulated 
anticarcinogenic mechanism involves a 
weak estrogen-like activity. lsoflavones 
bind to estrogen receptors, preferentially 
to the estrogen beta receptor. They 
initiate only a modest response and at 
the same time they block the binding of 
more potent estrogens. They have a 
structural similarity to the potent 
synthetic anti-estrogen, tamoxifen, a 
drug that is effective in breast cancer 
treatment and prevention. 

There are hundreds of in vitro studies 
showing that genistein, and to a lesser 
extent daidzein, inhibit the growth of a 
wide range of both hormone-dependent 
and hormone-independent cancer cells. 
It has been shown to inhibit growth in 
many cell lines, including those without 
estrogen receptors . Phytoestrogens 
may act as antioxidants and/or inhibit 
angiogenesis, the formation of new 
blood vessels, essential for a tumour to 
expand (Messina et al. , 1994; Bingham 
et al. , 1998; Messina, 1999; Bouker et 
al. , 2000). 

In animal studies, soybean products 
have generally reduced tumours 
induced by chemical carcinogens, while 

diets supplemented with soybean 
revealed lower numbers of tumours in 
rats (Messina et al., 1994; Bingham et 
al., 1998; Messina, 1999; Bouker et al., 
2000). 

Several recent intervention studies in 
humans show the effects of soy or 
flaxseed consumption on hormone 
levels. Although Martini et al. ( 1999) 
could not find changes in the urinary 
excretion of hormones after soy 
supplementation in 36 premenopausal 
women, there are five studies that do 
show effects of soy in premenopausal 
women (Nagata et al., 1998; Xu et al. , 
1998; Duncan et al. , 1999; Lu et al., 
2000a; Lu et al., 2000b). These include 
a decrease in serum 17beta estradiol 
(Nagata et al., 1998; Lu et al. , 2000a), a 
decrease in plasma FSH and LH 
(Duncan et al., 1999) or an increase in 
the urinary 2-hydroxyestrone/16alpha 
hydroxyestrone ratio (Xu et al., 1998; Lu 
et al. , 2000b}. These data suggest that 
isoflavones may exert cancer-preventive 
effects in premenopausal women by 
altering estrogen metabolism away from 
genotoxic metabolites toward inactive 
metabolites. lsoflavone consumption , 
compared with a control diet, decreased 
urinary excretion of the hypothesized 
genotoxic estrogen metabolites, 16 
alpha-hydroxyestrone, 4-hydroxye
strone, and 4-hydroxyestradiol. An 
increase in the 2-hydroxyestrone/16 

331 



Nutrition and lifestyle: opportunities for cancer prevention 

alpha-hydroxyestrone ratio is believed to 
be beneficial. The same effect was also 
reported recently for postmenopausal 
women, although less pronounced (Xu 
et al. , 2000). 

Overall , the impression is that 
phytoestrogens may exert anticarcin
ogenic potential by altering blood levels 
of relevant hormones and/or exhibit anti
oxidant or anti-angiogenic effects. 
However, phytoestrogens also have 
significant estrogenic properties in in 
vitro and in vivo models (Bingham et al., 
1998; Messina, 1999; Bouker et al., 
2000). Epidemiological and clinical data 
support the view that exposure to 
estrogens has a significant influence on 
increased breast cancer risk (Key, 1999). 
Based on findings of studies addressing 
the estrogenecity or antiestrogenecity of 
phytoestrogens, it cannot be concluded 
whether the net result of their 
consumption will be an inhibition or a 
stimulation of carcinogenesis. For an 
evaluation of their net result, we will need 
additional population data. This review 
presents the epidemiological studies 
published so far on isoflavones and 
breast cancer risk. The review is divided 
into two sections : 1) studies that 
assessed the relation through the dietary 
intake of soy (as a proxy for the intake of 
isoflavones) in relation to breast cancer, 
and 2) studies that measured urinary 
excretion of isoflavones in relation to 
breast cancer. 

Review of epidemiological 
studies 
Dietary measurements of soy 
intake and breast cancer 
Studies on geographical differences in 
breast cancer occurrence suggest 
preventive effects for soy products 
(Bingham et al. , 1998; Messina, 1999; 
Bouker et al., 2000). Women who 
usually consume large amounts of 
phytoestrogens due to the natural 
presence of these compounds in their 
traditional diets, as is the case in Asian 
countries, show lower breast cancer 
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rates compared to Western countries. 
Women from Asian populations overall 
also have longer menstrual cycle 
lengths, and have up to roughly 40% 
lower estrogen levels (Table 1, adapted 
from Wu et al., 1998). 

Until now, five published 
epidemiological studies have directly 
assessed relations between dietary 
intake of soy (as a proxy for isoflavone 
consumption) and the risk of 
subsequent breast cancer. 

The first study appeared in 1991 (Lee 
et al. , 1991 ; Lee et al. , 1992), showing a 
significant protective effect only on 
premenopausal breast cancer risk for 
women who consumed over 55 g of soy 
products per day (RR, 0.4; 95% Cl , 
0.2-0.9) . The second case-control 
study conducted by Hirose et al., (1995) 
was exceptionally large, including over 
1000 breast cancer cases and over 
22 000 controls from outpatient clinics. 
This study again showed the protective 
effects of consuming bean curd (tofu) 
three or more times per week (RR, 0.8; 
95% Cl , 0.6-1.0). Still , the result was 
borderline statistically significant only in 
premenopausal women and no effect 
was seen in postmenopausal women. A 
third case-control study in China was 
negative, i.e. it could not disclose any 
preventive effects of soy intake on 
breast cancer risk (per 18 g soy protein: 
RR, 1.0; 95% Cl, 0.7-1 .4) (Yuan et al., 
1995). A study by Wu et al. (1996) 
showed protective effects, but these 
were only significant in non-US-born 
Asian Americans (RR per weekly soy 
product consumption, 0.79; 95% Cl , 
0.66-0.94) . The authors hypothesized 
that soy intake is protective only when 
consumed at higher doses and at 
younger ages. The mean intake of soy 
products of US-born Asian women is 
much lower, when compared to non-US
born Asian women who migrated to the 
US. The mean intake of soy was 10-15 
times higher in Chinese women who 
were born and live in Asia (36-45 g soy 
products/day), than in Asian-Americans 

currently residing in California and 
Hawaii (1 .9-4.0 g soy products/day) 
(Wu et al., 1998). The upper quartile of 
intake in Asian-Americans is still two to 
three times lower compared to the 
lowest quartile of women in Asia. 
Relations with breast cancer may be 
different for different parts of the 
dose-response relation between soy 
and breast cancer risk (Wu et al. 1998). 

All these studies used dietary 
questionnaires to quantify soy intake. It 
is difficult to accurately measure habitual 
soy intake. All studies were case-control 
studies, suffering from an additional 
problem, i.e. recall bias (cases may 
remember their diet more or less 
accurately than healthy controls) . 

Until now, only one prospective study 
has been published on Japanese 
women (Key et al. , 1999) and no 
protective effects of tofu (or miso soup) 
intake of more than four times per week 
on pre- or postmenopausal breast 
cancer risk were found (RR, 1.1; 95% 
Cl , 0.8-1.5). Studies have so far been 
restricted to Asian populations, because 
they consume high amounts of soy 
products that can be determined by 
questionnaires. Of concern is that soy 
intake may be homogeneously high in 
Asia, making it difficult to identify 
differences in breast cancer risk 
between moderate and high 
consumption. No studies were done 
in Western populations where 
consumption of soy or soy products is 
usually low. However, isoflavones are 
also present in soybean flour, soymilk 
and soy sauce, and in much smaller 
amounts in dried beans. Few analyses 
of isoflavones in food have been done 
and food composition tables do not 
usually include values of isoflavones for 
different food groups. 

Urinary isof/avones and breast 
cancer 
When consumed, the plant isoflavones 
undergo metabolism by bowel microflora 
and are absorbed to a variable extent. 
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Table 1. Overview of epidemiological studies on dietary soy and breast cancer risk 

Author, journal year, country 

Lee (Lancet, 1991) Singapore 

Hirose (Jpn. J. Cancer Res., 
1995)Japan 

Yaun (Br. J. Cancer, 1995) 
China, Shanghai, Tianjin. 

Wu (Cancer Epidemiol. 
Biomarkers Prev., 1996) USA, 
Chinese, Japanese, Filippino 

Key (Br. J. Cancer. , 1999), 
Japan 

Design dietary questionnaire: soy 

200 cases, 420 controls, hospital
based case-control 

1186 cases, 21 295 controls, 
outpatients, case-control 

Shanghai 534 cases, 534 confrols; 
Tianjin 300 cases, 300 controls; 
population-based case- control 

597 cases, 966 controls, Population
based case-control 

34 759 women, 427 cases, 
prospective population-based study 

Soy product Premenopausal 

<20 g/day 1.0 

20.3-54.9 g/day 0.6 (0.3- 1.2) 
2 55 g/d 0.4 (0.2-0.9) 

Bean curd Premenopausal 

~ 3 times/month 1.0 
1-2 times/week 0.9 (0.7-1 .2) 
2 3 times/week 0.8 (0.6-1 .0) 

Miso soup 
Occasionally 1.0 
Daily 1.2 (1.0-1 .4) 

Soy protein Pre- and postmenopausal 

Per 18 g/day 1.0 (0.7-1.4) 
(continuous) 

Soy product US-born Asians 

Per 1 time/week 0.93 (0.73-1.18) 

Tofu Pre- and postmenopausal 

~ 1/week 1.0 
2-4 times/week 1.0 (0.8-1 .2) 
2 5 times/week 1.1 (0.8-1 .5) 

Miso soup 1.0 
~ 1/ week 1.0 (0.8-1.3) 
2-4 times/week 0.9 (0.7-1.1) 
2 5 times/week 

Postmenopausal 

1.0 
0.9 (0.4-1.9) 
1.1 (0.5-2.3) 

Postmenopausal 

1.0 
0.9 (0.6-1.2) 
1.0 (0.7-1 .3) 

1.0 
1.0 (0.8-1 .2) 
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Intake of foods rich in phytoestrogens is 
followed by a peak urinary excretion in 
the subsequent 24 h; excretion turns to 
its previous rate in 48-72 h (Table 2). 
Urinary excretion is dose-dependent at 
low to moderate levels of soy protein 
intake. Adlercreutz was the first to detect 
lower urinary excretion of equol (a 
metabolite of daidzein) in seven 
postmenopausal breast cancer cases 
compared to ten healthy American 
women (Adlercreutz et al., 1982). 

The first case-control study was 
published in 1997 (Ingram et al., 1997). 
It included a mix of pre- and 
postmenopausal Australian women and 
showed protective effects for several 
types of isoflavones. A statistically 
significant result was only seen for equol 
(a metabolite of daidzein) (fourth versus 
first quartile: RR, 0.3; 95% Cl, 0.1-0.7). 
This study was criticized because 
isoflavones are short-term biomarkers of 
dietary intake. Since breast cancer 
cases in Ingram's study were recently 
confronted with the diagnosis of a 
serious illness, they may have changed 
their dietary intake. Moreover, the 
participation rate of controls was below 
50% and healthy subjects may 
preferentially have been selected 
(Lancet, 1998). 

A second case-control study, 
published by Zheng et al. (1999), again 
showed the protective effects of higher 
excretion levels of the isoflavones 
daidzein and genistein, although results 
did not reach statistical significance. 
Again, the population comprised both 
pre- and postmenopausal women living 
in Shanghai, China. 

Lower urinary mean levels of 
daidzein and genistein were observed in 
18 Australian postmenopausal breast 
cancer cases compared to 20 controls in 
a third very small study (Murkies et al., 
2000). 

It is difficult to interpret the 
temporality of the observed associations 
in these case-control studies. One may 
question the relevance of phytoestrogen 
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levels in urine samples collected 
between diagnosis and surgery to 
induction or progression of the disease 
many years earlier. 

The only prospective study that was 
done included postmenopausal women 
in the Netherlands with urine collected 
1-9 years prior to disease diagnosis 
(Tonkelaar den et al., 2001 ). No 
association was observed for higher 
levels of genistein and breast cancer 
risk (third tertile versus first: RR, 0.8; 
95% Cl, 0.5-1.5). 

Conclusion 
The anticarcinogenic potential of 
phytoestrogens on breast cancer risk 
was investigated in five studies that 
measured usual dietary soy (product) 
intake in relation to breast cancer (Lee 
et al., 1991 ; Hirose et al. , 1995; Yuan et 
al. , 1995; Wu et al., 1996; Key et al., 
1999). Only one of these five studies 
was prospective and this study did not 
find a protective effect (Key et al., 1999). 
All of these studies were done on Asian 
populations where soy consumption is 
homogeneously high. Relations with 
breast cancer may be difficult to find if 
consumption for the total population is 
above a threshold value. If there is a 
protective effect in these populations it 
seems to be present for premenopausal 
breast cancer only or for women who 
consume high amounts of soy at young 
ages (Lee et al., 1991 ; Hirose et al. , 
1995; Wu et al. , 1996). 

In Western populations, habitual 
consumption of isoflavones is much 
lower. Assessment through the diet is 
difficult due to lack of food composition 
data. No studies have so far been done 
that that have assessed dietary intake of 
isoflavones in Western populations in 
relation to breast cancer risk. However, 
there were four studies that measured 
urinary excretion of isoflavones in 
relation to breast cancer risk (Ingram et 
al. , 1997; Zheng et al., 1999; Murkies et 
al., 2000; Tonkelaar den et al., 2001 ). 
Again, only one study was prospective 

and reported a nonsignificant reduction 
in breast cancer risk (Tonkelaar den et 
al., 2001). 

Levels of phytoestrogens in urine (or 
blood) do not only reflect dietary intake. 
The condition of the intestinal flora is 
crucial for phytoestrogen levels, i.e. the 
use of antibiotics may affect levels; 
furthermore genetic influence may also 
play a role. 

We decided not to do a meta-analysis 
on the published results because we 
believe that the methodological 
differences between the studies are too 
large to allow pooling the results. 
Studies differed in : 

Study design (case-control , 
prospective) . 

• The amounts of isoflavones 
consumed (Asian, Western 
populations). 

• The measurement method of 
isoflavones (questionnaire: soy 
products, urine or blood: tertiles or 
quartiles of several subclasses). 
The cut-off points used in the 
analyses of soy consumption (grams 
of soy product, weekly consumption 
of miso, etc). 
Menopausal status (pre- or 
postmenopausal women or mix). 

All of these points are relevant for the 
interpretation of the observed relations. 

From the published data we may 
conclude that overall information about 
phytoestrogen consumption and breast 
cancer risk is still scarce: there are only 
two prospective studies (Key et al., 
1999; Tonkelaar den et al., 2001 ). These 
studies do not show significant 
protection. However, we may also 
conclude that none of the studies so far 
showed evidence for an increased risk 
of breast cancer with increased 
phytoestrogen intake. An absence of 
risk is important, since the putative 
physiological effects of phytoestrogens 
have created a market that has been 
utilized by the nutrition industry. Soy 
supplements are on the market now and 
soy flour is increasingly used in the 



Table 2. Overview of epidemiological studies on urinary isoflavone excretion and breast cancer 

Author, journal year, country Design lsoflavones: urinary excretion Results: relative risk, 95% confidence interval 

Ingram (Lancet, 1997), Australia 144 cases, 144 Equal quartile 

controls; 1 1.0 Mix of pre- and 

case-control study 2 0.5 (0.2-1 .0) postmenopausal women; 

3 0.5 (0.2-1 .2) results the same for daidzein, 

4 0.3 (0.1-0.7) but nonsignificant 

Zheng (Cancer Epidemiol. 60 cases, 60 Genistein tertile 

Biomarkers Prev., 1999) controls; population-

Shanghai, China based case-control 

study 
1.0 

0.5 (0.2-1 .1) 
Mix of pre- and 

2 

3 0.7 (0.3-1 .8) 
postmenopausal women; 

results the same for daidzein 
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nutritional industry due to its FDA (Food 
and Drug Administration)-approved 
claim of reducing lipid levels and 
preventing cardiovascular diseases 
(October 1999). Women will increasingly 
consume phytoestrogens, even without 
knowing it. One should keep in mind that 
the studies included overall healthy 
subjects. It is not clear what the effect of 
increased consumption will be in women 
at high risk of breast cancer (i.e. 
previous cancer, genetic predisposition) . 

Overall, prospective epidemiological 
studies on phytoestrogens and breast 
cancer are scarce, limiting our 
knowledge about the exposure-disease 
relation . 
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Breast cancer is the most frequent 
cancer among women, with an 
incidence rate of 88 per 100,000 women 
in France. International variation in 
breast cancer incidence rates and 
changes in incidence among migrant 
populations have indicated that breast 
cancer risk is influenced by 
environmental factors, in particular diet, 
and therefore may be preventable. 
Among dietary constituents, data from 
several case-control studies (Franceschi 
et al., 1995; Braga et al., 1997) 
suggested a protective effect of a diet 
high in fish , but results were generally 
not confirmed by cohort studies (Vatten 
et al., 1990; Toniolo et al., 1994). A 
number of studies would indicate that a 
diet high in vegetables and/or fruits 
might protect against breast cancer 
(Freudenheim et al., 1996; Zhang et al., 
1999). While a few studies have failed to 
document a relation, the finding of a 
protective effect of vegetables and/or 
fruits is relatively consistent. 

The role of specific food-related 
nutrients in the risk of breast cancer has 
yet to be determined. Most data suggest 
that the association between dietary fat 
and breast cancer may be more 
dependent on the type of fat consumed 
than on total fat intake. Most of the 
epidemiological studies have 
concentrated on saturated fat and total 
unsaturated fatty acids. Limited data is 
available on the relation of estimated 
dietary intake of n-3 long-chain 

polyunsaturated fatty acids (PUFA) 
originating from fish , or alpha-linolenic 
acid from vegetables, to the risk of 
breast cancer. With regard to long-chain 
n-3 PUFA, no association has been 
found between estimated dietary intake 
(Willett, 1997) or energy from long-chain 
n-3 PUFA (Holmes et al., 1999) and 
breast cancer risk. Inconsistent data 
were also found for alpha-linolenic acid, 
with negative (Franceschi et al., 1996) 
or positive association (De Stefani et al., 
1998) between dietary intake of alpha
linolenic acid and breast cancer risk. 
However, data derived from animal 
experiments generally showed that diets 
high in n-3 long-chain PUFA (Fay et al., 
1997) or in alpha-linolenic acid 
(Thompson et al., 1996) inhibit 
mammary tumour growth and 
metastasis. Given the relative 
consistence of experimental data on the 
inhibitory effect of n-3 fatty acids, the 
role of these nutrients in the risk of 
breast cancer requires furthe r attention. 

Conclusive evidence of a role for 
individual n-3 fatty acids in breast 
cancer risk may be precluded by the 
many methodological limitations in 
measurements of dietary intake of 
individual fatty acids. In this regard , the 
use of reliable markers of relatively 
stable metabolic characteristics related 
to diet is of major interest. Among all 
biological markers of qualitative 
composition of dietary fatty acids, 
adipose tissue fatty acid composition is 

particularly advantageous because it 
reflects qualitative dietary intake of fatty 
acids on a long-term basis (Kaaks et al., 
1996), thereby avoiding the potential 
bias derived from an effect of the 
disease on the measured biochemical 
parameters. 

We have previously examined 
adipose tissue fatty acid levels and the 
risk of metastasis occurrence in a cohort 
of 121 patients with an initially localized 
presentation of breast cancer. Adipose 
tissue was obtained at the time of initial 
surgery and its fatty acid content 
analyzed by capillary gas 
chromatography. A low level of alpha
linolenic acid (18:3 n-3) in adipose 
tissue was found to be associated with 
positive axillary lymph node status and 
with the presence of vascular invasion. 
After an average 31 months of follow-up, 
21 patients developed metastases. A 
Cox proportional hazard regression 
model was used to identify prognostic 
factors. Low alpha-linolenic acid level 
and large tumour size were the two 
factors predictive of metastases 
(Bougnoux et al., 1994). The probability 
of remaining metastasis-free subsequent 
to breast cancer treatment was higher 
when alpha-linolenic acid level in 
adipose tissue was elevated at the time 
of breast cancer diagnosis (Fig. 1 ). 
Since metastasis occurrence is one 
clinical expression of breast cancer 
regrowth, these data are in line with the 
possibility that alpha-linolenic acid could 
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Figure 1 
Metastasis-free survival in breast cancer patients according to alpha-linolenic acid level in adipose 
tissue (Bougnoux et al. , 1994). Triglycerides were purified from a sample of adipose tissue 
obtained at diagnosis during lumpectomy and fatty acids analyzed by capillary gas 
chromatography. Patients were separated into 2 groups by alpha-linolenic acid level (above or 
below the median value) and probability of metastasis-free survival calculated in each group 
according to time following treatment (P<0.01 ; log-rank) 

inhibit or delay tumour growth in breast 
cancer patients. Therefore alpha
linolenic acid, which is an essential fatty 
acid exclusively originating from food, 
may be a link between diet and breast 
cancer. 

We performed a case-control study 
to explore the hypothesis that alpha
linolenic acid had a protective effect on 
breast cancer risk. We compared 
adipose tissue fatty acid levels of 123 
breast cancer patients previously used 
for a prognostic study to those 
measured in adipose tissue specimen of 
a population of 59 patients with benign 
breast tumours as controls . An 
unconditional logistic regression model 
was used to obtain odds ratio estimates 
while adjusting for age, menopausal 
status and body mass index. We found 
an inverse association between alpha
linolenic acid in adipose fat and breast 

338 

cancer risk. Women in the highest 
quartile of breast adipose tissue alpha
linolenic acid had an odds ratio of 0.36 
(95% confidence interval, 0.12-1 .02) 
compared with those in the lowest 
quartile (P trend, 0.026), suggesting a 
protective effect of alpha-linolenic on 
breast cancer risk (Klein et al. , 2000). 

This finding remained to be confirmed 
and additional data on the relation of 
long-chain n-3 PUFA (originating from 
fish) to the risk of breast cancer are 
needed. To further examine the role of n-
3 fatty acids (alpha-linolenic acid and 
long-chain n-3 PUFA) in the risk of 
breast cancer, we conducted a new 
case-control study among 329 women 
treated for breast cancer or benign 
breast disease at the University Hospital 
of Tours, in France (Maillard et al., 
2002). This study involved new patients 
and was independent of the initial study 

(Klein et al., 2000). We examined the 
fatty acid composition in adipose tissue 
from 241 patients with invasive, 
nonmetastatic breast carcinoma and 
from 88 patients with benign breast 
disease as controls . Unconditional 
logistic regression modelling was used 
to obtain odds ratio estimates while 
adjusting for age, height, menopausal 
status and body mass index. We found 
inverse associations between breast 
cancer risk and n-3 fatty acid levels in 
breast adipose tissue (Table 1 ). Women 
in the highest tertile of alpha-linolenic 
acid (18:3 n-3) had an odds ratio of 0.39 
compared to women in the lowest tertile. 
In a similar way, women in the highest 
tertile for docosahexaenoic acid (22:6 n-
3) had an odds ratio of 0.31 compared to 
women in the lowest tertile. Women in 
the highest tertile of 18:3 n-3/18:2 n-6 
ratio had an odds ratio of 0.41 compared 
to women in the lowest tertile. These 
data based on fatty acid levels in breast 
adipose tissue suggest a protective 
effect of n-3 fatty acids on breast cancer 
risk. 

In contrast to our findings, two 
case-control studies conducted in North 
America found no consistent association 
between adipose tissue n-3 PUFA levels 
in adipose tissue and breast cancer risk 
(London et al. , 1993; Petrek et al. , 
1994). In agreement with our finding, a 
case-control study in postmenopausal 
women , conducted in five European 
countries, reported an inverse 
association between the ratio of long
chain n-3 fatty acids to total n-6 PUFA in 
adipose tissue and breast cancer in four 
of five centres (Simonsen et al., 1998). 
These data support the hypothesis that 
the balance between n-3 and n-6 fatty 
acids plays a role in breast cancer and 
emphasizes the need to take into 
account all components of lipids. 

The possibility that a low level of n-3 
PUFA in adipose breast tissue in breast 
cancer patients reflected a reduced 
dietary intake of n-3 PUFA rather than 
metabolic interactions between breast 



Table 1. Estimated relative risk (odds ratio, adjusteda) of breast cancer 
and 95% Cl by adipose tissue n-3 and n-6 fatty acid levels from the whole 

population (n=329) 

Fatty acids Odds ratio (95% Cl) Pfor 
1st tertile (low) 2nd tertile 3rd tertile (high) trend 

18:2 n-6 1.00 1.60 (0.76-3.36} 2.31 (1 .15-4.67) 0.06 
18:3 n-3 1.00 0.97 (0.50-1.90} 0.39 (0.19-0.78) 0.01 
22:6 n-3 1.00 0.84 (0.40-1 . 75) 0.31 (0.13-0.75) 0.016 
Total n-3 1.00 0.91 (0.45-1.87} 0.40 (0.17-0.94) 0.001 

Ratios 
18:3n-3/18:2n-6 1.00 0.89 (0.46-1. 75) 0.41 (0.20-0.81) 0.0004 

Long chain n-3/total n-6 1.00 0.48 (0.23-0.97} 0.33 (0.17-0.66} 0.0002 

•Adjusted for age at diagnosis, height, BMI (as continuous variables), menopause (pre- and post-) and 
menopausal status-BM I interaction. Tests for trend were performed by using the means within each 
category in the logistic regression model. 

adipose tissue and breast epithelium 
deserves consideration. This hypothesis 
was explored in a rat N-
methylnitrosourea (NMU)-induced 
mammary carcinogenesis model. We 
reported a lack of an association of n-3 
PUFA levels in mammary adipose tissue 
and tumour growth (Lhuillery et al., 
1995), suggesting that a low level of n-3 
PUFA as a consequence of interactions 
between carcinoma and breast adipose 
tissue is very unlikely. 

We explored the role of n-3 PUFA on 
mammary tumour growth using the 
experimental system of NMU-induced 
mammary tumours in rats. Because 
PUFA are substrates for lipid 
peroxidation processes, we studied the 
effects of n-3 PUFA on tumour growth in 
interaction with anti- or pro-oxidant 
compounds. We found that dietary 
18:3n-3 (rapeseed oil) or n-3 PUFA (fish 
oil) inhibited tumour development and 
growth only in the absence of the 
antioxidant vitamin E (Fig. 2a). This 
inhibition was even greater in the 
presence of pro-oxidants (Cognault et 
al., 2000). Such effects were not found 
when the lipid diet was low in PUFA. 
These data suggested that oxidized n-3 
PUFA have an inhibiting role on tumour 

growth and emphasize the importance 
of the interaction of anti- and pro-oxidant 
compounds with n-3 PUFA. Other 
experimental studies on several models 
of mammary carcinogenesis, in vivo 
(Welsch, 1997) or in vitro (Chajes et al., 
1995) reported that the inhibitory effects 
of n-3 on tumour growth were 
suppressed by vitamin E, and were a 
function of increased lipid peroxidation. 

A critical question was how n-3 PUFA 
decrease mammary tumour growth and 
how antioxidant vitamin E suppresses 
this effect. Tumour growth is the 
consequence of an imbalance between 
cell proliferation, which leads to 
increased tumour mass, and tumour cell 
loss, which decreases it. When 
analysing tumour cell proliferation by 
measuring the proportion of tumour cells 
in S phase by flow cytometry, we found 
no difference in tumour cell proliferation 
between the two different dietary groups 
(Fig. 2b). In contrast, when we 
investigated tumour cell loss, based on 
the comparison between the potential 
doubling time (Tpot) and the actual 
doubling time of the tumour, we found 
more tumour loss in the dietary group 
with PUFA and without vitamin E than in 
the group with vitamin E (Fig. 2c). In line 

n-3 fatty acids and breast cancer 

with this finding, when we directly 
quantified the number of apoptotic 
bodies in tumour sections, we found that 
n-3 PUFA, in comparison to n-3 PUFA in 
combination with antioxidant vitamin E, 
led to an increase in tumour cell loss. 
These data show that n-3 PUFA 
decrease mammary tumour growth by 
increasing tumour cell loss, an effect 
which is abolished by vitamin E, 
suggesting the involvement of lipid 
peroxide formation . These findings fit 
well with data obtained in several breast 
cancer cell lines in vitro, where PUFA, in 
the absence of lipid antioxidants, 
inhibited the growth in vitro and induced 
apoptosis (Hawkins et al., 1998). The 
extent of PUFA- induced lipid 
peroxidation also correlated with the 
proportion of apoptosis (Hawkins et al., 
1998). 

In conclusion, in patients, elevated n-
3 PUFA in body stores are associated 
with a decreased risk of breast cancer 
and with better survival. In rats, the 
interaction of n-3 PUFA with lipid 
antioxidants in diets seems to be 
determinant in experimental mammary 
tumour growth. These studies highlight 
the importance of the interaction of 
these lipids with other food components. 
The presence or absence of effects on 
tumour growth appears to depend on the 
background level of antioxidants and 
may account for previously inconsistent 
results in experimental carcinogenesis. 
Recognition of the role of 
lipoperoxidation in the antitumour effects 
of these highly peroxidizable fatty acids 
is a major advance in the field 
(Bougnoux, 1999). The potential of 
these promising molecules as nutritional 
targets for cancer prevention implies 
that the effects of their interaction be 
precisely understood. 
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according to diet; b, Proportion of tumour cells in S phase; c, Level of cell loss 
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Introduction 
Although systemic drug therapy has 
been the mainstay of pharmaceutical 
care, the logic of disease prevention is 
overwhelming. This concept is clearly 
exemplified by the success of large
scale vaccination programs (e.g. 
smallpox, polio) as well as drug-based 
strategies implemented for the reduction 
of serum cholesterol and subsequent 
problems associated with heart disease. 
In a similar manner, the pandemic 
nature of cancer demands aggressive 
implementation of therapeutic and 
preventive measures that are designed 
for the reduction of this disease. 

Cancer chemoprevention is a 
process that employs dietary or 
pharmaceutical agents to inhibit or block 
carcinogenesis in normal or 
preneoplastic tissues. Some active 
agents may be endogenous 
components of the diet, based on 
epidemiological studies that suggest a 
diet high in fruit and vegetable 
consumption correlates with a 
decreased risk of cancer. A number of 
compounds have been shown to 
mediate cancer chemopreventive 
activity in animal models and various 
clinical trials are underway, primarily 
with humans at high risk for developing 
cancer (Boone et al. , 1990). Our efforts 
in this area are predominantly directed 
toward drug discovery of novel cancer 

chemopreventive agents from plant 
sources using a multidisciplinary 
approach (Pezzuto, 1995). By means of 
a programme project mechanism, we 
are capable of bringing discoveries from 
the field to the level of establishing in 
vivo efficacy with structurally and 
mechanistically characterized chemical 
entities. Plant material is obtained from 
a variety of locations worldwide, with an 
emphasis on medicinal and/or edible 
properties. The plant extracts are 
evaluated with a panel of in vitro 
bioassays that are designed to monitor 
three modulation stages of 
carcinogenesis: 1) initiation , for 
example, induction of qui none reductase 
(QR), 2) promotion, such as inhibition 
of cyclooxygenase-2 ( COX-2) and 
ornithine decarboxylase (ODC) or 3) 
progression, e.g., inhibition of 
aromatase, induction of HL-60 
differentiation , anti-estrogenic activity in 
Ishikawa cells. Extracts that are deemed 
active are further evaluated in an ex vivo 
assay system that employs carcinogen
treated mouse mammary glands in 
culture. An extract that is active in one or 
more of the in vitro assays and the ex 
vivo assay is fractionated into individual 
compounds, utilizing an in vitro bioassay 
as a monitor. The active individual 
compounds are re-evaluated in the ex 
vivo assay for efficacy. The lead 
compounds resulting from this process 

are then prepared on a large scale for 
evaluation in an appropriate in 
vivo model, such as a two-stage 
(initiation/promotion) mouse skin or rat 
mammary carcinogenesis study. 

Utilizing this discovery process, more 
than 3000 plants have been evaluated, 
yielding over 15 000 bioassay results . 
As a result of bioassay-guided 
fractionation, approximately 200 
compounds have been identified as 
potential cancer chemoprevention 
leads, and many have shown activity in 
preventing the formation of 7, 12-
dimethylbenz(a)anthracene (DMBA)
induced preneoplastic lesions in the ex 
vivo mouse mammary organ culture 
(MMOC) . Of these leads, several 
compounds have been shown 
to mediate considerable cancer 
chemopreventive activity in full -term 
tumorigenesis models. Several of these 
promising candidates that are now 
undergoing further development as 
chemopreventive agents have been 
derived from edible plants and may 
prove to have superior toxicological 
profiles. 

Resveratrol 
The discovery of cancer chemopreventive 
activity mediated by E-resveratrol 
[1; isolated from the Peruvian 
plant Cassia quinquangulata Rich. 
(Leguminosae)] (Fig. 1) garnished 
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considerable attention, as this 
compound is a significant human dietary 
constituent found in mulberries, peanuts 
and grapes. Relatively high levels are 
found in the latter, with 50-100 mg of 
resveratrol per gram of fresh grape skin 
or 1.5-3 µg/1 in red wine (Goldberg et 
al., 1995). Resveratrol can also be 
synthesized on a multi-hundred gram 
scale, which permits evaluation in 
animal and human studies. In our earlier 
work (Jang et al., 1997), resveratrol was 
found to inhibit cellular events 
associated with tumour initiation, 
promotion and progression. The anti
initiating effects were demonstrated by 
dose-dependent inhibition of free-radical 
formation of 12-0-tetradecanoylphorbol-
13-acetate (TPA)-treated human 
promyelocytic leukemia cells HL-60 
(ED50 27 µM) and an antimutagenic 
response in DMBA-treated Salmonella 
typhimurium strain TM677 (ED50 4 µM). 
Additional ly, resveratrol induced QR 
activity in mouse hepatoma cells Hepa 
1 c1 c7 in a monofunctional manner with 
a concentration to double activity of 21 
µM. Resveratrol's anti-promoter effects 
were exhibited by inhibition of both 
isoforms of cyclooxygenase (IC50 values 
of 1.1 and 1.3 µM for COX-1 and COX-
2, respectively). Resveratrol showed 
anti-progressional effects by inducing 
expression of differentiation markers in 
HL-60 cells for granulocyte formation 
(ED50 11 µM), macrophage formation 
(ED50 19 µM), and inhibition of [3H]
thymidine incorporation (ED50 18 µM), 
which is indicative of terminal 
differentiation to a non-proliferating 
phenotype. Resveratrol inhibited DMBA
induced preneoplastic lesions in MMOC 
(ED50 3.1 µM) without signs of toxicity. 

In full-term animal studies, 
resveratrol has been shown to inhibit 
tumorigenesis in the two-stage mouse 
skin model (Jang et al., 1997) as well as 
mouse colon (Steele et al., 1998) and rat 
mammary gland (Bhat et al., 2001 a) 
models. Numerous studies have been 
performed to define the mechanism of 



action {Bhat et al. , 2001b) . In our 
laboratory, the estrogenic/antiestrogenic 
potential has recently been evaluated 
with endometrial {Bhat & Pezzuto, 
2001) and mammary (Bhat et al. , 
2001 a) models. Overall, resveratrol 
demonstrates great promise and 
preclinical toxicological investigations 
are currently underway that should set 
the stage for clinical evaluations. 

Deguelin 
Deguelin (2) (Fig. 1) is a rotenoid 
isolated from the Kenyan medicinal 
plant Mundulea sericea Willd . 
(Leguminosae), but is commonly found 
in many other legumes (e.g., Derris, 
Lonchocarpus, Tephrosia species) from 
around the world . Deguelin was found to 
be a potent inhibitor of TPA-induced 
ODC activity in cultured mouse 
epidermal 308 cells (IC50 20 nM) , 
which inhibits mammalian polyamine 
synthesis, thereby acting as an anti
promotor (Gerhauser et al., 1995). 
Deguelin was shown to reduce TPA
induced ODC mRNA expression to 
approximately 25% of the maximal 
response at 4 h compared to a TPA 
control. In the MMOC assay, deguelin 
showed 100% inhibition of DMBA
induced preneoplastic mammary 
lesions. To enable animal studies, 
several grams of enantiomerically pure 
deguelin were synthesized since 
isolation from natural sources would be 
too expensive and time-consuming. 
With this material, evaluations have 
been performed with the two-stage 
DMBA/TPA mouse skin model and 
NMU-induced mammary carcinogenesis 
model with Sprague Dawley rats 
(Udeani et al. , 1997). The deguelin
treated skin of CD-1 mice showed a 
decreased tumour incidence of 85% and 
100% over control animals at doses of 
33 and 330 mg, respectively. In the full
term NMU mammary study, rats had a 
decrease in tumour multiplicity from 6.8 
tumours per rat in the control group to 
5.1 and 3.2 tumours per rat in groups 

treated with 2 and 4 mg/kg body weight 
(i.g.) of deguelin, respectively. While 
tumour incidence was unchanged, the 
group fed 4 mg/kg deguelin showed 
a significant increase in the 
tumour latency period. Mechanistic 
investigations of deguelin and a small 
library of structurally related rotenoids 
revealed a link between inhibition of 
NADH-dehydrogenase and TPA
induced ODC activity (Gerhauser 
et al., 1997). Inhibition of NADH
dehydrogenase leads to a rapid 
depletion in ATP levels and subsequent 
interference with signal transduction 
events for TPA- or c-Myc-induced ODC 
activity. 

Brassinin 
Brassinin (3) (Fig. 1) is a dithiocarbamate
substituted indole phytoalexin found in 
cruciferous vegetables (e.g., cabbage, 
broccoli, Brussels sprouts), especially in 
many Brassica species, and is a common 
component of the human diet. Brassinin 
was found to be an anti-initiator by potent 
induction of phase II metabolizing 
enzymes through QR activity with a 
concentration required to double activity 
(CD) of 4.0 µM. A natural analogue, 
cyclobrassinin (4) (Fig. 1) shows stronger 
inducing capability with a CD of 1.2 µM. A 
small library of brassinin analogues were 
examined and all were found to be 
bifunctional inducers, i.e. they induced 
both phase I (e.g. cytochrome P450 
isozymes) and phase II enzymes. When 
tested in MMOC, brassinin and 
cyclobrassinin showed inhibition of 73% 
and 91 %, respectively, at 10 µg/mL 
(Mehta et al. , 1994). Synthetically, 
cyclobrassinin is difficult to produce on the 
multi-gram scale. Brassinin, however, is 
readily synthesized and was 
subsequently assessed in two-stage 
mouse skin and rat mammary 
carcinogenesis in vivo studies (Mehta et 
al., 1995). Mice treated with a 0.5% or 
1.0% solution of brassinin showed 
decreases in tumour incidence of 
approximately 30% and 50%, 

Novel plant-derived anticarcinogens 

respectively, along with decreases in 
tumour multiplicity of 55% and 70%, 
respectively, when compared to control 
groups. 

Withanolides 
The tomatillo, a green tomato-like fruit 
produced by Physallis philadelphica 
Lam. (Solanaceae), is commonly used 
in Mexican and Latin American cuisine. 
Utilizing induction of QR activity as a 
guide, we have isolated a steroidal class 
of compounds called withanolides (e.g. 
ixocarpalactone A; 5) (Fig. 1) from P 
philadelphica extracts. These 
compounds function as monofunctional 
inducers with potency similar to 
sulforaphane (6; Kennelly et al., 1997) 
(Fig. 1 ). Short-term animal studies have 
demonstrated potential for enzyme 
induction in laboratory animals (Song, 
2000) but, unfortunately, an 
economically viable synthesis is not 
apparent. As a result, we have cultivated 
a sufficient quantity of the plant to permit 
isolation of quantities of withanolides 
that will permit animal testing. These 
isolation procedures are currently 
underway. 

Flavonoids 
A group of flavonoid aromatase 
inhibitors (e.g. abyssinone II ; 7) (Fig. 1) 
were isolated from the edible plant 
Broussonetia papyrifera L. (Moraceae), 
a deciduous tree found in Asia and North 
America (Lee et al. 2001 ). The 
aromatase enzyme is the final, rate
limiting step in estrogen biosynthesis 
and its inhibition may help treat or 
prevent breast and prostate cancers. 
Four of these flavonoids were not 
estrogenic but inhibited aromatase with 
IC50 values in the range of 0.1-0.5 µM. 
Under the auspices of the RAPID 
program of the U.S. National Cancer 
Institute {http://www.cancer.gov/ 
prevention/rapid/), these lead 
compounds are currently being 
synthesized in sufficient quantities to 
permit more advanced testing. 
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Two unusually substituted flavones 
[zapotin (8) , and 5,6,2'-trimethoxyflavone 
(9)] (Fig. 1) were isolated from the seeds 
of the edible fruit "zapote blanco" from 
Casimiroa edulis Llave et Lex. 
(Rutaceae). The tree is distributed widely 
in Mexico and Central America and the 
fruits are consumed as a tropical 
dessert. Both compounds showed 
moderate anti-initiating activity by 
inhibiting EROD (phase I enzyme) 
activity in rat liver microsomes; however, 
both also had anti-promoting activity by 
inducing differentiation of cultured HL-60 
cells (Ito et al., 1998). When tested in 
MMOC, compounds 8 and 9 showed 
inhibitions of 50% and 80%, respectively. 
Currently, these compounds and their 
derivatives are being synthesized to 
prepare quantities necessary for future in 
vitro and in vivo evaluation. 

Sulforamate 
In many cases, modification of a natural 
product lead may improve efficacy by 
means of increasing activity or 
decreasing toxicity. Two promising 
synthetic compounds, sulforamate (10) 
and 4'-bromoflavone (11) (Fig. 1), were 
conceptualized from natural products 
(sulforaphane and flavone, respectively). 
Sulforamate was designed based on the 
structure of the anti-initiating compound 
sulforaphane, but the isothiocyanate 
moiety was modified to the less 
electrophilic methyl dithiocarbamate 
group found . on brass in in (Gerhauser et 
al., 1997). In comparison with 
sulforaphane, the resulting compound 
was tested in mouse Hepa 1c1c7 wild
type and mutant cells and found to be 
equipotent as a monofunctional phase II 
enzyme inducer (e.g., cytochrome 
P450s were not induced). Importantly, 
relative to sulforaphane, toxicity was 
reduced by approximately threefold. 
Therefore, it appears the therapeutic 
range of sulforamate would be much 
broader than that of sulforaphane and 
this compound is readily available 
through chemical synthesis. 
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4'-Bromoflavone 
4'-Bromoflavone (11 ; 4'-BF) was 
synthesized as part of a library of 
flavonoid derivatives and subsequently 
found to be an extremely potent inducer of 
phase II enzymes (for QR in Hepa 1c1c7 
cells, CD 1 O nM) (Song et al., 1999). It 
was found that 4'-BF was non-toxic in 
Hepa 1c1c7 cells (IC50 >166 µM, the 
solubility limit in cell culture medium). 
Compared to sulforaphane, 4'-BF was 
approximately 40 times more active and 
15 times less toxic. On the other hand, 4'
BF was a bifunctional inducer (induction 
of cytochrome P4501A1) , but 
simultaneously, the catalytic activity of 
P4501A1 was inhibited (IC50 86 nM). 
Other phase II enzymes were induced as 
well, such as the a and µ isoforms of 
glutathione-S-transferases (GST) in H411E 
cells. Rats given a diet containing 
300-5000 mg/kg of 4'-BF showed 
maximal induction of QR at 
concentrations ranging from 2500 to 5000 
mg/kg diet, and maximum induction of 
glutathione (GSH) at concentrations 
ranging from 1250 to 2500 mg/kg diet, in 
the liver, mammary gland, colon, stomach 
and lung. Based on these results, 4'-BF 
was assessed in the DMBA-induced rat 
mammary tumorigenesis model. At 
concentrations of 2000 and 4000 mg/kg 
diet, administered for a period of 2 
weeks, 4'-BF significantly decreased 
tumour incidence from 89.5% to 30% and 
20%, and multiplicity from 2.63 to 0.65 
and 0.20 tumours per rat, respectively. 
Tumour latency was also greatly 
enhanced by administration of either dose 
of 4'-BF and dietary supplementation 
improved survival. Since DMBA requires 
activation by P4501A1 , the potent 
chemopreventive effect mediated by 4'
BF may result from modified carcinogen 
metabolism (inhibition of P4501A1) and 
excretion (induction of phase II 
detoxification enzymes). Under the 
auspices of the RAPID program of the 
U.S. National Cancer Institute 
(http://www.cancer.gov/prevention/rapidL), 
4'-BF is currently being produced on a 

large scale and undergoing preclinical 
development. 

Conclusion 
At the present time, there are a large 
number of people who have an 
increased risk of developing cancer. 
One major group includes individuals 
who have had cancer and survived. In 
these cases, it would be highly 
desirable to provide therapeutic options 
that should help diminish the chance of 
recurrence. Cancer chemoprevention 
seems ideal and standard risk/benefit 
analyses can be performed. More 
generally, as the armamentarium of 
cancer chemopreventive agents 
continues to expand, it is reasonable to 
create a cancer chemoprevention drug 
formulation for utilization on a 
widespread basis by the general 
population. As with other 
pharmaceutical agents useful for 
disease prevention , a pharmaco
economic analysis of a cancer 
chemopreventive formulation would 
need to be considered and the 
composition of the formulation should 
improve over time (Pezzuto, 1997). 
Safety is of utmost concern when 
dealing with the general population, and 
the risk/benefit ratio needs to be 
extremely good. Nonetheless, it is 
appropriate to aggressively explore the 
use of chemoprevention as a means of 
controlling cancer in the general 
population . The effect of delaying 
tumorigenesis beyond the lifespan of a 
normal human being is equivalent to 
curing cancer. This type of "cure" can be 
achieved in our lifetime. 
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Plant polysaccharides and 
fermentation in the colon 
Plant polysaccharides, as dietary fibre 
(non-starch polysaccharides, NSP) , and 
resistant starch have been associated 
with lowered risk of colorectal cancer for 
a number of years. In 1960, Higginson & 
Oettle attributed low colorectal cancer 
rates in the Bantu to the fact that 'a large 
amount of roughage is consumed ' 
(Higginson & Oettle, 1960). Burkitt in 
1969 ascribed high rates of bowel 
cancers in Western countries to 'greatly 
delayed transit time (most of the delay 
occurring in the distal colon) , which, 
together with the concentration 
associated with diminished stool bulk, 
might enhance the action of any 
carcinogen by the multiple of these 
factors' (Burkitt, 1969). 

Since that time, mechanisms 
whereby plant polysaccharides could 
protect against cancer have been 
established. Carefully controlled feeding 
studies have established a linear 
relationship between NSP consumption 
and stool weight, and a strong inverse 
association between high stool weight 
and colorectal cancer incidence 
(Cummings et al., 1992). Low stool 
weight leads to constipation , which 
together with use of laxatives is a risk 

factor for colorectal cancer. In one study, 
odds ratios were 1.48 (1.32-1.66) and 
1 .46 ( 1 .33-1.61) for constipation and 
laxative use, respectively, with 
attributable risks for colon cancer of 
4.4% in the US population (Sonnenberg 
& Muller, 1993). In another study from 
Seattle, frequent constipation was 
associated with a relative risk of 4.4 
(2.1-8.9) for colon cancer (Jacobs & 
White, 1998). 

However, factors other than stool 
weight are involved. Carbohydrate 
entering the large bowel stimulates 
anaerobic fermentation, leading to the 
production of short chain fatty acids 
(SCFAs), acetate, propionate, and 
butyrate, gas, and an increase in 
microbial cell mass (biomass) . The 
SCFAs are absorbed by the intestinal 
mucosa where they stimulate sodium 
absorption and bicarbonate production 
(Cummings et al., 1981 ). The stimulation 
of bacterial growth, together with water 
binding to residual unfermented NSP, 
leads to the increase in stool weight, 
dilution of colonic contents and faster 
transit time through the large gut 
(Cummings et al., 1981 ). Butyrate is of 
particular interest because it reduces 
cell proliferation and induces apoptosis, 
factors which are associated with 

inhibition of the transformation of the 
colonic epithelium to carcinoma (Boffa et 
al., 1992; Hague et al., 1993). Histone 
deacetylase is inhibited , leading to 
hyperacetylation of histones, and 
caspase activity is induced. Caspase 
cleaves critical targets such as p21 in 
the apoptotic process (Chai et al., 2000) . 

Nitrogen metabolism in the 
colon 
The amount of nitrogen entering the 
large bowel , mainly in the form of 
protein, peptides and amino acids, can 
be increased by increasing protein 
intake (Silvester & Cummings, 1995). 
There are many different types of 
proteolytic bacteria found in the large 
gut, which, depending on pH and 
substrate availability, may respond to 
active carbohydrate fermentation in the 
right colon or to protein released from 
bacterial cell lysis in the left colon when 
readily fermented carbohydrates such 
as pectin are exhausted (Macfarlane & 
Cummings, 1991 ). Some versatile 
bacteria deaminate to form ammonia, 
SCFAs and a variety of other products, 
including phenols and branched chain 
fatty acids. When carbohydrate 
fermentation is active , ammonia is 
assimilated into glutamine or glutamate 
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and the amino group is distributed to 
other amino acids as requ ired 
(Macfarlane & Cummings, 1991 ). 

In humans, the increase in nitrogen 
entering the colon , as a result of 
consuming high-meat diets, increases 
faecal ammonia concentration. 
Ammonia is a promoter of 
carcinogenesis induced by NOC in 
rodent models (Clinton et al., 1988) and 
patients with uterosigmoidostomies who 
have very high luminal ammonia 
concentrations have a greatly increased 
risk of developing tumours distal to the 
site of ureteric implantation (Tank et al., 
1973). 

N-nitroso compounds are also found 
in the colon and are formed 
endogenously because the amines and 
amides produced primarily by bacterial 
decarboxylation of amino acids can be 
N-nitrosated in the presence of a 
nitrosating agent. Chemical N
nitrosation may occur in neutral or 
alkaline conditions (as in the small and 
large intestine). In the anaerobic large 
bowel, nitrate, entering the body partly in 
food and water, is reduced to nitrite in 
the colon during dissimilatory nitrate 
metabolism by the colonic flora 
(Macfarlane & Cummings, 1991 ). 
Supplements of nitrate have therefore 
been shown to elevate faecal NOC 
levels (Rowland et al., 1991 ). A number 
of facultative and anaerobic colonic 
bacteria are able to catalyse the 
formation of N-nitroso compounds at an 
optimum pH of 7.5 (Calmels et al. , 
1985). 

In humans, we have been 
investigating the hypothesis that high
meat diets increase faecal NOC levels 
and that an increase in fermentable 
carbohydrate reaching the colon could 
be expected to reduce them. All of these 
studies are carried out in a metabolic 
suite, where diet can be carefully 
controlled and all specimens collected 
over prolonged periods. All diets are 
isoenergetic and contain equal amounts 
of fat, and are matched to each 
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individual's energy expenditure. Nitrate
free water is used for drinking and 
cooking. We first studied the effect of red 
meat consumption on faecal NOC levels 
in eight male volunteers who consumed 
diets low or high in meat (60 or 600 
g/day) as beef, lamb or pork. Increased 
intake of red meat induced a significant 
(P<0.024) threefold increase from 40 
(SE, 7) to an average of 113 (SE, 25) 
µ,g per day of NOC, mainly as acidic and 
basic nitrosamines (Bingham et al. , 
1996). Subsequent studies have 
confirmed this effect of red meat and 
shown that there is a dose response to 
0, 60, 240 and 420 g of meat per day 
(Hughes et al., 2001 ). Long transit times 
and low faecal weights are associated 
with increased NOC formation (Hughes 
et al., 2001) 

In two volunteers, there was no effect 
of 600 g white meat and fish on faecal 
NOC: a mean low-white-meat diet, 68 
(SE 10 ) µ,g per day, high-white-meat 
diet 56 (SE 6) µ,g per day (Bingham et 
al., 1996). This suggests that the 
increase in faecal NOC and nitrosating 
products is brought about by a specific 
effect of red meat not seen with white 
meat. A major difference between red 
and white meat is in their content of 
haem iron, which is poorly absorbed 
from the small intestine. Subsequent 
studies have confirmed that the effect of 
red meat is due to the presence of haem 
but not inorganic iron (Cross et al. , 
2002). Under certain conditions, haems 
are known to be nitrosated and act as 
nitrosating agents (Bonnett et al. , 1975). 
The formation of N-nitrosoarginine by 
heme enzymes under anaerobic 
conditions has also been demonstrated 
(Hirst & Goodin, 2000). Faecal waters 
from individuals consuming high-meat 
low-fibre diets have been reported to be 
genotoxic, causing DNA strand 
breakage (Rieger et al., 1999) but it has 
yet to be established whether the NOC 
formed in the colon in response to haem 
consumption as red meat are genotoxic 
or carcinogenic. 

Epidemiology 
Despite good mechanisms relating plant 
polysaccharides to reduced risk of 
colorectal cancer, recent reports from 
American prospective studies have 
suggested that individuals who consume 
large amounts of either fibre or 
vegetables are not at reduced risk of 
colon cancer (Fuchs et al., 1999; 
Michels et al., 2000). Furthermore, large 
intervention trials, also in the USA, in 
which the effect of increased amounts of 
bran or of vegetables on recurrence 
rates in patients with adenomatous 
colorectal polyps has been studied , 
have failed to reduce polyp recurrence 
rates (Schatzkin et al., 2000; Alberts et 
al. , 2000) . 

Analysis of the EPIC results has 
been complicated by the different food 
tables in different participating 
countries ; these food tables also 
incorporate analyses for dietary fibre or 
plant polysaccharides which are based 
on different definitions and different 
analytical techniques (Deharveng et al., 
1999). Analyses of preliminary results in 
EPIC thus have been adjusted by 
centre to control for this and other 
centre effects such as follow-up 
procedures and questionnaire design. 
As a consequence , preliminary 
estimates of relative risks do not take 
into account the dietary heterogeneity 
of the EPIC cohort and are 
underestimated in all probability. No 
estimates of resistant starch are 
presently available in EPIC. 

From 1993 to 1998, 406 323 
participants, 122 927 men and 283 396 
women , participated in the nine EU 
countries of EPIC. There were 740 
incident cases of colorectal cancer that 
developed in that time ; details of 
follow-up time are presented 
elsewhere (Bueno-de-Mesquita et al., 
2002) . Intakes of dietary fibre were 
calculated from food frequency 
questionnaires collected from 
participants in each centre using local 
food tables. Data from individuals in 



Table 1. Mean and standard deviation of fibre consumption by 
sex-specific quintile 

2 3 4 5 

Men n 72 58 51 43 39 
Mean (g/day) 12.8 18.1 22.2 26.9 38.0 
SD (g/day) 2.4 1.2 1.2 1.6 8.3 

Women n 104 115 90 83 85 
Mean (g/day) 12.4 17.0 20.4 24.2 32.5 
SD (g/day) 2.2 1.0 1.0 1.3 6.0 

All n 176 173 141 126 124 
Mean (g/day) 12.5 17.4 21 .0 25.0 34.0 
SD (g/day) 2.3 1.2 1.3 1.8 7.2 
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Figure 1 
Shows relative risks of colorectal cancer by quintile of fibre intake and for fibre adjusted for total energy 
intake (g per unit of energy) assessed by questionnaire. In both cases, the relative risk of colorectal 
cancer was significantly reduced (x2 for trend P=0.01 O and 0.000, respectively) . From Table 1 it can be 
seen that individuals in the top quintile of fibre were consuming about 1.5 times more fibre plant 
polysaccharides than the average, in line with current recommendations to increase fibre intake by 50% 
on average (Department of Health, WCRF). These preliminary resu lts from EPIC therefore suggest a 
protective role for fibre plant polysaccharides in colorectal cancer and support current recommendations 
to increase intake to prevent this disease 

Plant polysaccharides, meat and colorectal cancer 

the top and bottom 1 % of the rat io of 
energy intake to esti mated energy 
req uirement (calculated f rom body 
wei ght) were excluded from the 
analysis . Table 1 shows mean intakes 
of fibre from the 80 000 subjects in 
each quintile of the distribut ion and 
numbers of colorectal cancer cases 
occurring in each quintile; 124 cases of 
colo rectal cancer had fibre intakes in 
the top quintile, but 176 cases were 
placed in the lowest quintile of fibre 
intake. Table 1 also shows numbers of 
cases of colorectal cancer by sex
specific quintile of fibre intake. 
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Introduction 
Catechins are polyphenolic components 
of plant foods that belong to the family of 
flavonoids . Due to their strong 
antioxidant activity and their capacity to 
influence mammalian enzyme systems, 
catechins were hypothesized to affect 
risk of cancer in humans. Tea is a rich 
source of catechins; they make up about 
30% of the dry weight of green tea and 
9% of the dry weight of black tea. 
Epidemiological studies regarding the 
association between tea and cancer 
have been inconclusive, but point to the 
possibility of a lowered risk of digestive 
tract cancers among tea drinkers (Blot et 
al., 1996). Because tea is not the sole 
source of catechins, including other 
sources of these bioactive components 
may clarify reported associations. We 
have determined levels of six 
major catechins [(+)-catechin, 
(+)-gallocatechin , (-)-epicatechin, (-)
epigallocatechin, (-)-epicatechin gallate, 
and (-)-epigallocatechin gallate] in 
commonly consumed foods and 
beverages (Arts et al. , 2000a; Arts et al. , 
2000b). The objective of the current 
study was to explore associations 
between catechin intake and incidence 
of cancers of the digestive tract among 
postmenopausal women in Iowa. 

Methods 
A cohort of 34 651 postmenopausal 
cancer-free women aged 55-69 years 
was followed between 1986 and 1998. 
At baseline, data on diet (using a 127-
item semiquantitative food frequency 
questionnaire), medical history and 
lifestyle were collected. In addition to the 
total catechin intake, the intake of two 
subgroups of catechins was calculated 
for each woman, the first reflecting 
catechins derived mainly or solely from 
tea (the sum of (+)-gallocatechin, (-}
epigallocatechin, (-)-epicatechin gallate, 
and (-)-epigallocatechin gallate), and 
the second reflecting catechins derived 
mainly from sources other than tea (the 
sum of (+)-catechin and (-)
epicatechin). Participants were stratified 
by quintile or quartile, depending on the 
number of cases of a particular cancer. 
Incident cancers were obtained through 
linkage with a cancer registry 
(SEERCox proportional hazards 
analysis was used to estimate risk 
ratios. Multivariate models were 
adjusted for age, total energy intake, 
body mass index, waist-to-hip ratio, 
physical activity, pack-years of smoking, 
smoking status, number of years since 
smoking cessation, alcohol intake, and 
total intake of fruits and vegetables. 

Results 
The average catechin intake at baseline 
was 25.4 mg/day (range: 0-278 
mg/day). Only 26 participants had an 
estimated catechin intake of zero. Major 
contributors to the total intake of 
catechins were tea (59%) and apples 
and pears (26%). Chocolate, fruits other 
than apples and pears, wine, and 
legumes were minor catechin sources. 
After 13 years of follow-up, 5038 
incident primary cancers were recorded, 
including cancers of the upper digestive 
tract (n=176), colon (n=635), and rectum 
(n=132). After adjustment for potential 
confounders, only cancer of the rectum 
showed a statistically significant inverse 
association with catechin intake (Table 
1 ). After adjustment for confounders and 
for (+)-catechin and (-)-epicatechin 
intake, intake of mainly tea-derived 
catechins was inversely associated with 
the risk of rectal cancer (P for trend, 
0.02), whereas the intake of (+)-catechin 
and (-)-epicatechin was not (Pfor trend, 
0.75) (Figure 1 ). There were no clearly 
distinct associations for the two groups 
of catechins with other cancers studied. 

Discussion and conclusion 
In this cohort of postmenopausal 
women , total catechin intake was 
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inversely associated with rectal cancer 
incidence, but not with other cancers of 
the gastrointestinal tract epithelium. 
Among 728 elderly Dutch men, catechin 
intake was also not associated with total 
epithelial cancer incidence, lung cancer 
or non-lung epithelial cancers (Arts et 
al., 2001 ). Our data generally do not 
support evidence from animal 
experiments which suggests that 
catechins may prevent a number of 
cancers. Proposed anti-cancer 
mechanisms include inhibition of the 
metabolic activation of procarcinogens 
to DNA-reactive species, induction of 
enzyme systems involved in 
detoxification, and protection against 
DNA-damaging free radicals through 
their antioxidant activity (Middleton & 
Kandaswami , 1994). 

The intake of catechins derived 
mainly from tea [(+)-gallocatechin, (-)
epigallocatechin, (-)-epicatechin gallate, 
and (-)-epigallocatechin gallate) was 
inversely associated with rectal cancer 
risk. Most literature does not support an 
inverse association between tea 
consumption and rectal cancer. Of four 
prospective cohort studies, one found 
an increased rectal cancer risk with 
increasing black tea consumption and 
three found no association . Of nine 
case-control studies, only one found an 
inverse association with rectal cancer 
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Figure 1 
Multivariate adjusted risk ratios and 95% confidence intervals of rectal cancer incidence by quartiles of 
total catechins, the sum of (+)-catechin and (-)-epicatechin, and the sum of (+)-gallocatechin (GC), 
(-)-epigallocatechin (EGG), (-)-epicatechin gallate (ECg), and (-)-epigallocatechin gallate (EGCg) 

and two found a positive association 
(Blot et al., 1996). A major drawback of 
all these studies, except for the cohort 
studies and the one case-control study 
that reported an inverse association, is 
that they were conducted in countries 
where black tea consumption is 
extremely low (Japan and Italy) and 
therefore unlikely to exert any 
physiological effects. 

In conclusion, catechins probably do 
not play a major role in the prevention of 

gastrointestinal tract cancers. Among 
several cancers studied, our data 
suggest that catechins, in particular 
those derived from tea, may lower the 
risk of rectal cancer only. Previous 
studies do not support our findings, but 
most of these were conducted in 
countries with a low tea intake. More 
research is needed to confirm our 
findings. 

Table 1. Multivariate adjusted risk ratios (RR) and 95% confidence intervals (Cl) according to categories of total 
catechin intake 

Catechin intake category 

2 3 4 5 

Site (ICD-0 codes) n RR RR 95%CI RR 95%CI RR 95%CI RR 95%CI Ptrend 

Upper digestive 176 1.00 0.71 0.46- 1.09 0.72 0.46-1 .12 0.71 0.46-1.11 0.31 
tract (CO-C17) 
Colon (C18) 635 1.00 1.06 0.82- 1.37 1.15 0.89-1 .50 1.19 0.91-1 .55 1.10 0.85-1.44 0.63 
Rectum (C20) 132 1.00 0.93 0.59-1.46 0.73 0.44-1 .21 0.55 0.32-0.95 0.02 
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Background 
The role of dietary factors on ovarian 
carcinogenesis was originally suggested 
on the basis of descriptive epidemiology 
and correlational studies. Few studies 
have considered micronutrients and 
ovarian cancer risk (La Vecchia et al., 
1987). Most studies, however, were 
relatively small in size, not always 
specifically focused on diet or based on 
validated food frequency questionnaires 
that allowed for total energy or other 
relevant diet-related factors. 

The present paper provides further 
insight on the relation between intakes 
of several micronutrients, vitamins, and 
minerals and ovarian cancer using data 
from a large case-control study 
conducted in Italy and based on a 
validated food frequency questionnaire. 

Materials and Methods 
A case-control study on ovarian cancer 
was conducted between January 1992 
and September 1999 in five Italian areas 
(Bosetti et al., 2001 ). 

Cases were 1031 patients with a first 
histologically confirmed epithelial 
ovarian carcinoma diagnosed 1 year 
prior to interview, identified in major 
teaching and general hospitals. Controls 
were 2411 patients admitted for acute, 
non-neoplastic diseases to the same 
network of hospitals. Controls were 
comparable to cases with reference to 
age (quinquennia) and study center. 

The interviewer-administered food 
frequency questionnaire assessed the 
usual diet (including 78 foods, groups or 
recipes) over the 2 years preceding 
diagnosis or hospital admission 
(controls). 

To compute micronutrient and energy 
intake, an Italian food composition 
database was used (Salvini et al., 1998). 
Reproducibility and validity of the food 
frequency questionnaire were 
satisfactory (Franceschi et al., 1995; 
Decarli et al., 1996). 

Odds ratios (OR) and their 
corresponding 95% confidence intervals 
(Cl) were obtained by means of 

unconditional multiple logistic regression 
models that included eight adjustment 
terms plus energy according to the 
residual model. Tests for trend were 
done between the models with and 
without a linear term for each nutrient's 
quintile. 

Results 
Table 1 gives the distribution of ovarian 
cancer cases and control subjects 
according to selected variables. Cases 
tended to be significantly more educated 
than controls, to have a lower parity, and 
to report a family history of ovarian 
and/or breast cancer more frequently. 

Table 2 gives the ORs of ovarian 
cancer according to subsequent 
quintiles of intake of various 
micronutrients compared to the lowest 
one , together with the tests for 
linear trend in risk. An inverse asso
ciation was observed for calcium intake 
(OR=0.7 for highest versus lowest 
quintile of intake; 95% Cl, 0.6-1 .0) and 
a borderline direct association for zinc 
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Table 1. Distribution of 1031 cases of epithelial ovarian cancer and 2411 
controls, according to age and selected variables. Italy, 1992-1999 

Cases Controls 
n (%) n (%) 

Age (years) 
<45 183 (17.8) 443 (18.4) 
45-54 287 (27.8) 615 (25.5) 
55-64 325 (31 .5) 724 (30.0) 
~ 65 236 (22.9) 629 (26.1) 

Education• (years) 
<7 577 (56.0) 1442 (59.8) 
7-11 227 (22.0) 620 (25.7) 
~ 12 227 (22.0) 349 (14.5) 

Parity• 
Null iparous 184 (17.9) 381 (15.8) 
1-2 572 (55.5) 1268 (52.6) 
3 229 (22.1) 639 (26.5) 
~ 4 46 (4.5) 123 (5.1) 

Family history of ovarian and/or breast cancer• 
No 902 (87.5) 2291 (95.0) 
Yes 129 (12.5) 120 (5.0) 

•Significant difference between cases and controls adjusted for age and residence (P<0.01 ). 
bThe sum does not add up to the total because of a few missing values. 

(0R=1.4; 95% Cl, 1.0-1 .8). There was 
a significant inverse association for 
vitamin E (OR=0.6; 95% Cl , 0.5-0.8}, 
beta-carotene (OR=0.8; 95% Cl , 
0.6-1.0} and lutein/zeaxanthin 
(OR=0.6; 95% Cl, 0.5- 0.8). Most 
inverse associations were linear across 
quinti les, with significant trends in risk. 

Discussion 
Our data support the hypothesis that 

calcium and selected antioxidant 
micronutrients are inversely associated 
with epithelial ovarian cancer. 

Vitamin E was mainly derived here 
from olive oil used in vegetable 
seasoning. Carotenoids and a fraction of 
vitamin E are derived from fruits and 
various vegetables. Calcium has been 
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inversely related to the cancer-promoting 
effect of high dietary fat intake. 

With reference to potential recall and 
selection bias , awareness of any 
particular dietary hypothesis in ovarian 
cancer etiology was very limited since 
the issue had not received widespread 
media attention. All diagnoses that might 
have been associated causally with or 
have determined special dietary habits 
of controls were excluded. The 
comparability of dietary history between 
cases and controls should have been 
improved by interviewing subjects in the 
same hospital setting. Adjustment for 
total energy intake should have reduced 
potential bias due to differential over- or 
underreporting of food intakes. 

The major strengths of this study are 

the large dataset examined, consistency 
of findings across major categories of 
controls, re liance on a validated food 
frequency questionnaire, the nearly 
complete participation rate of patients, 
and substantial heterogeneity of the 
studied populations. 

In conclusion, the find ings of the 
present study support the hypothesis 
that intakes of a few micronutrients are 
inversely related to epithelial ovarian 
cancer. Whether this reflects a specific 
effect of these micronutrients, or the 
general favourable influence of a diet 
rich in olive oi l and vegetables remains 
outside the scope of observational 
epidemiological studies. 
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Table 2. Odds ratios (OR)3 of ovarian cancer and corresponding 95% confidence intervals (Cl) according to intake of selected 
micronutrients and minerals. Italy, 1992-1999 

Quintile, OR (95% Cl) 

Micronutrient Meanb Standard deviation 1 (lowest)0 2 3 4 5 x2 

Calcium (g) 1.0 0.4 0.9 (0.7-1 .2) 0.8 (0.6-1.1) 0.8 (0.6-1.0) 0.7 (0.6-1 .0) 6.31 d 

Potassium (g) 3.6 1.1 1.0 (0.7-1 .3) 0.8 (0.6-1.1) 1.1 (0.9-1 .5) 0.8 (0.6- 1.1) 0.82 

Phosphorus (g) 1.4 0.4 1.1 (0.9-1.5) 1.1 (0.8-1 .4) 1.1 (0.8-1 .5) 0.8 (0.6-1 .1) 1.67 

Iron (mg) 12.8 4.0 1.0 (0.8-1.3) 1.0 (0.7-1 .3) 1.0 (0.7-1.3) 1.0 (0.8-1 .3) 0.01 

Zinc (mg) 11.9 3.5 1.1 (0.8-1.4) 1.0 (0.7-1.3) 1.1 (0.8-1.4) 1.4 (1 .0-1 .8) 3.69 

Thiamin (mg) 0.8 0.3 1.1 (0.8-1.4) 1.3 (1.0-1.7) 1.2 (0.9-1.6) 1.1 (0.8- 1.5) 1.04 

Riboflavin (mg) 1.5 0.5 1.2 (0.9-1 .6) 1.0 (0.8-1.4) 0.9 (0.7-1 .2) 1.0 (0.8-1.4) 0.49 

Vitamin C (mg) 146.2 78.6 1.0 (0.8-1 .3) 1.2 (0.9-1 .6) 0.9 (0.7-1 .2) 1.1 (0.8-1.4) 0.10 

Vitamin B6 (mg) 1.8 0.5 0.9 (0.6-1.1) 0.9 (0.7-1 .2) 1.1 (0.8-1.4) 1.1 (0.8-1.4) 1.79 

Folic acid (mcg) 256.0 83.5 1.0 (0.7-1.3) 1.1 (0.8-1 .4) 1.0 (0.7-1.3) 1.0 (0.7-1 .3) 0.07 

Niacin (mg) 16.4 4.9 1.1 (0.9-1.5) 1.2 (0.9-1.5) 0.9 (0.7-1 .2) 0.9 (0.7-1 .2) 1.89 

Retinol (mg) 0.7 0.9 0.9 (0.6-1.1) 0.9 (0.6-1.2) 0.8 (0.6-1 .0) 1.1 (0.8-1.4) 0.15 

Carotene (mg) 4.3 2.2 1.0 (0.8-1 .3) 0.9 (0.7- 1.1) 0.8 (0.6-1.1) 0.8 (0.6-1 .1) 4.43d 

ex-carotene (mg) 0.8 0.7 0.9 (0.7-1.1) 0.8 (0.6-1.0) 0.7 (0.5-0.9) 0.9 (0.7-1.2) 2.62 

~-carotene (mg) 4.9 2.5 0.9 (0.7-1.2) 0.8 (0.6-1 .0) 0.6 (0.5-0.8) 0.8 (0.6-1.0) 7.63° 

~-cryptoxanthin (mg) 0.4 0.4 1.1 (0.8-1.4) 1.1 (0.8-1.4) 1.0 (0.7-1.3) 1.2 (0.9-1.6) 1.06 

Lutein/zeaxanthin (mg) 4.8 2.6 1.1 (0.8-1.4) 0.9 (0.7-1.2) 0.8 (0.6-1.0) 0.6 (0.5-0.8) 14.71 ° 

Lycopene (mg) 6.3 3.7 1.0 (0.7-1.3) 1.0 (0.7-1.3) 1.1 (0.8-1.4) 1.1 (0.9-1.5) 1.35 

Vitamin D (mcg) 2.9 1.3 0.8 (0.6-1.1) 0.9 (0.7-1.2) 0.9 (0.7-1 .2) 0. 7 (0.6-1 .0) 2.28 

Vitamin E (mg) 14.0 6.0 0.8 (0.6-1 .1) 0.6 (0.4-0.7) 0.7 (0.5-0.9) 0.6 (0.5-0.8) 13.30° 

•Estimates from multiple logistic regression models including terms for age (quinquennia), study center, year of interview, education, body mass index, parity, oral contraceptive use, occupational 

physical activity, and energy intake, according to the residual model. 

bAmong controls, per day. 

'Reference category. 

dP<0.05. 

"P<0.01 . 
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Introduction 
There is evidence that colorectal cancers 
usually arise from adenomatous polyps. 
For this reason, studying risk factors for 
adenomas is important in the research of 
primary prevention of colorectal cancer. 

Previous observational studies found 
lower risk of colorectal cancer among 
populations with high intakes of fruits 
and vegetables, the main dietary 
sources of micronutrients (World 
Cancer Research Fund, 1997). Some 
case-control studies suggest that 
micronutrients, especially folate , 
calcium, iron and antioxidant vitamins 
are protective against adenomas (Tseng 
et al., 1996). whereas iron can also 
increase risk (Nelson et al., 1994). 

This report presents the preliminary 
analysis of a case-control study on 
micronutrient intake and colorectal 
adenomas in Brazilian-Japanese patients 
in Sao Paulo in south-eastern Brazil. 

Methods 
Subject selection 
The study was made up of 115 incident 
cases of adenomatous polyps and 202 

controls, aged 40-79 years. Cases and 
controls were colonoscopy patients 
admitted to the Santa Cruz Hospital, 
Sao Paulo city, between October 1997 
and October 2000. 

Identification of cases and 
controls 
Exclusion criteria for cases and controls 
were: a) age under 30 years ; b) 
polyposis; c) colitis of any type; d) 
previous colon resection; e) previous 
colon cancer; f) unsatisfactory colon 
preparation or incomplete examination 
(i.e., cecum not reached); g) previous 
diagnosis of adenoma. Case subjects 
were defined as patients with one or 
more adenomatous polyps confirmed by 
histopathology. Control subjects were 
defined as individuals with no 
adenomatous polyps. 

Measurements 
The interview itself consisted of a 
general questionnaire on medical 
and family histories, demographic 
characteristics, lifestyle, smoking and 
drinking habits. Dietary information was 

collected using a validated food 
frequency questionnaire (FFQ) for 
assessment of usual food and nutrient 
intakes for a period of 1 year before the 
colonoscopy (Cardoso et al. 2001 ). 

Analysis 
Nutrient calculations of the diets were 
performed using Dietsys 4.01 software 
(Block et al., 1994). The nutrient 
database used was based primarily on 
US Department of Agriculture 
publications supplied by Dietsys, 
supplemented by the most recent edition 
of Standard Food Composition Tables of 
Brazil and Japan. 

The odds ratio (OR) relative to the 
lowest quartile of intake for iron, folate, 
calcium, and antioxidant vitamins 
(C, A, E) were determined using 
unconditional logistic regression while 
adjusting for age, sex, body mass 
index, smoking , total energy and 
ethnicity (Japanese and non
Japanese) . All statistical analyses were 
performed using the Minitab software, 
version 12.2. 

361 



Nutrition and lifestyle: opportunities for cancer prevention 

Table 1. Descriptive characteristics of study groups, Santa Cruz 
Hospital, Sao Paulo, Brazil, 1997-2000 

Cases Controls 

Mean age in years (SD) 57 (10) 51 (13) 

Gender(%) 
Female 42 (24.6) 129 (75.4) 

Male 75 (47.5) 83 (52.5) 

Ethnicity(%) 
Japanese 76 (46.1) 89 (53.9) 
Non-Japanese 41 (25.0) 123 (75.0) 

Smoking(%) 
Never 55 (29.1) 134 (70.9) 

Former 42 (44.7) 52 (55.3) 

Current 20 (43.5) 26 (56.5) 

Ever married(%) 108 (37.6) 179 (62.4) 

Educational level attained (%) 
8 years 43 (40.2) 64 (59.8) 
15 years 43(39.1) 67 (60.9) 

Alcohol drinkers (%) 
Never 57 (31.3) 125 (68.7) 

Former 9 (50.0) 9 (50.0) 

Current 47 (38.5) 75 (61 .5) 
Physical activity(%) 

Vigorous activity (<3 times a week) 89 (35.2) 164 (64.8) 

Vigorous activity (3 times a week) 28 (36.8) 48 (63.2) 

Mean BMI 24.7 (4.9) 24.1 (6.1) 
Mean daily nutrient intakes (SD) 

Total energy (kcal) 1877.11 (690.99) 2022.90 (749.88) 

Total fat (g) 58.86 (29.38) 64.00 (29.14) 

Saturated fat (g) 16.99 (8.47) 18.69 (9.79) 
Dietary fibre (g) 16.40 (6.68) 18.42 (8.44) 

SD, standard deviation; BMI, body mass index (kg/m2). 

Results 
Table 1 shows the descriptive 
characteristics of the study groups. 
There were more female controls 
among the participants. Regular use of 
vitamin and mineral supplements was 
infrequent (less than 12%). 

comparing the highest with the lowest 
quartile of intake was 0 .18 (95% Cl, 
0.05-0.72). 

Preliminary analysis can be observed 
in Table 2. A protective effect was found 
for total iron and vitamin E intakes 
against the risk of colorectal adenomas. 
The strongest inverse association was 
observed for iron: the adjusted OR 
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Conclusion 
In our study, iron intake was inversely 
related to the risk of adenoma. Why this 
micronutrient appears to have different 
effects in previous studies is not yet 
clear. This contradictory result may be 
due to differences in bioavailability and 
the range of the iron consumed across 
populations. 
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Table 2. Adjusted odds ration estimates and 95% confidence intervals by 
quartile of micronutrient intake, Santa Cruz Hospital, Sao Paulo, Brazil, 

1997-2000 

Quartile of micronutrient intake Range OR a 95%CI Pvalue 

Total iron (mg) 
1 2.5-10.7 
2 10.7-14.5 0.42 0.17-1 .00 0.051 

3 14.5-20.8 0.17 0.05-0.57 0.004 
4 20.9-89.4 0.18 0.05-0.72 0.015 
Pfortrend 0.035 
Folate (µg) 
1 46.5-175.2 
2 175.3-248.8 1.18 0.43-3.26 0.752 

3 248.9-365.9 1.76 0.52-5.96 0.366 
4 366.0-1457.9 1.49 0.31-7.09 0.613 

Pfor trend 0.788 

Calcium (mg) 
1 157.6-550.1 
2 550.2-772.7 2.89 1.20-6.99 0.18 
3 772.8-1021 .9 1.34 0.49-3.67 0.574 
4 1022.0-2815.6 1.59 0.49-5.12 0.435 
Pfor trend 0.073 
Vitamin C (mg) 
1 23.6-137.3 
2 137.4-207.4 1.3 0.56-3.03 0.545 
3 207.5-316.3 1.24 0.46-3.33 0.671 
4 316.4-1131 .3 0.98 0.30-3.19 0.973 
Pfor trend 0.887 
Vitamin A (IU) 
1 1259-6196 
2 6197-9952 0.49 0.21-1.16 0.106 

3 9953-15 767 1.43 0.54-3.76 0.470 
4 15 768-72 921 0.77 0.28-2.15 0.621 
Pfor trend O.D78 
Vitamin E (K-TE) 
1 1480-4915 
2 4916-7040 0.34 0.14-087 0.024 

3 7041-9530 0.41 0.13-1.28 0.125 
4 9531-76 430 0.30 0.08-1.15 0.079 
Pfor trend 0.138 

•Data adjusted for age, sex, body mass index, smoking, total energy and ethnicity. 
OR, odds ratio; Cl , confidence interval. 
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Toxic effect of residues acting 
as depressants 
Evidence favouring a protective effect of 
healthy food and nutrients contained in 
fruit and vegetables has led to a change 
in dietary habits in households, 
particularly in the younger generation. 
Neurotoxic effects of agrochemicals 
from residues on highly contaminated 
vegetables have been associated with 
depression and reduction of bodily 
functions . 

The promoting effect of long-lasting 
depressiveness on clinical manifestation 
of cancer has been demonstrated in 
more than five recent publications 
(Knekt, 1996; Penninx, 1998; Friedman, 
1999), but the pathogenesis has not 
been clarified. 

Nevertheless, although in general, 
studies on vegetarians have shown a 
positive effect not only on specific causes 
of death but on longevity and balanced 
health, decreasing cost for medical care 
and protective effects of vegetable intake 
may have been confounded by unknown 
quantities of toxic and cancer-promoting 
factors, resulting in equivocal results of 
overviews on so-called protective 
vegetables and cancer risk, because 
specific types of cancer were found to 
have a higher than expected incidence 
rate. 

Although prov1s1ons of fresh 
vegetables and exotic fruits perannually 
also led to new habits with increasing 
consumption of imported food , the 
assessment of regions of origin of 
samples with residues caused 
suspicion as to the misuse of biocides, 
both by overdosing and violating 
prescribed time until consumption . 
Therefore, the safety of vegetables 
such as tomatoes and red peppers has 
to be established. 

How much tomato is healthy? 
In a case-control study on risk factors 
for cancer of the thyroid gland, the 
consumption of protective vegetables 
among 17 4 cases diagnosed in the 
1986-1991 period and two control 
groups of equal size was assessed, 
including the frequency of vitamin 
carriers such as tomatoes and peppers 
and other vegetables such as 
cruciferous plants as anti-goitrogens 
(e.g. broccoli and cauliflower) , and 
Brassica vegetables. Whereas the 
cruciferous vegetables and coffee 
drinking showed a protective effect, 
which was consistent with previous 
findings from other groups, the 
consumers of more than 200 servings of 
tomatoes or more than 50 servings of 
red peppers during all seasons of the 

year showed an increased risk for 
thyroid cancer when compared not only 
with population controls , but also with 
patients diagnosed with benign 
adenomas of the thyroid gland (second 
control group). 

The risk increase was not a chance 
finding in that the association was robust 
when stable for both sexes alone, and 
comparing cases with two instead of one 
non-cancer control group, because the 
increased risk remained consistent in all 
comparisons. 

This result appears to be consistent 
with the role of a promoter rather than a 
carcinogenic effect of these vegetables 
if organophosphates were involved. 
Because the regional iodine deficiency 
of the study population appears to be 
the envi ronmental risk facto r, a 
promoting role is likely. 

Evidence for a promoting effect is 
indirect in that in the years before 
diagnosis of the cases, increasing 
amounts of tomatoes were imported 
from southern Europe and the 
Netherlands. In some areas, a well
documented problem of exaggerated 
applications of organophosphates such 
as nematocides and fungicides in newly 
cultivated areas is known. The relatively 
short time span between consumption of 
increasing numbers of imported 
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tomatoes from Almeria, Spain and the 
incidence of adenoma cases favours a 
promoting effect. 

Toxicological evidence 
Experimental evidence from two major 
animal studies has also shown a direct 
tumorigenic effect on the thyroid gland in 
male rats (Reuber, 1985). A rat tumour 
model induced the risk of mammary 
carcinogenesis by organophosphorous 
pesticides (Cabello et al., 2001 ). 

Conclusion 
Residues of biocides repeatedly found 
in samples of tomatoes and peppers 
imported to the USA, the UK and 
Germany have increased the risk of a 
substantial contamination if people 
consume these vegetables during the 
season in which no regional production 
prevails. In an iodine-deprived region 
with an increased risk of malignant 
thyroid neoplasias, the additional 
unnecessary exposure to neurotoxic or 
endocrine-disruptive chemicals may 
enhance the risk and precocious 
incidence. The thyroid function in the 
protection against other cancer 
localisation and the indication of a 
strong endocrine disruption through 
biocides point to the need for further 
study of other hormone-dependent 
tumour types. 

Even if the association is reason for 
concern, increased preventive 
measures and the well-founded advice 
to increase the consumption of fresh 
vegetables should not be revised. 

The trend of residues on southern 
European vegetables has decreased but 
remains a matter of dispute (e.g. in 
connection with out-of-season 
strawberries). Further study into the 
cancer risk of nutritional components 
ought to include questions about 
seasonal versus all-year-round 
consumption as well as on biodynamic 
growing versus unknown origins of the 
vegetables and fruit that are the main 
sources of nutrition, with item-related 
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Figure 1 
Odds ratios for high (broken line) and very high tomato consumption by year of diagnosis 

Table 1. Odds ratios (OR) and 95% confidence.intervals (Cl) of thyroid 
cancer by education, consumption of tomatoes and broccoli, amount of 

decaffeinated coffee and alcoholic beverages for adenoma and 
population controls - multivariate analysis8 

Adenoma Population controls 

OR 95%CI OR 95%CI 

Education 
Medium 0.49 0.22-1.08 0.80 0.38-1 .68 
Low 0.61 0.29-1 .26 0.88 0.44-1 .76 
Very low 0.80 0.35-1.82 0.84 0.39-1 .81 

Consumption of tomatoes 
50-199 times per year 1.33 0.73-2.43 1.07 0.56-2.05 
200 or more times per year 3.79 1.79-8.04 2.64 1.25-5.50 

Consumption of broccoli 
50 or more times per year 0.39 0.12-1 .28 0.91 0.29-2.87 

High consumption of 
decaffeinated coffee 4.21 0.89-19.9 2.73 0.71-10.6 
High consumption of 
alcoholic beverages 1.16 0.45-3.00 1.48 0.68-3.23 

•Reference categories, education high, tomatoes less than 50 times per year, broccoli less than 50 times 
per year. 



and specific assessments, especially for 
fresh vegetables as opposed to deep
frozen food . 
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Purpose 
To estimate the intakes of the 
isoflavones, daidzein (Da), and 
genistein (Ge) in a random sample of 
the UK population using 7-day food 
diaries. 

Introduction 
Heart disease, osteoporosis, 
menopausal symptoms, breast cancer 
and prostate cancer are rare in Asian 
populations consuming trad itional diets 
containing soya foods compared with 
Western populations. Epidemiological 
studies suggest that consumption of a 
phytoestrogen-rich diet is associated 
with a lower risk of the so-called 
Western diseases. 

The information on current intake of 
soya foods and phytoestrogens is 
limited in Western populations. Many 
Asian populations consume 20-80 
mg/day of Ge, almost entirely from 
traditional soya foods, whereas the 
dietary intake of Ge in the United States 
has been estimated at 1-3 mg/day. 

Methods 
The food diaries of a subsample of 335 
subjects (167 men, 168 women) aged 
45-64 (mean age of 55 years), from the 
EPIC Norfolk cohort were analysed for 
Da and Ge intakes. This involved 

estimating the content of these two 
isoflavones in approximately 1000 foods 
thought to be important sources. A 
literature search on published data and 
some unpublished in-house values were 
used to carry out this task. 

Results 
The average combined daily intakes of 
Da and Ge were low with a large 
standard deviation. Even those subjects 

I 

at the 95th percentile only consumed 
approximately 1.5 mg per day (Table 1 ). 
The contribution made by Ge (55%) was 
higher than Da (45%) in all cases. All 
subjects were found to be consumers of 
both isoflavones even though the 
frequency distributions were skewed to 
the right. Men had a higher intake of Da 
and Ge than women, which is most likely 
due to the fact that they generally 
consume more food . 

Table 1. Average daily Da + Ge intake (µg) in a random sample of the 

Group 

Men+ women 
Men 
Women 

n 

335 
167 
168 

EPIC Norfolk cohort 

Da + Ge (µg) SD 

680 
761 
598 

687 
612 
746 

PS 

155 
271 

98 

P9S 

1510 
1539 
1327 

Table 2. Average daily Da + Ge intake (µg) in a random sample of the 
EPIC Norfolk cohort, excluding consumers of soya foods 

Group 

Men+ women 
Men 
Women 

n 

321 
162 
159 

Da + Ge (µg) SD 

600 
714 
484 

360 
393 
280 

PS 

155 
271 
95 

P9S 

1327 
1464 
1022 
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Only 14 subjects were found to have 
consumed traditional soya foods - soya 
milk, soya-based burgers and sausages, 
tofu burgers, soya/textured vegetable 
protein (TVP) granules, and soya 
yogurt. The analysis of Da and Ge 
intakes when these 14 subjects were 
excluded are shown in Table 2. 
Exclusion of these subjects has resulted 
in a slight lowering of the average values 
but a more pronounced change is 
evident in the standard deviation values. 
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Changes in the values for women are 
more apparent than for men. 

Conclusion 
These data illustrate that the intakes of 
Da and Ge in the UK are extremely low 
and that traditional soya foods are only 
consumed by a small percentage of the 
EPIC Norfolk cohort (4%). The soya 
foods consumed by this subsample are 
easily accessible and consist almost 
entirely of prepared commercial 

products. Increased consumption of 
soya foods will be necessary to increase 
intakes to significant quantities. 
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Introduction 
The knowledge of the contribution of a 
particular food source to nutrient intake 
in a population is very important in 
explaining the discrepancies among the 
results of nutritional epidemiological 
investigations in the dietary etiology of 
cancer. 

The aim of this paper is to assess 
major sources of selected vitamins 
among Ital ian men and women by 
means of the dietary records of 2811 
male and 3290 female control subjects 
included in a large multicentre 
case-control study on digestive tract, 
gynaecological and urinary tract cancer. 

Subjects and methods 
Between 1991 and 1997, a multicentre 
case-control study on digestive tract, 
gynaecological and urinary tract cancer 
was carried out in six Italian areas: the 
provinces of Pordenone, Gorizia and 
Forll and greater Milan and Genoa, in 
northern Italy; Latina, in central Italy; 
and Naples in southern Italy. Control 
subjects considered in this work were 
patients with no history of cancer, 
admitted to major teaching and general 
hospitals for acute, non-neoplastic, non
gynaecological conditions, unrelated to 
hormonal or digestive tract diseases, or 
to long-term modifications of diet. 

Overall, there were 2811 males aged 
19-79 years (median age, 57) and 3290 
females aged 20-74 years (median age, 
56). Dietary habits were elicited by means 
of an interviewer-administered food 
frequency questionnaire (FFQ). The FFQ 
was developed in order to assess 
subjects' habitual diet, i.e. macro- and 
micronutrient intakes. Average weekly 
frequency of consumption of various 
foods during the 2 years prior to 
hospitalization was elicited. The FFQ 
included 78 questions: 25 inquired about 
simple food items, 22 about combined 
food items, and 31 about the consumption 
of complex dishes. Several questions 
aimed at assessing fat consumption, i.e. 
the kind of fat used in different dishes. 

Satisfactory reproducibility (Franceschi 
et al., 1993, 1995) and validity (Decarli et 
al., 1996) of the FFQ have been reported. 
Spearman correlation coefficients for 
intake frequency of various foods ranged 
from 0.35 (chicken or turkey, boiled) to 
0.80 (table sugar). Most coefficients 
ranged between 0.60 and 0.80 (mean 
r=0.59). 

The Italian Food Composition 
Database was used to compute vitamin 
intake (Salvini et al., 1998). Losses due to 
cooking were subtracted from the 
computation of vitamin contents when 
appropriate. 

For total carotene, vitamin D, vitamin 
E and folate, the percentage of 
consumption contributed by every single 
food, food group or recipe was 
calculated as the proportion of nutrient 
derived from each food, with respect to 
total intake of that nutrient in the entire 
sample. Then, an ordered list was 
created sorting all foods by percent 
contribution to intake for males and 
females. 

Results 
Tables 1 and 2 give the 10 major 
sources of vitamins for males and 
females. Fish was the major contributor 
of vitamin D in males (47.3%) and in 
females (51.4%). Raw and cooked 
carrots were the highest source of total 
carotene in both males (27%) and 
females (32%). Raw vegetables were 
the major source of vitamin E in females 
(24%) and in males (23%). 

Bread was the first contributor of 
folate (16.7%) in males and green salad 
(12.8%) in females. The sum of 
contributors of folate from vegetables 
and fruits was 27.5% in males and 39% 
in females. Cereals, i.e. bread and pasta 
with tomato sauce or with ragu, 
contributed to the intake of folate for 
22.1 % in males and 12.8% in females. 
Pasta with tomato sauce contributed to 
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~ I Table 1. Total carotene, vitamin E, vitamin D, and folate: major sources and percent contribution to intake in males. Italy 1991-1999 

Total carotene % Cum% Vitamin E % Cum% Vitamin D % Cum% Folate % Cum% 

Raw carrots 14.3 14.3 Green and red 13.3 13.3 Fish/molluscs, 36.8 36.8 Bread 16.7 16.7 
salads boiled or broiled 

Cooked carrots 12.7 27.0 Tomatoes 9.7 22.9 Tuna/sardines 10.5 47.3 Green and red 11 .9 28.6 
packed in oil salads 

Green and red 12.0 39.0 Pasta/rice with 9.1 32.1 Steak/roast 7.8 55.1 Citrus fruits 7.1 35.7 
salads tomato sauce beef/lean ground 

beef, veal or horse 
meat 

Spinach/other 9.8 48.9 Apples and pears 5.7 37.8 Chicken/turkey, 4.5 59.6 Spinach/other 5.6 41.3 
greens rabbit roasted, fried greens 

or stewed 

Pasta with 7.5 56.3 Pasta with 4.5 42.3 Beef or veal 4.1 63.7 Pasta with 5.3 46.7 
beans/vegetable beans/vegetable stew/meatballs, etc. beans/vegetable 
soup with soup with noodles soup with noodles 
noodles 

Salad with 6.4 62.7 Boiled potatoes 4.2 46.5 Pasta/rice with ragu 2.8 66.5 Light soup with 4.1 50.7 
carrots, sauce noodles 
cucumbers, 
peppers 

Pasta/rice with 6.0 68.8 Spinach/other 3.5 50.0 Boiled/poached or 2.8 69.3 Liver 3.0 53.8 
tomato sauce greens raw eggs 

Peaches, 5.1 73.9 Pasta/rice with ragu 3.4 53.4 Lasagne/cannelloni/ 2.7 71 .9 Pasta/rice with 2.9 56.7 
apricots and sauce tortellini with meat tomato sauce 
prunes filling 

Citrus fruits 4.3 78.1 Salad with carrots, 3.3 56.7 Raw 2.6 47.6 Tomatoes 2.9 59.5 
cucumbers, ham/breasaola/ 
peppers speck• 

Pasta/rice with 3.6 81 .7 Zucchini/eggplants/ 3.3 60.0 Fish/molluscs, fried 2.6 77.2 Pasta/rice with ragu 2.5 62.0 
ragu sauce peppers, cooked sauce 

•bresaola and speck are traditional salted meats 
Cum %, cumulative frequency. 



Table 2. Total carotene, vitamin E, vitamin D, and folate: major sources and percent contribution to intake in females. Italy 1991-1999 

Total carotene % Cum% Vitamin E % Cum% Vitamin D % Cum % Folate % Cum% 

Raw carrots 17.7 17.7 Green and red 14.1 14.1 Fish/molluscs, 41 .9 41.9 Green salad 12.8 12.8 
salads boiled or broiled 

Cooked carrots 14.3 32.0 Tomatoes 9.9 24.0 Tuna/sardines 9.5 51 .4 Bread 10.3 23.1 
packed in oil 

Green and red 11 .6 43.6 Pasta/rice with 7.7 31.7 Steak/roast 7.7 59.1 Citrus fruits 8.8 31.9 
salads tomato sauce beef/lean ground 

beef, veal or horse 
meat 

Spinach/other 10.4 53.6 Apples and pears 5.8 37.5 Chicken/turkey, 4.2 63.3 Spinach/other 6.6 38.5 
greens rabbit roasted, fried greens 

or stewed 

Salad with 6.5 60.5 Pasta with 4.3 41.8 Beef or veal 3.7 67.0 Pasta with 5.1 43.6 
carrots, beans/vegetable stew/meat balls, etc beans/vegetable 
cucumbers, soup with noodles soup with noodles 
peppers 

Pasta with 6.4 66.9 Boiled potatoes 4.2 46.0 Chicken/turkey, 3.1 70.2 Light soup with 4.6 48.2 
beans/vegetable broiled or boiled noodles 

en 
0 
c: 

soup with 0 
ct> 

noodles en 

a 
en 

Peaches, 5.5 72.4 Spinach/other 4.1 50.1 Boiled/poached or 2.9 73.1 Tomatoes 3.0 51.2 ct> 
ro 

apricots and greens raw eggs n. 
ct> 

prunes 0.. 

:S. or 
Citrus fruits 4.7 77.1 Zucchini/eggplants/ 4.0 54.0 Pound cake, plain 2.7 75.7 Kiwi fruit 2.7 53.8 

3 s · 
peppers cooked cakes, Christmas 

rn 
s· 

and Easter cakes "' en 

"' 
Pasta/rice with 4.6 81.7 Salad with carrots, 3.7 57.8 Raw 2.5 78.2 Liver 2.6 56.5 

3 
"O 

tomato sauce cucumbers, ham/breasaola/ 
(i) 

a 
peppers speck• s= 

ct> 

Tomatoes 3.0 84.7 Raw carrots 2.9 60.7 Wiener schnitzel 2.2 80.4 Pasta/rice with 2.5 59.0 g_ 
.o;· 

tomato sauce :::> 
"O 
0 

"O 
"bresaola and speck are traditional salted meats. c: 
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ro 

Cum %, cumulative frequency. = 0 
:::> 



Nutrition and lifestyle: opportunities for cancer prevention 

the intake of vitamin E: 9.1 % in males 
and 7.7% in females. 

Discussion 
A better understanding of the diet in the 
target population would help interpret 
the results of epidemiological studies. 
Although our sample was not fully 
representative of the Italian population, 
a high number of subjects were involved 
and they resided in various areas of the 
country and belonged to different socio
economic strata. 

Our study shows that major sources 
of vitamins were similar for vitamin D, 
vitamin E and total carotene: 
substantial differences between males 
and females were observed for folate 
sources. As also reported by Turrini et 
al. (2001 ), men consume a higher 
quantity of starch, particularly bread, 
than women. Often, then, the major 
contributors to the intake of specific 
components were foods with a 
relatively low content of such nutrients, 
but eaten in large quantities. The folate 
quantity in a serving of bread is lower 
(14.5 µg) than in a serving of 
spinach/other greens (141.64 µg) 
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(Salvini et al., 1998), but bread was 
consumed much more often (weekly 
mean among users: males, 24.6%; 
females, 12.8%) than spinach/other 
greens (weekly mean among users: 
males, 0.66%; females, 0.75%) (data 
not shown). 

As expected, pasta with tomato 
sauce, a typical Italian dish, contributed 
significantly to the intake of vitamin E, 
folate and total carotene; its ingredients, 
especially tomatoes and vegetable oil 
used as dressing, are rich in vitamins. 

This study shows that the intake of 
certain vitamins could vary substantially 
between men and women in relation to 
frequency and quantity of foods 
consumed. Our work highlights possible 
relations between various vitamins and 
food frequency intake, which may help 
in interpreting some discrepant findings 
in epidemiological studies on diet and 
cancer in different parts of the world. 
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Purpose 
Low breast cancer incidence in Asian 
countries with high soy consumption and 
structural similarities between estrogens 
and isoflavones, which are 
phytoestrogens contained in soy foods, 
have led to the hypothesis that 
isoflavones may affect breast cancer risk. 
This randomized double-blind trial with 34 
premenopausal women investigated 
whether 100 mg of soy isoflavones per 
day versus placebo affects the levels of 
estrogen metabolites excreted in urine 
over a period of 1 year. Estrone-3-
glucuronide (E1-3-G), a principal urinary 
metabolite of estradiol, is thought to 
reflect serum estradiol levels in 
premenopausal women (Adlercreutz et 
al., 1982). The metabolite, 16a
hydroxyestrone (16a-OH E1 ), is 
considered to be more genotoxic, 
whereas 2-hydroxyestrone (2-0H E1) 
appears to inhibit breast cell proliferation 
(Yager & Lieh r, 1996). A higher ratio of 2-
0H E1 to 16a-OH E1 has been proposed 
as a risk factor for the development of 
breast cancer (Kabat et al., 1997). 

Methods 
The study was approved by the 
Committee on Human Studies at the 
University of Hawaii . All women signed 

informed consent forms before the 
beginning of the study and completed a 
food frequency questionnaire. Potential 
participants had to be 35-46 years of 
age, report a low soy intake during the 
last year, have an intact uterus and 
ovaries as well as regular menstrual 
periods, and successfully complete a 2-
week run-in period. Women reporting a 
previous history of cancer, hormone 
medication, plans of becoming pregnant 
and serious medical conditions were 
excluded. The study tablets contained 
38 mg aglycone equivalents, with an 
isoflavone pattern similar to that in soy 
foods. Urine samples were taken 
approximately 5 days after ovulation, as 
determined by an ovulation kit at months 
0, 1, 3, 6, and 12. Urinary isoflavone 
excretion was assessed using high
pressure liquid chromatography (Franke 
& Custer, 1994). E1-3-G was measured 
directly in urine by enzyme 
immunoassay. Commercially available 
competitive immunoassay kits 
(Estramet: lmmuna Care Corporation, 
Bethlehem, PA) were used to determine 
levels of 16a-OH E1 and 2-0H E1 in 
urine (Bradlow et al., 1998). All estrogen 
metabolites were expressed in relation 
to creatinine concentrat ion. After log 
transformation, we applied a mixed 

linear model (PROC MIXED, SAS 
version 8, SAS Institute Inc., Cary, NC, 
1999) to test for an intervention effect. 

Results 
Except for a small difference in age, the 
two groups were similar in demographic, 
anthropometric, and dietary character
istics at baseline (Table 1 ). Compliance 
as measured by tablet count was slightly 
higher in the control than in the 
intervention group. The urinary 
isoflavone excretion increased more 
than 10 times in the intervention group 
and remained high throughout the study. 
The number of self-reported health 
effects was low and did not differ by 
group. Over the 1-year period, we found 
no significant differences in the levels of 
any of the measured metabolites by 
treatment group (Figure 1 ). The test 
statistics for a treatment effect were as 
follows: F(1,32) = 0.14, P=0.71 for E1-3-
G; F(1,32) = 1.32, P=0.26 for 16a-OH 
E1; and F(1,32) = 0.46, P=0.50 for 2-0H 
E1 . No effect was found for the 2-0H 
E1/16a-OH E1 ratio (F(1 ,32) = 0.10, 
P=0.75). Controlling for age, excluding 
cycles without ovulation, restricting the 
analysis to compliant subjects (urinary 
isoflavone excretion >412 nmol/h) did 
not change the results. 
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Table 1. Characteristics of the study population and compliance with the study regimen 

Characteristic Time of assessment Control group• 
Mean SD 

Age (years) Baseline 43.2 1.8 
Asian ethnicity Baseline 5.0 
Weight (lbs) Baseline 145.0 24.0 

12 months 144.8 24.0 

Energy intake (kcal/d) Baseline 1775 544 
12 months 1705 475 

Tablets taken (%) 
1 month 93.9 4.9 
3 months 92.6 8.2 
6 months 91.2 7.7 
12 months 92.6 9.1 

Total urinary isoflavones (nmol/h) 
Baseline 200 349 
1 month 227 398 
3 months 565 1826 
6 months 401 817 
12 months 367 911 

•11=17 per group at baseline and 11=14 per group for follow-up questionnaire. 

c 
0 

~ c 

40 

0---- - --- -

Intervention group• 
Mean SD 

41.5 3.1 
6 

144.3 32.5 
145.8 32.8 

1795 696 
1758 960 

83.9 13.7 
85.3 18.3 
92.0 15.3 
87.7 18.6 

213 488 
3054 2409 
2876 1892 
3771 2658 
4757 7001 

- --- 0 

0 

--0 - --
- - - -o 

Q) 
(.) 
c 
0 
() 

10 • - -- - - 1--
- -- --·- -

----:-~ 

0 

Baseline 1 month 3 months 6 months 12 months 

Time of urine collection 

Figure 1 

P value of difference 
between groups 

0.05 
0.33 
0.94 
0.93 

0.93 
0.85 

0.01 
0.15 
0.87 
0.40 

0.53 
<0.001 
<0.001 
<0.001 
<0.001 

E1-3-G placebo 

E1-3-G isoflavone 

2-0H E1 placebo 

2-0H E1 isoflavone 

1 fo-OH E1 placebo 

1 fo-OH E1 isoflavone 

Urinary estrogen metabolites by group and time of urine collection All metabolites are adjusted for creatinine excretion. Dotted lines, placebo group. E1-3-G, 
estrone-3-glucuronide; 2-0 H E1, 2-hydroxyestrone; 1 fo-OH E1, 16a-hydroxyestrone 
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Conclusions 
Our findings disagree with the findings 
of two previous interventions using soy 
protein isolate that described an 
increase in the ratio of 2-0H E1/16a-OH 
E1 , one based on an increase in 2-0H 
E1 (Lu et al. , 2000), the other one on a 
decrease in 16a-OH E1 (Xu et al., 
1998). The latter study also observed a 
decrease in other urinary estrogens, 
which disagrees with our lack of change 
in E1 -3-G levels. The findings of the 
current study which , in comparison to 
the two previous reports, was 
randomized , had more study subjects, 
and lasted considerably longer, do not 
support the hypothesis that isoflavone 
intake changes the patterns of urinary 
estrogen metabolites in premenopausal 
women. It remains possible, however, 
that isoflavones alone may have 
different effects from isoflavones 
present in soy foods. 
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Purpose 
The results of the study by Galvao et al. 
(1992) showed that the proportional 
mortality from oesophageal and stomach 
cancer for the period 1979-1987 in Ouro 
Preto and Mariana, Brazil were 43.45% 
of all deaths by cancer and 56.55% for all 
other cancers. The morbidity and 
mortality due to oesophageal and 
stomach cancer are 15.02 and 15. 78, 
respectively, for these two towns. Each 
value is higher than the average cancer 
rate for the Minas Gerais, for the south
eastern region and for Brazil as a whole. 
In this region, Pteridium aqui/inum, 
subsp caudatum var. arachnoideum, is 
habitually eaten as a typical dish. This 
plant has been associated as a possible 
risk factor to oesophageal and stomach 

cancer as reported by Hirayama (1979) 
and Galpin et al. (1990), leading us to 
investigate a possible association 
between bracken consumption and 
cancer of the upper digestive tract. 

Methods 
A retrospective case-control study of the 
risk factors for oesophageal and stomach 
cancer was performed in the Ouro Preto 
region based on an epidemiological 
surveillance system established at the 
only two endoscopy departments 
available in the region. From March 1991 
to March 1995, all patients with 
suspected oesophageal and stomach 
cancer admitted to the two main hospitals 
in the region (86 cases and controls in all) 
were considered for entry into the study. 

A group of 39 controls (aged 40-95 
years) was also selected. A standardized 
interview was conducted using the same 
questionnaire for all cases and controls. 
The cause-effect relationship between 
bracken fern ingestion and oesophageal 
and stomach cancer, the role of socio
economic and demographic factors and 
life style, such as diet, smoking and 
alcohol consumption, and the protective 
effect of micro- and macronutrients in the 
diet on the upper digestive tract were 
factors in this investigation. The analysis 
was by univariate and multivariate 
methods. 

Results 
In relation to oesophageal cancer, the 
findings indicate that bracken fern is a 

Table 1. Relative risk of oesophageal cancer associated with bracken intakea 

Bracken Control Case OR Cl Pvalue OR 

Not eaten 7 
Eaten 6 

3 
17 
20 

6.61 (1.28-34.14) 0.0241 7.03 
Total 13 

' OR, odds ratio; Cl , confidence interval. 
bValue not adjusted. 
' Value adjusted for sex, age, smoking and alcohol consumption. 
dValue adjusted for residence. 

Cl Pvalue OR Cl Pvalue 

(1 .17-42.36) 0.0334 8.12 (1 .33-49.41) 0.0230 
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Table 2. Relative risk of stomach cancer associated with bracken intake8 

2c 

Bracken Control Case OR Cl Pvalue OR Cl Pvalue OR Cl Pvalue 

Not eaten 7 
Eaten 19 

4 

23 
27 

2.12 (0.54-8.34) 0.2831 2.09 (0.50-8.74) 0.3126 2.98 (0.58-15.44) 0.1928 
Total 26 

•QR, odds ratio; Cl, confidence interval. 
bValue not adjusted. 
cvalue adjusted for sex, age, smoking and alcohol consumption. 
dValue adjusted for residence. 

strong risk factor, in that those who eat 
bracken have an 8.12-fold greater 
chance of developing cancer compared 
to those who do not eat it (Table 1 ). In 
addition, a diet poor in vitamin C shows 
an association with oesophageal cancer 
(OR, 4.80; 95% IC, 1.03-7.66; 
P=0.0414). On the other hand, bracken 
fern did not show a risk factor for 
stomach cancer (Table 2). 

Discussion 
A prospective epidemiological study in 
Japan (Hirayama, 1979) found that the 
combined intake of bracken and hot gruel 
increased the risk of oesophageal cancer 
of inhabitants in mountainous districts, 
especially when nutritional deficiencies 
were present. In this study, an increased 
risk of oesophageal cancer was 
associated with bracken fern ingestion 
and a diet poor in vitamin C. According to 
Alonso-Amelot et al. (1996) , in a study 
with cows, 8.6% of the total ptaquiloside 
eaten by the bracken-fed animal was 
present in its milk and that the quantity of 
ptaquiloside present in milk was linearly 
dependent on the amount of bracken fern 
ingested. In another study, any 
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association of the incidence of 
He/icobacter pylori in the nonendemic 
bracken areas and the presence of 
ptaquiloside in milk led to the conclusion 
that the consumption of patquiloside
contaminated milk may contribute to 
gastric cancer rates in this Andean 
country of Venezuela (Alonso-Amelot, 
2001 ). In this study, no association was 
found between bracken fern ingestion 
and stomach cancer. Therefore, it would 
not be reasonable to investigate the role 
of this bacterium, Helicobacter pylori, in 
the etiology of stomach cancer in the 
Ouro Peto region given the methodology 
employed. This led to the conclusion that 
although this bacterium is an important 
risk factor for stomach cancer, bracken 
fern ingestion in this region was not 
sufficient to explain the development of 
stomach cancer in persons who eat it. 
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Introduction 
In the study of colon carcinogenesis, 
more than 500 potential 
chemopreventive agents have been 
tested in rodents. The aim of animal 
studies is to find potent agents that 
might be given to people to reduce their 
risk of colorectal cancer. The standard 
endpoint for chemoprevention in rodents 
is the incidence of macroscopic tumours 
induced by a chemical carcinogen. 
Aberrant crypt foci (ACF), putative 
precursors of colon cancer, were 
recently proposed as a simple tool for 
screening potential chemopreventive 
agents (Bird, 1987). The major goal of 
this study was to find the most potent 
chemopreventive agents already 
published. To reach this goal, we had 
three aims: 
1. Gather published studies on the effect 
of dietary chemopreventive agents 
against colon carcinogenesis in rodents 
after carcinogen injection. 
2. Rank the agents, according to their 
potency in inhibiting colon ACF and 
colon tumours. 
3. Test the hypothesis that ACF and 
tumour data are correlated. 

Materials and methods 
A total of 259 publications on the effect 
of dietary chemopreventive agents 
against colon carcinogenesis in rodents 

was gathered in March 2001. Since our 
goal was to point out the most potent 
agents, we kept only the single most 
potent agent and dose from each article. 
However, we kept several agents from 
the articles dealing with more than 
seven agents (e.g. Wargovich et al., 
2000). 

Data were gathered from 122 articles 
with the ACF endpoint, yielding 171 ACF 
preventive agents. A primary ACF table 
was constructed containing the mean 
number of total ACF per colon, of large 
ACF per colon, and of crypts per ACF in 
each group of rats (control and treated). 
Data were also gathered from 137 
articles with the tumour endpoint, 
yielding 151 tumour preventive agents 
or diets. A primary tumour table was 
constructed with the incidence of 
tumours, the incidence of invasive 
carcinomas , and the mean tumour 
multiplicity in each group of rats (control 
and treated). 

The potency of each agent was then 
estimated by the ratio of value in control 
rats divided by value in treated rats 
(Tables 1 and 2) . Thus, potency tells the 
time-fold reduction in carcinogenesis 
endpoint due to the agent. The 
correlation between ACF and tumour 
endpoints was calculated for the 54 
agents that were present in both ACF 
and tumour tables. 

Results 
Table shows the efficacy of 
chemopreventive agents on ACF 
endpoints. The agents were ranked 
according to their potency in reducing 
the number of ACFs per rat. The most 
potent agents are thus placed on the 
top of the table ; 10 articles report 
agents that reduce the ACF number by 
more than 80% (potency higher than 5). 
Among the 171 agents in the ACF table, 
the median agent halved the number of 
ACF (median potency, 2) . To save 
space, Table 1 displays only the top 27 
agents out of 171 , but the full table is 
shown on a website with sorting 
abilities (http://www.inra.fr/reseau
nacre/corpet). 

Table 2 shows the efficacy of 
chemopreventive agents on tumou r 
endpoints. The agents were ranked 
according to their potency in reducing 
the incidence of tumours in the colon 
and rectum. Sixteen articles report 
agents that reduce the tumour incidence 
by more than 80% (potency higher than 
5). Among the 151 agents in Table 2, the 
median agent halved the tumour 
incidence (median potency, 2). To save 
space, Table 2 displays only the top 27 
agents out of 151, but the full table is 
shown on a website with sorting abilities 
(http://www. in ra . fr/reseau -n acre/sci 
memb/corpet). 
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Table 1. Ranking chemopreventive potencies of agents to reduce the aberrant crypt foci in the colon of rats and 
mice after initiation with a chemical carcinogen: top 27 agents out of 171 

Agent name and dose; carcinogen Reference Potency Percent inhibition Potency on large Potency on Protocol• 
(when not AOM or DMH); mice on ACFb of ACF" of ACFd ACF size• 

(when not rats)" 

PEG-like pluronic F68 5% Parnaud, 2001 76 99 85 1.5 Post 

PEG 8000 5%; MNU Carpet, 2000 56 98 58 2.0 Post 

PEG 8000 5% Carpet, 1999 18 94 104 2.3 Post 

PEG 8000 5% Parnaud, 2001 14 93 14 1.1 Post 

Perilla oil 12% + ~-carotene Komaki, 1996 11 91 1.2 I nit 

lndole-3-carbinol 0.1 %; PhlP Guo, 1995 11 91 14 2.0 I nit 

PEG 8000 5% Parnaud, 1999 8 87 30 1.3 Post 

Sulindac sulfide 0.2% Wargovich, 2000 7 85 10 Post 

Caffeate PEMC 500 ppm Rao, 1993 6 82 21 1.0 Both 

PEG 8000 5% Naigamalla, 2000 6 82 36 1.4 Post 

Linolenic CLA 0.5%; IQ Liew, 1995 4 74 0.9 I nit 

Cooking salt 4.4% Masaoka, 2000 4 74 1.0 I nit 

Perilla oil 12% vs olive oil Onogi, 1996 4 74 1.1 I nit 

Bifidobacteria 1.7%+ inulin 5% Rowland, 1998 4 73 2 Post 

Butylhydroxyanisole 0.56% Wargovich, 1992 4 71 I nit 

DFMO 0.4% Wargovich, 1992 4 71 I nit 

DFMO 0.4% Wargovich, 1996 4 71 I nit 

Piroxicam 400 ppm Wargovich, 2000 3 70 Post 

Sphingomyelin diOH 0.1 %; mice Schmelz, 1997 3 70 1.2 Post 

Sanshishi 2% Fukutake, 2000 3 70 1.5 Both 

Sphingomyelin 0.1%; mice Schmelz, 1996 3 69 1.5 Post 

Rutin 3% Wargovich, 2000 3 69 Post 

TGF-~1 2 ng/day Mikhailowsli, 1998 3 69 1.2 Both 

Piroxicam 400 ppm Wargovich, 2000 3 67 I nit 

Retinoic acid all trans 190 ppm Wargovich, 2000 3 67 3 Post 

Wheat bran 20% vs no fibre lshizuka, 1996 3 67 0.6 I nit 

Glucose vs sucrose bolus Stamp, 1993 3 67 I nit 

•Doses are reported as percent of the diet (w/w), or ppm (1000 ppm = 0.1 %). 
bThe potency of each agent was estimated by the ratio of the value in control rats divided by the value in treated rats. 
"The percent inhibition afforded by the agent is equal to 100 x (1-1 /potency) e.g., a potency of 5 corresponds to a 80% inhibition. 
dMost articles report ACF of 4 crypts or more as large ACF. Values missing in original article are not reported here. 
•ACF size measured as the mean number of aberrant crypts per ACF. 
•The animals were given the agent during the initiation with chemical carcinogen (init) or after the end of initiation (post) or during both periods (both). 
AOM, azoxymethane; BB, Bowman-Birk; CLA, conjugated linoleic acid; DFMO, difluoromethylornithine; DMH, dimethylhydrazine; IQ, 2-amino-3-methylimidazo[4,5· 
ijquinoline; MMTS, S-methyl methane thiosulfonate; MNU, methyl nitroso urea; PEG, polyethylene glycol; PEMC, phenylethyl-3-methylcaffeate; PhlP, 
2-amino-1-methyl-6-phenylimidazo[4,5·b] pyridine; TGF-~ 1, transforming growth factor beta1. 
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Table 2. Ranking chemopreventive potencies of agents to reduce the tumours in the colon of rats and mice after 
initiation with a chemical carcinogen: top 27 agents out of 151 

Agent name and dose; carcinogen Reference Potency Percent T. incid. in Percent Potency Protocold 
(when not AOM or DMH); mice reduce inhib. each group0 inhib. reduce tumour 
(when not rats) T. incid.• T. incid.b Control Treated Cancer incid multiple 

Celecoxib 0.15% Kawamori, 1998 15.4 93 29/34 2/36 96 32 Both 

Bifidobacteria tongum 0.5%; IQ Reddy,1993 14.0 93 ' 7/30 0/30 26 Both 

BB protease inh. 0.5%; mice St Clair, 1990 10.4 90 '7/62 1/92 87 10 Both 

DFMO 0.2% + pirox. 200 ppm Rao, 1991 9.0 89 27/36 3/36 88 16 Both 

PEG 8000 5% Carpet, 2000 8.6 88 22/27 2/21 100 10 Post 

MMTS 100 ppm Kawamori, 1995 7.9 87 17/30 2/28 100 Post 

BB protease inh. 0.5%; mice Weed, 1985 7.3 86 '7/46 0/24 11 Both 

PEG 8000 5% Parnaud, 1999 7.0 86 14/20 1/10 100 21 Post 

Folate 8 ppm Kim, 1996 7.0 86 *7/10 1/10 11 Both 

Piroxicam 200 ppm Li , 1999 6.5 85 100 % 15% 63 3 Post 

Pectin 15% vs cellulose 5% Reddy, 1987 5.7 82 57% 10% Both 

Obacunone 500 ppm Tanaka, 2001 5.5 82 18/25 2/16 82 6 Post 

DFMO 0.1 % + aspirin 0.06% Li, 1999 5.3 81 71 % 13.3% 38 6 Both 

Mg(OH)2 500 ppm Mori, 1993 5.3 81 17/32 3/30 77 7 Post 

Copper 8 ppm vs 0.2 ppm DiSilvestro, 1992 5.0 80 *5/11 1/11 3 Both 

Glucarate calcium 0.1 mol/kg Dwivedi, 1989 5.0 80 *5/18 1/18 Post 

Tetracycline 10 mg/day in meat Goldin, 1981 4.8 79 15/31 3/30 5 Both 

Hesperidin 0.1 % Tanaka,1997 4.7 79 12/17 3/20 79 6 Post 

DFMO 0.2% Rao,1991 4.5 78 75% 16.6% 77 6 Both 

Germfree vs normal flora Reddy, 1975 4.5 78 14/15 5/24 91 10 Both 

Celecoxib 0.15% Reddy,2000 4.5 78 76% 17% 77 6 Both 

Quercetin 2%; mice Deschner, 1991 4.3 76 ' 8/32 2/34 6 Both 

Beef vs milk protein; mice Nutter, 1983 4.2 76 61/91 15/95 6 Both 
Wheat bran +caloric 

Restriction (-10%) Kritchevsky, 1997 4.2 76 16/23 4/24 Post 

Aspirin 60 mg/kg/day Davis, 1994 4.0 75 *8/8 2/8 8 Both 

Olive vs corn oil 23.5% Reddy, 1984 3.5 72 46% 13% Post 

Acetoxychavicol 500 ppm Tanaka, 1997 3.5 72 12/17 4/20 93 3 Post 

•The potency of each agent was estimated by the ratio of the value in control rats divided by the value in treated rats. We used tumour data confirmed by histology 
when available. 

bThe percent inhibition afforded by the agent is equal to 100 x (1- 1/potency) e.g., a potency of 5 corresponds to a 80% inhibition. 
'Data are number of tumour-bearing rats/number of rats, or percent tumour incidences (indictated by a%) in both control and treated groups. Potency based on 
small numbers of tumour-bearing rats are not accurate, thus numbers smaller than 1 O are labeled with an asterisk. When no tumour was seen, potency calculation 
was arbitrarily based on 0.5 tumour. 

dThe animals were given the agent during the initiation with chemical carcinogen (init) or after the end of initiation (post) or during both periods (both). 
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Fifty-four agents were found in both 
Tables 1 and 2. A significant correlation 
was found between the potencies in the 
ACF assay and in the tumour assay 
(r=0.45, n=54, P=0.001 ). A marked 
outlier was celecoxib, very potent in one 
tumour study (Kawamori et al. , 1998), 
but not in one ACF study. When this 
point was dropped, the correlation 
increased to r=0.68 (n=53, P<0.001 ). 

Discussion 
By combining six carcinogenesis 
endpoints from Tables 1 and 2, this 
review suggests that the most potent 
agents are polyethylene glycol (Carpet 
et al., 2000), Bowman-Birk protease 
inhibitor, difluoromethylornithine alone 
or with piroxicam or aspirin, hesperidin, 
celecoxib, sulindac sulfone or sulfide, 
and Bifidobacteria strains. We think 
these agents should be tested in people 
at risk, provided they are not toxic. 

A significant correlation was found 
between the potencies in the ACF 
assay and in the tumour assay. Out of 
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40 agents, Steele et al. (1999) also 
showed that of the 30 agents tested as 
positive in the aberrant crypt foci assay, 
21 prevented colon cancer in rats. The 
present study does not prove that ACF 
are true preneoplastic lesions, but 
suggests that ACF may be used as a 
surrogate endpoint for tumours in rats. 

Finally, we propose that the potency 
of each new agent should be compared 
with previously published agents. 
According to this review, the median 
potency of effective agents published so 
far is 2. An agent that leads to a twofold 
reduction in ACF or tumour is thus an 
average one. In contrast, an agent that 
reduces the ACF number or the tumour 
incidence more than fivefold is of 
outstanding potency. 
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Introduction 
Many epidemiological studies suggest 
that Alfi um vegetable intake is associated 
with a reduced risk of cancer in humans. 
Some organosulfur compounds present 
in these vegetables have been 
demonstrated to inhibit chemical initiation 
of carcinogenesis but their effects on the 
promotion phase have been less 
thoroughly investigated (Le Bon and 
Siess, 2000). This study was designed to 
evaluate the effects of two garlic 
compounds, diallyl disulfide (DADS) and 
diallyl sulfide (DAS), on the development 
of liver preneoplastic foci in rats, when 
administered during the promotion phase 
induced by phenobarbital (PB). To 
investigate the mechanisms which might 
be involved, we studied the in vitro action 
of these organosulfur compounds on gap 
junctional intercellular communications 
(GJIC) in a rat liver epithelial (REL) cell 
line. GJIC is a reliable endpoint for the 
detection of tumour-promoting or anti
tumour-promoting agents. We 
investigated the ability of DAS and DADS 
to counteract the GJIC inhibition induced 
by a tumour promoter, 3,5-ditertiobutyl-4-
hydroxytoluene (BHT). In addition, we 
measured the effects of these molecules 
on REL proliferation. 

Methods 
Hepatocarcinogenesis protocol : a 
medium-term liver assay (Ito assay) 
was performed on 5-week-old 
male Wistar rats (Ito et al., 1988). 
Initiation was accomplished with a 
single intraperitoneal injection of 
diethylnitrosamine (200 mg/kg b.w.) . 
Animals were subjected to partial 
hepatectomy at the beginning of the 
third week. From the second week 
onwards ti ll the 18th week, rats were 
given a diet containing either 0.05% PB 
or PB plus DAS (0.05%) or PB plus 
DADS (0.05%). Placental glutathione-S
transferase-positive foci were used as 
end-point markers. They were detected 
by immunohistochemistry and quantified 
by image analysis. 

In vitro studies were performed on 
REL cells which had been isolated 
previously as described by Carrera et al. 
(1992). For GJIC determination, cells 
(400 x 103) were plated in duplicate in 
35-mm petri dishes. Two days after 
plating, confluent cells were treated by 
organosulfur compounds for 1 h followed 
by organosulfur compounds plus BHT for 
10 min . Then the cells were 
microinjected with lucifer yellow as 
described by Chaumontet et al. (1994) 

and the intercellular transfer of the dye 
was determined by counting the number 
of fluorescent cells surrounding the 
microinjected cell. For each treatment, 
10-20 microinjection trials were counted. 

In the cell proliferation assay, cells 
(150 x 103) were plated in triplicate in 60-
mm petri dishes. Twenty-four hours after 
plating , cells were treated with 
organosulfur compounds (10-100 µM) 
for 1-8 days. At the end of the incubation 
period, cells were counted with a Coulter 
counter-channelizer (Coultronics) . 

Results 
In vivo study 
Co-administration of DADS with PB 
during the promotion phase reduced the 
total area of preneoplastic foci by 35% 
with respect to phenobarbital group 
(Figure 1 ). DADS did not affect the 
number of foci but induced a shift in the 
size distribution of foci towards smaller
size foci. DAS did not modify the effect 
of phenobarbital. 

In vitro studies. 
BHT reduced the number of dye
coupled cells by half (Figure 2). The 
incubation of REL cells with DADS 
partially counteracted the inhibition of 
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GJIC induced by BHT and reduced cell 
proliferation at the concentrations higher 
than 25µ,M (data not shown) . In 
contrast, DAS neither altered GJIC 
inhibition induced by BHT (Figure 2) nor 
REL proliferation (data not shown) . 

Conclusion 
The enhancement of GJ IC and the 
inhibition of cell proliferation induced 
by DADS could be the major 
mechanisms responsible for the anti
tumour-promoting action of DADS in 
vivo. Conversely, DAS neither affects 
hepatocarcinogenesis nor in vitro 
cellular communication and 
proliferation. DADS can therefore be 
regarded as a promising natural 
chemopreventive agent as it has the 
capacity to prevent both the initiation 
and the promotion phases of 
carcinogenesis . This suggests that 
consumption of garlic with a high 
DADS content could offer protection 
against carcinogenesis . 
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Purified and endogenous phytic acid in wheat 
bran affects early biomarkers of colon cancer 
risk 

Jenab M., Thompson LU. 
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Introduction 
Wheat bran has consistently been 
shown to have a colon cancer 
protective effect at early and late 
stages of tumorigenesis (Jenab and 
Thompson, 1998; Alabaster et al., 
1995), possibly due to its high dietary 
fiber and/or phytic acid (myo-inositol
hexa phosphate) content (Jenab & 
Thompson, 1998) . Pure, exogenous 
phytic acid, provided in the drinking 
water, has been shown to be protective 
of colon cancer in rats, probably due to 
its ability to regulate colonic cellular 
proliferation (Shamsuddin et al., 1997). 
However, it is unknown whether phytic 
acid found within the matrix of wheat 
bran (endogenous phytic acid) 
contributes to the colon cancer 
protective effects of wheat bran 
observed in previous studies. It is also 
unclear whether a diet rich in wheat 
bran affects other important processes 
involved in the maintenance of the 
colonic epithelium , i.e. cell 
proliferation, differentiation and 
apoptosis, which also need to be 
considered in the evaluation of colon 
cancer risk. In addition, to date, very 
little work has focused on the effects of 
phytic acid or wheat bran on aberrant 
crypt (AC) and foci (ACF) formation 

and characteristics. ACF are known to 
be valid preneoplastic markers of 
colon carcinogenesis. However, the 
particular ACF parameters or types of 
ACF that may be more or less 
reflective of this risk are largely 
unknown. Recently it has been 
observed that ACF may differ in their 
type of mucin production, with some 
producing sialomucins (SIM; found in 
high proportions in colon cancer) and 
others producing sulphomucins (SUM; 
the normal type of mucin present in 
human and rat colons) (Caderni et al., 
1995). It has been suggested that SIM
ACF are at a more advanced stage of 
carcinogenesis , along the stepwise 
sequence of colon carcinogenesis, 
than SUM-ACF. 

Thus, the objectives of this study 
were to determine whether: 
1. Wheat bran is protective of colon 
cancer using ACF characteristics and 
indices of colonic cell proliferation as 
early risk markers. 
2. Phytic acid is the component 
responsible for these changes. 
3. Endogenous and exogenous phytic 
acids are equally effective. 
4. SIM-ACF are at a more advanced 
stage of carcinogenesis than other 
types of ACF. 

Methods 
Five groups of azoxymethane (AOM)
treated male F344 rats were fed a 
low-fiber basal diet (control) , a basal diet 
supplemented with either 25% wheat 
bran, 25% dephytinized wheat bran , 
25% dephytinized wheat bran plus 1.0% 
phytic acid or 1.0% phytic acid until 
sacrifice 100 days after AOM injection. 
Early biomarkers of colon cancer risk 
such as the colon total number of ACF 
and SIM-ACF, rate of cell proliferation, 
differentiation and apoptosis were then 
measured as previously described 
(Jenab & Thompson, 1998, 2000). 

Results and discussion 
The number of ACF was reduced by all 
treatment groups versus the basal diet, 
but it only reached significance in the 
phytic acid group (Table 1 ), suggesting 
that the exogenous phytic acid may 
have a stronger colon cancer protective 
effect than endogenous phytic acid or 
wheat bran. There were no differences 
between endogenous and exogenous 
phytic acid or between the dietary fiber 
and phytic acid components of wheat 
bran. If phytic acid was the only active 
component in wheat bran, it would be 
expected that the dephytinization of 
wheat bran would cause an increase in 
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Table 1. ACF parameters, apoptotic index, degree of differentiation, rate of cell proliferation for the various dietary 
groups in the distal or whole colon 

Dietary groups 
Biomarkers BD WB DWB DWBPA PA 

Number of ACF 64.67 ± 4.59a 51.09 ± 2.37ab 54.55 ± 3.28•b 54.82 ± 3.46ab 44.93 ± 4.10b 

Number of SIM -ACF 34.33 ± 3.58a 15.64 ± 1.83b 18.64 ± 2.16b 18.55 ± 3.64b 12.57 ± 3.13b 

Degree of luminal alterations 2.57 ± o.o7a 2.27 ± 0.04b 2.21 ± 0.06b 2.32 ± 0.05b 2.29 ± 0.05b 

Apoptotic index 1.84 ± 0.24b 5.84 ± 0.54• 5.44 ± 0.69• 4.34 ± 0.46ab 6.59 ± 0.54• 

Lectin scores 0.94 ± 0.12b 2.52 ± o.2oa 2.30 ± 0.21• 2.59 ± 0.15• 2.62 ± o.19a 

Labelling index (top 40% of crypt) 18.45 ± 1.38a 7.97 ± 0.99d 13.71 ± 1.48bc 9.69 ± 0.91 cd 12.69 ± 1.19bc 

Values are means± SEM. BD =control group fed the AIN 93G diet; WB = AIN93G diet supplemented with 25% wheat bran diet; DWB = AIN 93G diet supplemented 
with 25% dephytinized wheat bran diet; DWBPA = AIN 93G diet supplemented with 25% dephytinized wheat bran plus 1.0% exogenous PA; PA= AIN 93 G diet 
supplemented with 1.0% exogenous PA. Number of ACF, Number of SIM- ACF and Degree of LA data are for the whole colon; For the determination of the degree of 
luminal alterations, each AC was given a grade from 1 to 3 based on whether the luminal shape was mildly altered (enlarged and round; 1 ), moderately altered 
(elliptical ; 2), or severely altered (slit-like; 3); n=14 rats per group. Apoptotic index= (no. of apoptotic cells I total no. of cells) x 100; n=10 per group. Lectin Scores 
range from O to 4 and are calculated depending on percentage of cells stained and staining intensity. A higher score indicates greater degree of differentiation; n=1 O 
rats per group. LI in the top 40% of the crypt is on a sample size of 24 crypts from the distal colon, per rat with 6 rats per group. Values with different superscripts 
within a row are significantly different by one way ANOVA followed by a multiple groups comparisons test, P < 0.05. 

Table 2. Type of mucin production in ACF and relationship to ACF size,. degree of dysplasia and rate of cell 
proliferation 

Type of mucin Size of ACF (x10-2mm2) Degree of dysplasia ACF labelling index 
production in ACF (top 40% of crypt)• 

SUM 2.78 ± 0.29b 1.60 ± 0.31b 25.01 ± 8.74b 

SUM+ SIM 4.68 ± 0.42a 2.12±0.15ab 50.54 ± 6.49a 

SIM 5.16 ± 0.4oa 2.32 ± o.1oa 49.50 ± 3.47a 

Comparison of type of mucin production in ACF based on 77 ACF; SUM=ACF producing only sulfomucins, SUM+SIM= ACF producing sulfomucins and sialomucins, 
SIM=ACF producing only sialomucins. Values with different superscripts within a column are significantly different by one way ANOVA followed by a multiple groups 
comparisons test, P < 0.05. 
a Labelling index values represent absolute difference of the labelling index in ACF and the labelling index of normal tissue surrounding the ACF. 

ACF parameters. Thus, components 
other than phytic acid likely also 
contribute to the potential colon cancer 
protective effects of wheat bran. 

SIM-ACF are thought to be more 
advanced towards tumorigenesis and 
hence better markers of colon cancer 
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risk than other ACF. This is highlighted 
by the increased size, dysplasia and 
labelling index of SIM-ACF versus SUM
ACF (Table 2) . Using SIM-ACF as an 
early biomarker, their number was 
significantly reduced by all treatment 
groups compared to the basal diet, 

indicating that the treatment diets were 
protective of colon carcinogenesis 
(Table 1 ). There were no differences 
between endogenous versus 
exogenous phytic acid. There were also 
no differences among wheat bran, 
dephytinized wheat bran, and phytic 



acid groups, indicating that both the fiber 
and phytic acid components of wheat 
bran may be equally protective. 

The degree of luminal alterations 
may reflect the degree of dysplasia 
within each ACF. It was significantly 
reduced for all treatment groups 
compared to the basal diet, indicating 
that the treatment diets likely slowed the 
development of dysplasia and 
consequently the advancement towards 
neoplasticity for the ACF observed. 

Increased cell proliferation and 
decreased cellular apoptosis and 
differentiation affect the growth kinetics 
of cells and are thought to be valid 
biomarkers of colon carcinogenesis. In 
this study, the labelling index was 
significantly reduced by all treatment 
groups versus the basal diet (Table 1 ). In 
addition, the wheat bran group had 
significantly lower values than the 
dephytinized wheat bran and phytic acid 
groups, suggesting that the endogenous 
phytic acid is better at reducing the 
labelling index than the wheat bran fiber 
or exogenous phytic acid. 

All the dietary treatment groups had 
significantly higher lectin scores (a 
marker of differentiation) in the entire 
crypt than the basal diet group. Similarly, 

Purified and endogenous phytic acid in wheat bran affects early biomarkers of colon cancer risk 

compared to the basal diet, a significant 
increase in apoptosis in the whole crypt 
was observed in the wheat bran , 
dephytinized wheat bran and phytic acid 
groups, suggesting a mechanism along 
with altering cell proliferation rate 
whereby wheat bran and phytic acid 
may exert colon cancer protective 
effects. 

Wheat bran is thought to exert its 
colon cancer protective effect by several 
mechanisms including physical dilution 
of gut contents, shortening transit times, 
alterations in the mutagenicity of 
intestinal contents, alterations in 
mucosa! kinetics, increased fermen
tation producing butyrate, and an effect 
on the production, absorption and 
excretion of putative carcinogens. Many 
of these mechanisms appear to be 
analogous to those suggested for the 
protective effects of phytic acid, 
suggesting that phytic acid may be one 
of the components of wheat bran 
contributing to its colon cancer 
protective effects. 

It is concluded that wheat bran 
significantly reduced early biomarkers of 
colon cancer risk due, in part, to its 
phytic acid and dietary fiber. Exogenous 
and endogenous phytic acid in wheat 

bran are both effective, but exogenous 
phytic acid is more effective in a low
fibre diet. SIM-ACF are more advanced 
along the stepwise sequence of colon 
carcinogenesis than other ACF and may 
be a better biomarker of colon cancer 
risk. 
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Introduction 
Colorectal cancer is one of the most 
common cancers in the developed 
world. A cause and effect relationship 
between dietary or lifestyle factors and 
colorectal cancer is difficult to establish. 
Red meat, saturated fat, refined 
carbohydrates and alcohol are believed 
to be positively related. Dietary fiber, 
vegetables, fruits, calcium and folate are 
frequently negatively associated with the 
development of colorectal cancer. 
Recent epidemiological and human 
intervention studies with fibres have 
been unsuccessful and disappointing. 
On the other hand, continuing low 
cancer incidence in African populations, 
despite considerable lifestyle changes 
(with increased obesity, diabetes and 
hypertension) should encourage a new 
look at Burkitt's original observation 
linking fibre consumption to low colon 
cancer incidence. In a recent editorial, 
Segel et al. (2000) put forward a fairly 
convincing hypothesis based on data 
obtained in humans and published in the 
same journal. Persistent consumption of 
a high amount of resistant starch (a 
fibre-like compound generated by 

certain cooking methods) would 
establish a butyrogenic microflora early 
in life (as early as the age of 3 years) . 
These people would benefit from 
two synergistic mechanisms: the 
consumption of high amounts of 
nondigestible carbohydrates and the 
presence of a colon microflora with high 
fermentation capabilities, leading to the 
production of very high amounts of 
short-chain fatty acids (especially 
butyrate) in the lumen. In 
good agreement with previous 
epidemiological and experimental 
studies, we recent ly provided data 
showing that only fibres promoting a 
stable butyrate-producing colonic 
ecosystem (a resistant starch and 
fructo-oligosaccharides) decrease the 
rate of precancerous lesions (aberrant 
crypt foci) in rats (Perrin et al., 2001 ). In 
another model, which also concerns 
later stages of carcinogenesis (the 
genetic Min mice model), only 
one butyrogenic diet, fructo
oligosaccharides (FOS), lowered the 
number of colon tumours (but not of 
small intestine tumours) and developed 
gut-associated lymphoid tissue (GALT) 

(Pierre et al., 1997). FOS are 
documented as prebiotic (able to favour 
the growth of lactic-acid-producing 
bacteria). Prebiotics have been shown 
to stimulate the GALT and to inhibit the 
growth of transplantable tumors. We 
examined these results in light of our 
previous experience in using butyrate in 
dual therapies in an experimental model 
of intraperitoneal carcinomatosis 
in itiated with colon cancer cells. A 
combination of butyrate and interleukin-
2 (stimulator of the immune system) was 
shown to cure the rats, whereas either 
compound alone was ineffective (Perrin 
et al., 1994). We postulated that 
butyrate would increase the 
immunogenicity of viable or apoptotic 
colonocytes, allowing rejection by the 
immune system. Transposed to the 
preventive studies where butyrate is 
locally generated by fermentation, the 
flora would be the stimulator of the 
immune response, operating in the Min 
mice model in addition to butyrate. Our 
objective was to document if the effect of 
indigestible carbohydrates on the course 
of colon carcinogenesis involves the 
local immune system. 
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Figure 1 
Indigestible carbohydrates may contribute to development of colon cancer immunoprophylaxis 

Methods 
lmmunocompetent and immunodeficient 
(depleted of CD4+ and CD8+ T 
lymphocytes with antibodies) Min mice 
(a strain bearing a mutation on the Ape 
gene, an antioncogene gate-keeper of 
intestinal carcinogenesis) were fed an 
energy-balanced diet enriched (5.8%) 
with short-chain FOS (Actilight P, 
Beghin-Meiji) for 42 days. The mice 
were killed and the number of large 
intestine tumours were scored. Total 
RNAs were prepared from colon 
portions of the immunocompetent mice 
and cytokines were analysed by 
multiprobe ribonuclease protection 
assays with the mCK1 matrix 
(Pharmingen, USA). 

Results and discussion 
The immunodeficient mice developed 
twice as many tumours as the 
immunocompetent mice (0.8 as 
compared with 0.4, P=0.02) (Pierre et 
al., 1999). IL-4, IL-5, IL-13, IL-1 5 and 
INFy were detected in the colon of the 
Min mice, but only IL-15 mRNA 
expression was significantly amplified 
(more than twofold) (Bassonga et al., 
2001). 
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It is concluded that T-cells 
participate in a mechanism of colon 
cancer surveillance in Min mice fed 
indigestible carbohydrates exhibiting a 
probiotic activity. That IL-15 was 
amplified is of interest, since this 
cytokine is a key regulator of cellular 
homeostasis, supporting the 
lymphocytes that persist in the mucosa, 
cells which modulate the turnover of 
epithelial intestinal cells. In addition, IL-
15 has been shown to exert antitumoral 
activity. 

As a whole, our recent and previous 
studies suggest, as a novel working 
hypothesis, that some indigestible 
carbohydrates may generate or amplify a 
mechanism of immunoprophylaxis that 
can contribute to anticancer properties 
exhibited by specific fibres under certain 
conditions. This hypothesis appears 
consistent with both reported positive 
and negative data (epidemiological, 
interventional and experimental) as 
concerns fibres and colon cancer and is 
depicted in Figure 1. Early in life, 
indigestible carbohydrates may generate 
a colonic ecosystem able to generate 
large amounts of butyrate and a 
competent immune system, both acting 
in synergy to eliminate precancerous 

cells (thick dashed lines) a mechanism 
otherwise inefficient (thick lines). It is 
probably more difficult to generate such 
a response when targeting adults 
bearing a stable and previously 
equilibrated colonic ecosystem (light 
dashed lines). This kind of biological 
response, together with others, may 
account for the discrepancies appearing 
between some epidemiological and 
interventional studies. 
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Analysis of oxidized and nitrated proteins in 
plasma and tissues as biomarkers for exposure 
to reactive oxygen and nitrogen species 

Ohshima H., Pignatelli B., Li C.-Q., Baflast S., Gilibert I., Boffetta P. 
International Agency for Research on Cancer, Lyon, France. 

Oxidative stress contributes to cancer, 
ageing and various pathophysiological 
disorders. Upon exposure to infectious 
agents and other carcinogenic foreign 
substances and also during chronic 
inflammation, mammalian cells produce 
a variety of reactive oxygen and nitrogen 
species such as nitric oxide (NO) , 
superoxide (02 -) and hypochlorous acid 
(HOCI). These oxidants contribute to 
oxidative stress by damaging proteins, 
lipids and nucleosides (Ohshima et al., 
2000). Dietary antioxidants can inhibit 
such damage. In order to study the roles 
of oxidative stress in human 
carcinogenesis, we have developed a 
new simple and sensitive method , 
requiring very small amounts of plasma 
or tissue biopsies, to measure the extent 
of oxidative and nitrative damage in 
humans. The method has been 
successfully applied to molecular 
epidemiological studies. 

Materials and methods 
Free and protein-bound nitrotyrosine 
(NTYR) have been measured as markers 
of protein damage induced by 
peroxynitrite and other reactive nitrogen 
species. Similarly, carbonyl groups in 
proteins, determined as 2,4-dinitro-

phenylhydrazine (DNPH) derivatives, 
have been analyzed as a marker of 
oxidative damage of proteins. New 
methods to measure oxidized (carbonyl
containing) and nitrated (NTYR
containing) proteins in plasma or tissues 
have been developed using immunodot 
and Western blot assays. The methods 
require only 20 µ,g of protein (Li et al., 
2001; Pignatelli et al., 2001 ). 

Human plasma proteins (albumin , 
transferrin and fibrinogen) were 
incubated at 1 mg/ml with 1 µ,M 
authentic peroxynitrite in 0.5 M 
phosphate buffer (pH 7.4). Concen
trations of NTYR in proteins were 
measured by high-performance liquid 
chromatography using a postseparation 
on-line reduction column and an 
electrochemical detector (Ohshima et al. , 
1999). The concentrations of protein 
carbonyls were determined spectropho
tometrically after formation of the DNPH 
derivative (Levin et al. , 1990). 

For immunodot blot analysis, 20 µ,g 
of proteins either from plasma or tissue 
extracts were used either directly for 
NTYR analysis or after DNPH
derivatization for analysis of oxidized 
proteins (Li et al., 2001 ; Pignatelli et al. , 
2001 ). Proteins were diluted in 200 ml 

of PBS and dotted onto a Millipore 
lmmobilon-P membrane using a Bio-Dot 
SF microfiltration apparatus (Bio-Rad, 
Hercules, California, USA). NTYR and 
carbonyls in proteins were measured 
using a mouse anti-NTYR monoclonal 
lgG antibody (Upstate Biotechnology, 
Lake Placid, NY, USA) or a rabbit anti
DNP antibody (Oxyblot; Oncor, 
Gaithersburg, MD, USA), respectively. 
Western blot analysis was also carried 
out to obtain information on number and 
molecular weights of modified proteins. 

Results and discussion 
We have applied immunodot and 
Western blot analyses to measure 
nitrated and oxidized proteins in plasma 
samples collected from 52 lung cancer 
patients and 43 healthy controls (heavy 
and light smokers, non-smokers with or 
without exposure to environmental 
tobacco smoke). The levels of nitrated 
proteins were significantly higher in lung 
cancer patients than in healthy controls 
(P=0.003). On the other hand, the levels 
of oxidized proteins were significantly 
higher in smokers than non-smokers 
(P<0.001 ). Western blot analyses 
showed the presence of two to five 
nitrated proteins and one oxidized 
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Table 1. Possible biomarkers (protein damage) in cancer molecular 
epidemiology 

Oxidized (carbonyls) proteins: reactive oxygen species 

Nitrated (NTYR) proteins: reactive nitrogen species 

4-Hydroxynonenal (HNE)-adduct: lipid peroxidation 

Malondialdehyde (MDA)-adduct: lipid peroxidation 

Acetaldehyde-adduct: alcohol intake/aldehyde damage 

Carcinogen (e.g. aflatoxin) adduct: exposure to carcinogen 

protein. Using immunoprecipitation and 
Western blot analyses with eight 
different antibodies against human 
plasma proteins, we identified 
fibrinogen, transferrin, plasminogen and 
ceruloplasmin as nitrated proteins and 
fibrinogen as only one oxidized protein 
present in human plasma of lung cancer 
patients and smokers. Our results 
clearly indicate that cigarette smoking 
increases oxidative stress and that 
during lung cancer development 
reactive nitrogen species are formed, 
nitrating plasma proteins (Pignatelli et 
al., 2001 ). 

We have also measured levels of 
nitrated and oxidized proteins in 216 
human gastric biopsies in order to study 
the role of Helicobacter pylori infection 
in gastric carcinogenesis. Significantly 
higher levels of both oxidized and 
nitrated proteins were found in patients 
with either chronic gastrit is or duodenal 
ulcer than in those with normal mucosa 
(P<0.05 and P<0.01, respectively) . The 
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levels of modified proteins were 
significantly higher in inflamed samples 
with H. pylori, especially cagA+ strains, 
and in those with expression of 
interleukin-8 and inducible nitric oxide 
synthase mRNAs than in those negative 
for these parameters. These results 
indicate that infection with cagA+ H. 
pylori induces significant oxidative and 
nitrative stress in stomach mucosa, 
contributing to the pathogenesis of H. 
pylori-associated gastroduodenal 
diseases (Li et al., 2001. 

Modified proteins could be measured 
as better biomarkers than modified DNA 
bases because target proteins occur at 
higher concentrations than DNA and 
they may exist for a longer period than 
modified DNA bases, as they are 
possibly not repaired efficiently. 
Depending upon availability of 
antibodies, the immunoassays desc
ribed in this study can be applied to 
analyze other types of protein 
modifications which would be useful for 

future studies, especially to investigate 
the effects of human nutrition, disease 
status, life style and antioxidants on 
oxidative stress and carcinogen 
exposure (Table 1 ). 
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Introduction 
Diet is an important determinant for 
cancer incidence (Byers & Perry, 1992} 
and cardiovascular disease but the 
mechanisms by which dietary 
components might affect these 
pathologies are not fully understood. 
Antioxidant micronutrients could be 
involved . However, data from 
interventional studies are scarce and 
controversial (Huttunen , 1996) . 
Oxidative damage to DNA, caused by 
reactive oxygen species (ROS) and 
their cellular consequences have been 
implicated in the etiology of cancers. 
We carried out a study in rats receiving 
a diet containing low, adequate or high 
levels of antioxidant micronutrients 
(vi tamin E, Zn and Se) for three 
months, to compare the effects of such 
diets on DNA oxidative damage. A 
modified comet assay was used in total 
blood for detecting DNA strand breaks 
and not in isolated cells as usually 
described , in order to simplify the 
sampling. 

Materials and methods 
Male Sprague-Dawley rats (54 ± 6 g) 
were fed with a standard laboratory diet 
(Itta-Credo, U.A.R., France). Rats were 
randomly divided into three groups and 
for 3 months received three different 
diets according to dietary Zn, Se and 
vitamin E contents as follows: group 0, 
low: (Zn, 0.89 mg/100 g; Se, 0.01 
mg/100 g; E, 68 mg/100 g); group 1, 
adequate, (Zn, 3.72 mg/100 g; Se, 0.02 
mg/100 g; E, 87 mg/100 g); group 2, 
high, (Zn, 6.12 mg/100 g; Se, 0.035 
mg/100 g; E 110 mg/100 g). Fasting rats 
were killed and oxidative biological 
parameters measured. A modification of 
the assay described by Singh et al. 
(1988} detects single-strand break DNA 
on total blood. Total blood (500 µL) was 
mixed with 500 µL DMSO/RPMI (20/80} 
and stored at -140°C until analysis. 
Frozen blood samples were treated in a 
water bath (37°C) , washed by PBS 
and spun twice for 10 min at 
room temperature before analysis. 
Quantification was achieved by visual 

scoring based on fluorimetric 
measurement of DNA intensities in the 
head and tail of cells from total blood. 
The arbitrary units were tail moment 
extent (TME), reflecting percentage of 
DNA damage in the tail. Plasma Zn, Se, 
lipid peroxidation products (plasma 
TBARs) and vitamin E concentrations 
and erythrocyte GPx activity were 
determined using routine laboratory 
methods as described (Hininger et al., 
1997). Data were statistically analysed 
using the non-parametric Kruskall-Wallis 
test and the Mann and Whitney test. 
Statistical significance was set at 
P<0.05. 

Results 
Changes in antioxidant status were 
significant depending on the diets (Table 
I}. A low-micronutrient diet resulted in 
significantly lower levels of femoral Zn, 
plasma Se, vitamin E and GPX activity. 
We did not observe any changes in 
TBAR concentrations depending on the 
diets. In contrast , oxidative DNA 
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Table 1. Variation of the antioxidant status after 3 months of diet 

GO G1 G2 

Zn femoral µ,gig 68 ± 7.32• 98 ± 12b 101 ± 16b 
Se pl (µ,mol/L) 5.07 ± 0.33• 5.71 ± 0.60b 5.67 ± 0.32b 
Vitamin E pl (µ,mol/L) 1 o.46 ± 5.02• 13.79 ± 5.89b 17.67 ± 6.43b 
GPx (U/gHb) 386 ± 41• 541±42b 502.22 ± 53b 
TBARs/PUFA 1.29 ± 0.52 1.10 ± 0.20 1.14±0.15 

Means ± SD. 
Means within a row, not sharing a common superscript are significantly different (P<0.05). 
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Figure 1 
Comparison of oxidative DNA damage (expressed as TME) in rats fed with antioxidant Zn, Se, vitamin E 
in a low (GO), adequate(G1), or high (G2) diet 

damage was significantly less (P<0.01) 
in the high-micronutient diet (G2) than in 
the adequate or low diet (Fig. 1 ). 

Discussion 
Using an original method of 
measurement of DNA damage on total 
blood , we observed a significant 
protecting effect of the enriched (G2) 
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food compared to a normal (G1) or 
subdeficient (GO) diet. In contrast, we 
failed to observe changes in lipid 
peroxidation. These data suggest that 
the comet assay could be a more 
sensitive method for detecting oxidative 
damage than biological markers of lipid 
peroxidation in plasma. Similar to our 
results , Duthie et al. (1996) reported a 

beneficial effect of antioxidant 
supplementation on oxidative damage 
in lymphocytes, supporting the 
hypothesis that dietary antioxidants 
might protect against cancer. The 
comet assay was usually performed in 
freshly isolated blood cells or cultured 
cells. Our results obtained in frozen 
blood samples offer a simplified way to 
detect DNA damage, which could be 
proposed in a future epidemiological 
approach. 
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Purpose 
Epidemiological evidence suggests a 
correlation between high intake of red 
meat and fat and cancer incidence of the 
colon, the prostate and the breast. On 
the other hand, it is suggested that some 
beverages have an effect on preventing 
cancer and other diseases. We (Sawa et 
al. , 1998; Sawa et al., 1999; Kanazawa 
et al., 2000) previously found that 
oxidized lipid (lipid hydroperoxide, 
LOOH) and haem-iron, e.g. myoglobin in 
red meat, produce lipid peroxyl radicals 
(LOO"), which damage DNA in vitro. 
LOO" has a long half-life (Akaike et al., 
1992) and induces chain propagation 
reactions generating LOO" quickly; it also 
has a potential to harm organelles, cells 
and tissues at a local site and may be 
capable of damaging a distant site due to 
its long half-life. This LOO"-forming 
mechanism is likely to occur with daily 
dietary components. However, it can be 
scavenged by coexisting dietary 
components. Therefore, we examined 
the LOO"-scavenging activity of the anti
oxidative ability of various beverages. 

Methods 
Linoleic acid hydroperoxide was purified 
from ai r-oxidized linoleic acid by 

fractionating using a column 
chromatography technique. The purity of 
linoleic acid hydroperoxide was checked 
by thin-layer chromatography and then 
used for the chemiluminescence assay as 
a source of LOOH (Kanazawa et al. , 
2001). Tea and coffee were prepared as 
practiced in routine drinking. The amount 
of tea leaves and ground coffee beans 
and extraction time were as follows: 
Sencha (green tea, 5 g/dl in water at 
75°C, 2 min and 3 min; roasted green tea, 
5 g/dl in boiling water, 0.5 min; Darjeeling 
tea, 1.67 g/dl in boiling water, 3 min; 
coffee, 5 g/dl in boiling water, 1.5 min. An 
al iquot of diluted beverage was added to 
a reaction mixture of luminol and LOOH in 
0.01 M phosphate buffered 0.15 M saline 
containing 0.5% Tween 20. After adding 
hemoglobin, chemiluminescence was 
determined using the chemiluminescence 
multichannel analyzer (Berthold Model 
LB9505 AT, Wildbad, Germany). The 
potency to inhibit the luminol-enhanced 
chemiluminescence induced by LOO" 
was estimated by potency relative to that 
of 1 mM quercetin. 

Results 
The most popular type of Japanese 
green tea is Sencha, which varies 

widely in both quality and price. Among 
the Sencha products manufactured in 
the same estate (Kawane, Shizuoka 
Prefecture , Japan) , the LOO"
scavenging activity was highest in the 
product of leaves harvested in early 
May, and it lowers as the picking time 
of tea leaves progresses thereafter. 
The LOO"-scavenging activity shows a 
linear increase parallel to price (Figure 
1 ). In the case of Japanese green tea, 
the price and quality of tea are strongly 
influenced by picking time. On the 
other hand, there were no differences 
in the LOO"-scavenging activity among 
the first , the second , and the autumnal 
flushes of Darjeeling tea. The quality of 
Japanese green tea appears to retain 
the LOO"-scavenging activity after 
roasting because the high-grade green 
tea showed higher activity than the 
low-grade green tea after roasting. In 
red wines, pinot noir showed higher 
activity than merlot, shiraz , and 
cabernet sauvignon. With the 
exception of pinot noir, they seemed 
almost equal to green tea but less than 
coffee . Coffee showed the highest 
LOO"-scavenging activity among teas, 
coffee, and red wine. Coffee prepared 
from freeze-dried powder (12.5 mg/ml) 
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Figure 1 
The LOO' -scavenging activity of Sencha, the most popular type of Japanese green tea, manufactured in 
the estate located in Kawane, Japan 
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exhibited an activity as high as coffees 
brewed from ground coffee beans. 

Conclusion 
Most of the tested beverages showed 
high anti-oxidative activity in terms of 
scavenging LOO". These find ings are 
consistent with many epidemiological 
studies, suggesting that these 
beverages may be effective for 
preventing cardiovascular disease and 
cancer. Among the samples tested, the 
order of anti-LOO" capacity is as follows: 
coffee > red wine ~ green tea ~ 

Darjeeling tea = roasted green tea ~ 
white wine (Figure 2) . 
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Introduction 
lsothiocyanates occur as conjugates in a 
variety of cruciferous vegetables. Normal 
consumption of these vegetables results 
in the uptake of substantial amounts of 
isothiocyanates. These compounds are 
effective inhibitors of chemical 
carcinogenesis in a wide variety of animal 
models, which, at least in part due to their 
effect on enzymes involved in carcinogen 
metabolic activation such as cytochrome 
P450 enzymes, has led to the proposal 
that they be used in the chemoprevention 
of cancer (Hecht, 1995). The ubiquitous 
enzymes glutathione S-transferases 
(GSTs), which have been described as 
also being involved in isothiocyanate 
metabolism (Zhang et al., 1995) and in 
the regulation of stress-activated protein 
kinases (Adler et al., 1999), may also 
play a role in the chemoprotective effects 
of these compounds. We have recently 
demonstrated the induction of apoptosis 
in cultured human colon cancerous cells 
by sulforaphane (Gamet-Payrastre, 
2000), the major isothiocyanate in 
broccoli. Here we have investigated the 
effect of this compound on both GST and 
mitogen-activated protein kinases 
(MAPK) involved in the early events of 
apoptosis expression, in the human 
carcinoma colonic cells Caco2. 

Methods 
Exponentially growing cells were treated 
with 15 µM of sulforaphane with a short 
time exposure. Cells were rapidly lysed 
in Laemly buffer and boiled 1 min at 
100°C for analysis by Western blot. 
Equal amounts (20-50 µg) of total 
proteins were separated by SOS-PAGE 
(10% or 12.5% acrylamide) and 
transferred on a nitrocellulose sheet. 
Expression of GSTs, activated MAPKs 
and P38 was analysed using specific 
antibodies. Additional treatment with 
25 µM PD 098059 (PD), 5 µM SB 
203580 (SB) and 5 µM curcuma, which 
are kinase inhibitors specific for ERKs 
(extracellular signal regulated kinase), 
P38 and JNK (cJUN N-terminal kinase), 
respectively, was performed for 1 h 
before sulforaphane exposure. Floating 
cells were counted in the culture 
supernatant 48 h after treatment in order 
to evaluate the percentage of 
sulforaphane-induced cell death. 

Results and discussion 
Our results (Figs. 1 and 2) clearly show a 
sustained induction of the MAP kinase 
ERK-1 and ERK-2 by sulforaphane in 
exponentially growing Caco-2 cells (Fig. 
2) . Moreover, sulforaphane-induced 
apoptosis was diminished by interfering 

with the ERK pathways. Indeed, SB and 
to a lesser extent PD, but not the curcuma 
treatment, induce a significant decrease 
in the apoptotic effect of sulforaphane 
(P<0.001 and P<0.01 , respectively; n=5). 
These results suggest that beneficial 
properties of isoth iocyanates may be 
effective prior to acting favourably on 
carcinogen metabolism. In Caco-2 cells, 
sulforaphane also strongly induces GSTa, 
(Fig. 1) a class of enzyme which has been 
shown to be associated with intestinal cell 
differentiation (Vecchini et al., 1997). In 
conclusion, our results suggest that 
anticarcinogenic properties of 
sulforaphane in vitro may be related to 
both changes in the early signal of the 
apoptotic cascade and the induction of 
GST ct, a class of GSTs whose expression 
is associated with the endogenous 
mechanism of intestinal differentiation. 
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Figure 1 
Western blot analysis of GST ct expression in subconfluent, confluent and postconfluent Caco-2 cells. 
Effect of sulforaphane exposure. 
(A) Proliferating cells were exposed to various concentrations of sulforaphane for 48 h in conditions 
described in the methods. From left to right, lanes 2-7: 0, 5, 10, 15, 20 and 25 µM sulforaphane. (B) 
Effect of confluence on untreated cells grown for 3 days (lane 9), 7 days (lane 10) and 15 days (lane 11 ). 
Confluence occurs at about 7 days. Lanes 1 and 8 are HPLC-purified with rGSTA1 subunit as control. 
Equal amounts of cytosolic proteins were loaded for each lane. Primary antibody anti-hGSTA1-2 diluted 
to 1/250, secondary antibody (goat anti rabbit antisera) diluted to 1/500. Revelation by EGL 
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Figure 2 
Western blot analysis of ERK-1 and ERK-2 expression in exponentially growing Caco-2 cells and under 
sulforaphane exposure. 
(A) Lanes 1-6 correspond to Caco-2 cell extracts after 0, 5, 20, 40, 60, 240 min of treatment with 15 µM 
sulforaphane. At the indicated time, cells were lysed and total proteins were loaded on the corresponding 
lane. (B) Control untreated cells. Primary antibody directed against activated ERK-1 and ERK-2 diluted to 
1 /5000, secondary antibody (goat ant rabbit antisera) diluted to 1 /500. Revelation by EGL 
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Introduction 
It has been reported (Dashwood et al., 
1998) that indole-3-carbinol (13C} exerts 
a cancer chemopreventive action in 
liver, colon and mammary tissue when 
applied before or concurrent with 
exposure to a carcinogen, but 
consumption of 13C after carcinogen 
treatment may be associated with 
tumour promotion in some organs. 
Although Grubbs et al. (1995) showed 
that preinitiation administration of 13C 
proved effective for chemoprevention of 
DMBA or MNU-induced mammary 
tumours, Malejka-Giganti et al. (2000) 
reported that 13C treatment after DMBA 
exposure did not suppress mammary 
tumour development. This contradictory 
modifying effect of 13C led us to focus on 
the postinitiation action. We therefore 
investigated the effects of 13C on 
mammary carcinogenesis after 
treatment with N-methyl-N-nitrosourea 
(MNU). 

Material and methods 
Treatments 
Ninety-six 4-week-old female Sprague
Dawley rats were randomly divided into 
five groups. Animals in groups 1, 2 and 3 
(24, 24 and 34 rats, respectively} were 

intraperitoneally injected with MNU (50 
mg/kg b.w.) dissolved in saline (pH 4.0 
adjusted with acetic acid} at the age of 
50 days, while those in groups 4 and 5 
received saline alone as vehicle controls. 
Animals in groups 1 and 2 were then 
given a diet containing 100 and 300 ppm 
l3C (group 1, MNU+l3C 100 ppm; group 
2, MNU+l3C 300 ppm) for 24 weeks 
starting 1 week after the MNU treatment. 
Animals in group 3 (MNU alone) served 
as the carcinogen alone controls. 
Animals in group 4 (13C 300 ppm alone) 
also received 13C 300 ppm without prior 
initiation. Animals in group 5 (basal diet) 
were maintained on CRF-1 basal diets 
throughout the experimental period. 
Pellet diets containing 13C should be 
kept in cold room before use within 2 
weeks of production. Body weights, food 
consumption and palpable tumours of all 
animals were measured every other 
week after MNU treatment and animals 
were sacrificed at 32 weeks of age. After 
histopathological examination, tumour 
incidence and multiplicity values were 
calculated for all the groups. 

Statistical analysis 
Body weight and food consumption were 
compared with the ANOVA test. 

Mammary tumour incidences were 
compared with the Mantel-Haenszel X2 

test and tumour multiplicities were 
compared with the Kruskal-Wallis test. 
Duncan's multiple range t test was 
applied as a post hoc test. For all 
comparisons, probability values less 
than 5% (P<0.05) were considered to be 
statistically significant. 

Results 
Changes in body weight and food 
consumption 
There were no differences in body weight 
among the groups, but food consumption 
of groups 1 , 2 and 4 showed a higher 
value than that of groups 3 and 5. 

Incidence and multiplicity for 
mammary tumours 
The incidences of the mammary tumours 
in groups 1, 2 and 3 were 95.8%, 83.3% 
and 82.4%, respectively, and tumour 
multiplicities of groups 1 , 2 and 3 were 
2.21 ±0.37, 3.21 ±0.61 and 2.03±0.30, 
respectively (Table 1 ). The numbers of 
tumours in group 2 continued to be 
greater than in group 3 (Fig. 1 ). 
Histopathological examination of 
tumours demonstrated most of them 
were adenocarcinomas. 
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Table 1. Incidences and multiplicities of mammary tumours of rats treated with MNU followed by 13C 

Treatments No. of rats No. of tumour-bearing rats Tumour multiplicity No. of tumours in 
(percent incidence) (no. of tumours/rat) tumour-bearing rat 

MNUa+l3Cb 100 ppm 24 23 (95.8) 2.21 ± 0.37° 2.30 ± 0.37 
MNU+l3C 300 ppm 24 20 (83.3) 3.21±0.61 
MNU alone 34 28 (82.4) 2.03 ± 0.30 
13C 300 ppm alone 7 0 (0) 0 
Basal diet 7 0 (0) 0 

•MNU, N-methyl-N-nitrosourea (50 mg/kg b.w., single i.p. injection). 
bi3C, indole-3-carbinol (100 or 300 ppm in CRF-1 basal diet) . 
0 Data represent mean ±SE. 
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Figure 1 
Multiplicities of mammary tumours of rats treated with MNU followed by 13C 

Discussion 
The primary cause of the loss of 
suppressing the mammary 
carcinogenesis might be associated with 
food consumption . An increase in food 
consumption after exposure to a 
carcinogen would be a risk factor. An 
alternative explanation was that 
metabolites produced from 13C could 
have estrogenic actions, as Liu et al. 
(1994) and Riby et al. (2000) have 
reported. Given that Blum et al. (2001) 
recently reported that postinitiation 
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treatment of 13C could influence the 
pattern of ~-catenin mutations in colon 
tumours, it would be interesting to 
elucidate the genetic alterations in 
mammary tumours caused by dietary 
factors with relevant parameters in 
further study. 
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Several epidemiological studies, based 
on adipose tissue fatty acid composition 
as a biomarker of past dietary intake of 
fatty acids, reported an inverse 
association between n-3 to n-6 
polyunsaturated fatty acids (PUFA) ratio 
and the risk of breast cancer, suggesting 
a protective effect of n-3 PUFA on breast 
cancer risk, dependent on n-6 PUFA 
levels (Maillard et al .. 2002; Simonsen et 
al., 1998). Before n-3 PUFA can be 
considered as a target for breast cancer 
prevention in intervention trials, 
experimental data are needed to 
document the effect of n-3 PUFA on 
mammary tumour growth. Recent 
studies performed on an experimental 
model of chemically induced mammary 
tumours in rats showed that the 
antioxidant vitamin E, when added to a 
high-n-3-PUFA diet, suppressed the 
inhibitory effect of n-3 PUFA on tumour 
growth and even led to an increase in 
tumour growth (Cognault et al., 2000). 
These data suggested that the inhibitory 
effect of n-3 PUFA on tumour growth 
might be mediated by an increased 
formation of lipid peroxidation products 
and indicated that the interaction 

between dietary antioxidants and PUFA 
plays an important role on tumour 
growth. Other nutritional compounds act 
as antioxidants and thus may interact 
with n-3 PUFA on tumour growth. 
Among dietary antioxidants, beta
carotene, one of the main carotenoids, 
is of particular interest because of its 
potential protective effect on breast 
cancer risk reported in some recent 
epidemiological studies (Kim et al., 
2001; Toniolo et al., 2001 ). No data is 
yet available on the role of the 
interaction between beta-carotene and 
n-3 PUFA on tumour growth. The aim of 
this study was to document the role of 
the interaction between beta-carotene 
and alpha-linolenic acid, the essential 
fatty acid of the n-3 family, on mammary 
tumour growth in a rodent model of 
chemically-induced mammary tumours. 

Ninety female Sprague-Dawley rats 
were randomly assigned to cages 
housing three rats per cage in a room 
maintained at constant temperature 
(24°C) and humidity with a 12-h 
light:dark cycle. At 47 days of age, all 
rats received a single subcutaneous 
injection of N-nitroso-N-methylurea 

(25 mg/kg of animal body weight) to 
initiate mammary tumours. 

The experimental diets were prepared 
by adding fat (15 w% fat) to basal diet 
with a normal amount of vitamin E for rat 
diet (50 IU/kg of diet). They contained 
either a low or a high alpha-linolenic acid 
level (4% or 17% of total fatty acids, 
obtained by using either a peanut 
oil/rapeseed oil or a peanut oil/linseed oil 
mixture). The levels of beta-carotene 
used were 0, 10 or 200 mg/kg diet/day. 
Rats were separated into three groups 
according to dietary beta-carotene level. 
Each group was divided into two 
subgroups (15 rats per subgroup) 
receiving either a low or a high content of 
alpha-linolenic acid. Experimental diets 
were given to rats from initiation to 
sacrifice. Rat weight gain was measured 
every week. The appearance and 
measurement of each mammary tumour 
were checked by weekly palpation of 
animals and recorded. Incidence 
(percentage of tumour-bearing rats) , 
latency (delay in weeks of the first tumour 
appearance) and multiplicity (number of 
tumours per tumour-bearing rat) were 
assessed in each dietary group. 
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Figure 1 
Effect of beta-carotene on mammary tumour latency in rats fed a low or high alpha-linolenic acid content 

Values are means ± standard error for each group. 
O Rats fed the low alpha-linolenic acid content; • rats fed the high alpha-linolenic acid content. 
•NMU, N-nitroso-N-methylurea. 
Significantly different effects of beta-carotene levels on tumour latency, as evaluated by the factorial 
ANOVA test (P=0.016). 

Rat growth was not affected by the 
different dietary conditions. With 
respect to incidence, no significant 
difference was found between the 
different diets (Table 1 ). In contrast, 
tumour latency and multiplicity were 
influenced. We observed that beta
carotene, at the pharmacological dose 
of 10 mg/kg diet/day, led to a reduced 
latency compared to no beta-carotene 
or to very high beta-carotene (200 
mg/kg diet/day) (Fig . 1 ). This effect on 
latency was found whatever the alpha
linolenic acid level in diets (Fig . 1 ). In 
rats fed a low alpha-linolenic acid 
content, 10 mg of beta-carotene led to 
increased multiplicity, compared to 
no beta-carotene supplementation 
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(Table 1 ). At a very high dose, beta
carotene had no effect on multiplicity, 
whatever the level of alpha-l inolenic 
acid (Table 1 ). 

In conclusion, in our rodent model of 
autochthonous mammary tumours , 
beta-carotene used at a 
pharmacological level (10 mg/kg 
diet/day) did not have the expected 
protective effect on tumour growth, but 
rather may have acted as a tumour 
promoter as evidenced by its effects on 
tumour latency. The combined effects of 
alpha-linolenic acid and beta-carotene 
on multiplicity documents the 
importance of their interaction. These 
data show that beta-carotene influences 
mammary carcinogenesis in a way 

dependent on the presence of other lipid 
components such as alpha-linolenic 
acid. 
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Introduction 
Conjugated linoleic acid (ClA) is a term 
used for the different conjugated 
isomers of linoleic acid (C18:2). The 
most common forms are the cis-9, trans-
11 -, and trans-10, eis-12 isomers. The 
naturally occurring cis-9, trans-11 
isomer is found in milk and dairy 
products and in the meat of ruminants . 

In 1987 Ha et al. found ClA to be 
anticarcinogenic in chemically induced 
epidermal carcinogenesis in mice. Since 
then, several studies have supported 
this theory by showing that ClA inhibits 
tumour formation and growth in different 
animal models as well as in cell cultures. 
The most convincing results on the 
anticarcinogenic effects of ClA have 
been obtained from studies on 
mammary tumour inhibition. Ip et al. 
(1994) showed in the rat that the 
anticarcinogenic effect of ClA in DMBA
induced mammary carcinogenesis was 
dose-dependent. 

The multiple intestinal neoplasia 
(Min) mouse is an animal model for 
intestinal carcinogenesis. The mice 
have a heterozygous mutation in their 
adenomatous polyposis coli (APC) 
gene, and as a consequence they 
develop sporadic tumours in their 
intestine. The human Ape gene is 
closely related to the murine APC and a 
mutation in the Ape gene is found in up 

to 80% of colon cancer cases (Kinzler & 
Vogelstein, 1996). Thus the ApcMin 
mouse provides a suitable model to 
investigate the effects of diet on the 
formation of colorectal cancer. 

So far, only one study has been 
published on the effects of ClA on 
intestinal tumour formation in the ApcMin 
mice (Hansen-Petrik et al. , 2000). The 
aim of the present study was to confirm 
the results of Hansen-Petrik and to 
examine more closely the effect of CLA 
on tumour growth in the ApcMin mouse. 

Materials and methods 
The male mice were obtained from 
Jackson laboratories (Bar Harbour, ME, 
USA) at 7 weeks of age. The control 
group (n=10) was kept on an AIN-93G
based diet for 8 weeks, while the 
experimental group (n=10) had a diet 
containing 1 % ClA (Natural Lipids, 
Hovdebygda, Norway), also for 8 weeks. 
The Cl A used contained 48.2% trans-
10, cis-12 ClA, 48% cis-9, trans-11 Cl A 
and small amounts of cis-9, cis-11, cis-
10, cis-12 , trans-9, trans-11, trans-10, 
trans-12 isomers. The animals were 
weighed weekly to follow their weight 
development. At the end of the feeding 
period, the adenomas developed in the 
intestine of the animals were counted 
and their sizes measured by light 
microscopy. 

The plasma fatty acid composition of 
the animals was analysed to test the 
compliance of the diets. Serum total 
lipids were determined as described 
earlier (Salminen et al. , 1998). Cis-9, 
trans-11 and trans-10, cis-12 ClA 
isomers were identified with a standard 
mixture (Nu chek prep). The results 
were expressed as normalized 
percentage fatty acid composition. 

Results 
The control animals had only small 
amounts of the cis-9, trans-1 1 isomer in 
their plasma, and no trans-10, cis-12 
isomer was found (Fig. 1 ). The animals 
in the ClA group had a 20-fold increase 
in their plasma cis-9, trans-11 isomer 
compared to the controls, and the 
amounts of the trans-10, cis-12 isomer 
were significant. The ratio of the trans-
10, cis-12:cis-9, trans-11 isomers in the 
plasma of the ClA animals was 
approximately 3:5 compared to the ratio 
in the diet a(1 :1 ). 

The water consumption of the two 
groups varied significantly. The weekly 
water consumption in the control and the 
Cl A group was 174 ± 19.0 ml (mean± 
SD) and 270 ± 23.9 ml, respectively 
(P<0.001). 

The number of adenomas developed 
in the intestine did not differ between the 
two groups. The control mice developed 
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34.1 ± 16.4 (mean ± SD) adenomas and 
the CLA mice 32.9 ± 20.0 adenomas. 
There was no difference in the number or 
size of the adenomas developed in the 
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colon. However, the adenomas in the 
small intestine were larger in the CLA 
group than in the control group (1.51 ± 

0.58 mm vs 1.38 ± 0.56 mm, P<0.01 ). 

When comparing the percent distribution 
of the small (<1 mm), medium (1-1.5 mm) 
and large (> 1.5 mm) adenomas, the CLA 
group had more large adenomas than the 
control group (P<0.05) (Fig. 2). 

Discussion 
The results of this study suggest that 
CLA has no chemopreventive effect on 
adenoma formation in the ApcMin 
mouse. This is in accordance with the 
results earlier published by Hansen
Petrik et al. (2000). It seems that in the 
intestine, CLA enhances the growth of 
the adenomas, as the adenomas were 
larger in the CLA group. Clearly, CLA 
acts differently in the intestine than in 
other tissues, where it has been shown 
to prevent tumour growth. The reason 
for this difference will hopefully become 
clear when the mechanism of action of 
CLA is established. The effects of the 
two major isomers, the cis-9 , trans-11 
and trans-10, cis-12 isomers in the 
ApcMin mouse will be separately 
examined in our forthcoming studies. 
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Clusters of cells expressing 
differentiation characteristics of 
enterocytes are present in all colon 
cancers and have been proposed as a 
factor responsible for the resistance of 
colon cancer to anti-neoplastic agents. 
It has been shown that resistance to 
high concentrations of 
chemotherapeutic agents seems to be 
restricted to cells of the enterocytic 
phenotype (Lesuffleur et al. , 1998). 

The human colon cancer cell line 
Caco-2 spontaneously undergoes 
structural and functional enterocytic 
differentiation at late confluence. 
Phenotypic changes after confluence 
include formation of brush border 
membranes and expression of 
intestinal hydrolases which are 
markers of the functional 
differentiation also found in 
enterocytes and human fetal 
colonocytes (Roussel, 1986). Since 
prevention of colon cancer cell 
differentiation might be an important 
feature in the treatment of colon 
cancer, the purpose of this work was 
to determine whether the inhibition of 
Caco-2 cell differentiation by geraniol 
could sensitize Caco-2 cells to 5-

fluorouracil (5-FU) treatment. 

Methods 
We investigated the effects of geraniol 
on cell morphology, and on several 
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Figure 1 

differentiation markers which are 
normally expressed in Caco-2 cells after 
confluence. We also evaluated the 
effects 5-FU on cancer cell growth and 
cytotoxicity in the presence of geraniol. 
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Specific activity (mU/mg protein) of sucrase, lactase, alkaline phosphatase and L-aminopeptidase in the 
brush border membranes isolated from Caco-2 cells. Confluent cells (7 days after plating) were 
maintained for 2, 4, 7 and 9 days in culture in the absence (open columns) or in the presence (hatched
line columns) of 400 µM geraniol. The culture medium was replaced every 24 h. Results are means± 
SE of three separate experiments. For each column, P<0.05 (Student's ties!) 
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Figure 2 
Effect of geraniol in combination with 5-fluorouracil on Caco-2 cell line according to graded doses of 
5-FU. Confluent cells were exposed for 8 days, to 5-FU alone (•) or to 5-FU and geraniol (D). 
Geraniol and 5-FU were replaced every 24 h. Values represent mean ± SE (n=B), P<0.05. 

Results 
Geraniol and Caco-2 cell 
differentiation 
The confluent Caco-2 cells form a 
monolayer showing apical microvilli and 
tight junctions. After treatment with 
geraniol (400 µM), the brush border 
membranes were altered, the microvilli 
were scarce and their length reduced. The 
treatment of Caco-2 cells at confluence 
with 400 µM geraniol inhibited the 
increase of sucrase and lactase activities 
by 90% and 70%, respectively. In addition, 
geraniol also inhibrted the increase of 
alkaline phosphatase and aminopeptidase 
activities by 50% (Fig. 1). 

The effects of 5-FU were then 
evaluated on cell growth in order to 
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determine whether geraniol could 
sens itize the cells to this 
chemotherapeutic agent. 

Effect of geraniol on 5-fluorouracil
treated Caco-2 cells 

As shown in Fig. 2, the 
antiproliferative effects of 5-FU were 
significantly enhanced in the presence of 
geraniol (400 µM). Geraniol alone elicited 
a 30% cell loss mainly due to its 
cytostatic effect (Carnesecchi et al., 
2001) and the treatment with 5 µM 5-FU 
alone caused a 50% cell loss. When 
combined with geraniol, 5-FU (5 µM) 
caused a 75% cell loss. Similarly, at 
higher concentrations of 5-FU , the 
number of surviving cells was reduced by 

twofold in the presence of geraniol. The 
effect of geraniol on 5-FU cytotoxicity was 
assessed after confluence by measuring 
LDH (lactate dehydrogenase) release in 
the culture medium. Geraniol , which 
alone showed no cytotoxic effect, 
doubled the cytotoxic effect of 5-FU 
(5 µM). Intracellular accumulation of 5-[6-
3H] FU was determined in the presence 
or absence of geraniol after 9 h of 
treatment. We show that the uptake of 5-
FU by Caco-2 cells was doubled in the 
presence of geraniol. 

Conclusions 
Our data show that geraniol, a component 
of vegetable essential oil , sensitizes 
human colon cancer cell lines to 5-
fluorouracil treatment. This effect is related 
to the disturbance of cellular morphological 
and functional differentiation. Geraniol may 
act on two major targets involved in the 
resistance of colon cancer cells to 
chemotherapeutic agents: the process of 
cell differentiation and the membrane 
permeability to the chemotherapeutic 
agent. 

We show that interactions of geraniol 
with cell membrane prevent the 
differentiation process and facilitate the 
uptake of the chemotherapeutic agent 
by cancer cells. Recent studies have 
shown that geraniol interferes with 
membrane function of Candida 
Saccharomyces and increases 
membrane fluidity on liposomal 
membranes (Tsuchiya, 2001). Changes 
in membrane fluidity induced by 
heptacain, a component of Capsicum 
fruit (pepper) , have been related to the 
insertion of the lipophilic fragment into 
phospholipid acyl chains to create a 
free volume in the hydrophobic 
membrane region (Gallova et al., 1995). 
Phospholipid acyl chains band 
cooperatively and fill the free volume to 
fluidize membrane. A similar mechanism 
of action may be proposed for geraniol. 

By fluidizing the membrane, geraniol 
may favour the uptake of anticancer 
drugs by the cancer cells. This could 
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decrease the concentration of drugs 
used during chemotherapy and, at the 
same time, lower their secondary 
effects. Therefore , the combination of 
geraniol and 5-FU might be a promising 
approach for optimizing colorectal 
cancer therapy. 

References 
Carnesecchi, S., Schneider, Y., Ceraline, 
J., Duranton, B. , Gosse, F., Seiler, N. & 
Raul, F. (2001) Geraniol, a component of 
plant essential oils, inhibits growth and 

polyamine biosynthesis in human colon 
cancer cells . J. Pharma. Exp. 
Therapeutics, 298, 197-200 

Gollava, J., Cizzmarik, J. & Balgavy, P. 
(1995) Biphasic effect of local anesthetic 
and ~-blocker heptacaine on fluidity of 
phosphatidyl-choline bilayers as detected 
by ESR spin probe method. Pharmazie, 
50, 486-488 

Lesuffleur, T., Violette, S., Vasile-Pandrea, 
I., Dussaulx, E., Barba!, A., Muleris, M. & 
Zweibaum, A. (1998) Resistance to high 
concentrations of methotrexate and 5-

fluorouracil of differentiated HT-29 colon
cancer cells is restricted to cells of 
enterocytic phenotype. Int. J. Cancer, 76, 
383-392 

Rousset, M. (1986) The human colon 
carcinoma cell lines HT-29 and Caco-2: 
two in vitro models for the study of 
intestinal differentiation. Biochimie, 68, 
1035-1040 

Tsuchiya, H. (2001) Biphasic membrane 
effects of capsaicin, an active component 
in capsicum species. J. Ethnopharmaco/., 
75, 295-299 

409 





Could apigenin metabolism explain the 
estrogenic effect of this flavonoid in the female 
immature rat? 

Gradolatto A., Teyssier C., Stroheker T., Chagnon M.-C., Canivenc-Lavier M.-C. 
UMR 0938 de Toxicologie Alimentaire, INRA-ENSBANA, 17 rue Sully, BP 86510, 21065 Dijon Cedex, France. 

Purpose 
Flavonoids are polyphenolic compounds 
present throughout the plant kingdom. 
Some of them, such as isoflavonoids 
(genistein), lignans, coumestrans and a 
few flavones (apigenin, kaempferol) are 
described as phytoestrogens, as they 
can mimic or influence estrogen effects 
in the body. They have been 
investigated by many researchers and 
they are thought to have beneficial 
effects on human health. 

Apigenin, which is present in our 
daily diet (1 mg/day) , has anti 
carcinogenic properties (Boyong & Birt, 
1996; Suschetet et al., 1998) and can 
influence enzymes required for the 
synthesis of estradiol (Santti et al., 
1998). 

The purpose of this work was to 
assess the estrogenic effects of 
apigenin in female Wistar rats and to 
study its metabolism (blood kinetics, 
elimination and in vitro metabolites) for a 
better comprehension of its mode of 
action. 

Methods 
Estrogenic effects are determined using 
the uterotrophic test. Immature female 
Wistar rats are fed ad libitum with the 
A04C diet. The animals received either 
apigenin (25-200 mg/kg b.w.) , genistein 

(100 mg/kg b.w.) or estradiol (45 µg/kg 
b.w.) orally. Other groups received either 
apigenin or genistein (100 mg/kg) with 
estradiol. The control group was given 
corn oil orally. All the groups received 
the treatment for 4 days. Then animals 
were killed and the uterus was removed, 
dried and weighed. 

Blood kinetics and elimination of 
apigenin were assessed in female 
Wistar rats fed ad libitum with a 
flavonoid-free semi-synthetic diet. For 
both experiments, a single oral dose 
[3H]apigenin (10 mg/kg b.w. and 
10 µCi/kg b.w.) was given to animals. 
The control group received corn oil. 

For kinetics studies, blood samples 
were collected at different time points 
for 15 days and radioactivity was 
counted after digestion of the samples. 
Elimination of radioactivity was 
assessed by collecting urine and 
faeces samples daily for 10 days. 
Radioactivity was counted directly for 
urine samples and after digestion for 
faecal samples. 

Primary metabolites of apigenin were 
investigated in vitro by incubating 
aroclor-induced rat microsomes, 
apigenin and NADPH for 10 min at 
37°C. After addition of cold methanol 
and centrifugation , metabolites were 
separated by HPLC. They were 

identified by comparison of their 
retention time and their UV spectra with 
those of standards, and by mass 
spectrometry (determination of 
molecular weight and fragmentation). 

Results 
The results of the uterotrophic test 
indicate that apigenin alone had no 
effect on uterine weight as compared to 
controls. Co-treatment of apigenin (100 
mg/kg b.w.) and estradiol increased the 
weight of the uterus significantly (Fig. 1 ). 
This estrogenic effect was more 
significant than the effect observed with 
genistein or estradiol alone or co
administration of these two molecules. 

Radioactivity recovered in blood after 
ingestion of [3H]apigenin showed a peak 
at 24 h, followed by a gradual decrease. 
Fifteen days after ingestion, radioactivity 
was still detected in blood. The half-life 
and distribution volume were 95.2 h and 
4938 L, respectively. 

Radioactivity in urine and faecal 
samples was mainly detected within the 
first 3 days, with a peak at 24 h. After 10 
days, 37.53% of radioactivity was 
eliminated, which is less than that 
observed by Ueno et al. (1983) for 
[14C]quercetin. 

The in vitro assay revealed the 
presence of three hydroxylated 
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Figure 1 
Effect of oral administration of phytoestrogens on uterus weight. Animals were administered 45 µ,g 
estradiol/kg b.w. (E), 25, 50, 100, 200 mg apigenin/kg b.w. (A25, 50, 100, 200), A100+E or 100 mg 
genistein/kg b.w. (G100), or G100+E. 
*Significantly different from control (Dunnett's test, P:, 0.05). 

metabolites: scutellarein, iso
scutellarein and luteolin (Fig. 2) . The 
cytochrome P450 1A1 seems to be the 
major isoform involved in the reaction. 

Conclusion 
The estrogenic effect of apigenin was 
revealed only in the presence of 
estradiol and this effect was more 
significant than the effect observed for 
the reference phytoestrogen, genistein. 
These results suggest that these 

molecules have a different estrogenic 
effect. 

The metabolism of apigenin can 
explain this effect. First, this molecule 
is poorly eliminated (less than 40% 
after 10 days) as compared to other 
flavonoids, and parameters of blood 
kinetics underline this fact. Second, 
hydroxylation of apigenin leads to the 
formation of three metabolites including 
luteolin, which does have estrogenic 
effects (Hiremath et al. 2000). 
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Hydroxylated derivatives of apigenin obtained by in vitro incubation with rat liver microsomes 
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Estrogenic effects of apigenin, kaempferol and 
bisphenol A in immature Wistar female rats and 
in MCF-7 cells 

Stroheker T., Pinnert M.F., Picard K., Chagnon M.C., Canivenc-Lavier M.C. 
UMR 0938 de Toxicologie Alimentaire, INRA/ENSBANA, 17 rue Sully, BP 86510, 21065 Dijon Cedex, France. 

Introduction 
Over the last 50 years, the reproductive 
capacity of humans and wildlife has been 
declining, with a decrease in sperm 
quality and an increase in reproductive 
tract abnormalities. Hormone-dependent 
cancers are also increasing in industrial 
countries. Molecules called endocrine 
disrupters are suspected of inducing 
these malformations. Among them, 
natural (phytoestrogens) and environ
mental (xenoestrogens) compounds 
could disrupt the endocrine system via 
an estrogenic mechanism. 

The aim of this study was to evaluate 
estrogenic potentials of two natural 
compounds and one xenoestrogen. We 
chose two flavonoids commonly present 
in the western diet: apigenin present in 
parsley, celery, wheat germ and honey 
and kaempferol found in cabbage and 
cruciferous vegetables, and a 
xenoestrogen, bisphenol A, used for tin 
coating, which can migrate into the food. 
Two reference compounds were used 
as positive controls in order to assess 
our study: estradiol and genistein, a 
phytoestrogen found in soya. 

Materials and methods 
The e-screen test in vitro and the 
uterotrophic test in vivo were used to 

identify estrogenic activities. 
In vitro: an e-screen assay was 

performed with human breast cancer 
cell lines (MCF-7) which possess the 
estrogen receptor (ER+). Each well of 
24-well plates was seeded with 30 000 
cells. Tested molecules were dissolved 
in dimethylsulfoxide (DMSO) at a non
cytotoxic concentration (0.1 %) in 
medium DMEM/F12 (1 :1) without phenol 
red, with 10% desteroided fetal calf 
serum, which was changed every 48 
hours for 6 days. The e-screen test was 
also assessed on MDA-MB-231 and 
(ER-) was used to eliminate false
positives. The cytotoxicity of each 
compound was tested using the neutral 
red method (Rat et al., 1994). The DABA 
test was used for proliferation studies 
(Kissane and Robins, 1958). 

In vivo: We chose immature female 
Wistar rats for thei r sensitivity 
(Zacharewski, 1998) on the uterotrophic 
assay and on the vaginal cornification 
test (Allen and Doisy, 1923). Animals 
were fed ad libitum with the A04C diet, 
which contains low phytoestrogens, and 
water was applied ad libitum. Tested 
compounds were dissolved in corn oil 
for the phytoestrogens and in 
polyethylene glycol (PEG) for bisphenol 
A and administered daily at 100 mg/kg 

per day by gavage (5 ml/kg) for 3 days. 
Estradiol was administered at 45µ,g/kg 
per day, at a low estrogenic dose. 
Control rats received vehicle alone. 
Harris-Shorr coloration was used for 
staining vaginal smears (Clark and 
Mani, 1994). 

Results and discussion 
In vitro: The most active molecule was 
genistein, then apigenin and bisphenol A 
showed similar estrogenic activity 
(Fig. 1 ). Kaempferol seemed to be a 
relatively poor estrogenic compound. 

In vivo: There was no difference 
between control with corn oil as vehicle 
and control with PEG as vehicle . 
Administered alone, only genistein was 
significantly active on the uterotrophic 
assay (Fig. 2) . Apigenin and kaempferol 
associated with estradiol (45 µg/kg per 
day) had a synergic effect on the 
uterotrophic test whereas genistein and 
bisphenol A did not. 

Genistein is the most potent 
endocrine disrupter tested in this study 
in both in vitro and in vivo assays. 

Xenoestrogen (bisphenol A) and 
phytoestrogen (apigenin and 
kaempferol) showed similar estrogenic 
activity in vitro (Fig. 1) but no 
significant estrogenic activity has been 
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Table 1. E-screen assay performed on MCF-7 cell line 

Compounds Maximal activity vs E2• (10-11M) PSsob (M) 

Estradiol 100% 0.00013.10-7 

Genistein 85% 0.097.10-7 

Bisphenol A 75% 4.1.10-7 

Apigenin 73% 4.1.10-7 

Kaempferol 58% 8.3.10-7 

8E2 (10-aM) was chosen as 100% reference. 
bps50 = xenobiotic concentration leading to 50% of the proliferation observed with E2. 

Dry relative uterus weight 

400% 
* 

oalone 
300% with E2 (45 µg/kg) 

200% 

100% 

0% 
Co (corn oil) API KOL GEN Co (PEG) BPA 

Compounds 

Figure 1 
Effects of API, KOL, GEN and SPA (100 mg/kg per day) administered with or without E2 at 45 µglkg per 
day on the dry uterus weight relative to the body weight 

observed on the dry uterus relative 
weight (Fig. 2) . 

All the tested compounds showed 
estrogenic potencies in vitro and 
induced cornification in vaginal smears 
(data not shown) but only estradiol and 
genistein had a significant effect with the 
uterotrophic test. Vaginal cornification 
appeared to be more sensitive than 
uterotrophy. 

Whereas apigenin and kaempferol 
seemed to be poor estrogenic 
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compounds , they induced a strong 
synergic effect administered with 
estradiol in the uterotrophic test (Fig. 2) . 
These results could be explained by the 
properties of the flavonoids, which could 
interact with multiple mechanisms of the 
endocrine system like steroid 
biosynthesis and metabolism. 

Conclusion 
In vitro assays are useful to identify 
intrinsic activity of compounds and in 

vivo tests are a realistic representative 
model to assess exposure. 

In vivo, vaginal cornification appears 
to be a sensitive complementary test to 
the uterotrophic assay commonly used. 

Some endocrine disrupters with poor 
estrogenic activity could induce a strong 
synergic effect in the presence of 
estradiol. These results raise the 
question: what is the risk of multi
exposure to environmental endocrine 
disrupters combined with hormonal 
treatments? 
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Animal tissue components may be 
anticarcinogenic 

Griciute L., Uleckiene S., Domkiene V. 
Lithuanian Oncology Center. 

Various compounds are being 
investigated for possible 
anticarcinogenic activity. However, 
extractions from animal tissues have so 
far been neglected by researchers. 
Therefore, the publications on this 
problem are quite rare. Norwegian 
researchers have investigated 
pentapeptides extracted from mice liver, 
intestine and skin epidermis as well as 
synthetic peptides. These compounds 
inhibited tumour growth both in vivo and 
in vitro (Watt et al. , 1989; Paulsen et al., 
1992). 

I 

Animals Carcinogenic compound used 

Rats Dimethylhydrazine 

Rats N-nitrosodiethylamine 

Rats N-nitrosodimethylamine 

Mice Urethane 

Russian investigators have studied 
the anticarcinogenic effect of 
cytomedines peptides of low 
molecular weight. Some of them 
inhibited the growth of experimental 
tumours (Sinakewich, 1991 ). 

We tested the original peptide-like 
substances Ventriculine and Duodenin 
derived from gastrointestinal tissues of 
pigs not yet fully identified (Griciute, 
1997). The rationale of the study was 
that in the tissues of the gastrointestinal 
tract there must be factors which 
prevent a deteriorating action of 

Table 1. Inhibition of tumour morbidity 

Kind of tumour 

Colon cancer 

Kidney cancer 

Different tumours 

Pulmonary adenomas 

Mice Benz(a)pyrene (subcutaneous administration) Subcutaneous sarcomas 

Mice Benz(a)pyrene (skin painting) Skin cancer 
Rats All body ionizing radiation Different tumours 

substances in food (personal 
communication, 1987; Raffes, 2001 ). 

Purpose 
The search for the new anticarcinogenic 
substances. 

Material and methods 
We used 635 Wistar rats and 550 mice of 
different lines. Carcinogenesis in different 
groups of animals was induced with the 
chemical carcinogens organotropic 
dimethylhydrazine, N-nitrosodimethy
lamine, N-nitrosodiethylamine, urethane 

Anticarcinogen used Inhibition (%) 

Ventriculine Up to 30 
Duodenin 50 
Ventriculine 35 
Duodenin 66 
Ventriculine 0 
Duodenin 50 
Ventriculine 43 
Duodenin 37 
Ventriculine 24 
Duodenin 37 
Duodenin 56 
Ventriculine 0 
Duodenin 0 
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Figure 1 
Chromosomal aberrations in mice bone marrow 24h after treatment with benz(a)pyrene (BP) and 
Duodenin (D) 

and directly acting benz(a)pyrene. 
Ionizing radiation for the entire body was 
used as well. Ventriculine and Duodenin 
were administered by gavage starting the 
day before the first administration of the 
carcinogenic factor and for the following 6 
months at doses of 50 or 200 mg/kg 
body weight. 

Results and discussion 
Malignant tumour morbidity in animals 
given Ventriculine and Duodenin was 
diminished in comparison with the 
tumour morbidity in control animals 
given only a carcinogenic substance 
(Table 1 ). The inhibition was dose
dependent. 

The Norwegian researchers as well 
as the Russian authors presumed that 
the effect of peptides on the tumour cells 
had a direct inhibitory effect, not 
involving cells belonging to the 
immunological system. 

The underlying mechanisms of action 
of Ventriculine and Duodenin has not 
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been determined. It is known that both of 
them are antistressors; they inhibit no 
antioxidative potency. Ventriculine is a 
weak inductor of interferon and TNF. 
Duodenin inhibits chromosome 
aberrations induced with benz(a)pyrene 
in mice bone marrow cells (Fig. 1). 

This suggests that these 
preparations inhibit chemical 
carcinogenesis acting directly on the 
cells as do the other peptides studied. 

Conclusions 
Ventriculine and Duodenin inhibited 
chemical carcinogenesis. The use of 
animal tissue components may be 
promising in cancer chemoprevention. 
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Diet modulates the genotoxicity of IQ (2-amino-
3-methylimidazo[4,5-f]quinoline) in rats 
associated with a human faecal flora 

Humblot C.1, Kassie F.2, Nugon-Baudon L.1, Knasmuller K.2, Lhoste E.F.1 

1Unite d'Ecologie et de Physiologie du Systeme Digestif, INRA, 78350 Jouy-en-Josas, France. 21nstitute of Cancer 
Research, 1090 Vienna, Austria. 

According to numerous epidemiological 
studies, the development of colorectal 
cancer is associated with the 
consumption of a western-style diet low 
in fruits and vegetables and high in 
meat. The promoting effect of meat may 
be related to the nature of the fat or to 
the presence of high amounts of 
genotoxic substances such as 
heterocyclic amines. Heterocyclic 
amines are pyrolysis products formed 
during broiling or smoking meat and fish . 
They are potent mutagens and 
carcinogens. Both the endogenous 
detoxication system and the bacterial 
enzymes of the colic flora are involved in 
their metabolism in vivo (King et al. 
2000). Therefore, their genotoxic effects 
may be modulated by diets influencing 
both systems. Dietary constituents such 
as glucosinolates (present in cruciferous 
vegetables) induce the phase II 
enzymes while others such as pre- and 
probiotics 1 orient the functions of the 
bacterial flora towards beneficial effects 
(Wollowski et al., 2001 ). Since the 
properties of the rat gut microflora are 
rather different from that of humans, we 
evaluated the genotoxic effect of a 

heterocyclic amine (2-amino-3-methyl-
3H-imidazo[ 4-5-f]quinoline: IQ) in rats 
harbouring a human flora and fed 
experimental diets enriched in one of 
three candidate ingredients for a cancer
protective effect: Brussels sprouts 
(rich in glucosinolates) , a prebiotic 
(RAFTI LOSE, synergy 1, a long-chain 
inulin) or a commercially available 
fermented milk (probiotic). 

Experimental design 
Thirty-two germ-free F344 adult male 
rats (UEPSD-INRA breeding unit) were 
inoculated with the flora of a human 
donor (Roland et al., 1996). After a 1-
week adaptation to the control diet and 
the flora, the rats were divided into four 
groups and fed the experimental diets 
(human-type diets enriched with one 
ingredient (Table 1 ). After 4 weeks, the 
rats were killed by C02 inhalation. In 
each group, four rats were used for the 
comet assay: they received a 90-mg/kg 
gavage of IQ 3 h prior to sacrifice. The 
genotoxicity of IQ was detected in the 
liver and colon by the modified alkaline 
single-cell gel electrophoresis assay 
(Miyamae et al. , 1998). The remaining 

rats were used to determine: 
1 . The specific activities of the 
detoxication enzymes (glutathion-S
transferase: GST and UDP-glucuronosyl 
transferase: UGT) in the liver and of the 
~-glucuronidase 

2. Bacterial metabolites in the caecal 
contents (Lhoste et al. in press). 
The activity of ~-glucuronidase was 
measured with p-nitrophenol as a 
substrate. The activities of GST and 
UGT were assayed spectrophotometri
cally using, respectively, 
1-chloro-2,4-dinitrobenzene and 4-
methyl umbelliferone as substrates. 
Short-chain fatty acids were analysed by 
gas chromatography and ammonia by 
spectrophotometry. The data were 
compared by an analysis of variance 
followed by a Neumann-Keuls test. 

Results and discussion 
The genotoxic effects of IQ on the liver 
and colon were decreased by the 
chronic consumption of the three 
experimental diets since the length of 
the tail comets was smaller in the 
experimental groups than in the control 
group (Brussels sprouts, 0.47-fold, 

1 Prebiotics beneficially influence the equilibrium of the gut microflora and its metabolism. Probiotics are living bacteria incorporated in food . 
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Table 1. Composition of the experimental diets (g/kg dr\f matter)a - ., , -- - - . 

Control lnulin Brussels sprouts 

Cornstarch 290 240 250 
Mashed potatoes 290 290 290 
Saccharose 50 0 50 
Casein 50 50 50 
Soybean isolate 120 120 100 
RAFTILOSE, synergy 1 0 100 0 
Brussels sprouts 0 0 100 
Corn oil 30 30 30 
Lard 30 30 30 
Cholesterol 0.15 0.15 0.15 
Cellulose 60 60 60 
Minerals, vitamins 80 80 80 

"The diets were provided as powder. The fermented milk was mixed with the control diet. 

P<0.05; inulin , 0.39-fold, P<0.05; 
fermented milk, 0.55-fold in the colon). 
All three diets acted through different 
mechanisms. Indeed, Brussels sprouts 
increased the specific activities of GST 
and UGT (respectively 1.5- and 1.8-fold, 
P<0.05) in the liver; UGT is involved in 
the detoxication of IQ. lnulin did not alter 
the phase II enzymes but decreased the 
specific activities of bacterial ~
glucuronidase (0.5-fold , P<0.05) . The 
deconjugation of the glucuronide from 
hydroxy-IQ releases a metabolite that is 
highly genotoxic. In addition to their 
effects on the metabolism of IQ, both 
diets decreased the caecal content of 
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ammonia (respectively, 0.41- and 0.59-
fold, P<0.05) while that of short-chain 
fatty acids was not modified. Since the 
production of ammonia is considered as 
negative for the gut mucosa, a decrease 
may be protective. The consumption of 
the fermented milk altered the specific 
activities of neither GST or UGT nor b
glucuronidase but significantly 
decreased the production of ammonia 
(0.47-fold, P<0.05). 

Since the three protective diets 
decreased the genotoxicity of IQ via 
different mechanisms, their synergic 
effects should be tested. In addition, it 
would be interesting to determine 

whether the function of different floras, 
chosen, for example, for their ~

glucuronidase activity, can be 
modulated to the same extent by these 
protective foods. 
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IQ {2-amino-3-methylimidazo[4,5-f]quinoline)
induced aberrant crypt foci and colorectal 
tumour development in rats fed two different 
carbohydrate diets 

Molek A.-M., Thorup I., Kristiansen E., Meyer 0. 
Institute of Food Safety and Toxicology, Danish Veterinary and Food Administration, Morkh0j Bygade 19, DK-2860 
S0borg, Denmark. 

Introduction 
Aberrant crypt foci (ACF) are considered 
as possible preneoplastic lesions in the 
colorectal mucosa indicative of later 
development of colorectal tumours (Bird 
et al., 1989). Therefore, the ACF assay in 
rodents has been extensively used to 
study the modifying effect of different 
dietary components on colorectal 
carcinogenesis. In most of the published 
ACF studies, the colon carcinogen 1,2-
dimethylhydrazine dihydrochloride 
(DMH) or its metabolite azoxymethane 
(AOM), not naturally present in the 
human diet, have been used as initiators. 
The use of food-borne initiators, such as 
the heterocyclic amines formed during 
the cooking of fish and meat enhances 
the re levance of the assay to the human 
situation. A diet high in refined 
carbohydrates has been suggested as a 
risk factor for ACF and colorectal cancer 
development (Caderni et al., 1994; 
Kristiansen et al., 1996). The purpose of 
the present study was to investigate the 
effect of a refined carbohydrate-rich diet 
on the development of IQ-induced ACF 
over time. 

Methods 
Two groups of 26 male F344 rats were 
each fed continuous doses of 0.03% IQ 
in a purified diet for 1 O or 14 weeks 
followed by 32 weeks without IQ in the 
latter case. Group I was fed a diet 
high in cornstarch and potato starch 
whereas group II was fed a diet high in 
sucrose and dextrin (Table 1 ). Ten 
animals from each group were sacrificed 
after 10 weeks (published earlier by 
Kristiansen et al., 1996) and the 
remaining after 46 weeks. Complete 
gross necropsy was performed on all 
animals and macroscopically visible 
lesions were recorded. To visualize the 
ACF, the colon/rectum was processed 
and the ACF enumerated according to 
Kristiansen et al. (1996). 

Results 
Nine animals were euthanized during 
week 25-44 of the study due to tumours 
of the skin, mucous membranes, 
Zymbal gland or liver. 

The total number and distribution of 
ACF are presented in Table 2. For the 
categories small and total ACF, the 

sucrose-rich diet as well as the time 
period led to a statistically significant 
increase in number. However, as no 
statistically significant interaction 
between diet and time was seen, 
sucrose had no intensifying effect over 
time. With respect to the number of 
medium-sized ACF, sucrose had an 
intensifying effect over time as a 
statistical interaction between time and 
diet was observed. A nonparametric 
pairwise comparison revealed that the 
number of large ACF increased over 
time, whereas feeding the sucrose-rich 
diet had no effect. The number of extra
large ACF was not affected by the type 
of diet or time period. 

At the scheduled necropsy, a few 
tumours in the large intestine were 
observed. In group I, two animals 
carried tumours in the colon whereas 
one animal from group II carried a 
colonic tumour (Table 2). 

The autopsy revealed a 100% 
incidence of liver tumours, including the 
euthanized animals. Occurrence of a 
liver tumour was first observed after 25 
weeks in an animal harbouring a Zymbal 
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Table 1. Composition of diets 

Group I 

Ingredients• 

Na-caseinate 20 

Carbohydrate mixb 67.3 

Carbohydrate mixc 0 

Soy bean oil (with vitamins A, D and E) 4 

Mineral mixture 3.3 

Vitamins Band K, choline chloride, 

inositol and methionine 1.4 

Cellulose 4 

IQ 0.03 

•Alf data are percentages. 
bCarbohydrate mix: 45% cornstarch, 45% potato starch, 5% sucrose, 5% dextrin. 
ccarbohydrate mix: 5% cornstarch, 5% potato starch, 45% sucrose, 45% dextrin. 

Group II 

20 

0 

67.3 

4 

3.3 

1.4 

4 

0.03 

gland tumour. In addition, the autopsy 
revealed tumours in the skin, mucous 
membranes and the Zymbal gland in 
some animals. 

Discussion 
IQ was shown to induce tumours in the 
colon, cecum, liver, Zymbal gland and 
skin, which are known target organs. 
The incidence of liver tumours, however, 
was surprising, as Ohgaki et al. (1991) 
found lower incidences ranging from 
19% to 68%. It cannot be ruled out that 
the presence of liver tumours may have 
influenced the metabolism of sucrose. 
IQ shares this problem with DMH, which 
causes liver toxicity and induces 
preneoplastic lesions in the liver. 

The present data demonstrate that a 
sucrose-rich diet enhances the outcome 
of total and small IQ-induced ACF and 
thereby support our previous results 
(Kristiansen et al. , 1996). Further, after 

Table 2. Influence of different diets and time periods on the number of IQ-induced ACF, the distribution of ACF 
according to the number of crypts in the focus and colorectal tumour development 

ACF/Colon• 

Groupb Di etc Weeksd N" Total Small 
1-3 crypts/ACF 

110 BO 10 10 6.0±1.0 5.3±0.9 (88) 

1110 SD 10 10 10.6±1.9 10.3±1.9 (97) 

114 BO 46 11 11.8±1.9 7.8±1.1 (66) 

111 4 SD 46 12 21 .8±2.3 14.4±1 .7(66) 

Statistical significance (2-way analysis of variance, Pvalues) 
Diet 0.0004 0.0003 
Weeks 0.0001 0.0278 
Diet x weeks 0.1633 0.5851 

•values are means ± SE; numbers in parentheses represent percentage of total. 
bRats initiated with IQ for 10 (10) and 14 (14) weeks, respectively. 
cso, basic diet; SD, sucrose-rich diet. 
dNumber of weeks on test alter commencement of IQ feeding. 

Medium1 Large9 

4-6 crypts/ACF 7-9 crypts/ACF 

0.7±0.4 (12)1 ox 
0.3±0.2 (3)1 ox 
3.1±0.8 (26)2 0.8±0.3 (7)Y 
5.3±0.8(24)3 1.8±0.5(8)Y 

Not calculated 
Not calculated 

0.0439 Not calculated 

•N, effective number of rats as animals euthanized before terminal sacrifice are excluded. All rats harboured ACF. 

Extra-large9 ~ Animals with 
10 crypts/ACF colorectal tumours 

ox 0 
ox 0 
0.1±0.1 (1)' 2h 

0.3±0.2 (1 )' 1 

Not calculated 
Not calculated 
Not calculated 

1Groups not sharing a common superscript (1, 2, 3) differ significantly when pairwise comparisons by least square means (general linear models procedure) were 
performed. 
9Groups not sharing a common superscript (x, y) differ significantly when pairwise comparisons (Wilcoxon) were made. 
hln addition, caecal tumours were seen in two animals. One of these also had colorectal tumours. 
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46 weeks, an intensifying effect of the 
sucrose-rich diet was seen for the 
medium-sized ACF. In the sucrose-rich 
diet, part of the cornstarch and potato 
starch was replaced considerably 
lowering the content of resistant starch, 
as potato starch contains 57% resistant 
starch. Therefore, it could be speculated 
that the enhancing effect of the sucrose
rich diet is caused by a lack of resistant 
starch reaching the colon, leading to a 
lower concentration of short-chain fatty 
acids (SCFAs). SCFAs are suggested 
as being important modulators of cell 
proliferation, differentiation and 
apoptosis (Johnson, 1995). However, 
when sucrose replaced cornstarch 
containing 5%- 10% resistant starch, 
only a similar enhancing effect on ACF 
and tumour development was observed 
(Caderni et al. , 1994). Comparison over 
time shows a statistically significant 
increase in all ACF categories, except 
for the category of extra-large ACF from 
week 10 to 46. Thus, the data indicate 
that although the IQ exposure was 

ceased 32 weeks before sacrif ice, 
progression in ACF development has 
taken place. Early and late ACF 
development is correlated, as the result 
obtained after 46 weeks parallels the 
ACF pattern seen after 10 weeks. In 
contrast, due to the low colorectal 
tumour incidence, it was not possible to 
correlate it with the development of ACF. 
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L-Methionine supplementation accelerates 
tumour growth and shifts the phospholipid 
derivative pattern in a murine model of 
malignant melanoma. 
A proton HRMAS NMR spectroscopy study 
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Introduction 
Methionine (Met) is a nutriment of 
concern in tumour cell proliferation 
(Judde et al., 1989). Among its fates are 
protein synthesis, polyamine synthesis 
and phospholipid (PL) metabolism in 
which it is a substrate for 
phosphatidylcholine (PtdCho) synthesis 
from phosphatidylethanolamine (PtdEth). 
The PL metabolism plays an important 
role in tumour cell proliferation and cell 
signalling (Podo, 1999). PtdCho, the 
main PL, is tightly regulated in cancer 
cells (Baburina & Jacowski, 1999). Its 
biosynthesis involves two pathways: the 
cytidine diphosphate choline (CDP
choline) pathway mainly, and the PtdEth 
methylation pathway. On the other 
hand, PtdCho is catabolized by 
phospholipases (Plases): Plases-A2 
generate glycerophosphocholine (GPC) 
and glycerophosphoethanolamine 
(GPE) (Baburina & Jackowski, 1999), 
and Plases-C generate phosphocholine 

(PC) and phosphoethanolamine (PE). 
PC and PE increases may also result 
from an activation of choline- and 
ethanolamine-kinases (Podo, 1999). 

We recently developed a proton NMR 
spectroscopy technique to follow PL 
derivative metabolites in tumour 
tissue samples. Here we investigated 
the relationship between Met 
supplementation, tumour growth and PL 
metabolism in a model of murine 
malignant melanoma. 

Materials and methods 
Six-week-old male C57BL6/6J mice 
were injected subcutaneously with 5 x 
105 816 melanoma cells. Two groups of 
mice were experimented: a control 
(CT) group and an L-Methionine
supplemented group. L-Methionine 
(L-Met) was administrated intraper
itoneally at 10 mg/g dai ly from day 10 to 
day 24 after 816 cell inoculation. The 
Met group could not be followed later 
since animals died. Half of the animals 

in both groups served to determine 
tumour growth curves and the remaining 
animals were sacrificed at several 
moments of evolution, with tumour 
removal for NMR spectroscopy analysis. 
Each data point of growth and PL 
derivative curves were the average of 
measurements on three recipients . 
Tumour growth curves were fitted to a 
Gompertz model. 

Proton NMR spectroscopy was 
carried out in high-resolution conditions 
at 500 MHz (Bruker DRX 500) using a 
magic angle spinning accessory. Fresh 
ex-vivo tumour samples were deposited 
into rotor tubes spun at 4 kHz at a 
temperature of 20°C. Measurement of 
PtdCho used a saturation recovery 
sequence (repetition time: 10 s, 
duration: 5 min 20 s). Other PL 
derivatives (PC, PE, GPC, GPE) were 
determined using an editing Tocsy 
sequence (mixing time, 75 ms; repetition 
time, 2 s; sampling, 4 K x 256; duration, 
1 h 30 min). The mixing time and the 
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sequence duration were optimized for 
PL derivative signal-to-noise and 
sample preservation considerations. 
Quantification was performed using the 
Bruker Xwinnmr software. Internal 
standardization of PL derivative signals 
was done on the glycine signal which 
was previously verified to vary poorly in 
comparison with that of PL derivatives. 

Results and discussion 
The analysis of growth curves showed 
that, in the Met group, growth was 
accelerated with a growth rate peak 
occurring 4 days earlier than in the CT 
group (Fig. 1 ). 

The analysis of NMR spectroscopy 
data revealed that in the Met group: 
1. PtdCho levels were quite elevated, 
especially during early growth (Fig. 2a), 
likely indicating increased biosynthesis. 
A decreased demand for PtdCho was 
unlikely since the growth rate at that 
time was increased. 
2. PC and PE levels reached their 
maximum during early growth (Fig. 2b, 
c), accompanying the shift to the left of 
growth curves, consistent with a role of 
PC and PE as promoters of mitogenesis 
(Kiss, 1999). PC and PE waves could 
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result from an activation of Plases C, or 
choline- and ethanolamine-kinases. In 
addition, the PC wave may be 
associated with increased activation of 
the CDP-choline pathway and explain 
contemporary elevated PtdCho levels. 
3. Between days 15 and 21, GPC and 
mainly GPE transiently increased, 
reflecting the activation of Plases-A2 
(Fig. 2d, e), possibly in relation with 
increased PtdCho levels (Baburina & 
Jackowski, 1999). 
4. During delayed growth (day 24), PE 
was still elevated despite a return to 
baseline of other PL derivatives (Fig. 
2c). This pattern may have a role in 
stimulating proliferation or represent a 
regulatory mechanism due to persistent 
Met administration. 

Our data show that Met 
supplementation shifts to the left growth 
curves of melanoma and important PL 
derivatives (PtdCho, PC and PE). 
However, the putative role of an 
increased methylation of PtdEth in these 
changes remains unelucidated. This 
study provides new data on some of the 
events triggered by Met and allows 
inferring some of the consequences of 
Met deprivation in cancer treatment 
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Figure 1 

protocols. The role of an increased 
methylation of PtdEth due to increased 
Met availability remains to be 
established. The activity of PtdEth N
methyl transferases is low in most 
tissues except the liver and a large 
enhancement of PtdEth methylation in 
our model is unlikely. Most probably, 
increased PtdCho levels originated from 
increased CDP-choline pathway 
activation. However, some papers have 
shown that an increased amount of 
PtdEth methylation paradoxically 
enhanced the CDP-choline pathway in 
non-liver tumour cells (Lee et al., 1996). 
We plan further investigation using 13C
labelled substrates (choline, 
ethanolamine, Met) and molecular 
biology to enlighten some of the 
hypotheses raised. 

10 
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aberrant crypt foci in rat colon during post
initiation 
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Introduction 
The intake of dietary sugar in humans 
has been suggested as a risk factor in 
the development of colorectal cancer in 
humans (Burley, 1997; Potter, 1999). 
Similar observations are found in 
studies with laboratory rodents where 
sugar in some studies enhanced the 
development of preneoplastic lesions 
and colonic tumours. From these 
studies it is not clear whether sugar acts 
as a co-initiator, promoter or as a 
combination of these. Thus, the present 
study was performed with the objectives 
of investigating the influence of feeding 
sucrose and dextrin during the pre
initiation, initiation, and/or the 
post-initiation period with regard to the 
development of carcinogen-induced 
aberrant crypt foci (ACF) in F344 rats. 
Furthermore, the study was designed to 
investigate whether colonic cell 
proliferation, altered redox status or 
interference with selected detoxification 
enzymes in the colon could explain the 
specific mechanisms involved in the 
suggested effect of sucrose and dextrin 
on ACF development. 

Methods 
Male F344 rats were randomly assigned 
to eight experimental groups of 10 rats 

each . All groups except the control 
group were dosed subcutaneously with 
azoxymethane at 15 mg/kg body weight 
twice, 1 week apart. The animals were 
fed a diet high in sucrose and dextrin 
(61 %) and low in starch (7%) or a diet 
low in sucrose and dextrin (7%) and high 
in starch (61 %) during the pre-initiation, 
the initiation , and/or the post-initiation 
stage of the ACF development (Table 1 ). 
Colonic cell proliferation measured as 
the BrdU-labelling index, activity of 
phase II enzymes (quinone reductase 
and glutathione-S-transferase), and 
malondialdehyde as a biomarker of lipid 
peroxidation were also examined. 
Colonic tissue deviations suspected to 
be tumours were embedded in 
paraffin , sectioned and stained for 
histopathological examination. 

Results 
The number of medium and large AFC, 
as well as the total number, were 
statistically significantly increased by 
feeding sucrose and dextrin in the post
initiation period (Table 2). There was no 
statistically significant enhancing effect 
on ACF development when diets high in 
sucrose and dextrin were given in the 
pre-initiation period and during initiation 
(Table 2). Cell proliferation of the entire 

crypt as well as the bottom third of the 
crypt was decreased in the mid-colon 
and unaffected in the distal colon. Thus 
no positive correlation between colonic 
cell proliferation and ACF was seen. The 
level of malondialdehyde, glutathione-S
transferase and quinone reductase in 
the cytosol from the proximal colon was 
not affected by the sugar feeding . A few 
colorectal tumours were induced in the 
present study but no quantitative 
difference in tumour incidence could be 
detected between the groups. Malignant 
tumours were seen only in the groups 
given a high-sugar diet during the 
initiation phase. 

Discussion 
Based on the observations in the 
present study, it can be concluded that 
sucrose and dextrin enhance the 
number of preneoplastic lesions in 
AOM-initiated rats and act primarily as a 
promoter for the development of ACF. As 
the level of malondialdehyde, quinone 
reductase and glutathione-S-transferase 
in the various groups did not differ, a diet 
high in sucrose and dextrin apparently 
does not increase the level of oxidative 
stress in the colon nor affect the 
detoxification capacity in the colonic 
tissue. The parameters investigated in 
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Table 1. Experimental design and feeding scheme 
. . . . 

Group Pre-initiation 
Week 1- 4 

cHHH HS Db 
LLL LSDd 

LLH LSD 
HLL HSD 
HLH HSD 
LHL LSD 
LHH LSD 
HHH HSD 

"AOM, azoxymethane. 
bHSD, high-sugar diet 
0Not given AOM. 
dLSD, low-sugar diet 

the present study did not clarify the 
mechanisms underlying the effect of 
sucrose and dextrin on ACF formation. It 
has been suggested that high blood 
glucose and insulin levels as seen after 
intake of a diet with a high glycemic 
index might be a risk factor for colon 
cancer (Giovannucci , 1995; McKeown
Eyssen, 1994). This theory is consistent 
with the findings in our study, as the 
sugar diet presumably has a higher 

AOM• initiation Post-initiation 
Week 5-6 Week 7- 24 

HSD0 HSD 
LSD LSD 
LSD HSD 
LSD LSD 
LSD HSD 
HSD LSD 
HSD HSD 
HSD HSD 

glycemic index than the starch diet 
Cornstarch and potato starch 

constitute the starch pool of the diets. In 
the study, the diet high in sugar and low 
in starch is compared with the diet low in 
sugar and high in starch. The enhancing 
effect on the development of ACF of the 
diet high in sugars could therefore just 
as well be a consequence of an 
inhibiting effect of the starches. In 
another study, potato starch was found 

to be protective towards the 
development of preneoplastic lesions 
(Thorup et al., 1995). 

In the study, three animals from the 
non-initiated group receiving a diet high 
in sucrose and dextrin spontaneously 
developed ACF. This is a rare 
observation but could, together with the 
observation of malignant tumours in the 
groups given a diet high in sugar during 
initiation , indicate that sucrose and 
dextrin may act as a weak initiator or co
initiator and enhance the progression 
towards malignancy. 
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Tab~· 2. Nu~ber and ~ultiplicity of aberrant crypt foci (ACF)a, b and colorectal tumour development 

Group N Tota1° Small0 Medium0 Large0 Number of tumour-
bearing animals 

LLL 10 56±101·2 36 ± 61·2 18 ±51 2±11 0 
LLH 10 108 ± 183• 4 59 ± 112· 3 41 ± 72• 3 8 ± 22. 3 0 
HLL 10 43 ± 71 27 ± 51 15 ± 31 2±11 2 
HLH 10 91 ± 103 42 ± 52 38 ± 32• 3 12 ± 43 2 
LHL 10 74 ± 152· 3 43±81·2 27±71·2 4 ± 11. 2 3 
LHH 10 171 ± 304 85 ± 123 63 ± 133 23 ± 64 2 
HHH 10 94 ± 143 43±81·2 39±52·3 12 ±23•4 2 

"Mean± SE. 
bSmall foci , 1-3 aberrant crypt (AC)/ ACF; medium foci, 4-6 AC/ACF; large foci, ;:: 7 AC/ACF. 
0Groups not sharing a common superscript differed significantly when a least significant difference test was performed (P> 0.05). 
dFigures in parentheses indicate carcinomas. 

428 

Total number of tumours 

0 
0 
2 
2 
5 (1)d 
3 (3) 
4 (3) 



McKeown-Eyssen , G. (1994) 
Epidemiology of colorectal cancer 
revisited: are serum triglycerides and/or 
plasma glucose associated with risk. 
Cancer Epidemiol., 3, 687-695 

Simple sugars modulate the development of aberrant crypt foci in rat colon during post-initiation 
----------

Potter, J.D. (1999) Colorectal cancer: 
molecules and populations. J. Natl. Cancer 
Inst., 91, 916-932 

Thorup, I., Meyer, 0. & Kristiansen, E. 
(1995) Effect of potato starch, cornstarch 

and sucrose on aberrant crypt foci in rats 
exposed to azoxymethane. Anticancer 
Res., 15, 2101-2106 

429 





Colonic luminal contents {faecal water) induce 
COX-2 

Glinghammar B. 
Department of Medical Nutrition, Karolinska lnstitutet, Novum, S-141 86 Huddinge, Sweden. 

Introduction 
Cyclooxygenases (COX) catalyze the 
synthesis of prostaglandins (PGs) from 
arachidonic acid. There are two isoforms 
of COX, designated COX-1 and COX-2. 
COX-1 is expressed constitutively in 
most tissues and appears to be 
responsible for housekeeping functions. 
In contrast, COX-2 is not detectable in 
most normal tissues but is induced by 
oncogenes, growth factors, carcinogens 
and tumour promoters. Several lines of 
evidence support the idea that COX-2 is 
important in carcinogenesis: COX-2 is 
up-regulated in transformed cells and in 
malignant tissues; a null mutation for 
COX-2 in APC knockout mice, a murine 
model of familial adenomatous 
polyposis, markedly reduces the number 
and size of intestinal tumours; treatment 
with a selective inhibitor of COX-2 
caused nearly complete suppression of 
azoxymethane-induced colon cancer. 
Several different mechanisms could 
account for the link between the activity 
of COX-2 and carcinogenesis. For 
example, enhanced synthesis of PGs 
occurs in a variety of tumours; PGs can 
promote angiogenesis, inhibit immune 
surveillance and increase cell 
proliferation. Overexpression of COX-2 
also inhibits apoptosis and increases the 
invasiveness of malignant cells. 

In recent years, there has been 
considerable interest in the role of the 

aqueous phase of human faeces (faecal 
water) in studies examining the 
mechanisms underlying the dietary 
etiology of colon cancer, the motivation 
being that components of this faecal 
fraction are more likely to be able to 
exert untoward effects on the cells of the 
colonic epithelium than components 
bound to food residues and the bacterial 
mass. The lipid component of faecal 
water (e.g. bile acids and fatty acids} 
has received particular attention, in view 
of the possible role of dietary fat as a 
tumour promoter in colon cancer. It was 
recently demonstrated that dihydroxy 
bile acids could activate the transcription 
of COX-2 in human oesophageal 
adenocarcinoma cells and it was 
suggested that this effect was mediated 
by the activator protein-1 (AP-1) 
transcription factor complex acting on a 
cyclic AMP response element in the 
COX-2 promoter. In this study we were 
interested in determining whether the in 
vivo faecal matrix (human faecal water) 
which contains a mixture of luminal 
components and which interact with the 
epithelial cells in the colon, are also 
playing a ro le in the transcriptional 
regulation of the COX-2 gene. 

Results and discussion 
Treatment of the colon carcinoma cells, 
HGT 116 with bile acids and deoxycholic 
acid (DCA), resulted in a 

dose-response induction of COX-2 
promoter activity, with the highest dose 
(250 µM} yielding the greatest effect 
(Fig. 1) in the cells surviving bile acid 
exposure. Dose-response effects were 
also indicated, with chenodeoxycholic 
acid (CDCA) while chol ic acid (CA) had 
basically no capacity to induce COX-2 
promoter activity. We confirmed the 
results from the promoter studies by 
investigating COX-2 protein expression 
using Western blot. Treatment with 
increasing concentrations of DCA 
resulted in a dose-dependent induction 
of COX-2 protein in HT-29 cells. 
Interestingly, induction of COX-2 
expression in HT-29 cells by DCA was 
negatively correlated (r = -0.99, P<0.01) 
with DCA's effects on cell survival over 
the concentration range studied. 

Having confirmed that in the colon 
cancer cells pure colonic luminal 
components could increase COX-2 
promoter activity, which led to synthesis 
of the COX-2 protein exemplified using 
DCA, we were interested in investigating 
whether components of the aqueous 
phase of human faeces (faecal water), 
in intimate contact with the colonocytes 
in vivo, could also influence COX-2 
promoter activity. Ten diluted faecal lipid 
extracts were examined and exhibited 
significant effects on COX-2 promoter 
activity at one of the dilutions tested 
(Fig . 2). Effects differed markedly 
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CA(µM) DCA(µM) CDCA(µM) 

Figure 1 
Pure luminal compounds increase COX-2 promoter activity. HCT 116 cells were transfected with 
0.4 µg of human COX-2 promoter construct (-1432/+59). After transfection, cells were treated with 
10% FBS, CA, DCA, COCA at the concentrations shown. Luciferase activities were measured in 
cellular extracts 15 h later. Diagram bars represent mean values (SD) (n=4) in relation to the 
untreated cells (control), which were set to 100%. *, P<0.05, **, P<0.01, ***, P<0.001 compared to 
control 
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Figure 2 

between lipid fractions from faecal 
waters from different individuals, with 
the majority of samples increasing the 
activity and one sample actually 
blocking basal COX-2 promoter activity. 
Interestingly, with half of the samples, 
dilution resulted in a decreased effect, 
while with the other samples dilution 
resulted in an increased effect. 

In conclusion, by using a novel ex 
vivo technique applied to in vivo material, 
shown to be a promising experimental 
system to probe the complex relation 
between diet and colon cancer, we have 
demonstrated that lipid components of 
the human faecal fraction in intimate 
contact with the epithelium can alter the 
transcription of COX-2. Available data 
supports an influence of diet on the 
levels of these luminal components. In 
view of the knowledge that the amount of 
COX-2 is important, since there is a 
correlation between its level of 
expression and the size of the colorectal 
tumours and their propensity to invade 
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Human faecal water components alter COX-2 promoter activity. HCT 116 cells were transfected with 0.4 µg of human COX-2 promoter construct 
(-1432/+59). After transfection, cells were treated with lipid extracts of 10 human faecal water samples, at 1 :1 O and 1 :20 dilution. Luciferase activities 
were measured in cellular extracts 15 h later. Diagram bars represent mean values (SD) (n=4) in relation to the untreated cel ls (control), which were 
set to 100%. *, P<0.05, **, P<0.01, ***, P<0.001 compared to control 
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underlying tissue, even small effects 
over time on the transcriptional 
regulation of this enzyme by dietary 
components may be important for 
tumour development in the colon. 
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Trials on dietary prevention of cancer 
Berglund G. 
Department of Medicine, University Hospital Malmo, SE 205 02 Malmo, Sweden. 

Trials on dietary prevention of cancer 
have a long way to go before valid 
scientific grounds for proper design of 
such trials have been constructed. The 
reasons are several: 
1. The dietary factors that are assumed 
to be preventive are often linked to other 
dietary factors with other effects. 
2. The means by which diet could be 
changed over the long term have been 
less than optimally developed, 

especially in groups of individuals with 
dietary problems, as these are often 
related to socio-economic and lifestyle 
factors. 
3. Proven relations between a dietary 
factor and risk of disease have often 
proven to be weak, implying that other 
factors may be as important for the 
development of cancer at a specific site. 

We will, however, present a few 
examples of intervention trials that, 

despite the above-mentioned problems, 
have been started. Some of them use 
cancer as their end-point, others use 
intermediate risk factors such as 
hormone levels. It is our hope that these 
examples can be used to stimulate a 
discussion on the design, feasibility and 
interpretation of trials studying dietary 
prevention of cancer. 
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DIANA trials on diet and endogenous 
hormones 

Berrino F., Bellati C., Ooldani S., Mastroianni A., Allegro G., Berselli E., 
Venturelli E., Cavalieri A., Cambie M., Pala V., Pasanisi P., Secreto G. 
lstituto Nazionale per lo Studio e la Cura dei Tumori, Milan, Italy. 

Several prospective studies have shown 
that, after menopause, high serum 
levels of steroid sex hormones - both 
androgens and estrogens - are 
associated with increased risk of 
subsequentbreastcancer(Endogenous 
Hormones and Breast Cancer 
Collaborative Group, in press). Such 
findings are consistent with the 
observation that, after menopause, 
overweight is associated both with 
increased levels of serum estrogens and 
with increased risk of breast cancer 
(IARC, 2002). The role of androgens, on 
the other hand, is corroborated by the 
association of breast cancer risk with 
sebum production and hirsutism, two 
markers of increased androgenic activity 
(Muti et al., 2000). A few studies have 
also shown an association of breast 
cancer with insulin levels (Kaaks, 1996), 
possibly mediated by its effects on the 
ovarian production of androgens and on 
the liver production of sex hormone
binding globulin (SHBG). The role of 
insulin is also corroborated by the 
negative association of breast cancer 
with physical activity (IARC 2001 ), that 
increases insulin sensitivity. Other 
studies have shown that serum levels of 
triglycerides (Goodwin et al. , 1997), bio
available IGF-1, blood glucose (Muti et 
al. , submitted to publication) and may 

predict breast cancer risk, suggesting 
that dietary intake of high glycemic index 
food, as well as other lifestyle 
determinants of insulin resistance, may 
be a key factor in breast cancer 
promotion. 

We hypothesized that these 
hormonal imbalances associated with 
breast cancer risk are aspects of a 
common underlying metabolic 
syndrome linked to overnutrition and the 
Western dietary style. To test this 
hypothesis, we carried out two dietary 
intervention trials - the DIANA (Diet and 
Androgens) studies - with hormonal 
levels as endpoints on postmenopausal 
women and on postmenopausal patients 
with a previous diagnosis of breast 
cancer (DIANA-1 and DIANA-2). 

The dietary intervention was the 
same in both studies. It was designed to 
1) reduce the average plasma insulin 
level first by increasing the consumption 
of low-glycemic-index food as wel l 
as monounsaturated and n-3 
polyunsaturated fatty acids, and 
second by decreasing highly refined 
carbohydrates and total and saturated 
fat; and, 2) augment the intake of 
phytoestrogen-rich foods, including soy 
products, legumes, flax and other 
seeds, and cruciferous vegetables. Both 
studies included intensive dietary 

counseling with cooking classes and 
specially prepared group meals, mainly 
based on Mediterranean and 
macrobiotic recipes (Berrino et al., 
2001 ). 

In the DIANA-1 study, 104 
postmenopausal women, healthy but 
with high serum testosterone level 
(>0.38 ng/ml), were randomized into 
intervention and control groups. The diet 
was ad libitum and there was no 
recommendation to limit the caloric 
intake. The women of the intervention 
group, however, consumed about 250 
kcal/day less than those of the control 
group and lost, on average, 4 kg (versus 
0.5 kg in the control group). Waist and 
hip circumferences, as well as waist-to
hip ratio also decreased significantly. 
SHBG increased (+25%) and serum 
levels of testosterone decreased 
(-20%). Estradiol decreased (-18%) but 
the difference with the control group was 
not statistically significant. Fasting 
plasma glycemia, cholesterol levels, and 
the total area under the insulin curve 
during oral glucose tolerance test also 
decreased significantly (Berrino et al., 
2001). 

A second study was then undertaken 
to test 1) the effect of the same diet on 
the bioavailability of sex hormones and 
on other relevant parameters in breast 
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cancer patients, 2) the long-term effects 
over 1 year of diet and 3) the interaction 
with adjuvant hormonal (tamoxifen) 
treatment. The present paper presents 
preliminary results of this DIANA-2 
study. 

Material and methods 
Study design 
We recruited 114 postmenopausal 
breast cancer patients, operated on 1 
year or more before and without 
recurrence, with the help of breast 
cancer patient associations and ad
vertising the study in the oncological 
units of a few hospitals. Patients had to 
be postmenopausal for at least 2 years 
(including menopause induced by 
treatment), not on a special diet, not on 
treatment for metabolic or endocrine 
disease, and have at least one ovary. Of 
these patients, 41 were on tamoxifen 
adjuvant treatment. After signing an in
formed consent, patients were 
individually randomized into a dietary 
intervention and a control group. A few 
close friends, however, were randomly 
allocated to the same group. Patients 

randomized in the intervention group 
were invited twice a week over 3 months 
for a common dinner preceded by a 
cooking lesson. In the fourth month, the 
same teaching was offered twice a week 
to the control group. In the fifth and sixth 
months, participants were free for 
holidays. From the seventh to the twelfth 
month both groups were invited to a 
single lesson-dinner per month (Fig. 1 ). 
Early morning fasting blood samples 
were collected at baseline, 3 months, 
and 12 months. Height, weight, waist 
and hip circumferences, abdominal and 
thigh skinfolds were measured by a 
trained health assistant according to a 
standardized protocol (Muti et al., 2000). 
The aim was to compare intervention 
and control women for changes in 
hormonal concentrations at 3 months 
(randomized comparison) and to 
compare baseline concentrations and 
12-month concentrations in the whole 
group of patients (before-after 
comparison). The Scientific Review 
board and Ethical Committee of the 
Milan National Cancer Institute 
approved the study. 

DIANA-2: 115 postmenopausal BC patients 

RANDOMIZATION ----. 

Intervention group Control group 

n=55 n= 60 Baseline blood sample 

3 months intervention No intervention 

n= 59 

n= 57 

Figure 1 

I 
3-month blood sample ~ 

1 month intervention 
I 

5-month consolidation for both groups 

I 1-year blood sample I n= 51 

DIANA-2 study design 
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Dietary intervention 
The DIANA diet has been described in 
detail elsewhere (Berrino et al., 2001 ). 
The main teaching and instructions 
concerned how to prepare dishes based 
on whole grain cereals (mainly rice, but 
also millet, oat, barley, buckwheat, 
spelt); whole wheat flour; sweets with 
dried fruit or naturally fermented cereal 
malts as sweeteners and almonds, 
hazelnuts and oleiferous seeds as fat; 
traditional Mediterranean dishes based 
on pasta, cous-cous, broccoli and other 
cruciferous vegetables, various beans, 
lentils, chickpeas, fish; and oriental 
dishes with soy products such as miso, 
tempeh, tofu and soy milk. Patients were 
recommended to reduce their 
consumption of meat, eggs and dairy 
products to no more than once a week 
and were instructed to increase the 
vegetable sources of calcium. Every 
time they met for a dinner together, 
participants received a complementary 
package with some of the 
recommended food to consume at home 
and the relevant instructions to repeat 
the recipes they had learned in the 
cooking class. To prevent excessive 
bowel fermentation and swelling, whole 
grain products and legumes were intro
duced gradually. Patients randomized in 
the control group received a general 
recommendation of increasing the 
consumption of fruit and vegetables but 
no specific dietary advice. Dietary 
consumption was monitored, through 
24-h food frequency diaries, twice in the 
randomized phase of the study and 
three times in the subsequent phase. 

Laboratory measurements 
Circulating hormones were measured 
using commercial kits: RIA kits from 
Orion Diagnostic (Turku, Finland) for 
testosterone and estradiol , IRMA kits 
from Farmos (Oulunsalo, Finland) for 
SHBG, and MEIA kits from Abbot 
(Abbot Park, IL) for insulin. Total 
cholesterol and triglycerides were 
determined by enzymatic-colorimetric 
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Table 1. DIANA 2 study: comparison between intervention and control group at 3 months 

Average values 
Intervention Control ttest• 
(n=SB)b (n=52) 

Baseline After 3 months Baseline After 3 months 

Body weight (kg) 65.9 62.4 65.0 64.2 0.000 
Waist circumference (cm) 84.3 81 .7 81 .9 81 .5 0.000 

Hip circumference (cm) 104.3 101.1 102.8 102.0 0.000 
Abdominal skinfold (mm) 45.1 38.5 43.8 41.4 0.000 
Thigh skin-fold (mm) 45.3 42.1 44.4 43.4 0.009 
Glycemia (mg/dl) 92.4 88.4 92.7 91.7 0.058 
Total cholesterol (mg/dl) 221 192 228 218 0.000 
HDl (mg/dl) 56 49 55 53 0.000 
lDl (mg/dl) 141 122 154 144 0.038 
Triglycerides (mg/dl) 114 100 101 108 0.028 
Insulin (µUl/ml) 8.01 7.23 8.27 7.90 0.489 
SHBG (nmol/l) 67.0 76.8 60.1 59.2 0.000 
Estradiol (pg/ml) 6.04 6.04 6.53 5.69 0.452 

Testosterone (pg/ml) 420 388 418 391 0.702 

•Of the mean change in the intervention group versus control group. 
"56 for sex hormones. 

Table 2. DIANA 2 study: comparison between baseline and 1-year values (before and after the dietary intervention) 

Baseline 1 year Difference 
11=107 patients• 

Mean SD Mean SD 

Body weight (kg) 65.4 9.7 62.2 9.5 -3.2b 

Waist circumference (cm) 83.2 9.3 79.9 9.1 -3.3b 

Hip circumference (cm) 103.6 7.0 101 .7 12.0 -1 .87 

Abdominal skinfold (mm) 44.5 11.5 33.8 12.3 -10.7b 

Thigh skinfold (mm) 44.9 12.5 37.7 12.0 -7.14b 

Glycemia (mg/dl) 92.6 10.7 88.5 10.8 -4.11b 

Total cholesterol (mg/dl) 224.1 41 .1 199.5 37.8 -24.6b 

HDl (mg/dl) 55.7 9.5 53.7 8.1 -2.0 

lDl (mg/dl) 147 38.6 127.5 34.9 -19.5b 

Triglycerides (mg/dl) 107.8 60.9 92.7 41.4 -15.1b,a 

Insulin (µUl/ml) 8.13 4.12 6.77 3.87 -1 .36b 

SHBG (nmol/l) 63.7 29.7 67.6 30.8) +3.9 
Estradiol (pg/ml) 6.28 4.33 5.89 4.36 -0.39 
Testosterone (pg/ml) 419 150 380 140 -39b 

•105 for HDL, LDL and hormones, 105 for the other metabolic variables. 
"P<0.05. 
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~ -r~bl; {01ANA 2 stud~~ d~mparison betw~ri baseline a~d 1:year v~l~e~ in women wlth and without tamoxifen treatment 
• _,,. J - ~ -c ,._ ::: -~ -iJ. • -·- • ~ 

Tamoxifen + Tamoxifen - ttest• 
(11=40)• (n=67) 

Baseline 1 Year Baseline 

Body weight (kg) 64.1 61 .4 66.3 

Waist circumference (cm) 81.4 78.5 84.3 

Hip circumference (cm) 103.0 100.9 104.0 

Abdominal skinfold (mm) 43.3 33.4b 45.2 

Thigh skinfold (mm) 44.7 37.9b 45.0 

Glycemia (mg/dl) 91.5 87.6 93.2 

Total cholesterol (mg/dl) 203 182b 237 

HDl (mg/dl) 59 56 54 

lDl(mg/dl) 125 106b 160 

Triglycerides (mg/dl) 105 101 110 

Insulin (µ,Ul/ml) 7.14 6.35 8.72 

SHBG (nmol/l) 83.7 86.2 51.9 

Estradiol (pg/ml) 4.84 4.41 7.13 

Testosterone (pg/ml) 410 397 424 

•3s for HDL, LDL & hormones, 39 for the other metabolic variables. 
bp<0.05 of the mean change in TAM+ versus TAM-. 

methods (Roche Diagnostics, 
Mannheim, Germany), HDL cholesterol 
was measured by the direct enzimatic 
assay (Roche Diagnostics), apo A- I 
immunoturbidometrically with antisera 
and calibrators from Roche 
Diagnostics, and LDL was computed 
with the Friedewald formula. For 
testosterone, estradiol and SHBG, 
baseline, 3-month and 12-month 
samples were preserved at -20°C and 
analysed in the same batch to reduce 
the effect of interassay variability. The 
laboratory was blind to intervention or 
control status of the samples. 

Statistical analysis 
The statistical analysis of the 
randomized component of the study 
focused on changes in hormonal and 
other variables, calculated as the 
difference between third month exami
nation and baseline, respectively in the 
intervention and control group. For the 
before-after component of the study, the 
differences between the average 
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measurements at baseline and 12 
months were tested by t test for 
unpaired samples. Hormone values 
were log transformed to obtain 
approximately normal frequency 
distributions. All of the P values are two
tailed. 

Results 
Three patients were excluded because 
they developed metastasis and/or 
started hormonal treatment during the 
study. The final analysis, therefore, was 
carried out on 111 patients, 44-70 years 
of age, mean 58 years. Fifty-eight were 
randomized in the intervention group 
and 53 in the control group. According to 
the food frequency diaries filled in during 
the first 3 months of the study, patients 
in the intervention group consumed 
whole grain cereal products 4.5 times 
more frequently than control patients 
(3.7 versus 0.8 per day); soy products 
(either milk, miso, tempeh or tofu) 2.2 
times per day versus less than 0.1 
among controls; nuts and oleaginous 

1 Year 

62.?b 

80.7b' 

102.2 
34.0b 

37.6b 

88.9b 

210b 

52 
140b 

88b 

7.00 

57.0 

6.73 

371 

0.031 

0.078 

0.901 

0.654 

0.104 

0.680 

0.323 

0.878 

0.776 

0.024 

0.033 

0.208 

0.941 

0.027 

seeds (mainly flax, sesame, and sun
flower) 4.2 times per day versus 0.2 
times. Only intervention women used 
seaweeds as ingredients of various 
dishes (5 times a week) . Intervention 
women also increased the weekly 
consumption of legumes (3 times versus 
1 ), cruciferous vegetables (8 times ver
sus 1 ), onions or leeks (4.7 versus 1.5), 
and fish (3.8 versus 2.4 times per week). 
On the other hand, controls consumed 
meat or meat products more frequently 
(5.6 times a week on average as 
opposed to twice a week in the 
intervention group); milk or dairy (11 
versus 2 times per week); other 
vegetables and fruits (4.2 versus 3.3 
times per day); sweets and cookies (1 .5 
versus 0.7 per day); and beverages with 
added sugar (once a day versus every 
other day). 

Table 1 summarizes the effect of 3 
months of diet on anthropometric, 
metabolic and hormonal parameters in 
the randomized phase of the study. 
Body weight decreased in both study 



groups but intervention patients lost 
more weight than control patients did 
(3.51 kg versus 0.77 kg). Waist and hip 
circumferences decreased significantly 
in the intervention group only, by a 
similar magnitude (2.66 and 3.51 cm, 
respectively). Abdominal skinfold, 
however, decreased by a greater 
magnitude than the thigh skinfold (6.6 
and 3.2 mm). Triglycerides and total, 
HDL and LDL cholesterol decreased 
significantly in the intervention group 
compared to the control group, but the 
HDULDL ratio did not change. SHBG 
increased significantly in the 
intervention group (+15%) and did not 
change in the control group. Insulin, 
estradiol and testosterone levels did 
not show any differential change. 

Table 2 shows the comparison 
between mean values at baseline and at 
12 months, i.e. before and after the 
dietary intervention, in the whole series 
of patients. Body weight, waist 
circumference, waist-to-hip ratio, both 
skinfolds, total and LDL cholesterol , 
LDUHDL ratio, glucose, trig lycerides, 
insulin and testosterone decreased 
significantly. SHBG was slightly higher 
and estradiol slightly lower than baseline 
but the differences did not reach 
statistical significance. There were no 
major differences between patients 
originally randomized in the intervention 
and in the control group. 

Tab le 3 shows the comparison 
between mean values at baseline and at 
12 months separately for patients under 
tamoxifen treatment and without 
hormonal treatment. Apart from 
cholesterol, that decreased by about the 
same magnitude in the two groups, all 
the other differences were more marked 
in the patients without hormonal 
treatment, the interaction being 
significant for body weight, triglycerides, 
insulin and testosterone. In absence of 
tamoxifen treatment, testosterone 
decreased by 12.5%, insulin and 
triglycerides by 20% and fasting glucose 
by 5%. 

Discussion 
A comprehensive modification of dietary 
habits over 1 year, aiming at reducing 
high-glycemic-index food and total and 
saturated fats and at increasing 
unrefined cereals, legumes and other 
seeds and several vegetables, including 
phytoestrogen-rich food, caused a 
significant reduction of body weight, 
serum testosterone, fasting insulin, 
fasting glycemia, triglycerides, and total 
and LDL cholesterol. Serum SHBG 
increased significantly after 3 months of 
diet but was only slightly higher than at 
baseline after 12 months. All such 
effects were less marked and not 
statistically significant in the subgroup of 
women under tamoxifen treatment. The 
results in patients without tamoxifen 
treatment were broadly similar to those 
previously observed in healthy 
hyperandrogenic women in DIANA-1 . 
Hormonal effects, however, were less 
marked. After 3 months of diet, SHBG 
increased only by 15% (while in DIANA-
1 increased by 25% in 4.5 months) and 
sex steroids did not decrease at all. 
There are a number of potential 
explanations for these differences, 
including the physiological differences 
between women with and without a 
history of breast cancer, the effect of 
hormonal treatment, dietary differences 
between the two studies at baseline and 
different study design . SHBG was 
already very high at baseline in patients 
on tamoxifen treatment (84 nmol/L 
versus 52 nmol/L in untreated patients). 
At 12 months it was only 2.6% and 9.8% 
higher than baseline, respectively, in 
treated and untreated women (Table 3) . 
One might speculate that SHBG 
increases during active weight reduction 
and tends to return towards the original 
values when body weight no longer 
decreases. Actually, in DIANA-2, body 
weight did not further decrease between 
the third and the twelfth month. Also, the 
other baseline metabolic and hormonal 
parameters had a more favourable 
distribution in patients under tamoxifen 

DIANA trials on diet and endogenous hormones 

treatment than in patients without 
hormonal treatment (Table 3) . This might 
explain why the overall effect was 
generally lower in treated than in 
untreated women and in DIANA-2 than 
in DIANA-1 . Nevertheless, a clear effect 
on triglycerides was present only in 
DIANA-2, albeit only in patients without 
tamoxifen treatment. Usually dietary 
intervention trials that reduce total and 
saturated fat consumption observe a 
decrease in total cholesterol but an 
increase in triglycerides, especially if the 
diet is isocaloric (Schaefer et al., 1995). 
Th is is likely to be due to the increased 
consumption of sugars that compensate 
the decreased consumption of fat. In the 
DIANA trials, a moderate reduction of 
total fat consumption was actually 
accompanied by an increase in 
carbohydrates, but not in simple sugars 
(Berrino et al., 2001 ). 

The dietary instructions were exactly 
the same in the two studies but the usual 
diet at baseline was different, because 
breast cancer patients enrolled in the 
DIANA-2 trial had markedly changed 
their diet after the diagnosis of breast 
cancer, reducing the consumption of red 
meat and increasing fruit and 
vegetables (data not shown) . Baseline 
total cholesterol levels, in fact, were 
lower in DIANA-2 than in DIANA-1 in 
both tamoxifen-treated and untreated 
women. 

DIANA-1 women were selected on 
the basis of high testosterone levels 
(above the upper tertile) while no such 
selection was done in DIANA-2. 
Baseline testosterone levels in DIANA-2 
patients, however, were fairly high, thus 
confirming the association of testos
terone and breast cancer. Actually, the 
average baseline serum testosterone 
level was the same in DIANA-1 and -2 
(0.42 ng/ml). 

In DIANA-2 the randomized dietary 
intervention study lasted 3 months 
instead of the 4.5 months of DIANA-1. 
The reason for this difference was that 
patients volunteering for the study, when 
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informed of the randomized design, 
declared that they would not accept to 
be randomized in the control group. 
Many of them were aware of the positive 
results of DIANA-1 and presumed that 
the diet under study could confer a 
prognostic advantage. A randomized 
phase of 3 months was an acceptable 
compromise. Three months of dietary 
change, however, may have not been 
sufficient to obtain the marked effect on 
sex hormones observed in the first 
study. Metabolic and anthropometric 
changes, however, were fairly similar. 

In conclusion, the DIANA trials 
demonstrated that an ad libitum diet 
based on Mediterranean and 
macrobiotic traditions can favorably 
modify the hormonal and metabolic 
pattern at high risk of breast cancer. 
Lower body weight and lower plasma 
levels of testosterone, insulin , glucose 
and triglycerides can be maintained for 
at least 1 year. Further studies are 
needed to establish if these effects imply 
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a lower risk of subsequent breast 
cancer. 
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Introduction 
Wide variation in age-specific incidence 
rates of breast cancer (Parkin et al., 
1997) cannot be explained by inherited 
differences between populations, 
because migrants from low-risk to high
risk countries show a marked increase 
in risk (Ziegler et al., 1993; Kelsey & 
Horn-Ross, 1993; McMichael, 1988). 
Ecological studies show that breast 
cancer incidence and mortality, as well 
as changes in rates in migrants, are 
strongly and positively correlated with 
estimates of dietary fat consumption 
within countries (Prentice et al., 1989), 
but although dietary fat intake influences 
breast cancer risk in animals (Welsch , 
1992; Freedman et al. , 1990; Rogers & 
Lee, 1986), observational cohort and 
case-control studies in humans have 
shown little if any association between 
fat intake and risk of breast cancer 
(Hunter et al., 1996; Boyd et al., 1993). 
These results may indicate a true lack of 
association between dietary fat and 
breast cancer, or they may arise 
because of the difficulty in finding a true 
effect in the face of the combined effects 
of measurement error and the limited 

range of dietary fat intake within 
countries . 

We are carrying out a long-term 
randomized controlled trial designed to 
find out if intervention with a low-fat 
high-carbohydrate diet, which creates a 
wide range of dietary fat intake, reduces 
risk of breast cancer. The short-term 
biological effects of this dietary change 
may provide information about the 
potential mechanisms by which diet may 
influence risk of disease. In previous 
work we have found evidence that the 
adoption of a low-fat high-carbohydrate 
diet may reduce blood levels of estradiol 
and progesterone (Boyd et al., 1997). 
The purpose of the present proposal is 
to determine whether these findings can 
be replicated in a larger number of 
subjects. 

Methods 
General method 
We performed hormone assays on 
blood samples and nutrient analysis on 
food records collected from subjects 
taking part in an ongoing dietary 
intervention trial , designed to determine 
whether a low-fat high-carbohydrate diet 

will reduce the incidence of breast 
cancer among women at increased risk 
for the disease because of extensive 
mammographic densities (Boyd et al., 
1990). 

Here we test the hypothesis that in 
subjects on a low-fat high-carbohydrate 
diet who remain premenopausal at 2 
years, serum levels of estradiol would 
fall significantly compared to controls . 

Trial procedures 
We have recruited subjects aged 30-65 
years, with mammographic densities in 
at least 50% of the breast area (Oza & 
Boyd, 1993) and enrolled them in a 
randomized trial of dietary intervention 
aimed at reducing total dietary fat to a 
target of 15% of calories . Controls 
received general advice about diet but 
were not counselled to change their 
intake of fat. 

Subjects were excluded if they had a 
previous history of cancer or breast 
augmentation or reduction, were 
pregnant (or planning to be) or breast 
feeding , or were on a medically 
prescribed diet for any reason. Eligible 
subjects were randomized by telephone 
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contact with the Department of 
Biostatistics at the Ontario Cancer 
Institute. Randomization was stratified 
according to centre and balanced within 
each centre. Trial sites are located in 
Toronto, Hamilton , London , and 
Windsor, Ontario, and in Vancouver and 
Surrey, British Columbia. The present 
study is limited to premenopausal 
subjects enrolled in sites in Ontario. 

Dietary intervention 
For subjects randomized to the 
intervention group, an individual dietary 
prescription was prepared using a food 
exchange system, in which calories 
derived from fat were replaced by 
isocaloric exchange with carbohydrate. 
Subjects were also given dietary aids, 
including dietetic scales, a printed guide 
containing low-fat recipes, a shopping 
guide and the individual's diet 
prescription. After randomization , 
subjects in the intervention group visited 
the dietitian once a month for the first 12 
months, and subjects in the control 
group once every 3 months. Both groups 
were seen once every 3 months for the 
second year. At each of these visits, 
subjects were weighed and asked to 
provide 3 days of food records, kept on 
nonconsecutive days in the interval 
before the next clinic visit, which 
included 2 weekdays and one weekend 
day, selected by the dietitian. Nutrient 
analysis of food records was done using 
the Minnesota Nutrient Data System 
software, developed by the Nutrition 
Coordinating Center (NCC), University 
of Minnesota, Minneapolis, MN. 

Selection of subjects for the present 
study 
The 896 subjects whose data were 
analyzed in the present paper were a 
consecutive series of subjects who had 
remained in the trial for at least 2 years 
after randomization , were 
premenopausal at entry and at 2 years 
and were not taking exogenous 
hormones at entry or at 2 years. 
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Collection and analysis of blood 
samples 
Blood was taken from subjects in the trial 
at entry and once a year thereafter. Blood 
was taken at the time of clinic visits, which 
were not timed in relation to the 
menstrual cycle. Although the day of the 
last menstrual period was recorded at 
both initial and 2-year clinic visits, blood 
could be taken at any time during the run
in period that preceded randomization, 
which lasted several weeks. However, at 
2 years, blood was taken on the day of 
the clinic visit, when the date of the last 
menstrual period was recorded. 

Serum was separated and divided 
into 2-mL aliquots and stored at -70°C. 
All assays were performed in Dr 
Hammond's laboratory at the London 
Regional Cancer Center. Estradiol and 
FSH were assayed using a coated tube 
immunoradiometric assay, and SHBG 
with an immunoradiometric assay. All 
assays were performed using kits 
obtained from Orion Diagnostica, Espoo, 
Fin land. A quality control program was 
applied to these assays using sera with 
known concentrations of high, medium 
and low values for each of the hormones 
measured and included in each batch of 
assays run. 

Statistical analysis 
Distributions of variables were examined 
and log transformations applied when 
necessary. Changes in serum levels of 
hormones, from baseline to 1 year and 
at 2 years, were compared between 
intervention and control groups using t 
tests, or if not normally distributed after 
transformation, by the Wilcoxon 2 
sample tests. Regression analysis was 
carried out with change in hormone 
levels as the dependent variable and 
group, age, weight and SHBG as 
independent variables. 

Results 
Characteristics of subjects 
Table 1 shows selected baseline 
characteristics of the subjects included 
in the present study. There were 448 
subjects in each group. The mean age at 
randomization was 43 years. Subjects in 
intervention and control groups were 
similar at the time of randomization in 
height, weight and other risk factors for 
breast cancer. 

Dietary characteristics 
Table 2 shows the mean intake of 
selected nutrients as estimated from food 
records collected at baseline and at 2 

Table 1. Selected baseline demographic characteristics of subjects 

Characteristics Intervention Control Pvalue 

No. of subjects 448 448 
Age (years) 43.53 (4.3)• 43.65 (4.5) 0.68b 

Weight (kg) 62.18 (8.3) 61 .86 (7.7) 0.56b 

Height (cm) 163.3 (6.2) 163.45 (6.3) 0.71 b 

BMI (kg/m2) 23.29 (2.6) 23.13 (2.4) 0.36b 

Age at menarche (years) 12.72 (1 .4) 12.85 (1.4) 0.17b 

Parity (% parous) 75.67 77.23 Q.64C 

Age at first live birth (years) 26.61 (4.6) 26.99 (4.9) 0.32b 

First-degree relative with 
breast cancer (%) 18.08 21 .21 o.27c 

•Mean (standard deviation). 
bTtest. 
' Chi-square. 
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Table 2. Intake of selected nutrients according to group 

Intervention (n=227) Control (n=219) 

Dietary variable Baseline 2 Years Baseline 2 Years 

Total carbohydrate (g) 200.94 (55.95) 239.84 (66.56) 207.83 (61 .56) 215.30 (61.08) 

Carbohydrate(%) 49.27 (7.11) 60.61 (8.00) 48.18 (7.93) 49.78 (7.62) 

Dietary cholesterol (mg) 231.75 (110.18) 169.90 (83.67) 257.45 (121 .58) 237.00 (103.00) 

Total fat (g) 61 .97 (21.17) 37.81 (13.42) 66.62 (22.44) 63.38 (20.08) 

Total fat(%) 33.11 (6.21) 21 .50 (6.38) 33.86 (6.05) 32.37 (6.30) 

Monounsaturated (%) 12.02 (2.75) 7.72 (2 .63) 12.42 (2.60) 11.88 (2.77) 

Polyunsaturated (%) 6.43 (2 .13) 4.44 (1.63) 6.76 (2.14) 6.32 (1 .99) 

Saturated (%) 12.03 (3 .12) 7.18 (2.61) 12.01 (3.29) 11 .54 (3.26) 

Total fibre (g) 16.53 (6.05) 19.20 (6 .74) 16.72 (5.82) 17.50 (6.50) 

Soluble fibre (g) 5.43 (1.96) 6.59 (2.32) 5.52 (2 .07) 5.87 (2.31) 

Insoluble fibre (g) 10.64 (4.28) 12.35 (4.69) 10.67 (4.05) 11 .35 (4.45) 

MUFA (g) 22.61 (8.42) 13.63 (5.43) 24.51 (8.74) 23.35 (8.08) 

PUFA (g) 11.86 (5.01) 7.76 (3.14) 13.05 (5.08) 12.17 (4.51) 

SFA(g) 22.66 (8 .91) 12.68 (5.33) 23.91 (10.03) 22.78 (8.92) 

Protein (g) 67.13 (16.10) 68.40 (15.18) 69.47 (18.21) 70.69 (16.36) 

Protein(%) 16.86 (3.64) 17.68 (3.03) 16.52 (3.40) 16.66 (2.80) 

Energy (kcal) 1646.34 (397.40) 1578.77 (345.11) 1739.56 (450.29) 1736.88 (404.46) 

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids. 

years in a sample of subjects from the 
intervention (n=227) and control (n=219) 
groups. At baseline the nutrient intakes of 
control and intervention groups were 
similar. Two years after randomization, 
the mean total energy intake of the 
intervention group was approximately 71 
kcal per day less than at baseline. The 
mean daily intake of fat in the intervention 
group was reduced from an average of 
62 g to 38 g, as the result of a reduction 
in intake of saturated, monounsaturated 
and polyunsaturated fat, but was 
unchanged from baseline in controls. 
Total carbohydrate intake increased in 
the intervention group from 201 g/day to 
239 g/day and intake of total dietary fibre 
increased from 17 to 19 g/day. All of the 
differences between intervention and 
control groups in the intake of fat, type of 
fat, carbohydrate and fibre were 
statistically significant (P<0.001 ). 

Body weight at 2 years was unchanged 
from baseline in the intervention group and 

had increased by 1.3 kg in the control 
group (data not shown). 

Changes in hormone levels 
The median hormone levels at baseline 
and at 2 years and the median individual 
changes at 2 years are shown in Table 
4. Change in level is calculated for 
individuals and is thus not the same as 
the difference between the group 
median values at baseline and at 2 
years. Levels of estradiol were similar in 
intervention and control groups at 
basel ine and at 2 years . In the 
intervention group, the median change 
in estradiol was a 10% (24.5 pmol/L) 
reduction over 2 years compared to a 
reduction of 8% (20 pmol/L) in the 
control group. Levels of progesterone, 
FSH, and SHBG were also similar in 
intervention and control groups at 
baseline and at 2 years and changes in 
levels of these hormones between these 
times were also similar. 

Analysis of 2-year hormone levels 
according to day since last 
menstrual period 
At thei r 2-year visit, the date of last 
menstrual period on the day of blood 
col lection for 820 of the 898 subjects 
(intervention group, n=403 ; control 
group, n=417) was recorded. The blood 
sample was taken a median of 24 days 
after the last period in the intervention 
group and 22 days in controls (Wilcoxon 
test: P=0.12). Table 4 shows the 2-year 
hormone levels, according to the day of 
the menstrual cycle on which blood was 
taken , and the progesterone level (as an 
indicator of ovu lation) . A similar number 
in the intervention and control groups 
was sampled at each of the intervals 
examined and a similar number in each 
group had progesterone levels above 
and below 5 nmol/L. 

In those with blood taken 15-30 days 
after the last period, only progesterone 
levels in those with levels below , 
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Hormone Intervention Control Pvalue• 

Estradiol 
Baseline (n=437, 442)b 240 (140, 410)C 250 (145, 400) 0.92 

Two years (n=441 , 443) 220 (105, 360) 225 (110, 370) 0.48 

Change at 2 yearsd (n=430, 437) -24.5 (-200, 133) -20 (-190, 106) 0.84 

Progesterone 
Baseline (n=437, 442) 3.0 (1.2, 19.5) 3.1(1.3, 17.0) 0.89 

Two years (n=440, 443) 2.1 (1.1, 14.0) 2.3 (1 .1, 16.0) 0.64 

Change at 2 years (n=430, 437) -0.2 (-10.1, 5.4) -0.1 (-10.0, 7.0) 0.63 

FSH 
Baseline (n=437, 442) 6.8 (4.6, 10.0) 6.8 (4.6, 9.9) 0.98 

Two years (n=441, 442) 8.0 (4.8, 15.0) 7.8 (5.2, 15.0) 0.80 

Change at 2 years (n=430, 436) 1.3 (-1.4, 6.6) 1.2 (-1.8, 7.8) 0.54 

SHBG 
Baseline (n=446, 447) 49.0 (38.0, 63.0) 50.0 (38.0, 64.0) 0.90 

Two years (n=447, 448) 47.0 (35.0, 63.0) 45.0 (36.0, 60.0) 0.47 

Change at 2 years (n=445, 447) -2.0 (-10.0, 6.0) -3.0 (-10.0, 5.0) 0.40 

"Wilcoxon two-sample test. 
bSample size for intervention and control respectively. 
'Median (first quartile, third quartile). 

5 nmol/L and SHBG levels in those 
with progesterone over 5 nmol/L 
were significantly different between 
intervention and control groups. All other 
comparisons between intervention and 
control subjects did not show a 
statistically significant difference. 

We also carried out a series of 
regression analyses, in which we 
examined log-transformed hormone 
levels between intervention and control 
groups at 2 years, controlling for age, 
weight at 2 years, and length of time 
between the blood sample date and 
date of the start of the last menstrual 
period. As expected, serum levels of 
estradiol, progesterone and FSH, but 
not SHBG, were strongly influenced by 
the day of the menstrual cycle, and by 
age. Weight was significantly associated 
with SHBG, but not with any of the other 
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measures. After adjusting for the effects 
of day of the menstrual cycle, age and 
weight, there were no statistically 
significant effects of group membership 
on serum levels of any of the hormones 
measured (data not shown). 

Discussion 
These results show that after 2 years in 
a randomized trail of dietary intervention 
aimed at substantially reducing dietary 
intake of total fat, there was no 
difference between intervention and 
control subjects in the blood levels 
of estradiol, progesterone, follicle
stimulating hormone or sex 
hormone-binding globulin. All subjects in 
the present study had been carefully 
selected and those in the intervention 
group had been given intensive 
individual dietary counselling. Nutrient 

analysis of food records collected at 
baseline and at 2 years in a sample of 
subjects shows a substantial reduction 
in intake of total dietary fat, 
accompanied by stabilization of weight, 
and by changes in total cholesterol and 
HDL-C (data not shown). Controls, by 
contrast, did not change intake of dietary 
fat, gained weight over 2 years, and 
showed changes in total cholesterol and 
HDL-C that were opposite in direction to 
those seen in intervention subjects (data 
not shown). Further, measurements ' of 
hormones were all made in a single 
laboratory, using radioimmunoassay 
and rigorous quality control standards. 

In previous work, based upon a 
smaller number of subjects than in the 
present study, we reported that estradiol 
levels were lower after 2 years in women 
in the intervention group (Boyd et al., 
1997). However, this finding was based 
entirely upon observations made in a 
small group of women whose blood at 2 
years was taken more than 30 days after 
the last menstrual period. No statistically 
significant differences were seen in 
previous work between the blood 
estradiol levels in women in the 
intervention and control groups when 
blood was taken less than 30 days after 
the last period. The findings of the present 
study are thus similar to our previous work 
for those sampled less than 30 days after 
the last period. The present findings, like 
the previous ones, do show lower levels 
of estradiol in the intervention group in 
those whose blood was taken more than 
30 days after the last period, but in the 
larger number of subjects in the present 
study, this difference is no longer 
statistically significant. 

Wu et al. have reviewed and 
examined by meta-analysis the effect of 
dietary fat reduction on estradiol levels 
observed in intervention studies, 
including 10 studies in premenopausal 
women of which only one (our own) had 
a control group and lasted longer than 3 
months (Wu et al., 1999). Estradiol 
levels after dietary intervention fell in 
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Table 4. Median serum hormone levels according to day of blood collection and serum progesterone level 

Intervention Control 

Progesterone Progesterone Progesterone Progesterone 
Day of cycle Day 5 Day> 5 All Days Day > 5 All 

Estradiol 
1-15 193 (90, 430)" 225 (160, 290) 200 (98, 370) 220 (105, 450) 235 (175, 350) 223 (110, 410) 
16-30 230 (56, 490) 255 (190, 345) 255 (155, 360) 190 (52, 380) 240 (185, 340) 233 (150, 350) 
>30 100 (20, 185) 200 (120, 270) 128 (46, 240) 130 (28, 420) 210 (110, 270) 170 (35, 350) 

Progesterone 
1-15 1.3 (0.9, 1.8) 16.0 (10.5, 26.0) 1.5 (0.9, 2.7) 1.2 (0.9, 1.6) 19.0 (11 .5, 34.0) 1.5 (0.9, 2.9) 
16-30 1.5 (1.0, 1.8)b 21.0 (13.0, 38.0) 14.5 (3.5, 30.0) 2.0 (1.3, 3.4) 23.0 (13.0, 33.0) 15.5 (3.9, 29.0) 
>30 1.2 (0.8, 1.8) 10.5 (7.2, 21 .0) 2.1 (1 .0, 7.8) 1.1(0.9,1 .5) 11 .3 (7.0, 31 .0) 1.7 (1.0, 8.0) 

FSH 
1-15 8.8 (6.0, 14.8) 8.4 (5.4, 9.4) 8.5 (6.0, 14.0) 8.6 (6.3, 15.0) 6.8 (4.9, 9.3) 8.4 (6.0, 13.5) 
16-30 11 (6, 36) 4.5 (3.4, 7.0) 5.5 (3.8, 9.8) 13.3 (6.8, 24.0) 4.5 (3.3, 6.8) 5.9 (3.5, 11 .0) 
>30 60 (20, 98) 5.6 (4.4, 7.4) 19.5 (5.4, 77.0) 40 (21 , 72) 5.4 (3.0, 8.8) 21.0 (5.7, 58.0) 

SHBG 
1-15 44 (34, 58) 52 (38, 77) 46 (35, 60) 45 (36, 57) 50 (38, 67) 46 (36, 59) 
16-30 44 (28, 60) 40 (41, 66)b 48 (37, 65) 47 (40, 66) 44 (34, 60) 45 (36, 62) 
>30 48 (39, 63) 39 (29, 60) 47 (38, 62) 43 (35, 58) 42 (36, 69) 42 (35, 59) 

Number 
1-15 168 37 205 169 41 210 
16-30 42 104 146 46 110 156 
>30 33 19 52 33 18 51 

•Median (first quartile, third quartile); Wilcoxon tests compare intervention and control groups overall and within each of the categories of progesterone level. 
b0.01 <P<0.05. 

eight of these studies and increased in 
two. The pooled estimate from these 10 
studies of the change in estradiol level in 
premenopausal women following dietary 
intervention was a reduction of 7.4%. A 
change of this magnitude corresponds 
to a reduction from baseline levels of 
18.5 pmol/L in the subjects in the 
intervention group of our study. A greater 
reduction in estradiol, of 25 pmol/L, was 
observed in our intervention group, 
which contains more than twice the total 
number of subjects in all previous 
studies combined, but a reduction of 
similar magnitude also occurred in the 
controls . 

Seven other studies in 
premenopausal women included in the 
meta-analysis of Wu et al. showed a 
reduction in estradiol levels following 
reduction of dietary fat intake, of which 
six employed metabolic diets. It is 
possible that the greater control of 
intakes associated with metabolic diets 
reduces estradiol, while our dietary 
intervention does not. None of these 
studies lasted longer than 3 months; it is 
also possible that effects of dietary fat 
reduction on estradiol levels are seen 
only in the short term . 

Lower blood levels of estradiol have 
been found in Asian women than in 

Caucasians (Key et al. , 1990) and 
estradiol levels have been shown in 
large prospective studies to be related to 
risk of breast cancer. However, 
differences in age-specific breast cancer 
rates between countries are most 
marked after about the age of 50 and it 
is in postmenopausal women that 
differences in estrogen levels have most 
consistently been found to be 
associated with risk of breast cancer. 
Further, the analysis of Wu et al. (1999) 
showed an average reduction in 
estradiol levels of 23% in 
postmenopausal women following 
dietary fat reduction , compared to an 
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average 7% reduction in the 
premenopausal women. Thus, both the 
international epidemiological data and 
the results of intervention studies are 
most consistent, with an effect of diet on 
estrogen levels in postmenopausal 
women. 

The present results suggest that, if a 
reduction in dietary fat intake does 
reduce risk of breast cancer, it is unlikely 
to do so through an effect on blood 
estradiol levels in premenopausal 
women. These results do not, of course, 
exclude effects of dietary fat reduction 
on other aspects of estrogen such as 
effects on estrogen metabolism and 
other potential effects of diet that may be 
relevant to breast cancer risk in 
premenopausal women, e.g. effects on 
insulin-like growth factor, have not yet 
been examined (Hankinson et al., 
1998). 
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Introduction 
There is a large body of evidence 
indicating that free radical production 
can di rectly or indirectly play a major 
role in cellular processes implicated in 
atherosclerosis and carcinogenesis 
(Ames, 1987; Halliwell & Gutteridge, 
1989). Many basic and clinical research 
investigations have pointed out the 
protective effect of antioxidant nutrients 
such as beta-carotene, vitamin C, 
vitamin E, selenium and zinc (Sies et al., 
1992; Niki , 1987; Diplock, 1991 ). 
Epidemiological data obtained by cross
sectional , case-control and prospective 
studies have also raised strong 
supportive arguments for an inverse 
relationship between the intake of 
antioxidant vitamins and trace elements 
and the risk of cancer, cardiovascular 
disease, cataracts and infectious 
diseases (Byers & Pery, 1992; Block et 
al., 1992; Stampfer & Rimm, 1993; 
Kohlmeier & Hastings, 1995; Stam pf er & 
Rimm, 1995; Taylor et al., 1995; Meydani 
et al. , 1995; Hercberg et al., 1998); 
however, the observational nature of 
these studies did not enable 
establishment of a causal relationship. 
Few randomized placebo-controlled 
trials testing different antioxidants on 
different target populations are available 
and results appear to be conflicting (Blot 

et al., 1993; ATBC, 1994; Omenn et al., 
1996; Hennekens et al. , 1996). Most of 
these interventional studies involved 
higher levels of antioxidants than the 
dietary intake found in observational 
studies to be associated with the lowest 
risk of cancer and cardiovascular 
disease. 

The SUpplementation en Vltamines 
et Mineraux AntioXydants (SU.VI.MAX) 
Study is a randomized double-blind, 
placebo-controlled, primary-prevention 
trial designed to test the efficacy of a 
supplementation with antioxidant 
vitamins (vitamin C, vitamin E and beta
carotene) and minerals (selenium and 
zinc) at nutritional doses (one to three 
times the daily recommended dietary 
allowances) in reducing several major 
health problems in industrialized 
countries, and especially the main 
causes of premature death. 

The design, background and 
rationale behind the SU.VI.MAX study, 
and especially the advantage of using a 
combination of antioxidant vitamins and 
minerals at low nutritional doses, has 
been described previously (Hercberg et 
al., 1997). Many reasons support the 
hypothesis of the particular efficacy of a 
combination of antioxidants . Some 
metabolic inter-relationships exist 
between antioxidant nutrients with 

beneficial mutual protection and 
regeneration. Moreover, antioxidant 
nutrients have a complementary 
scavenging capacity toward free 
radicals. Accumulation of mechanistic 
data suggests that antioxidants act not 
only individually but also cooperatively 
and, in some cases, synergistically. The 
intrinsic chemical reactivity of each 
antioxidant, their different locations in 
the membrane and lipoproteins, thei r 
additive or synergistic effects, thei r 
multiple interactions and their 
cooperative action led us to test, in the 
SU.VI.MAX study, not a single 
antioxidant nutrient, but rather a 
balanced combination of antioxidants 
which might provide maximal efficacy 
associated with maximal safety. 

The primary objective of this 
experimental epidemiological study is to 
substantiate and quantify, in a general 
population of adults, the preventive 
effect of a combination of antioxidant 
vitamins and minerals, namely beta
carotene, vitamin C, vitamin E, selenium 
and zinc, at doses considered to be 
nutritional and non-pharmacological, on 
the incidence of cancers (all sites) and 
ischemic heart diseases. Secondary 
objectives are to assess the effect of the 
supplementation on the incidence of the 
main localizations of cancers and 
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infectious diseases, overall and cause
specific mortality, and perceived health 
and health care consumption. 

This brief presentation will mainly 
describe the design, implementation and 
preliminary results of baseline 
characteristics of participants in this 8-
year cohort study, which started in 1994 
in France. 

Materials and methods 
Population, sampling 
The study cohort consists of French adult 
women in the age range of 35-60 years 
and men in the age range of 45-60 
years. The trial includes more women 
than men (sex ratio, 0.60) because of the 
lower incidence of main outcomes among 
women. The complete design of the 
SU.VI.MAX study has been described 
previously (Hercberg et al., 1998). 

Recruitment 
A total of 79 976 subjects sought to 
participate in the study after a 5-month 
(March-July 1994) national multimedia 
campaign that included television, radio, 
and newspapers. Subjects received 
detailed information about the study and 
15 capsules as a self-test of acceptability 
of daily supplement. They were also 
requested to fill in and return a 
comprehensive questionnaire meant to 
provide demographic, lifestyle, nutritional, 
and present and past health information. 

Among the information sheets and 
informed consent returned to us, 21 481 
were complete enough to be assessed. 
To be definitively eligible, the subjects 
had to: 

Provide complete data. 
Fall into the selected age range. 
Declare themselves free of any 
severe pathology that might limit 
participation for 8 years. 
Not be taking supplements 
containing any of the studied 
vitamins or minerals. 
Manifest no qualms about complying 
with protocol constraints, especially 
that of receiving a placebo. 
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• Express no ambiguous motivations 
or obsessional behavior concerning 
diet and health. 

In all, 14 412 subjects were selected. 
Enrollment of 12 735 participants 

began on October 12, 1994 and ended 
on April 30, 1995. This difference from 
the selected population was due to late 
refusals, postal problems, and the 
impossibility for some potential subjects 
to be present on the day of the inclusion 
visit. 

Supplementation 
Enrolled subjects were randomly 
assigned to receive either multivitamin 
and mineral supplement or a placebo. 
The daily multi-vitamin and mineral 
supplement contains beta-carotene, 
6000 µg, which is equivalent to 1000 
retinal equivalents; vitamin C, 120 mg; 
vitamin E, 30 mg; selenium, 100 µg (as 
selenium-enriched yeast); and zinc 20 
mg (as gluconate). 

Follow-up examination and review 
Biological, clinical and dietary data are 
regularly collected in order to assess 
compliance with supplementation, 
evaluate changes in behavior, provide 
individual benefit to participants, and 
permit refined statistical analysis. 

Each subject undergoes a yearly visit 
alternating between biological sampling 
and a clinical examination . On the first 
sample, before the start of 
supplementation, buffy coat and plasma 
samples were saved and stored in 
plastic straws at -196 °C to constitute a 
frozen sample bank. 

Using the Minitel Telematic Network, 
participants can connect to the main 
computer SU.VI.MAX server to provide 
and receive information. The minitel is a 
small terminal widely used in France as 
an adjunct to the telephone. At the 
beginning of the study, participants 
received free-of-charge a tiny central 
processing unit specifically developed 
for the study and loaded with specialized 
software. This allows subjects to fill out 

computerized questionnaires off-line 
and to transmit data during a brief 
telephone connection . Each month, 
participants declare any health events, 
consultations, and hospitalizations that 
occurred during the current month, as 
well as medication intake, perceived 
health, and compliance with 
supplementation. 

Subjects keep a total of six 24-h 
dietary records per year. They are 
helped in this task by the conversational 
features of the software and an 
instruction manual for codification of 
foods, including photographs showing 
portions in three sizes. 

Results 
Participant characteristics at 
baseline 
A total of 7679 women and 5056 men 
were included in the SU.VI.MAX cohort 
during the first recruitment period. Mean 
age was 46.4±6.7 years for women and 
51.1±4.7 years for men. Table 1 shows 
principal characteristics of participants 
at the start of intervention for 
multivitamin and mineral supplement or 
placebo groups. Groups are comparable 
for all studied characteristics. 

Antioxidant vitamin and trace 
element status at baseline 
Mean values (±SD) for markers of 
antioxidant vitamin and trace element 
according to gender are presented in 
Table 2. Serum concentrations of beta
carotene and vitamin C were 
significantly higher in women than in 
men. No difference was found betwen 
men and women for plasma vitamin E, 
zinc and selenium concentrations. 

Antioxidant vitamin and trace 
element status after 2 years of 
supplementation 
Table 3 shows laboratory variables in a 
representative subsample of 1000 
subjects after 2 years of 
supplementation in the supplemented 
group and in the placebo group. 



Table 1. Principal characteristics of participants at the start of the trial, 
for multivitamin and mineral supplement and placebo groups 

Placebo group Supplemented group 
Women Men Women Men 

No. of subjects 3859 2531 3820 2525 

Age (years) 46.4±6.6 51 .2±4.7 46.4±6.6 51.1±4.6 

Socioprofessional categories 
Farmers, self employed 4.7% 9.2% 5.0% 8.7% 

Managerial staff, 
intermediate professions 52.6% 60.3% 54.1% 62.9% 

Employed, workers 21 .0% 13.9% 18.2% 12.5% 

Nonactive subjects 21 .7% 16.6% 22.7% 15.9% 

Level of education 
Elementary school 19.6% 25.0% 19.0% 23.0% 

Secondary school 40.6% 35.4% 38.5% 36.5% 

University or equivalent 39.8% 39.6% 42.5% 40.5% 

Family situation 
Living alone 22.3% 11.3% 21.8% 12.4% 

Co-habitating 77.7% 88.7% 78.2% 87.6% 

Tobacco habits 
Non-smokers 54.1% 32.3% 54.0% 31.6% 

Former smokers 28.9% 46.2% 28.6% 47.3% 

Current smokers 17.0% 21 .5% 17.4% 21.1 % 

Contraceptive habits 
No contraception 58.7% 58.9% 

Oral contraception 15.9% 14.8% 

Intrauterine device 25.4% 26.3% 

Percent postmenopausal 26.9% 26.2% 

BMI (kg/m2) 23.10±3.77 25.23±3.09 23.02±3.95 25.21±3.07 

Serum cholesterol (µmol/L) 5.81±1.02 6.14±0.97 5.86±1 .02 6.14±1 .02 

Glycemia (g/L) 0.99±0.13 1.08±0.18 0.99±0.14 1.08±0.20 

Table 2. Mean values (±SD) for markers of antioxidant vitamin and trace 
element status at baseline 

Women Men 

Beta-carotene (µmol/L) 0.71±0.43 0.51±0.32 

Alpha-tocopherol (µmol/L) 31.2±7.0 31 .9±7.4 

Vitamin C (µg/mL) 10.51±5.29 8.85±5.38 

Selenium (µmol/L) 1.07±0.18 1.11±0.19 

Zinc (µmol/L) 12.89±1 .88 13.54±1.84 

The SU.VI.MAX trial on antioxidants 

At baseline, mean values for 
biochemical markers of vitamin and 
trace element status did not differ 
between the two groups for any of the 
parameters tested. After 2 years, serum 
concentrations were significantly higher 
in the supplemented group for beta
carotene, vitamins C and E, zinc and 
selenium. 

Discussion 
The SU.VI.MAX Study was designed 
and initiated to test the hypothesis that a 
combination of antioxidant and trace 
elements, given at nutritional doses, in a 
general population of adults , may 
reduce the incidence of cancer and 
cardiovascular disease, thereby 
decreasing premature mortality. The 
antioxidant agents tested are at a 
nonpharmacological level that may be 
reached by dietary intake of natural 
sources of these micronutrients and/or 
possible enriched foods. 

The SU.VI.MAX study is founded 
upon different types of arguments. First, 
experimental work has supported the 
possible role of oxidative stress in the 
determinism of pathological processes 
and protection against oxidative damage 
by antioxidant nutrients such as vitamins 
E and C, beta-carotene, selenium and 
zinc. Second , many epidemiological 
studies have suggested that the low 
dietary intake or borderline biochemical 
status of some antioxidant trace
elements and vitamins may be an 
important risk factor for various 
diseases. Third, a significant percentage 
of the affluent world population has a 
relatively low intake or borderline vitamin 
and/or mineral status, considered to be 
a high risk factor for developing such 
diseases of "affluence" as cancers and 
cardiovascular diseases. 

Although the results of many 
epidemiological studies converge in 
suggesting a relationship between 
antioxidant micronutrient status and risk 
of cancer or cardiovascular diseases, 
most of these are observational studies. 
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Table 3. Serum vitamin levels (mean ± SD) after 2 years of 
supplementation in the supplemented group and in the placebo group 

Men 
Placebo 

Beta-carotene (µmol/L) 0.56±0.5 

Alpha-tocopherol, (µmol/L) 31.7±7.9 

Vitamin C (µg/mL) 9.3±4.2 

The few recently reported randomized 
placebo-controlled trials, which tested 
different antioxidants on different target 
populations, reached different 
conclusions. Randomized controlled 
trials on populations at high risk, in 
which single nutrients are given in high 
doses over short periods, have not yet 
shown any substantial benefits. Indeed, 
the Alpha Tocopherol and Beta Carotene 
(ATBC) Study, which studied male 
heavy smokers in Finland, observed a 
significantly higher lung cancer 
incidence rate in a group receiving 
relatively high levels of beta-carotene 
alone or associated with vitamin E. In 
the same study, subjects receiving 
vitamin E had significantly more 
hemorrhagic strokes than controls. 
These conclusions were supported by 
the recently published results of the 
Carotene and Retinal Efficacy Trial 
(CARET), a study in the United States 
on asbestos-exposed workers and 
heavy smokers who are at high risk for 
lung cancer. Cases of lung cancer were 
significantly more frequent in the group 
receiving relatively high levels of beta
carotene associated with vitamin A than 
in the placebo group. Finally, the 
Physicians' Health Study in the USA did 
not demonstrate any positive or 
negative effects of long-term 
supplementation with quite similar doses 
of beta-carotene. The only intervention 
study demonstrating a positive effect 
was the Nutritional Intervention Trial in 
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Women 
Intervention Placebo Intervention 

0.86±0.7 0.76±0.6 1.25±0.9 

35.3±9.3 31.7±7.8 34.9±8.4 

11 .5±4.7 10.8±4.3 12.6±4.0 

Linxian (China). This study showed, in a 
general population, a beneficial effect of 
nutritional doses of an association of 
beta-carotene, vitamin E and selenium 
on total mortality and the incidence of 
cancer, particularly oesophagal cancer. 

These apparent discrepancies may 
be explained by the choice of the study 
population (general or high-risk 
subjects), the different doses of 
supplementation (nutritional or higher), 
the number of antioxidants tested (one, 
two, or more) and the type of 
administration (alone or in a balanced 
association). Moreover, in high-risk 
populations receiving high doses of 
antoxidants, some of these intervention 
studies have reported a greater relative 
risk of some pathologies. Therefore, 
randomized , controlled trials were 
needed on average or low-risk 
individuals given combination multiple 
nutrients. The advantage lies in testing a 
combination of nutrients at levels similar 
to those contained in a healthy diet 
associated, in observational study, with 
the lowest risk of disease. 

In the SU.VI.MAX study, mean values 
observed for initial serum vitamin and 
trace element concentrations were 
similar to those previously described for 
French adult populations. The effect 
of supplementation by antioxidant 
micronutrients over a 2-year period on 
serum concentrations of biochemical 
markers assessing vitamin and trace 
element status was significant for all of 

the studied nutrients: vitamin C, E, beta
carotene, zinc and selenium. In CARET, 
as in ATBC, the relatively high levels of 
supplementation were associated with a 
substantial increase in the plasma 
concentrations of beta-carotene. For 
example, the initial concentrations of 
plasma carotene were multiplied by 18 
in ATBC and by 12 in CARET. The final 
concentrations were higher than those 
associated, in observational studies, 
with the lower risk of diseases. They 
were also higher than those observed in 
the SU.VI.MAX study. 

These preliminary data thus indicate 
that a 2-year supplementation with 
moderate doses of antioxidant vitamins 
and trace elements, in presumaly 
healthy subjects, clearly though 
moderately alter vitamin and mineral 
status, with blood concentrations 
reaching concentrations consistent with 
a positive effect. 

Our study demonstrates the efficacy 
of an intake of antioxidant vitamins and 
trace elements, given at nutritional 
doses, on biochemical indicators of 
vitamin and trace element status. After 2 
years of supplementation, these 
indicators reached a reasonable level 
without reaching concentrations as high 
as those observed in the Finnish and 
American intervention studies, which 
tested relatively high doses of 
antioxidants and resulted in with higher 
risk of pathology. 

As the trial is not finished and the 
double-blind not opened, no data are 
available concerning the main results of 
the intervention on cancers and 
cardiovascular diseases. Opening of the 
blinding code is planned for spring 2003. 
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Colorectal cancer is a major public 
health problem in all developed 
countries (Parkin et al., 1997). Despite 
advances in diagnostic techniques and 
treatment, the 5-year survival rates 
remain poor. Strong evidence indicates 
that a high proportion of colorectal 
cancers arises in adenomas. These 
lesions could be a potential target for 
secondary prevention as well as for 
primary prevention. Several arguments 
maintain that the adenoma-carcinoma 
sequence is a multistep process (Hill et 
al. , 1978). Cancer can be prevented by 
intervention either at the step of 
adenoma occurrence and growth or of 
transformation into carcinoma. 

Many case-control studies, along 
with some cohort studies, have provided 
substantial epidemiological evidence for 
the overwhelming role of diet in the 
occurrence of the disease (World 
Cancer Research Fund, 1997). 
However, analytical studies have led to 
equivocal findings. Available data are 
not sufficient to serve as a basis for firm 
specific dietary advice, but they provide 
attractive hypotheses, which in turn 
suggest a rational basis for a preventive 
approach. Faced with this situation, it is 
important to test them within the 
framework of intervention studies in 
order to evaluate the possibilities of 
primary prevention. The objective of this 
report is to review the design, along with 

the available results, of randomized 
colorectal cancer intervention trials with 
fibre or calcium supplementation. 

Fibre trials 
The results of analytical studies on 
dietary fibre are rather contradictory. It 
must be emphasized that dietary fibre is 
not a homogeneous entity and that 
different components may have different 
physiological effects. Food composition 
tables lack data on the different types of 
dietary fibre. In this context, studies 
examining the effect of a single source 
of fibre on experimental carcinogenesis 
in rodents are of interest. Pectin, 
cellulose, lignin, guargum, alfalfa, 
carrageen and cutin seem to have little 
effect (Faivre et al., 1991 ). However, a 
protective effect has been observed in 
most studies for wheat bran and 
mucilaginous substances (such as 
ispaghula husk), particularly during the 
promoting phase. The relevance of 
these data to human cancer has to be 
evaluated by means of intervention 
studies. Wheat bran supplementation 
was proposed in three studies, a diet 
high in fibre in two studies, and a 
supplementation with a mucilaginous 
substance in one study (Table 1 ). The 
effect of wheat bran at the dose of 22.5 
g/day, together with vitamin C (4 g/day) 
and vitamin E (400 mg/day) has been 
evaluated in patients with familial 

polyposis and with the rectum left in 
place (De Cosse et al., 1989). The ratio 
between the number of adenomas at the 
time of the follow-up examination and 
the number of adenomas at base line 
was the main trial outcome. Altogether, 
58 subjects were randomized and 
followed up by rigid 
proctosigmoidoscopy every 6 months. 
The overall compliance to treatment was 
74%. Intent-to-treat analysis suggested 
a limited effect of the treatment in the 
group receiving wheat bran, vitamin C 
and vitamin E compared with the group 
receiving vitamins alone or a placebo. 
There were significant differences only 
at 33 and 39 months. When compliance 
was taken into account, there was a 
stronger benefit in the combined 
fibre-vitamin group, particularly at the 2-
year midpoint of the study. 

In the Toronto study, the intervention 
group received counselling on diet high 
in fibre (50 g/day) and low in fat (20% of 
energy from fat). The control group 
continued with its usual diet (McKeown
Eyssen et al., 1994). Overall, 201 
subjects were randomized and the 
compliance to treatment rate was 71 %. 
Compliance to the final colonoscopy 
was 82%. After 12 months of 
counselling, fibre consumption was 35 g 
in the intervention group and 16 g in the 
control group and fat consumption was 
25% and 33% of energy, respectively. 
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~.· _...- -· Tabi; 1.:s;udy design, endpoints and results of chemoprevention trials with fibre on colorectal cancer 
· - ·-· ·, · carcinogenesis 
I. -- " ._ - . - -

Study Subjects 

De Cosse et al., Familial polyposis 
New York, 1989 

MacKeown-Eyssen Previous adenoma 
et al., Canada, 1994 

Mac Lennan et al., Previous adenoma 
Australia, 1995 

Alberts et al., Previous adenoma 
Arizona, 2000 

Bonithon-Kopp et Previous adenoma 
al., Europe, 2000 

Schatzkin et al., Previous adenoma 
USA, 2000 

After two years, the relative risk (RR) for 
adenoma recurrence was 1.2 (Cl, 
0.6-2.8). There was a reduced risk of 
adenoma recurrence in women (RR, 
0.7) and an increased risk in men (RR, 
1.7) , which did not reach the significant 
level because of the small sample size. 
Thus the issue of a gender effect related 
to adenoma recurrence remains a 
definite question to be addressed by 
much larger studies. 

The effect of wheat bran (25 g/day) 
on adenoma recurrence was considered 
in the Australian study (Maclennan et 
al., 1995). The effect of a low-fat diet 
(<25% of calories from fat) and of ~
carotene (20 mg/day) were also tested 
using a 2 x 2 factorial design. It has the 
advantage of allowing the effect of the 
combination of two treatments to be 
evaluated and of giving more power to 
the study compared with a parallel 
scheme with the same number of 
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Intervention Number of 
subjects 

Wheat bran 22.5 g/d + 58 
vitamin C 4 g/d + 
vitamin E 400 mg/d 

Diet high in fibre and 201 
low in fat 

Wheat bran 11 g/d 378 

Wheat bran 13.5 g/d 1400 

lspaghula husk 656 

Diet high in fibre, fruits, 2079 
vegetables, low in fat 

participants. In this study, 411 subjects 
were randomized. The compl iance rate 
to treatment was 74% and compliance 
to coloscopy was 95% at 2 years and 
74% at 4 years. There was no evidence 
that any intervention reduced the 
recurrence rate of adenomas at 2 or 4 
years. A significant reduction in the 
recurrence rate of large adenomas (> 1 
cm) was found only when the low-fat diet 
was combined with wheat bran 
supplementation. However, these 
results must be interpreted cautiously 
because of the small number of patients 
with large adenoma at the follow-up 
colonoscopy. It has not been confirmed 
by the other studies (Bonithon-Kopp et 
al., 2000; Alberts et al., 2000; Schatzkin 
et al., 2000). 

A trial was performed in Arizona to 
determine whether wheat bran can 
prevent the recurrence of colorectal 
adenoma (Alberts et al., 2000). 

Duration Endpoint results 

4 years Nonsignificant reduction 
in the number of rectal 
adenomas 

2 years No effect of adenoma 
recurrence 

4 years No effect on adenoma 
recurrence 

5 years No effect on adenoma 
recurrence 

3 years Significant increase in 
adenoma recurrence 

4 years No effect on adenoma 
recurrence 

Altogether, 1429 patients with previous 
adenomas received a dietary 
supplementation of either 13.5 g or 2 g 
per day of wheat bran for 3 years. 
Compliance by the third year was 74% 
in the high-fibre group and 84% in the 
low-fibre group; 91 % had a 3-year 
colonoscopy. The relative risk of 
recurrence of adenomas in the high
fibre group was 0.88 (Cl, 0.70-1.1 1). 
There was no evidence of an effect of 
the supplementation regarding the size 
of the adenomas or their histological 
appearance. However, there was a 
significantly higher proportion of 
subjects with 3 or more recurrent 
adenomas in the high-fibre group. 

We will just mention the large US 
Study (2079 subjects) which evaluated 
the effect of a diet low in fat (20% of 
calories) , high in fibre (18 g per 1000 
kcal), fruits and vegetables (3.5 servings 
for 1000 kcal) on adenoma recurrence 
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(Schatzkin et al., 2000). It will be 
presented in another paper. This diet did 
not influence the risk of recu rrence of 
colorectal adenomas which was similar 
to the no intervention group (OR, 1.0; Cl, 
0.90-1.1 2). The rate of recurrence of 
large adenomas (:?'. 1 cm), of advanced 
adenomas, or of multiple adenomas did 
not differ significantly between the two 
groups. 

A multicentre European study 
performed within the European Cancer 
Prevention Organisation (ECP) has 
been assessing a mucilaginous 
substance in the form of ispaghula husk 
(3.8 g/day) (Bonithon-Kopp et al., 2000). 
This dose was recommended by the 
manufacturer to obtain stool bu lking. In 
this study, a second group received 
calcium (2 g/day) and a third group a 
placebo. The duration of the study was 3 
years and 665 subjects were 
randomized. The final colonoscopy was 
performed in 87% of the subjects. The 
compliance for supplements was 
obtained in 83% of the subjects. The 
results suggest a deleterious effect of 
fibre on the recurrence of colorectal 
adenoma (OR adjusted, 1.63; 95% Cl , 

Effect of fibre and calcium supplementation on adenoma recurrence and growth 

1.01-2.69). We chose ispaghula husk 
because it is known to have stool 
bulking properties and to decrease 
faecal pH. Furthermore, it is widely used 
as a laxative agent and only negligible 
side effects have been reported. In 
animal models of colon carcinogenesis , 
this agent has been one of the most 
effective soluble fibres in tumour 
prevention (Jacobs 1990; Wilpart & 
Robertfroid , 1987). The detrimental 
effects of soluble fibre could be due to 
an increasing production of short chain 
fatty acids by bacterial fermentation and 
an excessive acidification which may 
stimulate proliferation of epithelial cells. 
However, the significance of 
hyperproliferation in relation to the 
carcinogenesis process is unclear. 

Calcium trials 
The role of dietary calcium intake in the 
prevention of colorectal cancer and 
adenomas is debated (Bergsma-Kadjik 
et al. , 1996; Martinez & Willett, 1998). 
Support fo r this hypothesis was 
obtained from cohort studies and from 
the fact that oral intake of calcium may 
induce a more quiescent equilibrium of 

epithelial cell proliferation in the colonic 
mucosa of subjects at high risk of 
colorectal cancer. 

Three intervention studies aimed at 
evaluating the possibility of primary 
prevention of colorectal cancer wi th 
calcium supplements have been carried 
out (Table 2) . All these studies 
investigated subjects with a previous 
history of colorectal adenoma and used 
adenoma recurrence as the primary 
outcome measure. One study also 
evaluated the effect of calcium 
supplementation on adenoma growth. 

In the Oslo study, the intervention 
group received calcium carbonate at the 
dose of 1.6 g/day together with a mixture 
of antioxydants: selenium, 101 µg/day; ~ 

carotene, 15 mg/day; vitamin E, 
75 mg/day; and vitamin C, 150 mg /day 
for 3 years (Hofstad et al., 1998). The 
compliance with the supplements (5 
tablets per day) was 81 % and 
compliance to the final colonoscopy was 
87%. All adenomas less than 1 cm in 
diameter were left unresected for 3 years. 
A yearly colonoscopy was performed for 
3 years by the same endoscopist, to 
measure the left-in adenomas (which had 

Table 2. Study design, endpoints and results of chemoprevention trials with fibre on colorectal cancer 
carcinogenesis 

Study Subjects Intervention Number of Duration Endpoint results 
subjects 

Hofstad et al., Previous adenoma Calcium 1.6 g/d + b 116 3 years No effect on adenoma 
Oslo, 1998 carotene 15 mg/d + growth 

vitamin E 75 mg/d + Significant decrease in 

vitamin C 150 mg/d + adenoma recurrence 
selenium 101 mg/d 

Baron et al., USA, Previous adenoma Calcium 1.2 g/d 930 4 years Significant decrease in 

1999 adenoma recurrence 

Bonithon-Kopp et Previous adenoma Calcium 2.0 g/d 656 3 years Decrease in adenoma 

al., Europe, 2000 recurrence 
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to be removed if they reached 1 cm in 
diameter) and detect new adenomas. On 
completion of the study, all adenomas 
were removed. Altogether, 116 subjects 
were randomized . There was a 
significantly higher number of patients 
free of new adenomas in the active 
medication group compared to those in 
the placebo group (OR, 0.31; Cl, 
0.11-0.84). No difference was detected in 
growth of adenomas between the active 
and the placebo group from year to year 
and for the total study period. Moreover, 
there was no effect on the polyps less 
than 5 mm or 5-9 mm or on the polyps in 
the different colonic segments analysed 
separately. 

In a study in the US, the effect of 
calcium 1.2 g/day as calcium carbonate 
was tested on adenoma recurrence 
(Baron et al. , 1999). A total of 930 
patients were randomized and the 
duration of the study was 4 years. 
During the fourth year of the study, 79% 
of the subjects took the study agents 
90%-100% of the time and the 
compliance to the final colonoscopy was 
89%. The adjusted risk ratio for having 
at least one adenoma in the calcium 
group as compared with the placebo 
group was 0.81 (Cl, 0.67- 0.99) and the 
adjusted risk ratio of the average 
number of adenomas in the calcium 
group to that in the placebo group was 
0.76 (Cl , 0.60-0.96). The risk ratio for 
having at least an adenoma over 0.5 cm 
in diameter was 0.87 (Cl, 0.63-1 .21). 
The effect of calcium was independent 
of initial dietary fat and calcium intake. 

In the European study (ECP study), 
one arm evaluated the effect of calcium 
gluconolactate carbonate, corresponding 
to 2 g elemental calcium daily, in the 
prevention of adenoma recurrence over 3 
years. The compliance rate to treatment 
was 80%. Side effects were more often 
reported in the calcium group (15%) than 
in the fibre group (10%) or the placebo 
group (7%) (P<0.04). There was a 
reduction in the risk of adenoma 
recurrence (OR, 0.66; Cl, 0.38-1.1 7). 
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Calcium may protect against colon 
carcinogenesis by binding secondary bile 
acids and fatty acids to form insoluble 
soaps in the bowel lumen, thus reducing 
their proliferative effect on colonic cells. 
Changes in bile acid metabolism could 
selectively increase the risk of right colon 
cancer. Interestingly, our results suggest 
that calcium supplementation may be 
particularly beneficial in patients with low 
dietary calcium intake (OR, 0.51 ; Cl, 
0.22-1.18) and in those who initially had 
adenomas on the right colon (OR, 0.26; 
Cl, 0.08-0.84). Our study was not 
designed to examine the interaction 
between calcium and fibre 
supplementation. We have no evidence 
that dietary fibre intake may interfere with 
the effects of calcium supplementation. On 
the other hand, we found that the adverse 
effect of ispaghula fibre supplementation 
was significantly stronger in patients with a 
high dietary calcium intake than in those 
with a low calcium intake (OR, 2.81; Cl, 
1.33-5.92). This finding was unexpected 
and we cannot rule out that it was due to 
chance alone. 

Conclusion 
Available data do not support a 
protective effect of fibre 
supplementation with wheat bran or 
mucilagenous substance on adenoma 
recurrence. They even suggest that they 
can have a deleterious effect. There are 
not enough arguments to suggest a 
protective effect on adenoma growth . 
We cannot draw any conclusions about 
the effect of fibre supplementation on 
the latter stages of carcinogenesis. In 
contrast, there are strong arguments for 
a moderate protective effect of calcium 
on adenoma recurrence, but not on 
adenoma growth. 
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Polyps and vegetables {and fat, fibre): the 
polyp prevention trial 

Schatzkin A., Lanza E. and the Polyp Prevention Trial Study Group. 
National Cancer Institute, Bethesda MD 20814, USA. 

Diet has long been regarded as the most 
important environmental influence on 
colorectal cancer. Animal experiments 
have shown conclusively that nutritional 
modulation can alter colorectal 
carcinogenesis (Zhao et al., 1991; 
Kritchevsky, 1999). Epidemiological 
studies have implicated a variety of 
dietary factors in the etiology of this 
disease (Potter et al., 1993). 

Because the generalizability of 
animal experiments to humans is 
problematic and confounding of modest 
epidemiological associations is difficult 
to rule out, the clinical trial design offers 
a valuable alternative approach to 
advancing our understanding of the role 
of diet in large bowel cancer. In that light, 
we conceived and conducted the Polyp 
Prevention Trial (PPT), an experimental 
epidemiological study of the effect of a 
low-fat, high-fibre, fru it- and vegetable
enriched diet on the recurrence of 
colorectal adenomas (Schatzhin et al., 
2000). 

At the time we initiated this trial, the 
fat, fibre, and fruit and vegetable 
hypotheses were all considered 
promising. Data from the prospective 
study of diet and colorectal adenomas in 
the Health Professionals Follow-up 
Study were particularly compelling 
(Giovannucci et al., 1992). As Table 1 
shows, this study found that dietary fat 
doubled adenoma risk whereas dietary 

fibre as well as fru it and vegetable intake 
halved that risk. In the PPT, we elected 
to intervene with a multifactorial rather 
than a single-nutrient-oriented eating 
plan in order to capture potential joint 
effects of nutrients and foods, 
incorporate the effects of unknown 
nutrients or nonnutritive food 
constituents and maximize the likelihood 
of observing a treatment effect. 

If we are interested in the relation of 
diet and invasive colorectal cancer, why 
carry out a trial with adenoma 
endpoints? The polyp trial model is 
attractive for three reasons. First, the 
recurrence rate for colorectal adenomas 
is approximately two orders of 
magnitude greater than the incidence 
rate for invasive cancer. (Recurrence is 
defined as the development of a new 
adenoma anywhere in the large bowel 
after identification and removal of one or 
more adenomas.) Therefore, an 
adenoma recurrence trial can be 

substantially smaller, faster, and less 
costly than a trial with cancer endpoints. 
Second, it is possible to integrate a 
polyp trial with standard post
polypectomy endoscopic surveillance 
practice. This provides a convenient 
means for ascertaining endpoints. 
Finally, the concept of the 
adenoma-carcinoma sequence reflects 
the fact that the large majority of 
invasive colorectal cancers develop 
through a polypoid phase . In other 
words, because colorectal adenomas 
are necessary precursor lesions for 
most invasive cancers, an intervention 
that reduces adenoma recurrence will 
likely reduce cancer incidence. 

The PPT design is depicted in Fig. 1. 
Following a run-in phase, which 
consisted of the satisfactory completion 
of dietary assessment instruments, 2079 
eligible participants were randomized to 
either the low-fat, high-fibre, high-fruit 
and -vegetable or the usual diet arm. 

Table 1. Prospective study of diet and colorectal adenoma in male health 
professionals 

Total fat 
Total fibre 
Vegetables 

RR (95% Cl) for quintile 5 versus quintile 1 

2.3 (1.4-3.9) 

0.4 (0.2-0.6) 
0.5 (0.3-0.9) 
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• , >,' Table 2. PPT: changes in rep~rted ·dletary intake . . . 
' - ~ - ;::.r ' '\ .._..:: , / ~ ~ "'" • - ~ ';;: ~ ~':,.;... ~ .., ' -- -

Variable Intervention group Control group Net change 

Baseline Year 4 Baseline Year4 

Fat(% kcal) 35.6 23.8 36.0 33.9 -9.7 

Fibre (g/1000 kcal) 10.0 17.4 9.5 10.0 6.9 

Fruit/vegetable 2.05 3.41 2.00 2.23 1.13 

(servings/1000 kcal) 

,,;c:•V=.?,;_.,~"C$_ .''-::-.,""t"-~,~~.··-,,..,"'~~",-;-"'?-?~~""-:_..,._~,~-"T'.-;;-~- --_.- '""'.!; -, !' ', -<~-_., x;-~- ~_::~·--

: T~ble 3. P.~T: , ris~ of adenorria regu!ren_c~ among participa_nt~. CC?!11Pleting· , 
' · . ·, · · · . the s_tudy · · · 
l.;;; ~...., -~ - ~ ;. - • '""' -~ ~: -"!_. "'' -

~ 1 adenoma 
Largest adenoma 
~ 1 cm 

Advanced 
adenoma 

R 
a 

Intervention group 
(11=958) 

No. % 

380 39.7 

47 4.9 

60 6.3 

n Low-fat, high-fibre, high-
d fruit and vegetable diet 

Control group 
(n=947) 

No. % 

374 39.5 

53 5.6 

66 7.0 

0 
~ r;:::;.__ ___ n_=_1_0_3_7 ___ _, 

z 

Risk ratio (95% Cl) 

1.00 (0.90-1.12) 

0.88 (0.60-1.28) 

0.90 (0.64-1.26) 

Ade no ma 
recurrence 

Usual diet r-__ Adenoma 
ag!' C::::::>l~~~~~~~~1-~~~~-n= 1042 1--------L---' recurrence 

n= 2079 

TO 

1991 -
1994 

Figure 1 
PPT design 
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Recruitment at eight clinical centres in 
the United States took place between 
1991 and 1994. Within 6 months of 
randomization, all participants had to 
have had at least one adenoma 
removed and pathologically confirmed at 
the clinical centre. 

The dietary intervention was complex 
and intensive. For participants in the 
intervention group, the dietary goals 
were to provide 20% of total calories 
from fat, 18 g of dietary fibre per 1000 
kcal, and 3.5 servings of fruits and 
vegetables per 1000 kcal (range, 5-8 
daily servings, depending on total 
energy intake). The intervention 
program included nutritional information 
and behavior-modification techniques. 
An extensive series of training modules 
was specifically developed for 
intervention participants and 
nutritionists. We offered each participant 
more than 50 h of counseling sessions 
during the 4-year intervention period, 
including 20 h in the first year. Each 
subject in the intervention group was 
assigned to one nutritionist for 
counseling and another for dietary 
assessment. We provided participants in 
the control group with general dietary 
guidelines from the National Dairy 
Council but gave them no additional 
nutritional or behavioral information. 

Each year all participants completed 
a 4-day food record followed by a food
frequency questionnaire, the Block 
Health Habits and History 
Questionnaire, which was modified 
slightly to reflect the intake of low-fat and 
high-fibre foods. In addition, participants 
in the intervention group completed a 4-
day food record 6 months after 
randomization. Each year we 
administered unscheduled 24-h dietary 
recall questionnaires to a newly selected 
random sample of 10% of participants. 

The trial protocol required 
participants to return to their usual 
endoscopist for colonoscopy 1 and 4 
years after randomization. The 1-year 
colonoscopy, performed at least 180 



days after randomization but less than 2 
years afterward, was considered a 
'clearing' procedure to detect and 
remove any adenomas that had been 
missed at the qualifying colonoscopy. 
We obtained data on any unscheduled 
endoscopic procedure carried out in 
addition to the follow-up procedures at 1 
and 4 years. We asked all investigators 
and subjects not to discuss a subject's 
randomization status with the 
endoscopists. 

Two central pathologists, who were 
unaware of the subjects' group 
assignment, determined the histological 
features and degree of atypia (low
grade versus high-grade) of all lesions. 
The endoscopists' reports provided 
information on the size, number, and 
location of all polyps. We defined an 
adenoma as recurrent if it was found 
during any endoscopic procedure after 
the 1-year colonoscopy or, for subjects 
who missed the 1-year colonoscopy, 
during any endoscopic procedure 
performed at least 2 years after 
randomization. Adenomas found during 
the 1-year colonoscopy were not 
considered recurrent. The few colorectal 
cancers diagnosed after the 1-year 
colonoscopy were counted as recurrent 
lesions. 

The primary endpoint was the 
recurrence of adenomas during the 
interval from the 1-year to the 4-year 
colonoscopy. Secondary endpoints were 
the number, size, location , and 
histological features of the adenomas 
that were found. We used the intention
to-treat principle to compare the 
intervention and control groups, defining 
groups according to the initial random 
assignment rather than according to 
actual or reported compliance with the 
protocol. 

The trial was logistically quite 
successful. Over 90% of study 
participants completed the trial: 958 
(92.4%) and 947 (90.9%) participants, 
respectively, in the intervention and 
control arms. The average follow-up 
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time and mean number of procedures 
were virtually identical in the two groups. 

Table 2 shows the changes in reported 
dietary intake for fat, fibre, and fruits and 
vegetables. Fat intake was reduced by 
about one-third; fibre increased by about 
75%; fruit and vegetable intake increased 
by about two-thirds. As we expected, 
other dietary factors changed as well. For 
example, intake of red meat dropped by 
about 25%; consumption of whole grains 
increased by about 40%. Although we did 
not observe a statistically significant drop 
in serum cholesterol (the polyunsaturated 
saturated fat ratio, not a focus of this 
study, was essentially unchanged), there 
was, in the intervention compared to 
control arm participants, a statistically 
significant increase in serum carotenoids 
as well as a significant reduction in body 
weight. (Changes at 4 years were 
somewhat less than those observed at 
the end of the first year.) 

The disappointing results of the PPT 
are reflected in Table 3. Adenoma 
recurrence proportions were virtually 
identical in the intervention and control 
arms. Nor was there any significant 
difference in recurrence of large or 
advanced (defined as 1 cm or more in 
size, having high-grade dysplasia or 
having at least 25% villous elements). 

The straightforward interpretation of 
these PPT results is that dietary 
change has no effect on colorectal 
neoplasia and, by inference, on 
colorectal cancer. It is important, 
however, to recognize the limitations of 
the PPT polyp trial model. First, the 
intervention and follow-up lasted only 4 
years. It is possible that the intervention 
needs to occur over a longer period of 
time. It is also possible, particularly if 
diet affects early events in the 
neoplastic process, that participants 
need to be followed for a longer period 
of time before treatment differences in 
adenoma recurrence emerge. In that 
regard , we are continuing to follow PPT 
participants, without active intervention, 
for an additional 5 years. 

The polyp trial model involves only a 
limited segment of neoplasia history: all 
participants have already had one or 
more adenomas and most recurrent 
lesions are small. Therefore this model 
cannot evaluate the effect of diet on 
either the pre-adenoma state or the 
progression of small adenomas to large 
adenomas or invasive cancer. 

Finally, we may not have intervened 
with the optimum diet. It is conceivable 
that more extreme changes (in, say, fat 
intake or fruit and vegetable intake) are 
necessary before an effect is observed. 
Changes in other dietary factors may be 
required. Perhaps more than a 25% 
reduction in red meat is necessary 
before adenoma recurrence is affected. 
Finally, although modest changes in 
'hard' endpoints such as blood 
carotenoids and body weight were 
observed, we cannot completely rule out 
the possibility that intervention 
participants did not truly make all the 
reported dietary changes. 

Thus, the results of this study should 
not be taken as proving that dietary 
change is ineffective in reducing the risk 
of colorectal cancer. Nor do the findings 
mean that the fat, fibre, and fruit and 
vegetable hypotheses are dead. 
Nevertheless, the PPT did not provide 
evidence that a low fat, high-fibre, fruit
and vegetable-enhanced diet can 
reduce the risk of large bowel cancer. 
We clearly have not yet resolved the 
diet-colorectal cancer question. 
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A Darwinian model of 
carcinogenesis 
Breivik (2001) has suggested that cancer 
can arise as a consequence of a 
Darwinian selection process related to 
genetic instability, i.e. genome-wide 
elevation of mutation rate in cancer cells. 
Such cells would not repair DNA damage 
and tend to substitute normal cells. 
According to Breivik, a combination of 
epidemiology, mutagenic fingerprints , 
and DNA repair mechanisms points to a 
miscellaneous group of agents that 
cause large alterations in the structure of 
DNA. Such bulky-adduct-forming (BAF) 
mutagens, comprising dietary 
components, pollutants, and intrinsic 
metabolites, appear as primary 
candidates for a selection pressure that 
promotes GIN (chromosomal instability). 
Two different phenotypes in cancer are 
chromosome instability (GIN), which is 
the dominating phenotype of cancer cells 
and is recognized as numerical and 
structural aberrations of the genome, and 
microsatellite instability (MIN), which 
involves slippage of the repeat number at 
microsatellite loci. A relationship between 
the GIN phenotype and BAF mutagens 
has now been demonstrated in a model 
system, i.e. an experiment conducted by 
Bardelli and colleagues (2001) with the 
food-borne carcinogen PhlP. Since it has 
been proposed that the type of genetic 

instability in cancer cells reflects the 
selection pressures exerted by specific 
carcinogens, Bardelli and colleagues 
have tested this hypothesis by treating 
immortal, genetically stable human cells 
with different carcinogens. They found 
that cells resistant to 2-amino-1-methyl-6-
phenylimidazo[ 4,5-b )pyridine (Ph lP) 
exhibited GIN, whereas cells resistant to 
the methylating agent N-methyl-N'-nitro
N-nitrosoguanidine (MNNG) exhibited 
MIN associated with mismatch repair 
defects. Conversely, they found that cells 
purposely made into GIN cells were 
resistant to PhlP, whereas MIN cells were 
resistant to MNNG. Interestingly, PhlP is 

a diet-borne carcinogen that causes the 
formation of bulky adducts and induces 
colon and breast cancer in rats and mice 
(Table 1). 

According to Breivik, cancer can be 
compared to the "cell cycle Grand Prix" 
in the following scenario: "Team I always 
stops for repairs when a problem is 
indicated, whereas team II ignores all 
warning lights. Team I wins under 
ordinary conditions because it always 
has a faultless vehicle, whereas team II 
accumulates errors. In the harsher 
environment the vehicles accumulate 
damage more quickly than can be 
repaired, and team I gets trapped in the 

Table 1. Results of experiments in animals orally treated with selected 
heterocyclic amines (From Bogen, 1994) 

Compound Species Dose (mg/kg/day) Incidence of colon cancer• 
Exposed Controls 

Glu-P-1 Rats M 3.8 19/42 0/50 
Glu-P-1 Rats F 3.8 7/42 0/50 
Glu-P-1 Mice M 17 6/42 0/50 
Glu-P-1 Mice F 16 8/42 0/50 
IQ Rats M 1.4 25/40 0/50 
IQ Rats F 3.3 9/40 0/50 
Me IQ Rats M 0.71 7120 0/20 
Me IQ Rats F 0.72 5/20 0/20 
Ph IP Rats M 2.1 16/29 0/40 

•No. animals with tumours I total number of animals alive at the time of first death. 
M, male; F, female . 
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checkpoint. Team II, on the other hand, 
jerks along in its faulty vehicle with a fair 
chance of making the finish line. This 
simple assessment of repair strategies 
thereby provides an explanation for the 
paradox that mutagenic environments 
favor repair deficiency." (Breivik, 2001 ). 

The role of bulky adducts in 
carcinogenesis 
If we accept the carcinogenesis model 
proposed by Breivik, we can understand 
some epidemiological observations 
concerning DNA adducts, which we briefly 
summarize in the following. Bulky DNA 
adducts (those that seem to be a prelude 
to GIN) share a number of properties: (a) 
they tend to be associated with exposures 
to aromatic compounds including PhlP; 
(b) their level is influenced by metabolic 
polymorphisms and their susceptibility is 
related to DNA repair; (c) their level is 
influenced by components of fruit and 
vegetables (possibly folic acid}; (d) they 
are predictive of the risk of cancer. I will 
mainly refer to bulky adducts measured 
by 32P-postlabelling in white blood cells 
(WBC), although evidence on other types 
of adducts is also relevant. 

Concerning point (a), WBC bulky 
adducts have not been generally 
associated with known exposures, 
including smoking, whereas a clearcut 
association has been found in target 
organs such as the lung (Hemminki et al., 
2000). For example, Alexandrov et al., 
(1992} found an association between the 
number of cigarettes smoked and the 
level of aromatic adducts in the lung 
biopsies of lung cancer patients. 

A particularly interesting adduct
forming agent is PhlP, which is formed in 
fried or charbroiled meat and fish. Oral 
administration of PhlP to hamsters 
resulted in DNA adducts in the pancreas, 
bladder and colon (Fretland et al., 2001). 
PhlP adducts are partly repaired by the 
XPA repair system and mice deficient in 
the XPA gene had twice as high levels of 
adducts in the liver, colon and lung as wild 
type mice (lmaida et al., 2000). XPA has 
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an essential role in the damage 
recognition step of nucleotide excision 
repair (NER), a crucial pathway in the 
maintenance of genome stability. 

As regards point (b), there is a fair 
amount of literature on gene-environment 
interactions, that I will not summarize 
here; I refer the reader to a recent review 
on adduct levels and metabolic 
polymorphisms (Bartsch, 2000). In 
addition to metabolic susceptibility, 
susceptibility based on DNA repair is also 
involved. For example, we have shown in 
the context of the EPIC investigation that 
DNA repair polymorphisms, and more 
specifically XRCC3 polymorphisms, are 
associated with variable levels of bulky 
adducts, after adjustment for relevant 
exposures (Table 2). XRCC3 participates 
in DNA double-strand break
recombination repair and is a member of 
an emerging family of proteins that likely 
participate in homologous recombination 
to maintain chromosome stability and 
repair DNA. Therefore, adducts seem to 
integrate not only external exposure, but 
also individual susceptibility related to 
carcinogen metabolism and DNA repair. 

With reference to point (c), in the same 
Italian EPIC population, we have 
demonstrated that the levels of adducts 
are negatively correlated with the 
consumption of fruit and vegetables (Palli 
et al., 2000). This observation is not new; 
in particular, experimental studies have 
shown that eating fruit and vegetables 
decreased the levels of oxidative damage 
to DNA. For example, Thompson et al. 
(1999) tailored a special cuisine in order 
to increase the intake of fruit and 
vegetables from about 5 portions per day 
to 12 after intervention. The level of 8-
0hdG adducts in lymphocytes decreased 
by 32% and in the urine it decreased by 
57%. In another study, Verhagen et al. 
(1997) fed Brussels sprouts to healthy 
non-smoking volunteers, leading to a 
statistically significant 28% reduction in 8-
0hdG adducts. Also, rats treated with 
freeze-dried strawberries and a 
carcinogen (NMBA) developed fewer 

oesophageal tumours and had fewer 06-
methylguani ne adducts in the 
oesophageal mucosa than rats treated 
with NMBA alone (Carlton et al., 2001) 

Although it is not directly related to 
DNA adducts, an interesting observation 
has been made by Nyberg et al. (2001) 
among 158 lung cancer patients and 154 
controls. Significantly decreased HPRT 
mutation frequency in lymphocytes was 
demonstrated in relation to intake of 
vegetables, citrus fruit and berries, 
suggesting that components of such 
dietary items can directly or indirectly 
modulate somatic mutagenesis 
(hypoxanthine-guanine phosphoribosyl
transferase, HPRT, is a reporter gene 
used to study mutagenesis in vivo). 
Previous studies had shown a good 
correlation between the level of aromatic 
DNA adducts and HPRT mutation 
frequency (Beland, 1995; Chen et al., 
2001). 

With regard to point (d), bulky adducts 
seem to predict the occurrence of cancer, 
at least in the lung and the bladder (Vineis 
& Perera, 2000). In brief, a number of 
case-control studies of lung cancer and 
one on bladder cancer show that a high 
level of adducts is associated with 
statistically significant relative risks in the 
order of 5 to 7 (Peluso et al., 2000; Vulimiri 
et al. , 2000; Li et al., 1996; Tang et al., 
1995; Cheng et al., 2001), with one 
exception (Hou et al., 1999). Interestingly, 
such estimates persist after adjustment 
for the relevant risk factors such as 
smoking, indicating that DNA bulky 
adducts are independently predictive of 
risk. The study by Cheng et al. (2001) was 
conducted among non-smokers and 
showed both that DNA adducts were 
higher in cases than in controls 
(P=0.0001) and that they were higher in 
women than in men. One might object 
that such observations have been made 
in the context of cross-sectional studies, 
i.e. adducts were measured in cases 
when cancer was already present and 
their level could be influenced by 
metabolic impairment associated with 



cancer. However, such criticism is now 
overcome by a prospective study on lung 
cancer (Tang et al. , 2001), reporting a 
relative risk of about 3 in smokers with 
high levels of adducts, after adjustment 
for smoking levels; the relative risk 
increased when only subjects whose 
blood was drawn more than 5 years 
before cancer diagnosis were considered. 
In the study by Peluso (2000) on bladder 
cancer, the relative risks were 3.0 (95% 
confidence interval, 1.45-6.1 ), 5.4 (Cl, 
2.5-11.7) and 7.9 (Cl, 3.4- 18.4) in the 
three highest quartiles of adducts, 
compared with the lowest quartile, clearly 
suggesting a dose-response relationship 
(estimates adjusted by smoking). 

Mechanisms for the 
modulation of DNA adducts 
Which are the mechanisms that are 
hypothesized to explain the positive 
effect of fruit and vegetables on DNA 
adducts? At least three have been 
proposed. One is the hypothesis of the 
role of antioxidants, which is still alive 
but would explain only the inhibition of 
oxidative damage. In addition, it is well 
known that randomized trials in smokers 
based on the administration of vitamins 
failed: two of them were even 
characterized by an increase in lung 
cancer (Omenn et al. , 1996; Rautalahti 
et al., 1997). DNA oxidation was not 
modified by antioxidant administration in 
a number of experimental studies 
(Prieme et al., 1998; Collins et al. , 1998; 
Van Poppel et al., 1995). 

A second potential mechanism is 
related to induction of metabolic enzymes 
by constituents of fruit and vegetables: for 
example, cruciferous vegetables induce 
CYP1 A2, an enzyme involved in the 
metabolism of aromatic amines and other 
dietary carcinogens (Kall et al., 1996). Lin 
et al. (1998) have shown a protective 
effect of broccoli for colorectal adenomas 
that was present only in GSTM1 null 
subjects. lsothiocyanates are potent 
anticarcinogens that induce metabolic 
enzymes, and are eliminated through 
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conjugation by glutathione-S-transferases 
µ and T (GSTM1 and GSTI1 ). In a nicely 
designed prospective study, London et al. 
(2000) demonstrated that 
isothiocyanates measured in the urine 
decreased the risk of lung cancer, 
particularly in subjects deficient in 
GSTM1 and GSTI1 . 

In addition to cruciferous vegetables 
and isothiocyanates, other chemicals 
have also been implicated in protecting 
from adduct fo rmation, possibly via 
metabolic induction. Phenolics are the 
most investigated class of compounds. 
Green tea and black tea, which are rich in 
phenolics, strongly reduced the formation 
of Ph lP-DNA adducts in the colon, breast 
and liver of rats (Hirose et al., 1999; 
Schut & Yao, 2000). Lycopene, a 
compound that abounds in tomatoes, is a 
powerful inducer of quinone reductase, 
GSTs and superoxide dismutase 
(Breinholt et al., 2000). 

A third mechanism is DNA repair. 
DNA repair enzymes are involved in 
repairing bulky adducts by the nucleotide 
excision repair or the double-strand 
break repair systems. One study shows 
that the levels of DNA adducts in the 
EPIC population varies according to the 
XRCC3 genotype (Matullo et al., 2001 ); 
subjects with the Met/Met genotype had 
a relative risk of 2.7 (95% Cl, 1.1 -6.7) for 
having detectable levels of adducts 
(Table 2). In another study, reduced 
expression of NER repair genes was 
associated with an increased risk of lung 
cancer (Cheng et al., 2001 ). In addition 
to such evidence, many phenotypic tests 
have been conducted, showing that 
cancer cases have impaired DNA repair 
as measured by indirect tests, compared 
with healthy controls (mutagen sensitivity 
tests; for a review see Berwick & Vineis, 
2000). It is likely that such greater 
sensitivity of cancer cases to the 
induction of DNA damage by mutagens 
(including chromosome breaks and 
carcinogen-DNA adducts) reflects an 
inherited or acquired susceptibility 
related to DNA repair systems. 

It has been suggested that fruit and 
vegetables might influence the function 
of DNA repair genes. Kucuk et al. (1995) 
found a strong inverse relationship 
between plasma nutrients and the 
mutagen sensitivity assay (correlation 
coefficient, -0.76 for beta-carotene and 
-0.72 for total carotenoids). However, in 
randomized double-blind trials, Hu et al. 
(1996) and Goodman et al. (1998) found 
no association between supplementation 
and DNA repair activity. 

Rather strong experimental evidence 
has been provided in studies by Fenech 
and collaborators, suggesting that folic 
acid interferes with DNA repair. According 
to such studies, folic acid plays a critical 
role in the prevention of chromosome 
breakage and hypomethylation of DNA. 
The most plausible explanation for the 
chromosome-breaking effect of low folate 
is excessive uracil misincorporation into 
DNA, a mutagenic lesion that leads to 
strand breaks in DNA during repair. In 
vitro experiments indicate that genomic 
instability in human cells is minimized 
when the folic acid concentration in 
culture medium is greater than 227 
nmol/L, while intervention studies in 
humans show that DNA hypomethylation, 
chromosome breaks, uracil mis
incorporation and micronucleus formation 
are minimized when red cell folate 
concentration is greater than 700 nmol/L 
folate (Fenech, 2001). 

Conclusions 
The relationships between dietary 
patterns, adduct formation, individual 
susceptibility and the risk of cancer are 
extremely complex. Diet is a particularly 
interesting field, since much of the 
metabolic interindividual variation is likely 
to have originated from the so-called 
animal-plant warfare, i.e. the elaboration 
of defensive metabolic responses by 
animals who ate toxic components of 
plants. Drug-metabolizing enzymes such 
as those encoded by the cytochrome 
P450 genes have a high degree of 
interspecies and intraspecies variability. It 
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Table 2. Distribution of 308 Italian EPIC individuals according to detectable/nondetectable levels of ON~ adducts, for three DNA. 
repair genotypes, and for the wild allele homozygotes vs subjects with at least a variant allele (From Matullo et al., 2001) 

' 

All subjects Nondetectable Detectable Crude Adjusted Above• Crude Adjusted 
(308) adducts (83) adducts (224) (155) 
n(%) n(%) n(%) OR(95%CI) QRb (95%CI) n(%) OR (95%CI) QRb(95%CI) 

XRCC1exon10 

Codon 399 

Arg/Arg 134 (43.6) 37 (44.6) 97 (43.3) 1 1 68 (43.9) 1 1 

Arg/Gln 139 (45.3) 40 (48.2) 99 (44.2) 0.94 (0.55-1.60) 0.95 (0.53-1.70) 68 (43.9) 0.92 (0.57-1.49) 0.90 (0.53-1.53) 

Gin/Gin 34 (11 .1) 6 (7.2) 28 (12.5) 1. 78 (0.68--4.65) 1.87 (0.69-5.07) 19 (12.3) 1.22 (0.57-2.62) 1.45 (0.64-3.31) 

Gin/Gin + Arg/Gln 173 (56.4) 46 (55.4) 127 (56.7) 1.05 (0.63-1.75) 1.08 (0.63-1 .87) 87 (56.2) 0.98 (0.62-1 .54) 1.02 (0.62-1.67) 

x2 =1.755C P=0.416 P=0.765 

XRCC3exon 7 

Codon 241 

Thrffhr 104 (33.8) 33 (39.8) 71 (31.6) 1 1 45(29) 1 1 

Thr/Met 149 (48.4) 42 (50.6) 107 (47.6) 1.18 (0.68-2.04) 1.33 (0.73-2.41) 71 (45.8) 1.19 (0.72-1 .97) 1.31 (0.75-2.30) 

Met/Met 55 (17.9) 8 (9.6) 47 (20.8) 2.73 (1.16-6.42)• 2.68 (1.07--8.68) 39 (25.2) 3.19 (1 .56-6.42)• 4.01 (1.82--8.83)• 

MeVMet + Thr/Met 204 (66.3) 50 (60.2) 154 (68.4) 1.43 (0.85-2.41) 1.54 (0.87-2.72) 110 (71.0) 1.53 (0.95-2.47) 1.70 (1 .00--2.89)• 

x2 =5.622° P=0.060 P=o.003• 

XPDExon 23 

Codon 751 

Lys/Lys 102 (33.1) 28 (33.7) 74 (32.9) 48 (31) 1 

Lys/Gln 157(51) 42 (50.6) 115 (51 .1) 1.04 (0.59-1 .81) 1.06 (0.58-1.94) 80 (51.6) 1.16 (0.71- 1.92) 1.19 (0.68-2.08) 

Gin/Gin 49 (15.9) 13 (15.7) 36 (16.0) 1.05 (0.49-2.26) 1.25 (0.54-2.88) 27 (17.4) 1.38 (0.70--2.73) 1.53 (0.71-3.27) 

Gin/Gin + Lys/Gln 206 (66.9) 55 (66.3) 151 (67.1) 1.04 (0.61-1.77) 1.11 (0.63-1.97) 107 (69.0) 1.21 (0. 75-1.95) 1.25 (0.74-2.10) 

x2 =0.021° P=0.990 P=0.635 

•statistically significant comparison. 
bBelow and above 4.9 per 109 RAL (relative adduct labeling x 109) median value. 
'Multivariate logistic regression: OR adjusted by age, sex, BMI, centres, month and year of blood drawing, repair genes and smoking status. 
d3 x 2 contingency table x2 test for the three different genotypes above/below RAL median value and between detectable/nondetectable groups. 
OR, odds ratio; Cl, confidence interval. 



is generally believed that such diversity is 
the result of coevolution of plants 
producing toxic compounds and animals 
responding with new enzymes to detoxify 
these chemicals (Gonzales & Nebert, 
1990). The evolutionary meaning of DNA 
repair genes is less clear (Eisen & 
Hanawalt, 1999). 

This is the context in which the 
meaning of genetically based 
susceptibility to disease must be 
understood. According to the 
interpretation put forward by Manfred 
Eigen (1992) , different individuals 
belonging to a species carry variants of 
each gene, which allow them to find better 
adaptation to the environmental changes: 
"Functionally competent mutants, whose 
selection values come close to that of the 
wild type (though remaining below it) , 
reach far higher population numbers than 
those that are functionally ineffective. An 
asymmetric spectrum of mutants builds 
up, in which mutants far removed from the 
wild type arise successively from 
intermediates. The population in such a 
chain of mutants is influenced decisively 
by the structure of the value landscape. 
The value landscape consists of 
connected plains, hills and mountain 
ranges. In the mountain ranges, the 
mutant spectrum is widely scattered, and 
along ridges even distant relatives of the 
wild type appear with finite frequency. It is 
precisely in the mountainous region that 
further selectively superior mutants can 
be expected. As soon as one of these 
turns up on the periphery of the mutation 
spectrum the established ensemble 
collapses. A new ensemble builds up 
around the superior mutant, which thus 
takes over the role of the wild type ... This 
causal chain results in a kind of 'mass 
action', by which the superior mutants are 
tested with much higher probability than 
inferior mutants, even if the latter are an 
equal distance away from the wild type" 
(Eigen, 1992). This description can be 
used both to understand how so-called 
superior mutant individuals are selected 
to adapt to particular external 
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environments (including metabolic 
variants in the animal-plant warfare) and 
to understand the cancer process, i.e. 
how mutant cells are selected because of 
a prol iferative advantage in a changing 
internal environment. In this context, the 
study of the relationships between DNA 
adducts, dietary components and the risk 
of cancer is likely to be crucial. 
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Introduction 
Dietary fat, lipid peroxidation and 
arachidonic acid metabolism have all 
been implicated in colorectal 
carcinogenesis (Giovannucci & Goldin, 
1997; Ozdermirler et al., 1998; 
Hendickse et al. , 1994). Lipid 
peroxidation is initiated by free radical 
attack of membrane lipids, generating 
large amounts of reactive products, 
which have been implicated in tumour 
initiation and promotion . Since 
modification of DNA is believed to be an 
important early step in carcinogenesis, 
endogenous DNA adducts derived from 
oxidative stress, lipid peroxidation or 
other endogenous processes have been 
proposed as contributors to the etiology 
of human cancer (Marnett 2000). 

Malondialdehyde (MDA) is a major 
genotoxic carbonyl compound 
generated by lipid peroxidation (Marnett 
1999, 2000). It is also a by-product of 
the arachidonic acid metabolism in the 
synthesis of prostaglandins (Marnett 
1994b). Both endogenous processes 
are modulated by dietary factors. For 
example, lipid peroxidation is stimulated 
by the presence of high levels of w-6 
polyunsaturated fatty acids (w-6 PUFAs) 

and is inhibited by dietary antioxidants. 
Increased levels of MDA, together with 
increased levels of PUFAs and 
prostaglandins (e.g. PGE2) have been 
reported in tumour tissues of colorectal 
cancer patients as compared to their 
normal mucosa (Hendickse et al., 1994). 

MDA is mutagenic in bacterial and 
mammalian systems (Basu & Marnett, 
1983). It reacts with DNA to form 
adducts with deoxyguanosine, 
deoxyadenosine and deoxycytidine as 
well as cross-links (Marnett 1994a). The 
adduct formed upon reaction with 
deoxyguanosine, the highly fluorescent 
cyclic pyrimidopurinone, 1,N2 

malondialdehyde-deoxyguanosine (M1-

dG), was originally detected in liver DNA 
from healthy individuals, at levels of 
5-11 adducts per 107 total bases 
(Chaudhary et al., 1994). Since then, 
M1-dG has been detected in several 
human tissues at levels ranging from 
0.02 to 21 per 107 normal bases (Vaca 
et al., 1995; Rouzer et al., 1997; Everett 
et al. , 2001; Kadlubar et al., 1998). Very 
interestingly, it has been shown that M1-

dG can also be formed following direct 
oxidative attack on DNA (Dedon et al. , 
1998). M1-dG is a premutagenic lesion 

and can induce guanine to thymine 
transversions and guanine to adenine 
transitions in DNA (Benamira et al., 
1995; Fink et al., 1997). 

In this brief overview the use of M1-

dG as a marker of exposure to MDA in 
various studies is summarized. Full 
accounts of the methodologies and 
study designs are published elsewhere 
and can be found in the cited primary 
publications. 

Quantitation of M1-dG by 
immunoslot blot assay (ISB) 
M1-dG was quantitated in DNA using an 
immunoslot blot assay developed by 
Leuratti et al. (1998) with some recent 
modifications (Leuratti et al. , 2002). 

The effect of dietary fat intake 
on M1-dG in DNA 
Fang and co-workers (1996) reported 
that volunteers on a diet containing 
high amounts of polyunsaturated fatty 
acids had higher levels of M1-dG in 
leukocyte DNA than individuals on a 
diet rich in monounsaturated fatty 
acids. The difference between adduct 
levels following the two diets was 
greater in women than in men. 
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These results suggested a role of diet 
in modulating adduct levels. 
Preliminary results from ou r group have 
also suggested a dietary influence on 
M1-dG levels in human leukocyte DNA 
(Leuratti et al. , 1999). 

In a recent study, we have been able 
to make use of dietary data that had 
been collected in the UK arm of the 
EPIC study (Leuratti et al. , 2aa2) . 
Colorectal biopsies from normal mucosa 
of 162 participants in both the UK 
Flexiscope Sigmoidoscopy Screening 
Trial (Atkin et al., 2aa2) and the EPIC 
study (Day et al., 1999) were analysed 
for the presence of M1-dG, the major 
DNA adduct formed by reaction of MDA 
with DNA. The objectives of the study 
were to investigate whether this adduct 
can be regarded as a biomarker of 
specific dietary intake and whether it can 
be considered a risk factor fo r the 
presence of premalignant lesions in 
humans (see below). 

This study showed for the fi rst time 
that M1-dG is present in the normal 
colorectal mucosa in humans. The 
levels measured had an average value, 
considering all participants, of 4.42 ± 

2.95 per 1 a7 total bases. These levels 
are lower than those detected in our 
laboratory in human gastric biopsy DNA 
(Everett et al. , 2aa1). It is likely that this 
difference in M1-dG levels is due to 
tissue-specific differences in adduct 
formation and removal. In the present 
study, there was substantial inter
individual variation in adduct levels. 
Levels in women were slightly, but not 
significantly, higher than in men. Fang et 
al. (1996) reported higher levels of 
adducts in the white blood cells of 
women as compared to men. Similar 
findings were reported in the same 
leukocyte samples for etheno adducts, 
another product of lipid peroxidation 
(Nair et al., 1997). Similar to our findings 
for colorectal biopsies, no sex 
differences in M1-dG levels were 
reported for gastric tissue (Everett et al., 
2aa1). 
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In general , associations between 
adduct levels and anthropometric as 
well as environmental factors were more 
obvious in men than in women. Here, 
taller men had higher adduct levels and 
there was a significant inverse 
association with body mass index. This 
was an unexpected finding , which is 
difficult to explain since a positive 
association would have been predicted 
from the fact that cohort and prospective 
studies suggest that excessive body 
mass is positively correlated with 
colorectal cancer risk (Potter 1999; 
World Cancer Research Fund, 1997). 
No correlation was observed in women. 
Adduct levels increased with age in 
men , but not in women. No relationship 
with smoking was found, confirming 
other authors' findings (Everett et al. , 
2aa1 ; Kadlubar et al., 1998). A stronger 
dietary modulation of M1-dG levels was 
observed in men, with legumes, nuts, 
wholemeal bread, cereals , fruits , 
vegetables, salads and raw tomatoes 
being protective. High consumption of 
some of these food items has been 
associated with protection against colon 
and rectum cancer. 

High intake of beer, alcohol and white 
meat was positively correlated with 
adduct levels in men. Epidemiological 
studies have reported either an 
increased risk or no association 
between beer/alcohol consumption and 
colorectal cancer (Committee on 
Medical Aspects of Food and Nutrition 
Policy, COMA 1998) . In studies of diet 
and colorectal adenomas, alcohol is 
usually considered to be a potential 
confounder, although there is little clear 
evidence of effects in the literature 
(Breuer et al., 2aaa; Sandler et al. , 1998; 
Giovannucci et al., 1992). 

There were no associations between 
adduct levels and the recorded 
consumption of about 3a groups of food 
in women, possibly due to the smaller 
number of samples analysed and 
therefore lower statistical power. 
Differences between the sexes in 

leukocyte adduct levels in response to 
diet have been reported in a smaller 
previous study, in which mainly younger 
and presumably pre-menopausal 
women were investigated (Fang et al. , 
1996). In the present study, all the 
women were aged 55-65 years and 
colonic adduct levels were measured. 
Here, there was a weak positive 
association between rectal biopsy M1-

dG levels and saturated fatty acid intake 
in women and an inverse association 
with the standard dietary ratio of 
PUFA:saturated fat. 

M1-dG levels in relation to 
cancer risk 

One area where M1-dG 
measurements have been studied 
extensively is in relation to cancer risk 
with respect to Helicobacter infections. 
Helicobacter hepaticus causes 
hepatocellular carcinoma in infected 
mice and Helicobacter pylori has been 
associated with increased risks of 
gastric cancer in humans. 

The level of M1-dG in control A/JCr 
mouse livers at 3, 6, 9 and 12 months 
averaged 37.5, 36.6, 24.8 and 3a. 1 
adducts per 1 as nucleotides, 
respectively. Higher levels of M1-dG 
were detected in the liver DNA of H. 
hepaticus-infected A/JCr mice, with 
levels averaging 4a.7, 47.a, 42.5 and 
52.5 adducts per 1 as nucleotides at 3, 6, 
9 and 12 months, respectively. There 
was a significant age-dependent 
increase in the level of M1-dG in the 
caudate and median lobes of the A/JCr 
mice relative to control mice. These 
results suggested that M1-dG occurs as 
a result of oxidative stress associated 
with H. hepaticus infection of mice and 
may contribute to liver carcinogenesis in 
this model (Singh et al., 2aa1 ). 

Helicobacter pylori infection is 
associated with elevated gastric 
mucosa! concentrations of MDA and 
reduced gastric ju ice vitamin C 
concentrations. Levels of antral mucosa! 
M1-dG were determined in patients 
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Figure 1 
Distribution plot of M,-dG levels in normal colorectal mucosa of cases and controls (men and 
women). M1-dG levels ranged from undetectable (11=13) to 12.23 per 107 total bases (average, 
4.42±2.95 per 107 bases) 

(n=124) attending for endoscopy. Sixty
four H. pylori-positive patients received 
eradication therapy; endoscopy was 
repeated at 6 and 12 months. Levels of 
M1-dG did not differ between subjects 
with H. pylori gastritis (n=85) and those 
with normal mucosa without H. pylori 
infection (n=39; 56.6 versus 60.1 
adducts/108 bases) and were 
unaffected by age or smoking habits. 
Malondialdehyde levels were higher 
(123.7 versus 82.5 pmol/g; P<0.001), 
gastric juice ascorbic acid was lower 
(5.7 versus 15.0 mmol/ml; P<0.001), 
and antral mucosa! ascorbic acid was 
unchanged (48.0 versus 42.7 mmol/g) in 
H. pylori gastritis compared with normal 
mucosa. Multiple regression analysis 
revealed that M1-dG increased 
significantly with increasing levels of 
malondialdehyde. However, M1-dG 
levels were unchanged 6 months after 
eradication therapy, suggesting that that 

the infection was not a major modulator 
of M1-dG levels in the gastric mucosa. 
Although the clinical status of these 
subjects was very well characterized, 
there was almost no information on 
dietary habits (Everett et al., 2001 ). 

A recent study on the relationship 
between M1-dG adducts and 
adenomatous polyps suggested that 
increased levels of DNA damage in 
normal mucosa were associated with 
increased risk of development of these 
precancerous lesions. Table 1 shows the 
characteristics and mean adduct levels in 
participants of the Flexiscope/EPIC study 
described above who were found to have 
adenomas, compared with adenoma-free 
individuals. Mean differences were not 
significant, although Figure 1 shows that 
cases tended to have higher levels. 
Twelve individuals with polyps had 
adduct levels above 9 per 107 bases, 
compared with 1 polyp-free individual. 

Chi squared testing of differences in 
adduct levels between the distributions in 
cases and controls failed to reach 
statistical significance (P<0.065). In 
females, a marginally significant (P=0.09) 
trend in relation to the severity of the 
adenomas was observed with M1-dG 
levels (per 107 total bases) increasing 
from 4.06±2.0 in controls to 4.76±3.6 in 
low-risk and 5.40±2.6 in high-risk women. 
There were no differences in men 
(Leuratti et al., 2002). 

Conclusions 
M1-dG has been detected in DNA 
extracted from epithelial tissues from the 
human gastrointestinal tract as well as 
from white blood cells. The levels are 
highly variable from person to person 
and it is of some interest to determine 
whether intake of dietary fats and 
potential modulating factors such as 
intake of antioxidants contributes to this 
variation. Ultimately a major objective is 
to determine whether risk of cancer can 
be related to specific dietary factors or 
habits. Experimental models suggest 
that increasing M1-dG levels are 
associated with increasing risk but the 
endogenous formation of the adduct 
was related to oxidative stress induced 
by a chronic infection and not by 
changes in diet. A recent study which 
combined collection of DNA from a likely 
target organ (colon) with information on 
dietary habits obtained through the UK 
EPIC study afforded a good opportunity 
to examine the usefulness of M1-dG and 
showed that dietary habits do, to some 
extent, influence the levels of this 
mutagenic DNA adduct. Furthermore, 
risk of early precancerous disease 
(adenomatous polyps) was also related 
to increasing M1-dG levels. It is likely 
that incorporation of biomarkers of 
certain types of characteristic DNA 
damage into studies such as EPIC will 
lead to an understanding of the 
molecular processes which link the 
complex exposure that is our diet to 
chronic diseases such as cancer. 
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~ I Table 1. Anthropometric characteristics and MDA-adduct levels (M1-dG x 107 total normal bases) for all participants, men and women in 
cases (polyps) and controls (C) in a recent study (Leuratti et al., 2002) 

All (162) Men (100) Women (62) 

Findings• c Polyps Correlationb c Polyps Correlationb c Polyps Correlationb 
with M1-dG with M1-dG with M1-dG 

(No.) (79) (83) (11=162) (P) (54) (46) (11=100) (P) (25) (37) (n=62) (P) 

Age (years) 57.7±2.9 58.4±3.1 0.189 57.6±2.9 58.7±3.2 0.2586 57.9±3.1 58.1±3.1 0.0738 

(,P:; 0.02) (?:; 0.01) 

Height (cm) 171.7±8.8 169.5±9.2 0.045 175.7±6.9 175.5±6.4 0.2178 163±5.3 161.9±5.9 -0.0946 

(,P:; 0.05) 

Weight (kg) 76.6±9.8 74.9±10.9 -0.046 78.4±8.0 79.8±7.7 -0.060 72.8±12.3 68.8±11.3 0.002 

BMI (kg/m2) 26.1±3.4 26.1±3.1 -0.077 25.4±2.1 25.9±2.4 -0.2506 27.5±5.0 26.2±3.9 0.0467 

(,P:; 0.02) 

M1-dG/107 4.11±2.6 4.71±3.2 4.13±2.8 4.52±3.2 4.06±2.0 4.95±3.3 

bases (range) (0-11 .64) (0-12.23) (0-11 .64) (0-12.23) (0.23-8.54) (0-11 .56) 

•Values are means ±SD. 
bpearson's correlation test was used in the analyses. 
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Meat intake, metabolic genes and colorectal 
cancer 
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Recent expert reviews and meta
analyses of the epidemiological data on 
meat and colorectal cancer (CRC) have 
concluded that high red meat and 
processed meat intakes are probable 
risk factors for this disease 
(WCRF/AICR, 1997; Norat & Riboli, 
2001 ; Sandhu et al., 2001 ). These 
foods, especially when cooked to well
done, may be a source of exposure to 
chemical carcinogens, such as 
heterocyclic amines (HAAs), polycyclic 
hydrocarbons (PAHs) and other 
pyrolysis products. HAAs are formed 
when meat or fish is cooked at a high 
temperature for a long duration, 
whereas PAHs are formed when meat is 
cooked directly above the heat source 
(e.g., on a grill) (Sugimura, 1985). 
Exposure of the large bowel to N-nitroso 
compounds may also be increased on a 
high red meat diet, as these compounds 
are formed in the digestive tract from the 
reaction of amines with nitrosating 
agents contained in cured meat (Hecht, 
1997) or generated by the colonic flora 
(Susuki and Mitsuoka, 1981; Bingham et 
al., 1996). Dietary exposure to HAAs 
and PAHs, and endogenous formation of 
nitrosamines are difficult to quantify in 
free-living individuals. 

These compounds require metabolic 
activation before they can bind to DNA, 
potentially initiating the carcinogenic 
process. HAAs require N-oxidation by 

cytochrome P450 1A2 (CYP1A2), 
followed by 0-esterification by N
acetyltransferase-2 (NAT2) (Turesky et 
al., 1991). CYP1A1 plays a major role in 
metabolizing PAHs into diol-epoxides 
(Boyland & Sims, 1964). CYP2E1 is also 
a key activating enzyme, as it catalyses 
the hydroxylation of many nitrosamines 
(Yang et al., 1990). The genes encoding 
these metabolic enzymes often exhibit 
inherited sequence variations 
(polymorphisms), which in some 
instances have been shown to affect 
enzyme activity. 

At least 10 single nucleotide 
polymorphisms have been identified in 
the NAT2 gene, seven of them resulting 
in amino acid changes. Combinations of 
these substitutions result in alleles 
coding for decreased enzyme activity, 
five of which (*SA, *S8, *SC, *6A, *78) 
occur with significant frequency (> 1 %) 
(Cascorbi et al., 1999). These 
po lymorphisms explain most of the 
intraindividual variation in NAT2 activity. 
The CYP1A2 gene is also thought to be 
polymorphic; however, no genetic 
variant has been clearly demonstrated 
to explain the interindividual variation in 
the activity of the enzyme. Thus, past 
studies have used pharmacological 
probes (e.g., caffeine) to characterize 
individuals for CYP1A2 phenotype 
(Lang et al., 1994). CYP1A2 is also 
known to be inducible by various 

environmental exposures , including 
smoking (Lang et al., 1994). It has been 
hypothesized that the rapid NAT2 
phenotype confers an increased CRC 
risk, especially when combined with the 
rapid CYP1A2 phenotype and 
consumption of well-done meat (Lang et 
al. , 1994). Recent studies, which 
examined the association of NAT2 alone 
or in combination with some measure of 
meat or well-done meat intake, have 
only been weakly supportive of the 
hypothesis. More striking were the 
results of Lang et al. (1994) who 
assessed both NAT2 and CYP1A2 
activities in their subjects and found a 
sixfold increased CRC risk in subjects 
with both the rapid NAT2 and rapid 
CYP1A2 phenotypes and preference for 
well-done meat. 

A 2455 A6G substitution 
polymorphism in CYP1A 1 has been 
shown to be associated with increased 
inducibility of the enzyme (Nerurkar et 
al. , 2000) and has been reported to 
increase risk of in situ CRC in a 
preliminary study (Sivaraman et al. , 
1994). Recently, a 96-bp insertion 
polymorphism in the regulatory region of 
CYP2E1 has been associated with an 
increased induction of the enzyme by 
obesity or ethanol (MacCarver et al., 
1998). The association of these various 
functional polymorphisms with CRC 
would provide strong evidence for a role 
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of these classes of chemical 
carcinogens in the etiology of the 
disease. 9 

Such associations were tested in a 
population-based case-control study 
conducted in Hawaii. We interviewed 
727 CRC cases of Japanese, 
Caucasian or Native Hawaiian ancestry 
and 727 controls matched on sex, age, 
and ethnicity. The questionnaire inquired 
about cooking preference for red meat 
and included detailed questions on 
usual consumption of the main types of 
meat and fish for each of several 
cooking methods and doneness levels. 
Exposure to other CRC risk factors was 
also assessed (macro- and 
micronutrient intake, physical activity, 
smoking, aspirin use, etc.) . Genotyping 
was performed by PCR-RFLP methods. 
A subgroup of 349 cases and 467 
controls was also phenotyped for 
CYP1A2 by caffeine challenge. CYP1A2 
activity was assessed by measuring the 
ratio of [1 ,7-dimethyluric acid (17U) + 
1,7-dimethylxanthine (1 7X)] I caffeine 
(1 37X) by high performance liquid 
chromatography. 

The age-, sex-, and ethnicity
adjusted odds ratios (and 95% 
confidence intervals) for CRC by 
increasing quartile of total red meat 
were 1.0, 1.0 (0.7-1.3), 1.3 (1.0-17) and 
1.4 (1.0-1.8) (P for trend, 0.01). 
However, after adjustment for other 
covariates (pack-years, physical activity, 
asp1nn use, body mass index, 
education, and fibre and calcium 
intakes), the relationship was no longer 
present: odds ratios of 1.0, 0.8 
(0.5-1 .1), 1.1 (0.8-1 .5) and 1.0 
(0.8-1 .5), respectively. This indicates 
that this association was confounded by 
known CRC risk factors. A statistically 
significant association with processed 
meats was found for both colon and 
rectal cancer but the odds ratios were 
stronger for rectal cancer. The fully 
adjusted odds ratios for colon cancer by 
increasing quartiles of processed meats 
were 1.0., 1.0 (0.7-1.5), 1.2 (0.8-1.7) 
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Figure 1 
Odds ratios fo r colorectal cancer by red meat preference, NAT2 genotype and CYP1A2 phenotype 
among ever-smokers. Risk is increased only in the group of subjects with both the rapid NAT2 and 
rapid CYP1A2 phenotypes and who preferred their red meat well-done (Pfor interaction: 0.01) 

and 1.4 (1.0-2.1 ) (Pfortrend, 0.05). The 
corresponding odds ratios for rectal 
cancer were 1.0, 1.0 (0.5-1 .9) , 1.9 
(1.0-3.6), 2.1 (1 .0-3.7) (P for trend, 
0.03). 

In this study, we also found that 
preference for well-done red meat was 
associated with an 8.8-fold increased 
risk of CRC (95% Cl , 1.7-44.9) among 
ever-smokers with both the rapid NAT2 
and rapid CYP1A2 phenotypes, 
compared to ever-smokers with low 
NAT2 and CYP1A2 activities and who 
preferred their red meat rare or medium 
(Fig. 1) (Le Marchand et al., 2001 ). No 
similar association was found in never
smokers (data not shown), and there 
was no increased risk for well-done 
meat among ever-smokers with a rapid 
phenotype for only one of these 

enzymes, or for ever-smokers with both 
rapid phenotypes who did not prefer 
their red meat well -done (P for 
interaction, 0.01) (Fig. 1) (Le Marchand, 
et al., 2001 ). These data are consistent 
with those of Lang et al. (1994) reviewed 
above in suggesting that exposure to 
carcinogens (presumably HAAs) 
through consumption of well-done meat 
increases the risk of CRC, particularly in 
individuals who are genetically 
susceptible (as determined by a rapid 
phenotype for both NAT2 and CYP1A2). 
They also suggest that smoking, 
probably by inducing CYP1A2, 
facilitates this effect. 

In our study, the CYP1A 1 2455G 
allele was also found to be associated 
with CRC, especially in Japanese in 
whom the polymorphism is relatively 
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Figure 2 
Odds ratios for colorectal cancer by grilled/barbecued meat intake or pack-years and CYP1A1 
A2455G genotype in Japanese. The association between the CYP1A 1 2455G allele and colorectal 
cancer appears stronger among subjects with high intake levels of grilled/BBQ meat, and 
particularly, among heavy smokers 

common. In this group, the adjusted 
odds ratios for the AA, AG and GG 
genotypes were 1.0, 1.1 (0.8-1.5) and 
1.9 (1.2-2.9) , respectively (P for gene
dosage effect, 0.02). A stronger 
gene-dosage effect was suggested 
among high consumers of 
grilled/barbecued meat (intake higher 
than the median), compared to low 
consumers of these meats (Fig. 2). A 
stronger association with the A allele 
was also observed for heavy smokers 
(pack-years greater than the median) 
compared to light smokers (Fig. 2) . 
Although none of the interaction tests 
was statistically significant, the data 
suggest a stronger association between 
CYP1A 1 and CRC in individuals 
expected to be exposed to increased 

levels of PAHs through grilled meat 
consumption or smoking. No main effect 
was found for grilled/barbecued meat, 
whereas smoking significantly increased 
CRC risk. Comparable results were 
obtained in two recent studies of 
colorectal adenomas and a 
polymorphism in the gene for 
microsomal epoxide hydroxylase 
(mEH), an enzyme also involved in the 
metabolic activation of PAHs. In these 
two studies, an association was found 
with adenoma only in individuals who 
reported high levels of well-done meat 
intake or smoking and who carried the 
high activity mEH allele (Cortessis et al., 
2001; Ulrich et al., 2001 ). Thus, 
exposure to PAHs appears to increase 
risk for CRC, especially in individuals 

genetically more proficient in activating 
these compounds. 

Subjects with the insert variant at the 
5' end of CYP2E1 were found to be at a 
60% increased risk (95% Cl, 1.1-2.5) for 
rectal cancer. However, the increase in 
rectal cancer risk was greater (twofold to 
threefold) for those subjects who carry 
the insert and who reported a high 
intake of red meat or processed meat 
and were, thus, predicted to have been 
exposed to increased levels of 
nitrosamines (Fig. 3) (Le Marchand et 
al., unpublished). No clear association 
was found for colon cancer. 

Thus, our data provide additional 
support for the hypothesis that 
nitrosamines are carcinogenic to the 
rectum in humans and that red meat 
and, particularly, processed meats are 
significant sources of exposure for these 
compounds. Th is is consistent with the 
results of feeding studies conducted in 
Japan, which showed increased faecal 
excretion of N-nitroso compounds in 
subjects on a high red meat or 
processed meat diet. Suzuki and 
Mitzuoka (1981) found that volatile 
nitrosamines markedly increase in the 
faeces of traditional Japanese given a 
Western diet rich in bacon and beef for 8 
days. Similarly, Bingham et al. (1996) 
recently showed in eight British men 
kept for 3 weeks in a metabolic ward that 
faecal levels of N-nitroso compounds 
increased fourfold on a high red meat 
diet (600 g/day) compared with a low red 
meat diet (60 g/day) or a high white 
meat and fish diet with similar caloric 
and fat contents. Faecal nitrite was also 
shown to increase after changing from a 
white to red meat diet. 

In summary, the data reviewed here 
suggest that various pyrolysis products 
(particularly HAAs) that are formed 
when meat is cooked to well-done or 
directly above the heat source may 
increase risk of colorectal cancer, 
especially among subjects who are 
genetically more proficient in 
transforming these compounds into 
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Figure 3 
Odds ratios for rectal cancer by red meat intake (excluding processed meat) or processed meat 
intake and CYP2E1 5' insert genotype. The association with the insertion polymorphism is stronger 
among subjects expected to have had increased exposure to nitrosamines as a result of a high 
intake of red meat or processed meat 

reactive intermediates. Similarly, overall 
intake of red meat and, particularly, 
processed meat appears to increase the 
risk of rectal cancer in individuals who 
may be genetically more apt to activate 
nitrosamines. These relationships need 
to be further explored in large studies, 
preferably including biomarkers of 
exposure or early biological effects in 
order to further increase the specificity 
of the inferences made from the data. 
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Purpose 
Colon cancer is one of the most common 
types of cancer in developed countries. 
Recently, it has been estimated that 
environmental factors contribute to the 
causation of sporadic colorectal cancer 
by 65% (Lichtenstein et al., 2000). Only 
about 5%-10% of colorectal tumours 
can be explained by inheritable 
susceptibilities, whose genetic basis at 
the DNA level is already well understood. 
Nevertheless, even among genetically 
predisposed persons, considerable 
variability has been observed in the 
clinical manifestation of colon cancer 
(Muller et al., 2000). Therefore, further 
factors such as environmental impact or 
genetic- environmental interactions have 
to be considered for a better 
understanding of colon carcinogenesis. 
Formation of colon cancer may be 
influenced by the abi lity of the colon to 
generate reactive and toxic metabolites 
from orally ingested xenobiotics. 
Activating enzymes, among them 
members of the cytochrome P450 
(P450) family, play an important role in 
the formation of reactive metabolites. 
Little is known about the expression of 
P450 enzymes in the colon and therefore 
it was our aim to investigate the 

expression pattern of xenobiotic
metabolizing P450 enzymes in the 
human colon. Additionally, due to the 
great variability in the manifestation of 
colorectal tumours, which might be 
influenced by variability in the formation 
of reactive toxic metabolites, it was our 
aim to determine P450 variability in 
human colon. 

Methods 
Human colon tissues were obtained 
from 23 histologically non-neoplastic 
surgical tissue specimens after informed 
consent. Colon mucosa was 
homogenated to yield homogenate . 
Microsomes were prepared and total 
protein contents were determined. 

Western blotting 
Proteins (1-30 µg) were separated and 
blotted as described previously 
(Bernauer et al., 2000) and probed with 
commercially available antibodies 
recognizing the following P450 
enzymes: CYP1A1 , 181 , 2A6, 286, 
2D6, 2E1, 3A (Gentest- Woburn.MS 
USA) , and 2C (Oxford Biomedical 
Research Oxford Ml USA). After 
incubation with the appropriate second 
antibodies (Sigma, Saint Louis MO, 

USA), immunoreactive bands were 
visualized by the nitro blue tetrazolium 
method and analyzed densitometrically. 

lmmunoquantification 
Calibration curves of known quantities of 
P450 standards were prepared. 
Integrated band densities of human 
colon microsomes were used to 
determine P450 concentrations relative 
to the calibration curves. 

Determination of P450 activities 
P450 substrates specific for CYP2E1 
(chlorzoxazone), CYP2C9 (tolbutamide), 
CYP2C19 (mephenytoin), and 
CYP3A4/5 (testosterone) were 
incubated with pooled co lon 
homogenate from three individuals, a 
NADPH-generating system, and 
phenacetin as the internal standard. After 
solid phase extraction, P450 metabolites 
were determined by HPLC. Effluents 
were monitored at 200 nm (6-hydroxy
chlorzoxazone, 6-hydroxytolbutamide, 
and hydroxy-mephenytoin) and at 240 
nm (6~-hyd roxytestosterone) . Identity of 
P450 metabolites was confirmed by 
comparison of their UV spectra with 
those from commercially available 
reference compounds. 
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Analysis of variability 
Variability is expressed in different ways: 
as the standard deviation of the mean 
value, median and range. In order to 
standardize the numeric value for 
variability, the ratios of extreme 
percentiles (90th/10th and 95th/5th) 
were calculated using Excel (Microsoft 
Corp.). 

Results 
1. After Western blot analysis of human 
colon microsomes, it was shown that 
P450 enzymes 1A1, 181, 2C9, 2C19, 
206, 2E1, and 3A were present in the 
human colon (Fig. 1 ). P450 enzymes 
2A6, 286, and 2C8 were below 
detectable amounts. 
2. Among the 23 samples investigated, 
CYP2E1 and CYP3A proteins could be 
determined in each sample. CYP1A1, 
CYP1B1, CYP2C9, CYP2C19, and 
CYP206 were detectable in some 
samples, but not in all. CYP3A, 
CYP2E1, and CYP181 were the 
highest, quantitatively, of the P450 
enzymes (Table 1 ). 
3. After immunoquantification of the 
P450 enzymes detectable in the human 
colon, it was shown that their expression 
in the colon was low and that the P450 
enzymes exhibit different and in some 
cases considerable variabilities, 
presented in Table 1. 
4. The presence of catalytically active 
P450 enzymes in human colon was 
demonstrated by determining 
chlorzoxazone 6-hydroxylase, 
tolbutamide hydroxylase, and 
testosterone 6[3-hydroxylase activities in 
pooled colon homogenate from three 
individual samples. These activities 
were characteristic for CYP2E1, 
CYP2C9, and CYP3A4/5. 

Conclusions 
Various xenobiotic-metabolizing P450 
enzymes are expressed in the human 
colon, in contrast to previous studies 
where an absence of P450 enzymes 
different from CYP1A and CYP3A has 
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been reported (de Waziers et al., 1991; 
Massaad et al., 1992). 

Among the P450 enzymes expressed 
in human colon are those capable of 
metabolizing dietary carcinogens into 
mutagenic metabolites (e.g. CYP1A and 
CYP181, which are involved in the 
metabolism of food-borne heterocyclic 
aromatic amines). 

The results also show that CYP2E1 , 
CYP2C9 and CYP3A4/5 are expressed 
in their catalytically active form in the 
colon , which confirms the results 
obtained by Western blotting. 
lmmunoquantification of P450 enzymes 
pointed to a high variability in the colon 

#19 

CYP1A1 

#27 

CYP181 

2C9 

among different individuals. High 
variability of P450-dependent 
metabolism might be the reason for high 
variability in the formation of reactive 
metabolites from ingested xenobiotics in 
the colon. Therefore, variability of 
xenobiotic metabolizing enzymes in the 
colon might be a factor leading to 
differences in susceptibility in formation 
and clinical manifestation of colon 
cancer. 
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Table 1. Comparison of different xenobiotic-metabolizing P450 enzymes in human colon microsomes by results 
obtained after immunoquantification 

P450 enzyme Number of samples 
where P450 detected 

1A1 14 
181 21 

2C9 19 
2C19 13 
206 11 

2E1 23 

3A 23 

•Relative quantity, pmol P450/mg protein. 
bpercent, calculated from medians. 

expression in the bone marrow and its 
intra- and interspecies variability: 
approaches for a more rel iable 
extrapolation from one species to another 
in the risk assessment of chemicals. Arch. 
Tax., 73, 618-624 

De Waziers, I., Cugnenc, P.H. , Yang, C.S., 
Leroux, J.P. , & Beaune, P.H. (1991) Drug
metabolizing enzyme expression in human 
normal, peritumoral and tumoral colorectal 
tissue samples. Carcinogenesis, 12, 
905-909 

Mean± SD" Median (range)• P9JP10 
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Role of EPHX genotype in the associations of 
smoking and diet with colorectal adenomas 
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Introduction 
Humans can be exposed to polycyclic 
aromatic hydrocarbons (PAH) via 
cigarette smoke and possibly via intake 
of foods containing PAH residues 
formed during production, packaging, or 
preparation of food. PAH are 
metabolized by the microsomal epoxide 
hydrolase enzyme, encoded by the 
polymorphic EPHX gene. 
Polymorphisms occur in the third and 
fourth exon. The exon 3 polymorphism 
leads to a tyrosine (Y) 11 3--thistidine (H) 
substitution in 30%-35% of Caucasians, 
resulting in a markedly lower enzyme 
activity in HH homozygotes. A histidine 
(H) 139--targinine (R) substitution in 
exon 4 leads to a higher enzyme activity 
and is found in 15%-20% of 
Caucasians. As EPHX is involved in 
both activation and detoxification of 
PAH, genetic variation in the underlying 
gene may influence the rate of PAH 
metabolism, and through that, the effect 
of smoking and intake of foods 
potentially containing PAH residues on 
the risk of colorectal adenomas. 

Methods 
Cases (n=385) and polyp-free controls 
(n=396) were recruited from an ongoing 
study between 1997 and 2000 among 
those undergoing endoscopy at the 
outpatient clinics of eight Dutch 
hospitals. Eligible subjects were Dutch-

speaking , of Eu ropean ongin, aged 
18-75 years at time of endoscopy, had 
no hereditary colorectal cancer 
syndromes, chronic inflammatory bowel 
disease, history of colorectal cancer, or 
previous bowel resection . We also 
excluded subjects with only hyperplastic 
or unknown types of polyps. 

Smoking and habitual consumption 
of foods known to possibly contain PAH 
residues, such as (barbecued) meat, 
green leafy vegetables, and fat and oil, 
were assessed through self
administered questionnaires, one of 
which was a validated semi-quantitative 
food frequency questionnaire described 
in detail elsewhere (Ocke et al., 1997). 
Information on histology of excised 
polyps was obtained through medical 
files. Blood samples were drawn from all 
participants for DNA extraction. EPHX 
polymorphisms in exon 3 and 4 were 
determined as we described previously 
(Tiemersma et al., 2001). 

Exposure variables describing 
smoking habits and consumption of 
relevant foods were divided in quartiles 
based on the distribution in the control 
group. We considered the highest 
exposure category and the slow 
genotypes of EPHX, i.e. YH and HH for 
exon 3 and HH for exon 4, as high-risk 
categories. We calculated odds ratios 
adjusted for age, gender, and 
constipation history, and several other 

potential confounders, depending on the 
variable under study. 

Results 
Selected characteristics of the study 
population are summarized in Table 1. 
Exposure to cigarette smoke was higher 
among cases than among controls. 
Also, cases consumed more fat and oil 
and green leafy vegetables than 
controls. The distributions of EPHX exon 
3 and 4 polymorphisms did not differ 
between cases and controls. 

Table 2 shows risk estimates for 
colorectal adenomas for the total 
population and for EPHX-defined 
subgroups. Smoking increased risk of 
colorectal adenomas. For exon 3, this 
risk was confined to those with the fast 
( YY, YH) genotype. There was no 
difference in risk between carriers of fast 
or slow variants of exon 4. Intake of fat 
and oil was also positively associated 
with adenomas, but there were no 
differences between the EPHX variants. 
Total meat intake, green leafy vegetable 
consumption, and barbecue frequency 
were not associated with adenomas, 
and EPHX genotype did not influence 
these associations (data not shown). 

Discussion 
In this study, we found indications for 
interplay between EPHX genotype and 
smoking in the etiology of colorectal 
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"". , ._ .~,. Tabie 1. Gen~ral· ch~;act~ri~tics~~f tti~ study population. · 
~:::,.:!'~;; o-v,; ~ . ,,..._·:--:.<\ "__ _;c;. ,,. _,., -- ::; ' .- :!-~ < ~ ~< ~ - -"",.-":..'~ ~ 

Cases Controls 
n=385 n=396 

Sex(% male) 54.o•t 37.6 
Age (years) 59.5 ± 10.5• 51.2±13.7 
BMI (kg/m2) 26.1 ±3.8• 25.5 ±4.2 
History of constipation in last 3 years (%) 26.2• 42.9 

Ever smoked cigarettes (%) 62.4• 53.3 
Cigarette smoking, pack-yearsb 25.0 ± 20.7• 18.8 ± 18.9 

Total energy (kJ/day) 8725 ± 2594 8652 ± 2629 
Fat and oils (g/day) 27.5 ± 14.7• 23.8 ± 15.3 
Vegetables (g/day) 127.9 ± 52.3 124.2 ± 45.5 
Green leafy vegetables (g/day) 23.8 ± 17.8• 21.1±15.7 
Total meat (g/day) 109.4 ± 54.2 104.6 ± 54.7 
Barbecue (frequency/year) 3.1 ± 8.o• 3.0 ± 5.7 

EPHX exon 3 genotype (% fast, YY) 49.4 48.2 
EPHX exon 4 genotype (% fast, HR or RR) 34.8 37.2 

•Significantly different from controls (P<0.05). 
bSmokers only. 

adenomas. Of two recently publ ished 
studies, one provided results similar to 
those of our study (Cortessis et al. , 
2001 ), but the other presented opposite 
findings (Ulrich et al., 2001 ). These 
conflicting resu lts can partly be due to 
differences between the three studies 
with respect to classification of EPHX 
polymorphisms. Data on 
genotype-phenotype correlations in 
vitro and in vivo are limited, especially 
for the different combinations of exon 3 
and 4 polymorphisms, and we therefore 
did not combine both. Cortessis and 
Ul rich both used different 
classifications of EPHX-imputed 
phenotypes (from fast to very slow) 
based on the combinations of exon 3 
and 4 polymorphisms. Whereas the 
role of epoxide hydrolase in PAH 
metabolism is well established 
(Seidegard & DePierre, 1983), more 
research on the enzyme activity of 
combinations of exon 3 and 4 variants 
and on its effect on PAH-associated 
neoplasm is needed . 

. . Table 2. 's~oki-~g. intake of fat and ~ii, EPHX-imputed phenotypes, and risk Of colorectal adenomas: odds ratios 
• • <_ · • - • • • • • • · (95% confidence intervals) · · · · 
; ;; ~ .. - ,Jc 

EPHX 
Exon 3 Exon 4 

Total population Fast (YY) Slow ( YH or HH) Fast (HR or RR) Slow (HH) 

Smoking status• 
Never 1.0 (REF) 1.0 (REF) 0.9 (0.6-1.5) 1.0 (REF) 1.6 (0.98-2.8) 
Former 1.2 (0.8-1 .7) 1.1 (0.6-1 .8) 1.2 (0.7-2.1) 1.7 (0 .9-3.2) 1.6 (0.9-2.7) 
Current 1.7 (1.1-2.5) 2.0 (1.1-3.5) 1.3 (0.7-2.2) 2.6 (1.3-5.0) 2.1 (1 .2-3.7) 
Pack-years• 
None 1.0 (REF) 1.0 (REF) 0.9 (0.6-1.5) 1.0 (REF) 1.7 (1 .0-2.8) 
~10 1.1 (0.7-1.7) 0.8 (0.4-1 .6) 1.3 (0.7-2.3) 2.5 (1.2-5.1) 1.1 (0.6-2.1) 
10-20 1.2 (0.8-2.0) 1.5 (0.8-2.8) 0.9 (0.4-1.9) 1.5 (0.7-3.4) 1.8 (0.9-3.6) 
>20 1.9 (1 .2-2.9) 2.5 (1 .3-4.6) 1.4 (0.8-2.6) 2.3 (1.1-4.7) 2.8 (1.5-5.2) 
Intake of fat and oil (g/day)b 
<15 1.0 (REF) 1.0 (REF) 1.8 (0.9-3.4) 1.0 (REF) 1.6 (0.8-3.3) 
15-25 1.5 (0.96-2.4) 2.7 (1.4-5.2) 1.6 (0.9-3.1) 2.1 (0.96-4.6) 2.0 (0.99-4.2) 
25-35 1.5 (0.9-2.4) 2.5 (1.2-5.0) 1.5 (0.7-3.1) 1.6 (0.7-3.7) 2.3 (1.1-5.0) 
<'. 35 1.8 (1.0-3.1) 2.2 (1 .1-4.7) 2.5 (1 .2-5.2) 2.2 (0.95-5.3) 2.5 (1.1-5.4) 

•Adjusted for age, gender, constipation history, and alcohol consumption. 
bAdjusted for age, gender, constipation history, total energy intake, intake of cereals, and duration of smoking. 
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From our study, we conclude that the 
EPHX genotype at exon 3 possibly 
modulates the association between 
smoking and colorectal adenomas, the 
fast variant being related to highest risk. 
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Introduction 
lnterindividual susceptibility to colorectal 
cancer is attributable to environmental 
factors such as diet and smoking 
(Giovannucci & Willett, 1994). In 
addition, genetically inherited variations 
(polymorphisms) in genes involved in 
the detoxification of xenobiotics, thereby 
modulating the cell response to the 
genotoxic and possibly carcinogenic 
effects of many xenobiotic chemicals, 
have been implicated (Joseph & 
Jaiswal , 1994). 

There may also be interactions 
between environmental and genetic 
factors, for example, detoxification 
enzymes present in the intestinal 
mucosa such as NQ01 and mEH 
(Roediger & Babidge, 1997; Lafuente et 
al., 2000) can specifically prevent the 
formation of benzo(a)pyrene quinone
DNA adducts caused by cigarette 
smoking (Joseph & Jaiswal, 1994). In 
this case-control study we have 
examined whether a C-to-T substitution 
in exon 6 of NQ01 and an A-to-G 
transition in exon 4 of mEH (mEH4) can 
confer susceptibility to colorectal cancer 
either causally or in linkage with 
environmental factors. 

Methods 
Study population and DNA isolation 
All subjects recruited were Caucasians 
and included 345 healthy controls and 
206 colorectal cancer (CRC) patients. 
The control subjects had taken part in 
the UK Flexible Sigmoidoscopy (FS) 
Screening Trial. All cancers underwent 
FS at the Department of Surgery of the 
Norwich and Norfolk Health care 
National Health Service (NHS) Trust and 
were free of cancer and polyps. Cancer 
cases were histopathologically 
confirmed and treated at the same 
department. All cancers were classified 
according to Dukes' stages (A, B, C, D) 
and tumour location (proximal, distal). 

Polymorphism analysis 
Genomic DNA was isolated from blood 
using standard methods and genotyped 
for NQ01 and mEH4 polymorphisms by 
PCR-based Restriction Fragment 
Length Polymorphism (RFLP) analysis. 
All analyses were carried out blindly on 
coded samples. 

Statistical analysis 
Data were analysed using STATA 
(statistical analysis software) . Crude 

odds ratios (ORs) were calculated and 
logistic regression analysis was 
employed to test for associations 
between environmental factors and 
genetic polymorphisms in the disease 
groups. All participants completed a 
questionnaire stating thei r smoking 
habits. Subjects who reported smoking 
for the last 10 years prior to the time of 
the investigation were considered as 
current smokers and were used in the 
regression analyses. 

Results 
NQ01 and mEH4 variant genotype 
frequencies were not significantly 
different between the colorectal cancer 
group and the control group. Logistic 
regression analyses did not show a 
significant age- and sex-adjusted risk for 
colorectal cancer associated with 
specific genotypes (OR, 0.97; 95%CI, 
0.65-1.46 and OR, 0.98; 95%CI, 0.66 
1.47 for NQ01 and mEH4 gene 
variants, respectively) (Table 1 ). There 
was no difference in relationship to site 
of colorectal cancer or Dukes' stage 
(data not shown) . Smoking increased 
the risk for left-sided (distal) cancers 
(OR, 2.0; 95% Cl, 1.04-3.84) but not for 
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CRC overall (Fig. 1 ). However, the effect 
of smoking status in distal CRC cancer 
was modulated by NQ01 and mEH4 
genotypes. Current smokers who 
carried either a NQ01 or a mEH4 
variant allele appeared to be more 
predisposed to colorectal cancer. This 
was more evident for distal cancers (OR 
was increased to 4.27; 95%CI , 
1.92-9.51 for NQ01 and to 3.66; 
95%CI, 1.63-8.19 for mEH4) (Fig. 1 ). 
There was no effect in proximal cancers 
(data not shown). 

Conclusion 
This study showed that NQ01 and 
mEH4 polymorphisms influenced 
susceptibility to colorectal cancer in 
current smokers. An advantage of the 
present study over previous ones is that 
all participants underwent Flexible 
Sigmoidoscopy, thereby establishing a 
colorectal neoplasia-free control group. 
However, although the results for 
smoking status and its modulation by 
genotype were significant, the study is 
small and it is quite possible that the 
results may be due to the low numbers 
of smokers in the disease groups. 

We hope to increase the statistical 
power of this study by expanding the 
genotyping studies in two further cohorts 
of the UK FS Screening Programme. 
Furthermore, considering the 
multifactorial nature of cancer 
susceptibility, stronger associations may 
be identified by analysis of other 
environmental and lifestyle variables 
such as diet and alcohol or by linkage 
with other polymorphic genes. 
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Interaction: 
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Forest plot of OR (95% Cl) illustrating smoking-gene interactions in all CRC cases and distal CRC 
cases 

Table 1. Distribution of NQ01 and mEH4 genotypes in control and CRC 
cases and odds ratios adjusted for agea and sex 

CRC Casesb Controlsb OR (95% Cl)0 

n (%) n (%) 

NQ01 

CIC 131 (64) 232 (67) 
CfT 72 (35) 102 (30) 0.99 (0.66-1 .50) 
TfT 3 (1) 11 (3) 0.77 (0.19-3.14) 

mEH4 
His/His 131 (65) 221 (64) 
His/Arg 64 (32) 111 (32) 0.95 (0.69-1.45) 
Arg/Arg 8 (4) 12 (4) 1.28 (0.47-3.60) 

'0Rs adjusted for age: group1 '.'. 60 years of age; group 2 >60 years of age. 
bNot every person was genotyped for each polymorphism. 
coR and 95% Cl (any variant genotype versus wi ld type), adjusted for age and sex. 

OR (95%Cl)d 

0.97 (0.65-1.46) 

0.98 (0.66-1.47) 

dQR and 95% Cl (heterozygous and homozygous genotypes pooled together versus wild type), adjusted 
for age and sex. 

•Reference group. 
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Introduction 
A high intake of fruits and vegetables 
may lower the risk of colorectal cancer. 
Folic acid may be partly responsible for 
this decreased risk. Low folate status 
and a deficiency in vitamin 812 may 
cause altered methylation of DNA and/or 
disturbance of DNA synthesis (Figure 1 ). 
Both DNA hypomethylation and 
defective DNA synthesis are important 
risk factors in colorectal carcinogenesis 
(Kim, 1999). To date, several 
observational and intervention studies 
on the role of folic acid in colorectal 
carcinogenesis have been published 
(Kim, 1999). The majority of the 
observational studies indicate that 
dietary folate intake is inversely 
associated with the risk of developing 
colorectal neoplasia. This is specifically 
the case among those with an inherited 
inefficient folate metabolism (Ulrich et 
al., 1999). This is caused by a 
homozygous 677 C to T transition in the 
methylenetetrahydrofolate reductase 
(MTHFR) gene, a key enzyme in folate 
metabolism. Those carrying the 
heterozygote (CT) genotype have a 

35% reduced activity, while those 
carrying the TI genotype have a 70% 
reduced activity of the MTHFR enzyme 
compared to people carrying the CC 
genotype (Frosst et al., 1995). 

In intervention studies, a significant 
effect on DNA methylation in colorectal 
cancer and adenoma patients was 
observed with a dose of 10 mg folic acid 
per day: a more than 50% increase of 
DNA methylation was seen after 6 
months (Cravo et al., 1994). In a more 
recent trial (Kim et al., 2001), a folate 
supplementation of 5 mg per day 
significantly increased the DNA 
methylation after 6 months and after 1 
year. Kim et al. (2001) also found that 
folate supplementation significantly 
decreased the extent of DNA-strand 
breaks in exons 5-8 of the p53 gene at 
6 months and 1 year. The influence of 
folate on the expression of genes 
involved in folate metabolism and folate
dependent biochemical processes in the 
colon has not been studied so far. 

The extent to which vitamin 812 is 
related to colorectal carcinogenesis is 
largely unexplored. Only one 

intervention trial has been conducted 
examining the combined effect of folic 
acid and vitamin 812: intakes of 700 µ,g 
folic acid plus 7 µ,g vitamin 812 
decreased the frequency of 
micronucleated cells and plasma 
homocysteine, but was insufficient to 
induce alterations in DNA methylation 
(described in Kim, 1999). Differences in 
DNA synthesis and gene expression 
were not determined. 

Objectives 
The objectives of this study are to 
investigate: 

Whether supplementation with folic 
acid and vitamin 8 12 favourably 
alters DNA methylation and DNA 
synthesis processes; 
Which mechanisms are involved; 
Whether a dependency on the 
MTHFR C677T genotype exists. 

Methods 
To answer these questions, research will 
be conducted on three levels: the level 
of the cell , the individual and the 
population. 
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On the level of the cell , we will 
analyse the molecular effects of folic 
acid and vitamin 812, using DNA 
microarray techniques. These 
techniques permit analysis of the 
expression of a large number of genes 
at the same time. To identify differentially 
expressed genes, in vitro experiments 
will be performed using human colonic 
cell lines. The identified genes will 
provide insight in the cellular effects of 
different concentrations of folic acid and 
vitamin 8 12. To validate the in vitro 
observations, the expression of 
selective responsive genes will be 
analysed in colorectal biopsies of the 
participants of the intervention trial (see 
below). 

Further, on the individual level, we 
will assess whether supplementation 
with folic acid and vitamin 812 alters 
global and gene-specific DNA 
methylation and DNA synthesis. 
Therefore, we will conduct a 
randomized, placebo-controlled, double
blind intervention trial in 100 subjects 
with a history of colorectal adenomas: 
30 of them carry the MTHFR-TT 
genotype and 70 the MTHFR-CC 
genotype. Two subgroups (each 
including 15 TT and 35 CC) will receive 
folic acid (5 mg/day) and vitamin 8 12 
(1.25 mg/day) or placebo for a period of 
6 months. Blood samples and rectal 
biopsies will be collected before and at 
the end of the trial. In the total 
intervention group (n=50), an increase in 
DNA methylation of 30% can be 
detected, with a power of 90% and 
a=0.05 (two-sided) , assuming a 
standard deviation of 50 (Cravo et al., 
1994). Within the MTHFR-TT (n=15) 
and MTHFR-CC (n=35) intervention 
groups, the detectable differences will 
be 60% and 40%, respectively. 

On the level of the population, we will 
assess whether dietary intake of folic 
acid or vitamin 812 is associated with 
risk of adenomatous polyps and altered 
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Figure 1 
Folate, Vitamin B12, MTHFR: links to DNA methylation and DNA synthesis. 
B12, vitamin B12; THF, tetrahydrofolate; MTHFR, methylenetetrahydrofolate reductase; 
DHF, dihydrololate; SAM, S-adenosyl methionine; SAH, S-adenosyl homocysteine; CH3, methyl 
group. 

DNA methylation patterns in these 
polyps, taking into account the MTHFR
genotype. This will be evaluated in an 
on-going case-control study, including 
600 cases and 600 polyp-free controls. 

This study is funded by the 
Netherlands Foundation of Digestive 
Diseases and the Netherlands 
Foundation of Scientific Research. 
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Introduction 
It is currently believed that colorectal 
cancer (CCR) develops after a series of 
genetic alterations accumulate in the 
cells that confer the ability to avoid 
normal cell-growth control, either 
promoting proliferation or inhibiting 
apoptosis. Some key genes in th is 
process have been identified whose 
expression may be modified by 
mutations or epigenetic changes. 
Among them, mutations in K-ras are 
frequently seen in about 40% of CCR 
and have previously been found to 
interact with diet (Bautista et al., 1997; 
Slattery et al., 2000). 

Purpose 
To assess the relationship between diet 
and K-ras mutations of colorectal 
tumours. 

Methods 
A hospital-based case-control study 
was conducted from January 1996 to 
December 1998. All cases had 
confirmation of their diagnosis by 
tumour histology typification. Controls 
without colorectal cancer were recruited 
among patients of the same hospital 
admitted for a newly diagnosed disease. 
Approval from Ethics Committee was 
granted and written consent was 

obtained for all participating subjects. All 
data were handled according to Good 
Clinical Practices. Cases and controls 
were personally interviewed by trained 
personnel for demographic 
characteristics, personal and familial 
antecedents of cancer, reproductive and 
metabolic variables, physical activity, 
diet, alcohol, smoking and drug habits, 
including chronic use of medications. 
Diet was assessed with a structured 
dietary history questionnaire that had 
been validated previously {The EPIC 
group of Spain, 1997). The focus was on 
average past diet, relating at least 1 year 
prior to development of symptoms for 
current disease. We report here the 
analysis for selected food groups. For 
patients who underwent operation, 
samples of tumour tissue were screened 
for mutations in K-ras oncogene 
(codons 12 and 13) by PCR 
amplification and SSCP separation. 
Dubious cases were sequenced. Cases 
were classified according to wild type or 
mutated K-ras status. To test the 
hypothesis of the association between 
dietary risk factors and genetic 
alterations, multivariate methods based 
on logistic regression analyses were 
used. When cases were subdivided into 
groups, polytomous logistic regression 
was used, comparing each group of 

cases to the enti re set of controls. 
Quantitative measures of exposure were 
categorized into quintiles to avoid the 
effect of extreme values. Odds ratios 
(OR) and 95% confidence intervals {C l) 
were calculated for quintiles 2 to 5 
compared to the first one. Tests for a 
linear trend on the ORs were calculated 
using the categorized variable as a 
quantitative variable. All analyses were 
adjusted for age, sex, body weight and 
total caloric intake. P values were 
derived from likelihood ratio tests. 

Results 
From 501 cases and 461 controls 
identified, 424 cases and 401 controls 
could be interviewed and 419 cases 
provided tumour samples. Mutations in 
K-ras were found in 39% of cases. Table 
1 shows the odds ratios for highest 
versus lowest quintile of intake, 95% 
confidence intervals and trend test P 
values for all cases compared to 
controls and for the subgroups of cases 
with wild type K-ras and mutated K-ras. 
For all cases, protective factors were 
vegetables, fruits and potatoes, though 
this latter food was not significant. Risk 
was increased for pastry, alcoholic 
beverages and beef, but not significantly 
for all meat or other varieties of meat. 
Similar findings were found for colon 
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Table 1. Odds ratios for colorectal cancer associated with high intake of selected food groups 

All 

OR• (95% Cl) 

Potatoes 0.79 (0.50-1 .28) 

Green vegetables 0.56 (0.35-0.88) 

Fruits 0.69 (0.44-1.08) 

Legumes 1.09 (0.62-1.86) 

Dairy 0.94 (0.60-1.47) 

Cereals 1.32 (0.81-2.14) 

Meat 0.95 (0.56-1 .55) 

Beef 2.81 (1.09-7.26) 

Fish 1.38 (0.87-2.19) 

Eggs 1.17 (0.74-1 .84) 

Pastry 1.58 (1.09-2.30) 

Alcohol 1.63 (1 .08-2.46) 

•QR for 5th versus 1st quintile. 
bp value for trend test. 

and rectum tumours (data not shown). 
The protective effect of fruits was only 
seen for tumours with wild type K-ras. 
For vegetables, the protective effect was 
smaller and nonsignificant in K-ras 
mutated cases. No differences 
according to K-ras status were observed 
for the increase in risk for alcohol or 
beef. However, for pastry, the increase 
in risk was higher in cases with mutated 
K-ras than in cases with wild type K-ras. 

Discussion 
Our data show an interaction between 
diet and K-ras mutations. The protective 
effect of high fruit and vegetable 
consumption is stronger in cases with 
wild type K-ras than in cases with 
mutated K-ras. One possible 
interpretation of this observation is that 
high consumption of fruits and 
vegetables leads to the selection of 
tumours without mutation in the K-ras 
oncogene. Another possibility is that 
tumours with this mutation are resistant 
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K-rasWT 

pb OR" (95% Cl) pb 

0.21 0. 78 (0.44-1 .36) 0.26 

0.01 0.51 (0.30-0.87) 0.01 

0.05 0.58 (0.35-0.98) 0.03 

0.99 1.57 (0.91-2.71) 0.60 

0.26 0.75 (0.44-1.26) 0.19 

0.28 1.20 (0.67-2.14) 0.50 

0.66 0.98 (0.54-1.78) 0.46 

0.02 2.80 (1.00-7.85) 0.05 

0.32 1.20 (0.69-2.08) 0.71 

0.62 1.53 (0.88-2.65) 0.21 

0.02 1.39 (0.89-2.17) 0.19 

0.02 1.51 (0.93-2.45) 0.05 

to the protective effect of these foods, 
irrespective of the amount of intake. We 
did not find an interaction of K-ras 
mutations with meat consumption. In our 
study only beef was associated with an 
increase in risk, but this was similar both 
for tumours with wild type or mutated K
ras. Similar results were observed by 
O'Brien et al. (2000) . Other studies like 
this one have explored interactions 
between K-ras mutations and diet and 
found some associations (Bautista et al. , 
1997; Slattery et al., 2000). All these 
studies, including ours, provide 
preliminary knowledge in the field and 
generate different hypotheses that 
should be confirmed by replication. 
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Introduction 
A diet rich in red meat and saturated fat 
and low in fruits, vegetables, folate and 
dietary fibre is thought to increase the 
risk of colorectal cancer, but 
associations tend to be weak or 
inconsistent (Potter, 1996). Taking into 
account individual variations in 
susceptibility (i .e. polymorphisms in 
genes coding for metabolic enzymes), 
the molecular pathways of 
carcinogenesis and the nature of the 
impaired gene function may improve 
etiological insight into the disease. 

A high intake of meat, especially 
when cooked at high temperatures or 
smoked , may increase exposure to 
heterocyclic aromatic amines and 
polycyclic aromatic hydrocarbons , 
respectively. These compounds might 
be mutagenic, especially among 
individuals who are fast acetelators due 
to polymorphisms in N-acetyltransferase 
1 and 2 (NAT1 and NAT2) genes (Chen 
et al. , 1998). 

The protective effect of vegetables 
has been attributed to nutrients (e.g. 
folate by influencing methylation , 
antioxidants by scavenging free 
radicals) as well as specific subgroups 
such as cruciferous vegetables. 
Cruciferous vegetables, namely the 
Brassica oleracea (broccoli), are 
potentially able to induce the phase II 
enzyme glutathione S-transferase 
(GST). Thus, one would expect that the 
protective effect is more apparent in 
those carrying the GST plus genotype 
compared to the null genotype (Cotton 
et al., 2000). However, GST may also 
conjugate isothiocyanates and thereby 
enhance its excretion. Hence, broccoli 
consumption in combination with the 
GSTM1 null genotype may be 
associated with a lower prevalence of 
colorectal adenomas or cancer because 
of higher isothiocyanate levels. This 
hypothesis was supported in a study by 
Lin et al. (in Cotton et al. 2000). A high 
consumption of fruits and vegetables 
may also decrease the number of 

aberrations in colorectal cancer genes. 
The strength of this association may 
depend on GSTM1 genotype. 

Based on the adenoma-carcinoma 
sequence, Fearon & Vogelstein (1990) 
proposed a gradual accumulation of 
genetic alterations in sporadic 
colorectal carcinogenesis , with different 
genes subsequently involved in 
adenoma formation (the adenomatosis 
polyposis coli (APC) and {3 -catenin 
genes) and the transition to carcinomas 
(the K-ras gene) . Microsatellite 
instability, as a result of aberrations in 
DNA mismatch repair genes (MMR), is 
also of importance in colorectal 
carcinogenesis . Heterocyclic aromatic 
amines , polycyclic aromatic 
hydrocarbons and arylamines, which 
can be formed during high-temperature 
cooking, smoking and processing of 
meat, respectively, have all been 
shown to induce specific patterns of 
mutations. Heterocyclic aromatic 
amines can give rise to G deletions at 
5'-GGGA-3' sites in APC and are 
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thought to induce point mutations . 
Polycyclic aromatic hydrocarbons are 
associated with an increased 
prevalence of G to T transversions in K
ras. Nitrosamines are related to G to A 
transitions. Folate, abundant in green 
leafy vegetables, is a main methyl 
donor in the diet. A lack of folate is 
associated with global hypomethylation 
of the genome and hypermethylation of 
the promoter region of many genes, 
including A PC and the MMR gene 
hMLH1. 

Most of the evidence relating dietary 
factors to somatic mutations in the key 
genes involved in colorectal cancer is 
based on in-vitro studies and animal 
experiments; there is very limited 
epidemiological and pathological 
evidence from humans. No studies have 
yet incorporated information on genetic 
susceptibility in studying these 
relationships. Therefore, we will 
evaluate the following hypotheses: 

1. A high consumption of red meat 
and meat products is related to an 
increased frequency of aberrations in 
APC/{3-catenin, K-ras and MMR genes, 
depending on NAT genotypes. 

2. A high consumption of fruits and 
vegetables is related to lower frequency 
of aberrations in APC/{3-catenin, K-ras 
and MMR genes, depending on the 
GSTM1 genotype. 
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Methods 
The Netherlands Cohort Study on Diet 
and Cancer (NCLS) was initiated in 
1986 and included 58 279 men and 
62 573 women aged 55-69 years (Van 
den Brandt et al., 1990). Participants 
completed a self-administered 
questionnaire on dietary habits and 
other risk factors for cancer. A semi
quantitative food frequency 
questionnaire was used containing 
questions on the average consumption 
of 150 food items over the past year. 
Follow-up for cancer was established by 
an annual computerized record linkage 
with the Netherlands Cancer Registry 
and with a nationwide pathology registry. 
After 7.3 years of follow-up and 
exclusion of the first 2 years of follow-up, 
819 cases with colorectal cancer have 
been detected. Paraffin-embedded 
tissue of the cases has been collected 
from all pathology labs in the country. 
Molecular analyses are currently being 
performed. These include direct 
sequencing of relevant parts of APC/{3-
catenin and K-ras genes, 
immunohistochemistry for microsatellite 
instability, and PCR/RFLP techniques 
for polymorphisms in NAT1, NAT2 and 
GSTM1 genes. For statistical analysis, 
case-case comparisons as well as 
case-cohort analyses will be performed. 
A subcohort of 3500 subjects was 

randomly selected at baseline and is 
being followed-up biannually to estimate 
the person-years at risk for the entire 
cohort. 

Results 
The first results with respect to dietary 
factors are expected by 2002. 
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Introduction 
The etiology of colon cancer is complex, 
involving both environmental and 
genetic factors. Known dietary risk 
factors for colon cancer include meat 
and alcohol consumption, fat intake, and 
possibly smoking. Inverse associations 
are found with vegetable consumption, 
use of nonsteroidal anti-inflammatory 
drugs, and, although less consistent, 
with fruit consumption (WCRF, 1997). 
Though much is known about the 
genetic events involved, the relationship 
between dietary factors and the 
(epi)genetic mutations that drive colon 
carcinogenesis is less clear. Mutations 
in the adenomatous polyposis coli 
(APC) gene are believed to be a critical 
initiating event in familial and sporadic 
colon cancer. Nearly all APC mutations 
identified predict truncation of the 
protein product and loss of function. The 
occurrence of somatic truncating APC 
mutations in colon carcinomas may well 
be influenced by specific dietary factors 
associated with colon cancer. We 
investigated this in a Dutch population
based case-control study on diet and 
sporadic colon cancer. 

Materials and Methods 
Participants were recruited between 
1989 and 1993. Details were described 

previously (Kampman et al., 1994). In 
short, cases (n=184) were women and 
men diagnosed with a first primary 
incident colon carcinoma. Controls 
(n=259) were randomly recruited by the 
general practitioners of the cases. All 
participants were Caucasian, up to 75 
years old, and without known previous 
cancer, familial adenomatous polyposis, 
hereditary nonpolyposis colorectal 
cancer, ulcerative colitis, and Crohn's 
disease. 

Usual dietary habits were assessed 
by an interview-based questionnaire. 
Paraffin-embedded tumour tissue was 
available for all 184 cases. Single-strand 
conformation polymorphism analysis 
and DNA sequencing (see Voskuil et al., 
1999) were used to screen codons 

1286-1585 of the APC gene for 
mutations. This region includes the 
mutation cluster region (codon 
1286-1513) in which the majority of 
somatic mutations are located. 

Cases were classified as APC+ 
(containing a truncating APC mutation) 
or APC- (without a truncating APC 
mutation). Case-case comparisons were 
conducted to evaluate differences in 
dietary risk factors for the two carcinoma 
subsets. case-control comparisons were 
conducted to estimate the relative risk of 
developing carcinomas with and without 
truncating APC mutation. 

Results 
In 63 (34%) of the 184 colon 
carcinomas, a truncating APC mutation 

Table 1. Dietary factors and colon tumours with (APC+) and without 
(APC-) truncating APC mutation 

APC• vs APC-• APC• vs controls• APC- vs controls• 

Vegetables 2.3 (1.0-5.3) 0.6 (0.3-1 .3) 0.3 (0.2-0.5) 

Red meat 1.7 (0.7-3.8) 1.7 (0.8-3.6) 0.9 (0.5-1.7) 

Fish 1.6 (0.7-3.4) 1.4 (0.7-2.8) 0.9 (0.5-1.6) 

Alcohol 0.3 (0.2-0.7) 0.5 (0.3-1.1) 1. 7 (1 .0-3.0) 

•Odds ratios (95% confidence intervals). Highest versus lowest tertile. Adjusted for age, sex and total 
energy intake. Alcohol also adjusted for smoking. 
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was identified. Table 1 presents results 
of case-case and case-control 
comparisons conducted to assess 
associations between several dietary 
factors and APC+ and APC- tumours. 
Vegetable and alcohol intake were 
significantly associated with APC+ 
compared to APC- tumours, but in a 
different way. case-control comparisons 
showed that vegetable intake was 
inversely associated with both tumour 
subsets, more pronounced with APC
tumours . Alcohol was found positively 
associated with APC- tumours only. Red 
meat and fish were more notably, 
although not significantly, associated 
with APC+ than with APC- tumours (P 
trend, respectively, 0.18 and 0.26) . 

Conclusions 
Our data suggest that vegetables play a 
protective role in the etiology of APC+ as 
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well as APC- tumours , though the 
protective effect of vegetables appears 
to be less influential in the APC+ subset. 
Alcohol seems to promote the 
development of APC- tumours in our 
population while red meat and fish 
appear to enhance the development of 
APC+ tumours. 
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lsothiocyanates, which have been 
shown to inhibit tumorigenesis in animal 
models, are non-nutrient compounds 
found in cruciferous vegetables. 
Glutathione-S-transferase (GST)
catalysed conjugation of glutathione with 
isothiocyanates promotes the 
elimination of these compounds (Koln et 
al., 1995). Among individuals who are 
genetically deficient with respect to the 
GST enzymes, elimination of 
isothiocyanates is likely to be less rapid , 
which may enhance their 
chemopreventive effect. In support of 
this hypothesis, Spitz et al. (2000) 
described a greater protective effect of 
high cruciferous vegetable intake for 
lung cancer risk among individuals who 
were null for both GSTM1 and GSTT1 
genotypes compared with those who 
had positive alleles for both genes, and 
London et al. (2000) found a greater 
protective effect of isothiocyanates 
among GSTM1 null compared with 
GSTM1 wild-type individuals. This may 

represent an important example of a 
gene-environment interaction in human 
carcinogenesis. 

Using data from a multicentre study 
of lung cancer among non-smokers 
(Malats et al., 2000), we examined 
associations between GSTM1 
genotypes, cruciferous vegetable intake 
and lung cancer risk. GST genotyping 
data was available for 122 lung cancer 
cases and 123 controls. Subjects 
recruited at nine different centres 
throughout Europe and South America 
were included in the analysis. The 
majority of both lung cancer cases and 
controls were female (Table 1 ). Among 
cases, age ranged from 18 to 92 years 
with a mean of 64.0 years, while in 
controls these figures were 23 to 85 
years and 59.0 years, respectively. Age, 
sex and centre were adjusted for in the 
analysis. Cruciferous vegetable intake 
(including broccoli , cabbage and 
cauliflower) was measured using a food 
frequency questionnaire and 

consumption was classified as follows : 
low, less than one portion per month 
(n=105); medium, between one portion 
per month and one portion per week 
(n=90); and high, greater than one 
portion per week (n=50). 

In this population, GSTM1 null was 
found to be a risk factor for lung cancer 
(OR, 1.53; 95% Cl, 0.87-2.71 ), which is 
in agreement with previous findings 
(Houlsten et al. , 1999). Overall, a high 
consumption of cruciferous vegetables 
was associated with a decrease in lung 
cancer risk in this population (OR, 0.64; 
95% Cl, 0.25-1.67, Table 1). The 
protective effect of cruciferous vegetable 
consumption was observed in both 
GSTM1-positive and -null individuals 
although a weak dose-response 
relationship was apparent only in 
GSTM1-null individuals (Table 2). 

lsothiocyanates appeared to reduce 
lung cancer risk in this population . 
However, whereas Spitz et al. found a 
protective effect among current smokers 
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Table 1. Characteristics of the study population 

Characteristics Cases Controls 
n=122 n=123 

Sex 

Male 17 (13.9) 35 (28.5) 

Female 105 (86.1) 88 (71 .5) 

Age 

Minimum to 49 19 (15.6) 26 (21 .1) 

50-59 25 (20.5) 36 (29.3) 

60- 69 26 (21.3) 36 (29.3) 

70 to maximum 52 (42.6) 25 (20.3) 

Centre 

1 60 (49.2) 28 (22.8) 

2 4 (3.3) 28 (22.8) 

3 5 (4.1) 4 (3.2) 

4 8 (6.6) 11 (8.9) 

5 3 (2.5) 8 (6.5) 

6 14 (11.5) 13 (10.6) 

7 15 (12.2) 15 (12.2) 

8 3 (2.5) 6 (4.9) 

9 10 (8.2) 10 (8.1) 

Cruciferous vegetables 

Low 54 (44.3) 51 (41.5) 

Medium 37 (30.3) 53 (43.1) 

High 31 (25.4) 19 (15.5) 

GSTM1 

+ 57 (46.7) 70 (56.9) 

65 (53.3) 53 (43.1) 

~~-- - - ~ ~ - -
' Table 2. Cruciferous vegetable intake and lung cancer risk stratified by 

; GSTM1 genotype - - - - '~ . ~ 

Cruciferous vegetable consumption• 

Cases/controls Low Medium High Pfor trend 

All individuals 122/123 

GSTM1-positive 57/67 

GSTM1-null 62/53 

0.58 (0.26, 1.32) 0.64 (0.25, 1.67) 0.35 

0.28 (0.08, 1.04) 0.65 (0.16, 2.66) 0.57 

0.68 (0.20, 2.29) 0.27 (0.06, 1.33) 0.12 

'Odds ratios and 95% confidence intervals were adjusted for age (4 categories), sex and centre. 
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only, we found this among non-smokers . 
The fact that we found a dose- response 
relationsh ip between cruciferous 
vegetable intake and lung cancer risk 
among GSTMt-null individuals on ly 
supports the hypothesis that 
isothiocyanates may be more important 
in lung cancer prevention among those 
individuals who can eliminate these 
compounds less rapidly. However, the 
strength of our findings is limited by the 
sample size of the study and much 
larger studies will be required to 
accurately measure the modest effects 
of genes such as GSTM1 and identify 
the extent of gene-environment 
interactions. 
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cell carcinoma: The Netherlands Cohort Study 
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1Epidemiology, Maastricht University. PO Box 616, 6200 MD Maastricht, The Netherlands. 2Pathology, University 
Medical Centre Nijmegen, The Netherlands. 3Urology, University Medical Centre Nijmegen, The Netherlands. 
4Department of Antropogenetics, University Medical Centre Nijmegen, The Netherlands. 5Consumer Research 
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Kidney cancer is the ninth most common 
tumour in the European Union. It 
comprises different types of kidney 
cancer, the most frequent being clear
cell renal cell carcinoma (CC-RCC) . The 
estimated incidence of kidney cancer in 
the European Union in 1996 was 10 per 
100 000 persons at risk (Age 
Standardized Rate, European standard 
population); the estimated mortality is 
4.5 per 100 000 persons at risk 
(ASR(E)). Both the incidence and 
mortality rates are about twice as high 
for males as for females (Ferlay et al., 
1999) . Associations between risk factors 
such as hypertension and/or 
hypertension medication, obesity, 
dietary components and CC-RCC are 
weak or inconsistent (Wolk et al. , 1996; 
Mclaughlin & Lipworth, 2000). 

In 1993, the Von Hippel Lindau (VHL) 
tumour suppressor gene was identified 
as a causative gene for Von Hippel 
Lindau disease, a rare inherited disorder 
characterized by various outcomes, one 

being clear-cell renal cancer. Since 
then, it has been recognized that 
approximately 75% of all CC-RCCs, not 
associated with VHL disease, also show 
VHL defects (Cohen 1999) . 
Polymorphisms in xenobiotic-
metabolizing enzymes are under 
investigation because they may 
modulate cancer susceptibility 
(Taningher et al., 1999). The presence of 
(specific) mutations in the VHL gene 
and/or polymorphisms in xenobiotic
metabolizing enzymes may explain the 
weak and inconsistent associations 
between risk factors and CC-RCC. 

The aim of the present study is to 
investigate associations between risk 
factors and CC-RCC. Associations 
between risk factors and mutations in the 
VHL gene, as a specific endpoint, will 
also be investigated. For certain risk 
factors, the role of polymorphisms in 
certain xenobiotic-metabol izing enzymes 
in the relationship between this risk 
factor and CC-RCC will be investigated. 

In 1986, a population-based cohort of 
120 852 men and women , aged 55-69 
was recruited . A self-administered food 
frequency and lifestyle questionnaire 
was administered. A subcohort of 3500 
men and women was formed by drawing 
a random sample from the cohort. The 
subcohort was followed up to estimate 
person-time for the complete cohort and 
to investigate the stability of dietary 
habits. Cases were identified through 
annual computerized record linkage with 
The Netherlands Cancer Registry and 
PALGA, a nationwide pathology reg iste r. 
In 1997, after 11 years of follow-up, 305 
cases of RCC have been identified. At 
the moment, paraffin blocks from cases 
are being collected in the pathology 
laboratories in The Netherlands. From 
these paraffin blocks DNA from 
malignant and healthy tissue will be 
isolated. DNA from malignant tissue will 
be sequenced to map mutations in the 
VHL gene. PCR/RFLP techniques will 
be used on DNA isolated from healthy 
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tissue to determine polymorphisms in 
xenobiotic-metabolizing enzymes. 

The risk factors that will be 
investigated are smoking, hypertension 
and hypertension medication, obesity 
and possible mediation by energy intake, 
the intake of certain kinds of vegetables 
(e.g. cruciferous vegetables) , and the 
intake of fruit. Furthermore, cases will be 
subdivided according to the presence of 
(specific) mutations in the VHL gene, 
and for these subgroups risk ratios will 
be computed. Moreover, the role of some 
xenobiotic-metabolizing enzymes will be 
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investigated (e.g. the role of cytochrome 
P450 1A1 in the relation of smoking and 
CC-RCC). 

The first results are expected in the 
year 2004. 
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Trends in foods available for consumption: 
Europe, 1961-1999 

Burlingame B. 
Nutrition Impact, Assessment and Evaluation Group, The Food and Agriculture Organization of the United 
Nations, Rome, Italy. 

Introduction 
The Food and Agriculture Organization of 
the United Nations, as part of its mandate, 
compiles information and data on various 
aspects of food from all its member 
countries. The data are analysed and 
interpreted to support the FAO's 
programmes and activities and, in 
accordance with the basic functions of the 
Organization, they are widely 
disseminated as CD-ROMs (FAO, 2001 a) 
and via the Internet (FAO, 2001 b). 

The databases can be broadly 
classified into three groups: (a) country
level data referring to items such as 
agricultural production and trade, producer 
prices, land use, means of production, 
etc., (b) data referring to items such as 
population and labour force that are 
derived by, or in collaboration with , other 
international agencies and (c) derived data 
such as agricultural production, food 
supply and nutrition data. The data of 
direct relevance to nutrition include dietary 
energy supply (DES) (kcal/person/day), 
dietary protein supply (g/person/day) and 
dietary fat supply (g/person/day), as well 
as food supply (kg/person/year) in a time 
series from 1961 to the present period of 
data acquisition and validation (there is a 
2-year lag period, e.g. the 1999 data are 
released in 2001). 

These data are widely used, most 
commonly to analyse a population's food 

availability and eating habits (Kowrygo et 
al., 1999; Sekula, 1997; USDA, 2001 ). 
However, they have been used in a 
variety of ways including prediction of 
famine (Atwood, 1991 ), estimations of 
nutrient losses from irradiation (Narvaiz & 
Ladomery, 1998) and exposure 
assessments for lead (Tahvonen, 1997). 
Much of the elucidation of the 
Mediterranean diet came from analysis of 
data from FAOSTAT (Ferro-Luzzi et al., 
1994; Helsing, 1995), as have earlier 
analyses of the relationship between 
dietary patterns and cancer (Kesteloot et 
al. , 1994). 

Methods 
FAOSTAT 2001 (FAO, 2001 a) data sets 
provide time series food supply 
information from 1961 to 1999 for 130 
food commodities or aggregations of 
commodities, and 363 countries and 
aggregations of countries. 

Country aggregations 
The aggregations for European countries 
include the following : the political
economic aggregations of EU12 
(Belgium-Luxemburg, Denmark, France, 
Germany, Greece, Ireland, Italy, 
Luxembourg, Netherlands, Portugal , 
Spain, UK) and EU15 (EU12 +Austria, 
Finland, Sweden); and the geopolitical 
aggregations of Europe (51 countries), 

Western Europe (30 countries), Europe + 
Baltic (47 countries); Eastern Europe (14 
countries); USSR Europe (7 countries). 
Data are preserved for countries even 
when they cease to exist, for continuity 
and the least disruption to the time series 
data. For example, Czechoslovakia data 
end in 1992, and Czech Republic and 
Slovak Republic data begin in 1993. 

European countries are also included 
in other groupings: the Moldova Republic 
and the Ukraine part of Europe and are 
on the list of Low Income Countries (LIC) , 
a World Bank per caput income 
classification, which for 1999 was 
US$755. All or most European countries 
are among the aggregations of 
Developed, OECD, Industrialized, World, 
and Former World countries. 

Foods and Data 
All data are expressed as the primary 
commodity equivalents. FAOSTAT 
accommodates the fact that commodities 
are often not consumed in the primary 
form - cereals enter the household mainly 
in processed form such as flour, meal, 
bread, husked or milled rice - by applying 
the appropriate food composition factors 
to the quantities of the processed 
commodities and not by multiplying the 
quantities shown in the commodity 
balance with the food composition factors 
relating to primary commodities. These 
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factors were recently reviewed and 
updated (FAO, 2001c). Export and non
food uses are accounted for and are 
excluded from the calculations. Data are 
presented as food availability in 
kg/cap/year, dietary energy supply (DES) 
in kcal/cap/day, dietary protein supply 
(DPS) in g/cap/day, dietary fat supply 
(DFS) in g/cap/day. Other macro- and 
micronutrient data sets are available 
within the FAO, but are not available for 
external use at this time. 

Per caput supply figures shown in the 
commodity balances represent the 
average supply available for the 
population as a whole and do not indicate 
what is actually consumed. 
Notwithstanding certain well-documented 
weaknesses (FAQ 2001d; FAQ 2001e), 
they are used as proxies for per caput 
consumption. Overestimation is likely to 
be a problem; it is linked to perishable 
foods, food-chain losses, household waste 
and other factors. Vegetable and fruit data 

are prone to overestimation; starchy 
staples are less prone. Underestimation is 
linked to home/community gardens, 
gathered foods and some other foods 
outside formal economic systems. 

Results 
Europe 
In Europe, plants provide 72.5% of the 
energy from the food supply, against 
27.5% from animal products. In contrast, 
animal products supply 54% of total 
protein, and plants only 46%. The same 
situation is found with regard to dietary 
fats, where animal and plant products 
provide, respectively, 54% and 46%. 

Within plant foods, wheat is the main 
source of energy and protein, supplying 
almost 37% and 57%, respectively, of 
total plant intake. Other important 
sources of energy are sweeteners (sugar 
cane and sugar beet mainly), potato, 
sunflower, barley and maize, while low 
levels of protein are provided by potato, 

Trends in energy consumption (kcal/cap/day) 

Figure 1 
Trends in energy consumption in selected European countries 
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maize, rye, barley, beans and rice. Lipids 
are mainly supplied by sunflower and 
olive, followed by rape, soybean, wheat, 
maize, peanut and cacao. 

Energy 
In 1961 , the DES range was 
approximately 2500 kcal/cap/day in 
Portugal to nearly 3400 kcal/cap/day in 
Ireland. By 1999, all European countries 
exceeded 3200 kcal/cap/day, with 
Portugal having the highest DES, at 
nearly 3700 kcal/cap/day (see Fig. 1). 

The distribution of energy between 
plant and animal . sources has changed 
little over time. In 1961 and in 1999, the 
average for Europe was about 70% of the 
DES from plant products against 30% 
from animal products. A country-by
country analysis for the recent 3-year 
period shows that animal sources 
contributed just over 20% of the energy to 
the diet in Greece, and nearly 40% in 
France .(see Fig. 2). 
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Percentages of energy from plants and animals (3-year averages, 1997-1999) 
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Worldwide trends in fat consumption, by region 
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Fat 
Developed country aggregations by 
region show that DFS over time has 
increased everywhere. 

In 1961, the developed countries in 
the regions Western Europe, North 
America and Oceania had a DFS of 
approximately 110 g/cap/day. By 1999, 
every region (except Africa) had added 
20-40 g fat/cap/day (see Fig. 3). 

The fat comes from a variety of 
sources and this too has changed over 
time. In 1997, Sweden had the highest 
DFS from fish, at 3.8 g/cap/day, and also 
the lowest DFS from meat, at 21.6 
g/cap/day. France had the highest DFS 
from meat, at nearly 43 g/cap/day. Four 
countries had 30 g/cap/day fat from 
meat (I reland, Netherlands, Spain and 
UK), and all countries except Denmark, 
Portugal and Sweden had DFS from fish 
of less than 2 g/cap/day. 

Dairy 
In 1999 fat/cap/day from milk, including 
all dairy except butter, averaged 16.2 g 
for Eastern Europe and 19.4 for Western 
Europe. There is a cluster of Eastern 
European countries on the low end of 
the scale, with fat from dairy under 15 
g/cap/day, and a cluster of Western 
European countries on the high end, 
with fat from dairy above 25 g/cap/day. 
The exceptions are Denmark, with the 
countries lowest in dairy fat intake, 
Albania topping the chart with the 
highest intake and the Netherlands only 
slightly lower. 

Analysis of trends in dairy product 
supply, again expressed in fat, between 
the highest and lowest of the Western 
European countries shows that they 
were nearly equivalent in 1961. 
Converging a few times through the late 
1980s and then separating dramatically 
from about 1989. The inclusion of butter 
increases the fat from milk and milk 
products by another 4 g/cap/day in 
Denmark, and another 5 g/cap/day in 
the Netherlands for the latest time 
period. 
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Figure 4 
Trends in meat consumption in selected European countries 

Sugar 
Sugar consumption patterns show 

increases and decreases over the past 
40 years. Denmark, Ireland and the UK 
have all decreased their apparent 
consumption of sugar. Denmark and the 
Netherlands have the highest supply, 
currently around 50 kg/cap/year. 

Soybeans 
In 1999, Asia led the world in 

consumption of soybeans, with 3.5 
kg/cap/year, Europe averaged around 
0.1 kg/cap/year. 

Through the late 1980s, all European 
countries registered zero for soybeans 
and most still did in 1999. However, 
there are three countries with a 
measurable supply for human 
consumption: Hungary, since 1995, and 
Germany and Austria. All three are 
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moving toward 1 kg/cap/year. While 
noteworthy when compared to other 
European countries, this consumption is 
negligible when compared to the high 
intake countries of Asia. 

Meat 
There has been a steady increase in 
meat consumption in EU 15 countries, 
from 53 kg/cap/year in 1961 to 90 
kg/cap/year in 1999. Intake of fat from 
meat (g/cap/day) has also increased, 
but not entirely proportionally. The ratio 
of meat to fat content of the meat has 
changed from 6.9:1 in 1961 to 7.5:1 in 
1999, indicating lower fat content in 
meats. This trend in meat composition 
needs continual monitoring and more 
data on carcass quality, point-of
purchase fat trimming and household 
food waste (e.g . fat trimmed and 

discarded) need to be collected and 
evaluated. 

Figure 4 illustrates the trend in meat 
consumption. The sharpest increases 
from 1961 to 1999 have been in 
Portugal (from 21 to 93 kg/cap/year) and 
Spain (22 to 113 kg/cap/year). The only 
country showing a slight decrease in 
meat consumption is the Netherlands, 
and it is for the single period from 1998 
(90 kg/cap/year) to 1999 (86 
kg/cap/year) . However, 3-year averages 
for the periods 1994-1996 and 
1997-1999 in the Netherlands show no 
differences in consumption in the period, 
although the suggestion of a decreasing 
trend should be monitored. 

Wine and alcoholic beverages 
In 1999, Ireland showed the highest per 
capita availability of alcoholic beverages, 
at 159 kg/cap/year. Greece was the 
lowest at 63 kg/cap/year. For wine 
availability, Finland had the lowest and 
France had the highest, 7 and 60 
kg/cap/year respectively. The EU 
average for alcoholic beverages was 115 
kg/cap/year, and 34 kg/cap/year for wine. 

Trends in both alcoholic beverages 
and wine have shown some dramatic 
changes over the past 40 years. In 1961 , 
Finland had the lowest consumption for 
both alcoholic beverages (27 
kg/cap/year) and wine (<1 kg/cap/year), 
whereas France had the highest 
consumption for both: alcoholic 
beverages, 177 kg/cap/year, and wine, 
120 kg/cap/year. 

The EU15 average for alcoholic 
beverages increased in the period from 
1961 to 1999, changing from 105 to 115 
kg/cap/year. Only France and Italy have 
shown decreases in alcoholic beverages; 
all other countries showed increases. In 
1999, four countries exceeded 150 
kg/cap/year (Germany, Austria, Denmark 
and Ireland), whereas in 1961 , only one 
country exceeded that level (France). 

The two highest EU 15 wine
consuming countries in 1961, France and 
Italy, were also the two highest in 1999. 



However, total wine supply has 
decreased by half for both countries. 
France decreased from 120 to 60 
kg/cap/year and Italy, from 108 to 55 
kg/cap/year over the 1961-1999 period. 
Other decreases in wine supply from 
1961 to 1999 were seen in Greece (34 to 
22 kg), Portugal (from 65 to 51 kg) and 
Spain (from 60 to 39 kg) . Wine supply 
increased for all the other EU15 
countries, with Denmark increasing by a 
factor of 10 over the period, from 3 to 
30kg. The EU15 average decreased 
from 46 kg in 1961 to 34 kg in 1999. 

Fish 
There has been substantial stability in 
the consumption of fish and seafood in 
most European countries over the time 
series of these data. Portugal has, for 
most of the time series, achieved the 
highest levels of consumption. Aside 
from the period from 1975 to 1983, the 
consumption of fish and seafood has 
exceeded 50 kg/cap/year. From the 
early 1960s through the mid-1980s, 
Austria achieved a per capita 
consumption of less than 1 O kg/cap/year 
and continues to have the lowest 
consumption of the EU15 countries, at 
approximately 14 kg/cap/year. Ireland, in 
spite of its coastal resources, also 
appears on the low end of the 
consumption scale, with a gradual 
increase over the time series from less 
than 9 to approximately 15.5 
kg/cap/year. The other low-consuming 
countries for fish and seafood, both 
currently and over the time series, are 
Germany, the Netherlands and Belgium. 

Trends in foods available for consumption; Europe, 1961-1999 

Conclusions 
The food supplies and dietary patterns 
in Europe are changing markedly. FAO 
Statistical Databases provide a tool for 
making useful assessments of these 
changes . Although other survey 
methodologies may give differing 
pictures of dietary patterns at the 
community, household and individual 
levels, and at different time periods, 
FAOSTAT provides a unique resource 
for national and global level 
standardized assessments over a 40-
year period. These data, in combination 
with other data sets, are necessary for 
monitoring changes in food supplies and 
dietary patterns, currently and 
retrospectively, against the changing 
morbidity and mortality from cancer and 
other diseases. 
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WHO's mission is to improve global 
public health through effective , 
evidence-based measures to reduce the 
burden of diseases and to promote 
health. Assessment of burdens caused 
by different diseases and of their major 
determinants is vital to this mission. 

During the last few years, important 
information has been obtained on the 
global burden of diseases. It shows how 
the world's health situation is rapidly 
changing. The relative role of infectious 
diseases is diminishing and that of 
some major noncommunicable 
diseases (NCO) increasing. Of major 
importance is the fact that NCDs are so 
rapidly increasing in the developing 
world. 

According to WHO's latest estimates, 
some 60% of all deaths in the world are 
now caused by noncommunicable 
diseases, together with injuries and 
violence. Every third death is 
cardiovascular and coronary heart 
disease is the number one killer in the 
world. In all regions of the world, except 
in Sub-Saharan Africa, NCDs are the 
leading cause of death and the majority 
of the world's NCO deaths occur in the 
economically developing countries. 

NCDs were once referred to as 
diseases of affluence. This is wrong; 
these diseases are rapidly increasing 
also in poor countries and in most 
populations these diseases and their 

risk factors tend to accumulate in lower 
socioeconomic groups. This changing 
picture of global public health is due to 
successes in infectious disease control, 
to rapidly changing lifestyles, notably in 
urban areas, and to rapid demographic 
shifts. This development and the 
predicted further increase in the NCO 
burden form a great threat to the 
national economies and are a vast new 
public health challenge. 

Nutrition - a major 
determinant 
Noncommunicable diseases are not 
inevitable consequences of ageing. 
Research has clearly identified a few 
powerful causal factors. Although an 
individual's risk is influenced by genetic 
predisposition, the disease development 
is closely linked to a few risk factors that 
are closely related to lifestyle-related 
factors that can be changed, notably 
nutrition, tobacco use and physical 
inactivity - factors that have their roots 
in social and physical environments. 

This solid evidence forms a strong 
basis for prevention. Although 
improvement in treatment of diseases 
is important, the public health potential 
in control of NCDs lies in prevention. 
Strong evidence shows that prevention 
is possible. NCO rates can change 
markedly and in a relatively short time 
as a consequence of changes in 

lifestyles. Such changes can take 
place in response to major social, 
economic or political actions, whether 
intended for public health 
consequences or not. 

Nutrition is one of the major lifestyle 
factors re lated to development of NCDs. 
Numerous international expert reviews, 
including those of WHO, have identified 
the close links between certain 
nutritional factors and risks of major 
cardiovascular diseases (CVD) . 
Important nutritional risk factors are 
blood LDL cholesterol, elevated blood 
pressure, elevated blood glucose 
tolerance and obesity. Research has 
also convincingly shown major links 
between dietary or nutritional factors 
and many forms of cancer, diabetes and 
dental caries. Alzheimer's disease, 
musculoskeletal problems and other 
conditions have also been associated 
with nutritional factors. 

During the last few years, great 
progress has been achieved in the 
drugs used to reduce nutrition-related 
risk factors (such as serum cholesterol 
or blood pressure). While these 
products have an important place in 
treatment of high-risk patients, dietary 
changes have a great potential in 
reducing the need for drugs and will 
remain the main method, from a public 
health point of view, in reducing the 
NCO rates in the population. 
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Global trends, nutrition in 
transition 
The emerging epidemics of NCDs are 
associated with changing dietary 
patterns, which lead to increased risks 
of NCDs. Worldwide, we can see 
trends in reduced intake of fruit and 
vegetables and dietary fibre, and in 
increased intake of fats (especially 
saturated fats) , sugar and alcohol. 
Together with reduced physical activity, 
this leads to increasing weight and the 
growing problem of obesity. Salt 
consumption is high in many 
populations, greatly contributing to 
elevated blood pressure values and 
risk of cerebrovascu lar strokes. 

Although undernutrition remains a 
problem in many developing countries, 
even in the same countries we see 
growing rates of overweight and 
obesity. It should be pointed out that 
nutritional issues underlying NCDs are 
not limited to obesity. Many nutrition
related problems, e.g. elevated blood 
cholesterol or elevated blood pressure, 
can be seen in people with normal 
weight - but with unbalanced nutrition. 

The changing and unhealthy 
patterns of nutrition in the world are 
often linked with so-called 
globalization. While globalization can 
clearly bring benefits in alleviating 
global poverty and in infection disease 
control - and is seen by many as 
inevitable - there are obvious negative 
consequences for NCO-related risk 
facto rs. For example, it gives 
transnational industry powerful means 
to promote tobacco products as well as 
foods and drinks that replace healthier 
traditional food habits. 

Although increases in NCDs often 
relate to economic development in 
countries in transition , NCDs are not 
inevitable consequences of economic 
growth. Instead, with successful health 
promotion and policies, economic 
development can be linked with 
healthier lifestyles and nutrition , and 
consequently with reduced NCO rates. 
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Policy framework for nutrition 
in NCO prevention 
The science base for nutrition in NCO 
prevention is strong. This is, however, 
not enough for effective prevention in 
real life. Dietary habits and nutrition 
can be deeply rooted in cultural, 
economic and political structures. 

Substantial changes in national 
diets can take place as a consequence 
of major crisis or political changes. 
However, attempts to influence diets 
for health reasons usually have to 
employ more elaborate interventions. 
Basically it is a question of 
communicating the healthy information 
and skills to people, persuading people 
to implement healthy changes and 
providing social and environmental 
support for such changes. From a 
health policy point of view, this calls for 
a sound policy framework that is based 
on careful analysis of the local 
situation and on relevant, evidence
based theoretical approaches , and 
leads to appropriate policy decisions. 

Although dietary changes for 
prevention are needed for high-risk 
people (e .g. with hypercholestero
laemia or hypertension) , major 
changes in national NCO rates can 
only be based on a population 
approach, that is, on influencing the 
general nutrition in the population. This 
is the case because risks often 
concern a great proportion of the 
population and lifestyle changes 
cannot be isolated for only a fraction of 
the population. Thus, generally healthy 
diets should be promoted - diets 
needed for prevention of a range of 
NCDs are safe and in many ways 
promote health generally (the 
integrated approach) . 

Intervention activities 
Practical activities within a national 
policy framework for healthy nutrition 
and NCO prevention are multiple. 
Particularly the following sectors/areas 
should be involved: 

Health services (especially primary 
health care) . 
Schools: curricula, school lunches 
and school health. 
Mass communication, media. 
Civil society organisations (health
related and others) 
Restaurants, catering, etc. 
Supermarkets, food industry. 
Legislation and policy. 
Monitoring and research. 

Strategies to prevent NCDs should be 
organized at the national level. 
Ministries of Health should have the 
political leadership, but effective national 
strategies require intersectoral 
collaboration . To implement national 
policies and strategies, a technical focal 
point linked with the government is 
essential , as is collaboration with 
relevant expert institutes. National 
guidelines are needed, as well as 
surveillance on different levels: rapid 
and simple monitoring of key dietary 
habits should be supplemented by less 
frequent but more comprehensive 
surveys on nutrition and nutritional risk 
factors. 

As far as policy and legislation are 
concerned, the aim should be to remove 
obstacles and to enhance people's 
possibilities to enjoy healthy diets. 
Practical areas concern taxation and 
pricing, agriculture, food labelling and 
nutritional claims, institutional nutrition 
and support to healthy nutrition 
programmes. 

Healthy changes in national diets do 
not occur with policy plans and 
programme protocols alone, however 
good they are. Policies and plans need 
to be implemented well and enough 
resources should be allocated for 
effective implementation. Financial 
resources are needed for dietary 
interventions, although the investments 
are tiny compared with the costs of 
treatment of nutrition-related diseases. 
Such investments are certainly a cost
effective way to improve a nation's 
health. 



WHO's role 
WHO's traditional role is to provide 
technical expertise and support to 
Member States. To help tackle global 
health challenges, WHO's strong 
leadership is needed, but at the same 
time partnerships with national 
governments and other international 
agencies and organisations are vital. 

WHO is now building a strong 
structure to respond effectively to the 
growing burden of NCDs at its 
headquarters. Within the cluster of 
Noncommunicable Diseases and Mental 
Health, the department of NCO 
Prevention and Health Promotion has 
started its work, a major area being 
Nutrition in NCO Prevention. This area 
of work contributes to many other 

WHO's strategy on nutrition and noncommunicable diseases prevention 

activities of the cluster. The aim is to 
build up a core team that, in close 
collaboration with international 
collaborating centres, other agencies 
and organizations, can carry out work 
that can meaningfully contribute to 
global nutritional changes for NCO 
prevention. 

The work will involve the three levels: 
1. Technical support and advocacy 
(science-based, evidence-based for 
interventions and policies). 
2. Support to national programmes 
(particularly through regional networks 
such as CINDI, CARMEN, etc.). 
3. Global initiatives and activities. 

Working at the global level is 
essential because of the increasingly 
global background of dietary trends. The 

work of the food industry, international 
trade agreements and supranational 
communication (Internet, satellite 
channels, etc.) all mean that the scope 
of individual nations to intervene to 
promote healthy nutrition is increasingly 
limited. 

Thus national programmes should be 
strongly supplemented by global 
initiatives to put health and healthy 
nutrition effectively on the global 
agenda. This calls for WHO leadership 
that we are prepared to take, but only in 
broad collaboration and partnerships. 
Success in these actions is measured in 
such improvements in global health that 
can be matched by very few other 
possible measures. 
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Introduction 
It is now generally accepted that nutrition 
status, dietary patterns and other lifestyle 
factors are important determinants of the 
risk of a number of cancers. However, 
until relatively recently, this was not the 
case. While the link between smoking 
and lung cancer has been accepted 
since the 1950s, it was 1982 before the 
first authoritative statement on the issue 
was made. The US National Academy of 
Sciences report on Diet, Nutrition and 
Cancer (NAS, 1982) heralded an 
increasing worldwide interest in the role 
that diet and nutrition could play in the 
development - and prevention - of 
cancer. 

Serious consideration of the influence 
of diet on cancer risk was stimulated by 
the seminal paper by Doll and Peto 
(1981 ), in which they estimated that 
around 35% of cancers in the United 
States might be related to dietary 
exposures. Though confidence intervals 
around their estimate were wide -
between 10% and 70% - it nevertheless 
highlighted the potential tor prevention 
across a wide range of cancer sites. 
Subsequent estimates by other workers 
have come to similar conclusions and 
confidence in the estimates is increasing 
(Riboli, 1992; Willett, 1995). 

By the early 1990s, an impressive 
literature surrounding diet, nutrition and 
cancer had developed. This diverse 

database comprised epidemiological 
studies, clinical studies and laboratory 
data in animals and humans. In all 
areas, the quality of studies was varied 
and in particular, data on diet itself was 
often unsatisfactory. In spite of this 
diversity of quality and study type, some 
patterns of association became 
apparent, such as the link between 
higher consumption of fruit and 
vegetables and lower risks of a number 
of cancers (Block et al. , 1992). 
Nevertheless considerable 
heterogeneity in the data remained and 
a number of individuals and groups 
considered it timely tor a further review 
of the topic. 

WCRF/AICR Expert Report 
The World Cancer Research 
Fund/American Institute tor Cancer 
Research (WCRF/AICR) Expert Report 
Food, Nutrition and the Prevention of 
Cancer: a Global Perspective was 
published in 1997 (WCRF/AICR, 1997). 
The result of 5 years and an exhaustive 
review by a panel of independent experts 
from around the world , this Report 
changed the landscape of how people 
perceive not only the links between diet, 
nutrition and cancer, but also the 
potential tor prevention through dietary 
and other lifestyle changes. It provided in 
one volume a comprehensive analysis of 
the status of the evidence base up to 

1995, incorporating assessments of 
epidemiological , clinical and laboratory 
data. 

Four years on, there has been a 
substantial accumulation of new 
evidence. Just as in the original 
evidence base tor the Expert Report, not 
all studies come to identical conclusions 
and their quality is variable. Clearly the 
new data will impact on the overall body 
of evidence, which must form the basis 
of any comprehensive interpretation . 

Technical developments 
Over the last few years there has been 
an explosion of interest in the methods 
used to synthesize research evidence. 
There have been major developments in 
both qualitative and quantitative 
aspects, including systematic reviews 
and meta-analysis. However, the 
principal focus tor this activity has been 
in relation to healthcare interventions to 
inform clinical decisions. Relatively little 
attention has been given to applying 
these principles to questions 
surrounding the causation and 
prevention of disease. 

One consequence of this approach 
has been that a hierarchy of evidence 
developed in the context of healthcare 
interventions has become regarded as 
universally applicable. However, this 
may not always be so (Harbour & Miller 
2001 ). For many questions, particularly 
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those related to the factors involved in 
the development of chronic disease, this 
hierarchy has problems. At the root of 
the problems lies a reliance on 
randomized controlled trials (RCTs). 
RCTs are often the best way of testing 
whether a particular intervention impacts 
on the progress of a disease - and 
therefore are conducted in relatively 
small numbers on groups at relatively 
high risk of developing an end-point. In 
contrast, etiological studies need to be 
carried on for decades in large numbers 
at low risk. The practical problems of 
conducting RCTs in such circumstances 
are insurmountable and the vast 
majority of studies addressing such 
questions are epidemiological. In 
addition , the few direct intervention 
studies and the voluminous laboratory 
data often offer only indirect insights into 
the questions of relevance. 

The outcome is a misperception by 
health professionals and policy makers 
that the studies necessary to help 
develop rational strategies for primary 
prevention , by understanding the 
causation of disease, are not of 
adequate quality to underpin decisions. 
However, if prevention is to be part of 
the approach to managing cancer in the 
community, as it must, such decisions 
do need to be made on the best 
evidence available . The question 
therefore arises as to what constitutes 
the best evidence in relation to the 
development of chronic disease over 
decades. 

The perception that RCTs offer a 
universally better approach bears 
examination. Well-conducted RCTs are 
the best way of avoiding various biases. 
However, experimental constraints may 
mitigate this advantage. For instance, 
the intervention applied may not be 
directly related to the question of 
relevance, the application of the 
intervention may be unrepresentative of 
usual practice, and the population 
studied may differ from the eventual 
target group. 
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In some healthcare situations, it has 
been possible to examine whether well
conducted observational studies 
produce more biased results than 
randomized clinical trials. Concato et ar 
(2000) compared the results of 
randomized intervention studies with 
observational evidence relating to a 
number of clinical situations in a 
systematic way. They concluded that, at 
least for the situations they studied, 
observational data from well -conducted 
studies did not appear to produce 
biased results as compared to 
randomized interventions. Possible 
reasons for this disparity from a long
standing perception include better 
control for confounding factors and 
definition of inclusion and exclusion 
criteria. While it may be difficult to 
extrapolate widely from the few 
situations Concato et al. studied, in 
situations where randomized 
interventions can only bear indirectly on 
the etiological question of relevance, it 
appears reasonable to use the existing 
data to draw conclusions. 

World Cancer Research Fund 
International - the next steps 
However, if observational data are to be 
used to underpin important educational , 
policy and clinical decisions, it is 
essential that the data are analysed in 
the most rigorous way. While true 
objectivity is an impossible goal , it is 
possible to minimize the effects of 
subjectivity in a number of ways. Firstly, 
it is necessary to separate the 
processes of collating and displaying the 
data from that of interpreting the 
evidence, drawing conclusions and 
deriving recommendations. Secondly, it 
is important to collate the evidence in a 
systematic way. Thirdly, it is necessary 
for the process to be transparent so that 
it is open to external scrutiny and any 
necessary judgements are overt. Finally, 
it is helpful to have the evidence 
displayed in a systematic and common 
format. 

From the outset, WCRF International 
has made clear its commitment to 
keeping the Report and the 
recommendations derived from it up to 
date. WCRF International, as a start to 
revisiting and updating the Report, has 
convened a Methodology Task Force to 
address the question of how best to 
assimilate the evidence relating to the 
causation and development of cancer. 
We expect this to become a widely 
accepted convention when reviewing 
such data and to impact on the 
perception of clinicians and policy 
makers with regard to the evidence for a 
role of diet in the development and 
prevention of cancer. 
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Introduction 
The world population will reach an 
estimated 8-9 billion by 2050. 
Meanwhile, consumer expectations are 
rising. Hence, we can anticipate an 
approximately two- to threefold increase 
in total food requirements over the 
coming half-century (Cohen, 1996). Yet, 
even as new technologies emerge, we 
face newly occurring global 
environmental changes such as climate 
change that are likely to impair food 
production. Other incipient large-scale 
environmental changes likely to affect 
food production include stratospheric 
ozone depletion, the accelerating loss of 
biodiversity (with knock-on effects on 
crop and livestock pest species), and 
the perturbation of several of the great 
elemental cycles of nitrogen and sulfur. 
Indeed, modern agricultural practices, 
worldwide, are themselves a source of 
increasingly severe environmental 
damage, jeopardizing the productivity of 
agroecosystems and contributing to 
large-scale environmental changes. 

Against this background of 
environmental change, epidemiologists 
are tackling an array of intriguing 
questions about the relationship between 
diet and cancer in the foreground . 

The research imperative drives us to 
seek to elucidate the mechanisms 
underlying these observed relationships. 
Consistency of findings allows confident 
application in the policy realm, 
modulating individual and community 
behaviours, and perhaps influencing 
patterns of food production and 
processing. Meanwhile, there are large, 
historically based and often 
environmentally determined differences 
in regional diets. Further, as 
environmental conditions alter, as 
technologies (molecular and otherwise) 
evolve, and as consumer preferences 
change, so the configuration of dietary 
risks of cancer (and many other 
diseases) changes. There is both a need 
and opportunity to marry the results of 
epidemiological findings with the 
discourses on biologically desirable and 
ecologically sustainable food production. 

Compared to potent genotoxic 
chemicals, the human diet might appear 
to be a rather mundane cause of cancer. 
Further, it presents as a methodological 
morass that has challenged, and 
sometimes thwarted, many good 
epidemiological studies and good 
epidemiologists. Yet it is hardly 
surprising that many components of the 

diet - themselves not genotoxic - may 
influence the probabilities of cancer 
occurrence, given the important role of 
diverse factors such as hormones, other 
chemokines and viruses in affecting 
rates of cellular proliferation and, hence, 
the occurrence of cancer. We also 
recognize that various micronutrients 
can reduce oxidative damage to cells, a 
role that those same micronutrients play 
in the natural world within the plant 
species from which they predominantly 
derive. Thus, our ideas about the dietary 
influences on cancer have widened 
beyond those of the more molecular
mechanistic chemical carcinogenesis, 
which prevailed 3-4 decades ago. 

Now that we have begun to think in 
more life-course and human ecological 
terms about dietary influences on disease, 
we are recognizing that diets can also act 
over time via influences on, for example, 
early life (including perhaps fetal life, 
especially in the case of breast cancer) 
programming of metabolic or physiological 
phenomena, and the metabolic and 
hormonal consequences of obesity. 

Again, it may seem mundane that, 
alongside laboratory carcinogens such 
as aflatoxin and the N-nitrosamines, one 
of the clearest diet-related risk-factor 
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complexes is physical inactivity and 
elevated relative weight. Yet, in 2001 , 
the IARC concluded that: "Taken 
together, excess body weight and 
physical inactivity account for 
approximately one-fourth to one-third of 
breast cancer, and cancers of the colon, 
endometrium, and kidney and 
oesophagus." And: "Limiting weight gain 
during adult life, thereby avoiding 
overweight and obesity, reduces the risk 
of postmenopausal breast cancer, and 
cancer of the colon , uterus 
(endometrium) , kidney (renal cell) and 
oesophagus (adenocarcinoma)." 

The recent epidemiological research 
on diet and cancer has revealed a 
spectrum of results and has suggested 
some new insights and emphases. At 
the risk of oversimplification, one might 
summarize the main results as follows: 

Alcohol and breast cancer risk 
shows a consistent, moderate, 
mostly linear increase. EPIC studies 
show a relatively weak association. 
EPIC studies confirm well
documented effects of alcohol on 
upper aerodigestive system cancers 
(and not attributable to fruit and 
vegetables which display an 
independent protective effect). 
Findings on fruit and vegetables are 
suggestive but uneven. 
Meta-analysis indicates a differential 
effect of types of meat/fish on colon 
cancer. Processed meats appear to 
confer the greatest risk increase. 
Modes of cooking meat may also 
have a real - but minor -
contribution to colon cancer. 
Postmenopausal estrogens (estradiol) 
increase breast cancer risk. 
Consistent evidence is available 
supporting an increase in risk with 
raised BMI and physical inactivity. 

• Dietary influences on prostate cancer 
remain unclear, although there is 
clear population-level evidence of a 
protective effect of plant food diets. 
Factors influencing cell proliferation 
appear to play a central role -
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hormonal (sex, insulin, IGF1 ), 
inflammatory processes, and perhaps 
body size. 

Our ideas in the realm of diet and cancer 
have thus broadened over the past two 
decades. Indeed, we are interested in 
thinking about dietary influences on 
human disease risks at several levels. 
Certainly, mainstream epidemiological 
research will continue to pursue 
essentially reductionist questions about 
the cancer risks associated with specific 
aspects of the human diet. But we are also 
interested in how these exposures arise 
and change within the larger ecological 
context, since the environmental and 
social context influences the types and 
amounts of foods available to local 
populations. In macroscopic terms, that 
wider context can be summarized thus: 

The world population is increasing, 
especially in developing countries 
(South Asia and sub-Saharan Africa). 
Urban consumers, worldwide, are 
becoming more affluent. 
Global corporations are increasingly 
shaping food preferences and 
availability. 
The prevalence of obesity is rising, 
alongside urbanization and 
diminished physical activity levels. 
Macro-pressures on the natural 
environment are causing land 
degradation , biodiversity losses, 
climate change, and increases in 
some infectious diseases. This is 
leading to some reconsideration of 
industrial farm ing and intensive 
livestock production. 
The world cannot, with foreseeable 
technologies, feed a population of 
8-9 billion a current Western diet. 

Let us stand back from the conditions of 
the present and review the longer 
history of food, environment, and human 
health and disease. 

An historical perspective on 
food, environment and health 
Historically, food availability has been 
the most fundamental constraint on 

human population size. Over time, 
humans have found ways to expand 
food supplies and hence the 
environmental carrying capacity. Having 
gradually replaced foraging and hunting 
over the past 10 000 years, farming has 
become both more extensive and 
intensive, such that the expansion of 
local envi ronmental carrying capacity 
has tended to become less sustainable. 
There are many celebrated historical 
examples (Diamond, 1997). The 
fratricide in Rwanda in 1994 is deemed 
by some commentators to have 
reflected the land pressures, and food 
shortages, in a rapidly growing 
population of 8 million living in a tiny 
country with an environmental carrying 
capacity estimated at only 6-7 million. 

In his apocalyptic vision, 1900 years 
ago, St. John the Divine saw a world 
continuously ravaged by the Four 
Horseman: conquest, warfare, famine 
and pestilence (McMichael , 2001 a) . The 
terrible Third Horseman rode on a black 
steed. Indeed, subsistence crises, with 
famine and starvation, have long been 
part of the human story. However, over 
the past two centuries, modernization , 
extended trading networks, other forms 
of interconnectedness and an emerging 
ethos of international aid have reduced 
the occurrence and impact of local 
famines. 

Today, however, we face the 
unprecedented macro-Malthusian 
prospect of population size exceeding 
food supplies at a global level. World 
population size appears set to undergo a 
sixfold increase, from 1.5 billion in 1900 
to around 8-9 billion in 2050, after which 
it may level off at something not much 
higher than that. Meanwhile, the modern 
agricultural revolution , with its 
beginnings in the late eighteenth century, 
has intensified, the Green Revolution 
has boosted grain yields during the latter 
half of the twentieth century, and we 
stand now on the brink of applying 
genetic biotechnologies and precision 
farming techniques to the future 



expansion of world food production. The 
classic Malthusian tension between 
increasing numbers and the expansion 
of environmental carrying capacity 
persists (Malthus, 1798). 

Nevertheless, malnutrition remains a 
serious international public health, social 
and economic problem. Although the 
proportion of persons who are 
malnourished has declined gradually 
over recent decades, the absolute 
numbers are not yet obviously declining. 
The estimated total number, in the year 
2000, is 830 million, of which 790 million 
are within the less developed countries 
(FAO, 1999). In the Global Burden of 
Disease assessment made by the World 
Health Organization (Murray & Lopez, 
1996), malnutrition accounts for 16% of 
the world's total burden of disabling 
illness and premature death, measured 
in DALYs (disability-adjusted life-years). 

Environmental stresses and 
food production 
An understanding of the emerging world 
food situation requires more than simple 
arithmetic and linear extrapolations. 
There are qualitative shifts occurring to 
the ecological infrastructure that 
underpins the world's food-producing 
systems. Indeed, some scientists now 
argue that, worldwide, agriculture is set 
to cause more global environmental 
damage than the better-known 
examples such as global climate 
change. Land degradation has occurred 
widely, with, now, approximately one
third of fertile soil moderately or severely 
damaged via erosion, salination , water
logging, chemicalization, loss of organic 
material and physical compaction 
(Greenland et al., 1998; McMichael, 
2001a). 

The spread of irrigation has caused 
salination and water-logging in many 
locations. Ground-water supplies have 
been widely depleted as aquifers have 
been overexploited - now a critical 
problem in northern China, the American 
Midwest and north-west India. 
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The chemicalization of soil and 
waterways will increase as the use of 
nitrogenous fertilizer increases. Already 
the past half-century's combination of 
huge increases in nitrogenous fertilizer 
use, in livestock production , and in the 
combustion of fossil fuels has added 
greatly to the level of biological ly active 
(fixed) nitrogen within the biosphere. 
This has contributed to the acidification 
of soils and has resulted in increasingly 
high nitrate levels in ground water. 

Against this background, questions 
arise about how, in future , other great 
changes in global environmental 
systems and processes might affect 
food production. Global climate change 
is an acknowledged major source of 
likely future stress on both terrestrial and 
marine food production, and is attracting 
much of the scientific and policy debate 
(Conroy et al., 1994; Rosenzweig & 
Iglesias, 1998). However, the world is, 
as ever, multivariate: there are other 
incipient large-scale environmental 
changes that will affect food production, 
including stratospheric ozone depletion, 
the accelerating loss of biodiversity (with 
knock-on effects on crop and livestock 
pest species), and the perturbation of 
several of the great elemental cycles 
(nitrogen, sulfur and phosphorus). 
Further, the impacts will not be simply 
additive: many of these processes will 
interact with one another. For example, 
the probability of crop infestations by 
pests may be influenced multiplicatively 
by changes in climatic conditions, the 
weakening of photosynthesis and plant 
biology by both increased ultraviolet 
irradiance and micronutrient 
deficiencies, the depletion of predator 
species, and water shortages. 

In the latter half of the twentieth 
century, population growth rates 
accelerated; indeed, the world passed 
through its highest-ever annual growth 
rates, over 2%. The pressures to boost 
food production were therefore 
increased. The Green Revolution 
relieved the situation during the 

1960s-1980s. However, in the final 
decade or so of the last century, the rate 
of increase in the production of cereal 
grain - which accounts for around two
thirds of world food energy - fell below 
the (gradually declining) rate of increase 
in world population. Per-person 
production of cereal grains peaked in 
1985 (King, 1999), but to perhaps a 
large extent, the subsequent decline 
reflected political decisions and realities 
in several regions of the world rather 
than an impairment of agroecosystem 
yields (Dyson, 1999a). 

Will world production of cereal grains 
keep pace with the increased population 
growth and the increased consumer 
demand (as more grain is diverted into 
livestock production)? Forecasts by 
most international agencies remain 
optimistic: they foresee future food 
production matching increased 
population size and rising consumer 
demand at the global level over the next 
2-3 decades. At the regional level , 
however, the prospect is for worsening 
food security in sub-Saharan Africa and 
for only marginal improvement in South 
Asia. Whatever else, it seems clear that 
cereal grain exports from North America, 
Europe, Australia and Argentina will 
have to rise to meet the increased 
demand in many developing countries 
as their populations continue to grow 
(Dyson, 1999b). The answer to the 
above question will depend on the 
balance achieved between the positive 
and negative influences. Global 
environmental changes loom as a major 
source of potentially negative 
influences. 

Global climate change and 
food production 
From long human experience, we know 
that climatic fluctuations can disrupt 
food production , leading to famine , 
deaths and social unrest. The climate is 
less irregular in Europe and North 
America than in most other regions of 
the world , particularly tropical and 
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subtropical regions. Floods and famines 
in China and famines in India have been 
notorious killers over the centuries 
(Bryson & Murray, 1997; Fagan, 1999). 
In China, where vegetables and rice 
have long accounted for nearly all of the 
caloric intake by the toiling peasantry, 
famines have been recorded (by China's 
long-centralized bureaucracy) in one or 
more provinces in over 90% of all years 
between 108 BC and 1910 AD. Great 
famines have occurred once or twice 
every century in India over the past 1000 
years, causing hundreds of thousands, 
sometimes millions, of deaths (Fagan, 
1999). 

Today, we face the prospect of 
human-induced climate change (IPCC, 
2001 ). The anticipated globally 
averaged warming is on the order of 
2-3 °C over the coming century. The 
warming would be greater at higher 
latitudes than at low latitudes, greater on 
land than at sea, and greater in winter 
than in summer. Overall, rainfall would 
increase because of the intensification 
of the hydrological cycle at higher 
temperatures, with increased 
evaporation. There would, nevertheless, 
be considerable regional variation in 
patterns of change in temperature and 
rainfall. This has potentially great 
implications for future food production. 
Further, climate change will entail not 
just shifts in mean temperatures and 
seasonal rainfall levels; climatologists 
also foresee an increase in climatic 
variability. This would result in an 
increase in extreme weather events in 
many regions of the world. 

Food yields, especially of agricultural 
crops, are likely to be affected by shifts 
in mean climatic conditions 
(Rosenzweig & Iglesias, 1998; Winters 
et al., 1999; IPCC, 2001). Those shifts 
would entail warmer temperatures, 
changes in growing seasons, altered 
patterns of precipitation, and, in many 
rain-dependent regions, reduced soil 
moisture. The impacts of a change in 
mean climatic conditions may not all be 
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adverse. Regions with a temperate or 
cold climate might undergo increased 
yields in response to increased 
temperature. However, many mid
continental and semi-arid regions would 
be vulnerable to crop failures caused by 
small increases in warming and soil 
drying. Irrigation-dependent agriculture 
would be vulnerable to reduced rainfall, 
exacerbated by heightened evaporative 
losses. Less predictably, climatic 
changes would influence the ecology of 
plant pests and pathogens. Further, a 
less quantifiable risk arises from the 
likely increase in extreme weather 
events under a climate change regime. 
Floods, droughts, storms and fires all 
pose episodic, sometimes severe, risks 
to regional food production. 

Scientists have used dynamic crop 
growth models to simulate the effects of 
climate change, in conjunction with 
increased atmospheric carbon dioxide on 
cereal crop yields (Rosenzweig & 
Iglesias, 1998; McMichael, 2001b). These 
models represent the important 
physiological processes responsible for 
plant growth and development. They also 
include other major factors that affect 
yields: climatic conditions, soil 
characteristics, management practices 
and genotypic features. The models can 
be used to predict both rain-fed and 
irrigated crop yields. Note, however, that 
none of the models yet in use include 
consideration of the climatic modulation of 
pest or pathogen activity. The estimated 
impact of standard scenarios of global 
climate change is for an approximately 70 
million additional hungry people by the 
2080s (equivalent to around a 40% 
increase on the background expectation 
for that decade) (Parry et al., 1999). 
Regionally, most of this nutritional 
adversity would occur in sub-Saharan 
Africa. The resultant additional hunger 
and malnutrition would increase the risk of 
infant and child mortality and cause 
physical and intellectual stunting. In 
adults, energy levels, work capacity and 
health status would be compromised. 

Water is an essential input to 
agriculture and animal husbandry: for 
example, currently four-fifths of water 
usage in India is for agriculture. In many 
regions, water supplies may be 
adversely affected by climate change. 
Reductions in rainfall are most likely in 
South Asia, the Middle East, North Africa 
and Central America. Tensions over 
freshwater shortages would be 
exacerbated by climate-related changes 
in rainfall where adjoining countries 
share river basins, particularly in North 
Africa, the Middle East, South Asia and 
South-east Asia. Conflict and a public 
health crisis might then result 
(McMichael, 2001 a) . 

The rise in the sea level is another 
environmental consequence of global 
warming. A half-metre rise (at today's 
population) would approximately double 
the number who experience flooding 
annually from around 50 million to 100 
million. Some of the world's coastal 
arable land and fish-nurturing 
mangroves would be damaged by a rise 
in sea level. Rising seas would also 
salinate coastal freshwater aquifers, 
particularly those beneath small islands. 

Dietary heterogeneity, and 
change, around the world 
It is evident that there are current and 
impending stresses on the world's food 
producing systems, on land and at sea. 
Meanwhile, as is well known, there are 
major differences in the types of foods 
and the nutrient profile consumed by 
populations in different parts of the world. 
Much of this variation reflects the 
particularities of local environments and 
their associated repertoire of natural and 
introduced species of plants and animals. 
The following diagram displays the 
differences in nutrient composition of 
regional diets. This, of course, is merely a 
snapshot of an evolving global profile of 
human diets. As societies modernize and 
grow wealthier, social diets change. 
Classic micronutrient deficiencies and 
food contaminants are replaced by the 
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imbalances of affluence, compounded by 
physical inactivity. This process has been 
referred to as the nutrition transition. 

These differences between regional 
populations have many implications for 
the anticipation of diet-related risks of 
cancer. Much of the epidemiological 
research has been done in developed 
countries, eating a Western-type of diet. 
Yet much of the interest lies in estimating 
risks for the much larger number of 
people living in other countries, where 
dietary changes are spreading as 
urbanization grows and as consumer 
preferences and buying power change. 

We therefore need to enquire about the 
likelihood of nutrient- nutrient interactions 
occurring. For example, might fruits and 
vegetables have a stronger cancer
protective effect in (poorer) developing 
countries characterized by micronutrient
deficient populations? There may also be 
some gene-nutrient interactions that have 
significant influences on diet-related risks 
of cancer. For example, many of the 
metabolic polymorphic active alleles are 

more prevalent in Asian than in African and 
European populations. And we must also 
remember that the shape of the dose
response function is often not known 
outside the range of Western 
observations. 

Finally, it should be stressed that the 
public health goal is a food-and-nutrition 
policy that optimizes the population's 
health outcome. Avoiding cancer is not 
our only task. Reassuringly, the main 
findings in relation to dietary protective 
effects are convergent across major 
disease outcomes: cardiovascular 
disease, diabetes and cancer. This 
applies, for example, to obesity, physical 
inactivity, fru it and vegetable intake, red 
meat versus fish intake, and antioxidants 
in food. It also appears that reducing the 
consumption of saturated fats (thus 
affecting either their di rect metabolic 
action or their role as an obesity promoter) 
confers general health benefits . This 
convergence is probably not coincidental, 
but reflects the long play of underlying 
biological evolutionary forces. 

Conclusions 
Environmental influences on the 
production of food - crops and livestock 
on land, wild and cultivated fisheries -
are diverse, complex and interactive. 
So, as ever, are cultural influences. 
These, and the prospects for molecular 
genetics (GM foods} , comprise the main 
background conditions that will influence 
future patterns of human diets. Those 
diets, in turn, will influence the 
probabilities of cancer occurrence. 

In light of the various uncertainties 
pertaining to future world food yields and 
the possibility that climatic and other 
environmental changes could adversely 
affect world food production, there is a 
clear need to apply the precautionary 
principle. There are finite , and 
increasingly evident, limits to 
agroecosystems and to wild fisheries. 
Our capacity to maintain food supplies 
for an increasingly large and 
increasingly expectant world population 
will depend on maximizing the efficiency 
and sustainability of production 
methods , incorporating socially 
beneficial genetic biotechnologies, and 
taking preemptive action to minimize the 
future course of detrimental, ecologically 
damaging, global environmental 
changes. 
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Introduction 
Links between nutritional factors and 
cardiovascular diseases have been 
foreseen for more than a century: early 
anatomical recognition of fatty 
degeneration in major arteries goes 
back to the nineteenth century and 
seminal experiments showing coronary 
atheromas in rabbits fed diets high in 
cholesterol have been carried out since 
the beginning of the twentieth century 
(Leibowitz , 1970). Based on clinical 
observations, recommendations had 
also been issued on dietary approaches 
to heart disease. In 1894, one classic 
medical textbook (Strumpell, 1894) 
advised that treatment for "coronary 
sclerosis' should be based .. . on dietary 
and general hygiene measures . In 
adipose subjects simple and moderate 
eating is prescribed reducing to a 
minimum or eliminating alcoholic drinks, 
and al lowing no more than two to three 
cigars daily. Regu lar exercise ... is not 
on ly useful but necessary . . . avoiding 
violent efforts." For obesity it firmly 
stated: "All slimming methods, however 
numerous, stand on the same principle: 
reduction of intake and increase in 
consumption. Th is principle can be 
applied in several different ways." More 
than a century later, a vast amount of 
experimental and epidemiological 
research has validated, qualified and 

extended the broadly correct foresight of 
this advice. 

The current evidence 
Currently available evidence establishes 
three factors as causally related to 
ischaemic heart disease (IHD): energy 
imbalance, dietary fats and alcoholic 
drinks. 

The evidence for a causal role of 
energy imbalance (Willett, 1998; Willett 
et al., 1995; Larsson, 1994) derives from 
three sources. First the Nurse Health 
Study, among other large observational 
cohort studies, shows that the risk of 
symptomatic non-fatal myocardial 
infarction and of fatal IHD rises steadily 
with the rise in BMI above 21; no excess 
for other causes of death is apparent 
below a BMI of 21 once the data have 
been adjusted for confounders. Weight 
gain since age 18 also shows a clear 
relation to IHD incidence. Second, 
several prospective cohort studies show 
an increase in incidence of IHD, 
independently of BMI, with an increase 
in intraabdominal fat, measured directly 
by CAT scan or indirectly through body 
anthropometric indices. Third, 
randomized clinical trials demonstrate 
that weight loss over the medium term 
lowers blood pressure, glucose, total 
cholesterol, LDL cholesterol and raises 
HDL cholesterol. These variables, 

pathogenetically connected to IHD, 
appear to be mediators of most if not all 
of the relationship between overweight 
and IHD, as indicated in observational 
data by the weakening of the 
association between overweight and 
IHD risk, once the variables have been 
controlled for confounders. 

In the second half of the century, a 
large number of investigations, 
including direct studies in humans, have 
established the role of dietary fats in 
IHD occurrence. In contrast, the specific 
role of total fats, individual fats as well 
as of the balance between them and 
with other energy-providing nutrients, in 
particular carbohydrates, is still open to 
discussion. Support for the fats-IHD 
causal link comes from the 
interconnected evidence of six kinds of 
studies in humans (Willet et al., 1995). 
First, striking mortality differences for 
IHD have been observed between 
populations with different fat intakes: in 
the classic seven-country study 
(Menotti et al., 1989) IHD mortality rates 
spanned over a 50-fold range between 
Crete (Greece) and East Finland. 
Second, more than 20 prospective 
cohort studies show a relation between 
fat intake and IHD occurrence rates. 
Third, metabolic studies under 
controlled conditions demonstrate that 
total blood cholesterol (TC) and its 
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fractions are responsive to the 
qualitative and quantitative fat 
composition of diet, allowing calculation 
of predictive equations. Fourth, multiple 
prospective cohort studies show a 
smooth, continuous increase in IHD risk 
with increasing TC levels: the MRFIT 
study reported a fourfold rise in risk for 
TC levels above 264 mg/dl compared 
to levels below 167 mg/dl. An even 
sharper dose-response relationship is 
observed with respect to the TC/HDL
cholesterol ratio, HDL cholesterol being 
itself inversely related to IHD risk. Fifth, 
a primary prevention randomized trial in 
healthy hypercholesterolemic men 
(Shepherd et al., 1995) using 
pravastatin, a cholesterol-lowering 
drug, has shown a near 30% reduction 
in cardiac deaths; another randomized 
trial (Gotto et al., 2000) using lovastatin 
has shown a more substantial effect on 
the occurrence of first major coronary 
events in healthy subjects extending 
beyond those with a high-risk lipid 
profile. Finally, there is evidence, more 
from secondary than from primary 
prevention trials, of a reduced IHD risk 
when saturated fats are replaced by 
polyunsaturated fats, in particular those 
of the n-3 category. 

Evidence from large prospective 
cohort studies (Doll, 1997) shows that 
moderate alcohol drinkers, up to about 
30 g/day, incur, regardless of the type of 
drinks, a myocardial infarction risk 30% 
lower compared to nondrinkers. Higher 
consumptions steadily increase, among 
other conditions, the risk of hypertension 
and haemorrhagic stroke. 

Besides these now established 
causal factors other dietary 
components, including foods, 
macronutrients and micronutrients, 
have been studied in relation to IHD 
(Willett, 1998). The evidence 
supporting, to a varying degree, their 
etiological or protective role leaves 
room for doubt. They include the 
potentially adverse effects of high salt 
intake, saturated fats , trans-fatty acids; 

532 

the potentially protective effects of 
monounsaturated fats, n-3 
polyunsaturated fats, fruit, vegetables 
and fibre, and folic acid; and the 
uncertain role of n-6 polyunsaturated 
fats . Pragmatically, the knowledge 
available today on these foods and 
nutrients is generally given some weight 
for recommendation purposes. 

Recommendations 
In the light of present knowledge, 
recommendations have been issued (for 
example in Krauss et al., 2000 and 
(National Heart, Lung and Blood 
Institute, 2000), which should be 
regarded as approximate and bound to 
change, particularly as to the 
quantitative aspects. 

The primary recommendation is for 
Mediterranean-style diets, which are not 
harmful and highly likely beneficial, 
calorically matched to individual 
requirements. The dietary pattern is 
based on vegetables, fruits, legumes, 
whole grains, fish and poultry, with a 
balance between caloric intake and 
physical activity expenditure. General 
recommendations to eat moderately do 
not make sense if the energy 
expenditure of an individual is not 
known: in fact, large dietary intake often 
derives from a high-energy requirement 
for physical activity. Hence overweight 
needs to be individually screened by 
measuring weight and height, and 
dietary counseling tailored to keep BMI 
around or below 25. To obtain and 
maintain this target, moderate and 
regular physical exercise (as can be 
comfortably sustained for at least 1 hour, 
e.g. walking or cycling) is an 
indispensable complement of dietary 
control. 

Additional quantitative specifications, 
more open to uncertainty and liable to 
modification, involve the following: 
• Salt: reduce added salt to keep the 

total daily amount to less than 6 g; 
Fats: total intake contributing less 
than 30% of energy, with less than 

10% from saturated fat, 1 0%-15% 
from monounsaturated fats, and 
5%-10% of polyunsaturated fats 
with an approximate 4:1 ratio of n-6 
to n-3 fats; 
Alcohol: a maximum of 30 g per day 
for men and even less (or none) for 
women because of the risk of breast 
cancer, particularly in high-incidence 
families or populations and the 
usually smaller benefit for IHD 
prevention. 

The EPIC-Heart project 
Firmer quantitative recommendations 
depend on clarifying the role of factors 
which remain in doubt, by the possible 
identification of additional dietary 
determinants of IHD and by a better 
definition of specific protective dietary 
patterns. For these purposes, a primary 
source of information will derive from 
ongoing large prospective studies such 
as the EPIC-Heart project, which 
represents the cardiovascular disease 
component of EPIC. There is an obvious 
advantage to investigating diseases 
other than cancers within EPIC. From a 
research point of view, EPIC offers the 
excellent infrastructure consisting of a 
large array of exposure variables 
collected with uniform or close 
procedures, the availability of stored 
biological samples and follow-up 
facilities. From a public health point of 
view, results will be obtained in the same 
European populations both for cancers 
and cardiovascular diseases, thus 
placing on a common basis whatever 
dietary recommendations may derive 
from the study. Twenty-one centres in 
ten countries are taking part in EPIC
Heart. The first step of the project is an 
investigation of dietary factors in relation 
to fatal myocardial infarction. More than 
1000 deaths from IHD have already 
been accumulated. Initially, the relation 
of food groups and alcohol consumption 
to these deaths will be explored, 
followed by analyses by key nutrients as 
soon as data on nutrients become 



available: a nested case-control 
investigation is then planned focusing 
on blood lipid and fatty acid profiles, with 
the particular aim of examining the 
potential protective role of the n-3 alfa
linolenic acid (Leaf, 1999). This first step 
of the project will also be of value to 
identify possible needs to make the 
EPIC resource, primarily designed for 
cancer studies, an optimal resource for 
investigating other diseases as well. 
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Aim of study 
EPIC is a multicentre prospective 
cohort study investigating the relation 
between diet, nutrition, and lifestyle 
and cancer risk (Riboli & Kaaks, 1997). 
This study reports on follow-up in the 
EPIC cohort of Varese, in northern Italy. 

Materials and methods 
Cohort 
12 079 volunteers were enrolled (9525 
women and 2554 men) from 31 August 
1993 to 17 December 1997. Mean age 
at recruitment was 51 .6 years: 51 .2 in 
women and 53.2 in men. Eight subjects 
were younger than 35 and 199 were 
over 70 at recruitment. All completed 
food frequency and lifestyle 
questionnaires, provided blood samples 
and were actively followed. 

Lombardy Cancer Registry 
The Lombardy Cancer Registry (LCR) 
collects all cases of malignant disease 
incident in the province. Malignant 
neoplasms are those defined by ICD-9 
classification (World Health 
Organisation, 1977). 

Follow-up 
To identify EPIC cohort members in the 

Lombardy Regional Population 
Database and to verify vital status, we 
used semiprobabilistic linkage software 
(EPILINK) developed by the LCR. Once 
identified, each EPIC participant was 
assigned, within the EPIC anagraphic 
database, the official code that identified 
that individual within the Lombardy 
Region Files. This made it possible to 
speed up the subsequent phase of the 
follow-up. 

We then used this code to link EPIC 
participants to several official databases 
made available by the LCR: 
- Regional Population Health Database of 
Lombardy, which includes approximately 
11 million subjects, 1 million of these in 
Varese Province. 
- Admission and discharge reports for 
hospital patients, which accumulate about 
26 000 oncological records per year. 
- Lombardy Cancer Registry, which has 
data on 91 000 cancer patients and 
102 000 cancers , registered from 1976. 

The linked subjects were then 
compared with records in another 
database containing records from the 
three main pathology laboratories in 
Varese Province in order to check the 
histological or cytological diagnoses of 
the tumours. 

Results 
The vital status of the cohort at 31 
December 1998 is shown in Table 1. 

The most frequent cancer sites were 
breast (108 tumours) , skin (15), ovary 
(13) , stomach (10) , corpus uteri (9) and 
kidney (9) for women, whereas skin 
cancer (6) and non-Hodgkin's 
lymphoma (4) were the most frequent 
cancers in the (few) men of the cohort. 

Of these neoplasms, 95.3% were 
confirmed histologically, 4.3% were 
confirmed cytologically and 0.4% were 
verified medically or by imaging. 

With regard to causes of death in the 
Varese EPIC cohort, the main 
underlying causes were cancer (65.7%) 
followed by cardiovascular disease 
(22.9%) and other causes (1 1.4%). 

Observed/expected cases 
We used the ECIDC computer program 
to calculate expected cancer cases at 
31 December 1998 in a dynamic cohort 
(Micheli & Krogh , 1994) . The 
observed/expected ratio for women is 
shown in Table 2. 

For most cancers - the exceptions 
being kidney, breast and ovary cancer -
the actual incidence was lower than 
expected. 
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Table 1. Varese EPIC cohort: vital status on December 31 , 1998 

VS Code Description No. of subjects 

1 
2 
7 
8 
9 

Alive 11 728 
Dead 70 
Emigrated to another region of Italy 87 
Emigrated to another country O 
Unknown Lost to follow up 4 

To be followed actively because 
not covered by the National 
Health Service 

Total 12 079 

Median length of follow-up was 3.68 years: 3.98 in women and 2.04 in men. 

Table 2. Varese EPIC cohort: observed/expected case ratio for malignant 
cancers in women at 31 December 1998 

IDC-9 site Description 

151 Stomach 
153 Colon 
154 Rectum 
162 Lung 
172 Melanoma 
173 Skin 
174 Breast 
182 Corpus uteri 
183 Ovary 
189 Kidney 
202 Non-Hodgkin lymphoma 

Obs, observed; exp, expected; Cl , confidence interval. 

The observed/expected ratios for 
men are unlikely to be meaningful in 
view of the small number of enrolled 
males (2554) and the correspondingly 
low length of follow-up (2 .04 years) 
and person-years (7065) . It is 
important to note, however, that the 
expected cases of lung cancer in men 
were 13.83, whereas we observed only 
three. 

Conclusions 
The incidence relative to the general 
population was significantly low for 
colon cancers in women and also for 
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Obs/exp 95%CI 

1.17 0.45-1 .90 
0.49 0.15-0.82 
0.57 0.01-1 .13 
0.87 0.22-1 .51 
1.09 0.14-2.05 
0.74 0.37-1 .11 
1.28 1.03-1 .53 
0.66 0.23-1 .09 
1.23 0.56-1 .89 
1.82 0.63-3.00 
0.57 0.07-1.08 

lung cancer in men (Obs/exp, 0.22) . This 
suggests that the enrolled population is 
self-selected on the basis of dietary or 
other lifestyle factors (Faggiano et al., 
1997). 

The number of breast cancer cases 
was significantly higher than expected, 
suggesting that women at high risk were 
more motivated to participate. 

The results on incidence are 
remarkably complete, mainly due to the 
use of multiple follow-up methods by this 
experienced cancer registry. Only 281 
persons (2.3%) were lost or had 
emigrated. Furthermore, the percentage 

of death certificate-only cases in the 
LCR database was low at 2.4% (Zanetti 
et al., eds, 1997). 
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Aim of study 
Few population-based data are 
available on the frequency of benign 
compared to malignant neoplasms. 
However, pathological data indicate that 
certain histotypes of benign tumours are 
relatively common (Marshall et al. , 1997) 
in the population. The etiologies of these 
tumours are largely unknown and very 
few studies have been published 
(Faerstein et al., 2001; Sharara et al. , 
1995). In the present study we analysed 
the various types of benign tumours 
present within the Varese EPIC cohort 
for subjects requiring hospitalization or 
biopsy. 

Methods 
Cohort 
The Varese, Italy EPIC cohort consists 
of 9525 women and 2554 men, all 
resident in the Province of Varese, who 
enrolled voluntarily in the study during 
the period 1993- 1997. The Province of 
Varese (800 000 inhabitants) is 
covered by the Lombardy Cancer 
Registry and is part of the Region of 
Lombardy (9 000 000 inhabitants). 
Anagraphic , anthropometric, pro
fessional , and educational information 
was collected from the volunteers at 

enrolment. Blood samples were also 
taken and stored in liquid nitrogen. In 
addition, detailed dietary and lifestyle 
questionnaires were compiled for each 
volunteer and transferred to a 
database. 

Follow-up 
From 31 August 1993 to 31 December 
1998 all neoplasms, including benign 
types, that arose in the cohort were 
registered firstly by accessing the files 
in the Lombardy Cancer Registry, and 
secondly by active searches in 
admission and discharge files in all 
hospitals and clinics of the Lombardy 
Region. Additional data were obtained 
by accessing the files of several 
pathology laboratories. The median 
length of follow-up was 3.68 years: 3.98 
years for women and 2.04 years for 
men (enrolment for men began in 
1995). 

Definition of benign neoplasms 
Histotypes with morphological behaviour 
O (ICD-0, WHO, 1990) or topography 
code between 210 and 229 (ICD-9, 
WHO, 1977) were considered benign. 
Benign transitional papilloma of the 
bladder was not included. 

Results 
Of the 296 cases of benign tumour 
found , 59 .8% were confi rmed 
histologically, 31 .8% were confirmed 
medically, 5.7% were confirmed by 
imaging and 2.7% were diagnosed by 
other means. 

The most common benign neoplasm 
in women was uterine leiomyoma (124 
cases) followed by lipoma (22 cases) , 
benign breast neoplasms (22 cases) , 
and benign nervous system neoplasms 
(18 cases) . In men, lipoma (6 cases) 
followed by neoplasms of other parts of 
the digestive system (5 cases) , central 
nervous system (4 cases) , skin (4 
cases) and oral cavity (4 cases) were 
the most common (Table 1). 

Associations between malignant and 
benign tumours in females are shown in 
Table 2. Leiomyoma was associated 
with breast and ovarian malignancy in 
two cases each. Leiomyoma was most 
frequently associated with benign 
neoplasms of the ovary (5 cases) and 
the breast (2 cases) . 

Conclusions 
Leiomyoma, probably a hormone
dependent tumour (Marshall et al. , 
1998), was the most common benign 
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Table 1. Varese EPIC cohort: vital status on December 31 , 1998 

Women 
ICD-9 site 

218 
216 
214 
217 
225 
228 
220 
227 
210 
211 
226 
215 
219 
213 
221 
223 

Men 
214 
211 
225 
216 
210 
213 
228 
227 
223 

Description 

Uterine leiomyoma 
Skin 
Lipoma 
Breast 
Brain and other parts of nervous system 
Haemangioma and lymphangioma 
Ovary 
Other endocrine glands and related structures 
Lip, oral cavity and pharynx 
Other parts of digestive system 
Thyroid gland 
Connective and other soft tissues 
Other uterus 
Bone and articular cartilage 
Other female genital organs 
Kidney and other urinary organs 

Lipoma 
Other parts of digestive system 
Brain and other parts of nervous system 
Skin 
Lip, oral cavity and pharynx 
Bone and articular cartilage 
Haemangioma and lymphangioma 
Other endocrine glands and related structures 
Kidney and other urinary organs 

No. of cases 

124 
24 
22 
22 
18 
14 
11 
10 
6 
5 
3 
3 
3 
1 
1 
1 

6 
5 
4 
4 
4 
2 
1 
1 
1 

The cohort has many more females than males because males began to be recruited later. 

Table 2. Associations between benign and malignant tumours in 
individual patients 

Benign Malignant No. of cases 

Leiomyoma Breast 2 
Leiomyoma Ovary 2 
Breast Breast 2 
Lipoma Ovary 1 
Skin Breast 1 
Breast Endometrium 1 
Leiomyoma Thymus 1 
Leiomyoma Endometrium 1 
Other Uterus Endometrium 1 
Ovary Endometrium 1 
Brain Pleura 1 
Thyroid Colon 1 
Haemangioma Colon 1 
Haemangioma Breast 1 

All the reported associations were found in women only. 
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tumour in women. The high frequency of 
this tumour suggests that the EPIC 
study will be able to analyse the relation 
of this tumour to hormone levels and 
dietary factors, and possibly other 
tumours with longer follow-up. The 
epidemiological association between 
benign meningiomas and tumours of the 
female reproductive tract has recently 
been shown to be related to receptor
mediated hormone sensitiv ity in the 
affected cell types (Carrol et al., 1999). 

Leiomyoma may also be considered 
a marker of hormonal exposure, which 
may contribute to our understanding of 
the etiology of hormone-dependent 
malignant tumours of other organs (e.g. 
breast, endometrium and ovary). 

Whereas most malignant tumours 
mainly affect epithelia (88.0% of 
malignant cases in our cohort) , benign 
neoplasms main ly (86.9%) affect 
mesenchyme. 
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Purpose 
Caloric restriction in rodents is known to 
extend their life span, in part due to a 
reduction in hormone-dependent 
tumours . Our group studies whether 
similar protective effects can be found 
for humans. This is being done among a 
cohort of women, unfortunately exposed 
to a historical "experiment" known as the 
Dutch famine of 1944-1945. 

Radio-density, first described by 
Wolfe in 1976 and at that time called 
dysplasia (DY), is a clear breast cancer 
risk indicator, now considered an 
intermediate endpoint in the study of 
breast cancer. DY tends to decline with 
age, an early first childbirth , a higher 
parity, while it may increase when 
women start taking hormone 
replacement therapy (HRT) . 

After our earlier demonstration that 
famine exposure at well-defined age 
categories of development can affect, 
al ready before puberty, reproductive 
maturation (menarche) (van Noord & 
Kaaks, 1991) and (long) bone growth 

(van Noord & Arias-Careaga, 1995), 
both of which are breast cancer risk 
factors , we studied the impact of 
exposure to famine early in life on DY 
later in life. 

Methods 
Mammograms and famine exposure 
data were available for about 20 000 
women born between 1911 and 1943, 
so between 2 and 34 years of age at the 
peak of the famine. The women 
volunteered in the DOM cohort , a 
population-based breast cancer 
screening study, and lived in the famine
exposed area of The Netherlands. 

Analyses were performed by four 
different, biologically relevant age-at
exposure categories : age 2-9, 
representing prepubertal development; 
10-12, the age covering the peak 
growth spurt in girls; 13-18, the age 
from menarche to first childbirth ; and the 
ages over 18 (18-34 years) , the age 
when most women have a first child. All 
screening mammograms had been 

classified as yes or no for DY. Based on 
individual recollections , women had 
reported their exposure to hunger, cold 
and/or weight loss during the famine. 

Results 
For women exposed after the age of 18, 
significant effects were found for having 
DY as adults , effects that were 
independent of parity, body weight and 
adult height. 

Conclusions 
The youngest age window that we could 
study in this cohort (2-9 years) showed 
a decrease in DY later in life, although 
nonsignificant. This is , however, also the 
age category most vulnerable to an 
increase in breast cancer in the 
Japanese women exposed to nuclear 
fall-out in Hiroshima and Nagasaki 
(Boice et al., 1979). 

The finding of higher DY levels in 
women exposed to the famine after age 
18 seems contradictory. These effects 
seemed stronger in women that had 
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Table 1. Risk of having DY breast patterns when exposed to the famine, stratified to age categories when famine 
occurred and parity 

Age at exposure n 

2-9 years 6560 
10-12 years 2560 
13-18 years 3586 
>18 years 7024 
Total 19 730 

given birth to a child. Exposure, however, 
after age 18 and a first childbirth, could 
have nul lified a known DY, reducing the 
effect of (first) pregnancy. This could be 
due to a breast gland stimulating growth 
effect due to a gonadotrophin and/or 
insulin-like growth-factor surge, induced 
by the abrupt refeeding after the famine 
(Thissen et al., 1994). Such effects may 
only occur in postpubertal adult women 
who have an already fully developed, 
mature reproductive system. Such a 
rebound phenomenon would be similar 
to the temporary (glandular) 
gynaecomastia observed among male 
prisoners of war upon refeeding after 
liberation, related to higher production 
and avai lability of endogenous 
hormones. Also, women starting HRT 
can show a return of DY. Immediately 
after birth is another period in life when 
gonadotrophins and reproductive 
hormones can be even higher than in 
adult women, showing rapid changes 
that can also cause gynaecomasty and 
even the production of 'witches' mi lk or 
abnormal nipple discharge (Neele et al., 
1995). 

This study indicates that possible 
effects of caloric deprivation on cancer 
risk may be entirely dependent on the 
age at exposure. These caloric effects, 
either direct or indirect, may not 
necessari ly have a cancer risk-reducing 
impact. 
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Women without children Women with children All women 

n=2757 n=16 973 n=19 730 
OR (95% Cl) OR (95% Cl) OR (95% Cl) 

0.69 (0.36-1.33) 0.84 (0.64-1.09) 0.83 (0.65-1 .06) 
0.55 (0.20-1 .51) 1.11 (0.78-1.63) 1.02 (0.72-1.44) 
0.53 (0.27-1.01) 1.05 (0. 76-1.43) 0.96 (0.72-1.27) 
1.20 (0.85-1.70) 1.37 (1.17-1 .62) 1.32 (1 .14-1 .53) 
0.90 (0.70-1 .17) 1.19 (1.06-1.34) 1.16 (1.04-1.29) 

The time window before age 10 may 
be specifically vulnerable for breast 
cancer risk modification. This is the age 
category in Western countries where 
now the greatest impact of caloric 
abundance, causing overweight, is 
seen. Abruptness and/or fluctuations in 
caloric intake later in life may have 
deleterious effects on (breast) cancer 
risk factors , though by different 
mechanisms. 
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Background 
Geographical variations , migration 
studies and worldwide increased 
incidence rates of breast cancer point to 
influences of environmental factors on 
breast cancer risk, in particular lifestyle 
and diet. Recent prospective studies do 
not support the association between 
breast cancer and fat intake as 
suggested by geographical correlation 
and animal studies (Willett et al., 1987). 
In addition, the link between specific 
nutrients and breast cancer has not 
been consistently observed. As a result, 
the hypothesis of excess total energy 
intake in relation to elevated breast 
cancer risk has emerged. The 
imbalance of total energy intake and 
energy expenditure can lead to changes 
in body composition and consequently 
endogenous hormone metabolism. The 
hypothesis of this association is 
supported by evidence that calorie 
restriction is associated with decreased 
incidence and mortality of mammary 
carcinoma in rats and mice. 
Furthermore, rapid growth and early 
menarche, which are the risk factors of 
breast cancer, were suggested to be 
associated with excess energy intake in 
childhood (World Cance r Research 
Fund & American Institute for Cancer 

Research, 1997). However, most of the 
evidence was derived from affluent 
populations where breast cancer 
incidence rates have been high and 
excess energy intake and sedentary 
lifestyle are prevalent. Consistent 
evidence from low-risk countries would 
strengthen the association. To 
investigate this association , we 
conducted a case-control study in a 
rural area of Thailand where the age
standardized incidence rate of breast 
cancer is only 13 per 100 000, about five 
times lower than the European and the 
US rates (Parkin et al., 1997). 

Methods 
A hospital-based case-control study was 
conducted in rural areas of Thailand, in 
1999-2000 after receiving ethics 
committee approval. All subjects 
identified through the seven hospitals 
were women, aged 70 years or less, who 
had lived in north-east Thailand for at 
least 1 year. We recruited 405 
pathologically confirmed new breast 
cancer patients diagnosed from 
1 November 1998 to 30 June 2000; 811 
control patients randomly selected from 
the same hospitals as the indicator 
cases were matched fo r age and 
residence area. Patients with pregnancy-

related conditions, critical illnesses , 
malignancy and mental disorders were 
excluded. Face-to-face interviews were 
conducted using structured 
questionnaires requesting demographic 
information, rep roductive history, 
physical activity and family history of 
breast cancer, including food frequency 
questionnaires asking for diet in the past 
year. Body weight, height, and waist and 
hip circumference were measured at the 
interviews. Unconditional logistic 
regression analyses were performed to 
calculate odd ratios for pre- and 
postmenopausal women using the 
statistical package SPSS. 

Results 
In Table 1, women with a high income or 
education level tended to have a 
decreased risk of breast cancer. It was 
also found that parity and family history of 
breast cancer were significantly 
associated. From Tables 2 and 3, it can 
be seen that height was not associated 
with breast cancer regardless of 
menopausal status. High present body 
weight, body mass index and waist-to-hip 
ratio were significantly associated with an 
elevated risk of postmenopausal breast 
cancer while in postmenopausal women, 
the results showed a significant reduction 
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Table 1. Distribution for selected characteristics and breast cancer risk among 405 cases and 811 controls. 
- - - - ~ 

Characteristics Categories Cases: no. (%) Controls: no. (%) Odds ratio (95% Cl) P trend• 

Total annual income (Bahl) 1000-16 700 110 (28) 185(24) 

16 701-36 000 115 (29) 214 (27) 0.90 (0.65--1.25) 

36 001-97 200 85 (21) 181 (23) 0.78 (0.55-1.10) 

97 200-552 600 87 (22) 207 (26) 0.69 (0.49- 0.98) 0.03 

Highest education Pre-primary school 38 (9) 71 (9) 1.00 

Primary school 271 (67) 497 (61) 0.98 (0.64-1 .50) 

Secondary school 38 (9) 110 (14) 0.55 (0.31-0.98) 

College or higher 56 (14) 132(16) 0.71 (0.42-2.00) 0.04 

Age at menarche 10-14 years 108 (27) 215 (27) 1.00 

15-16 years 156 (39) 348 (43) 0.90 (0 .66-1.22) 

17-24 years 140 (35) 244 (30) 1.16 (0.84-1 .56) 0.32 

•p Trend calculated across categories. 

Table 2. Adjusted3 odd ratios of body mass index, weight, height and waist-to-hip ratio in relation to breast cancer 
risk in pre- and postmenopausal women 

Risk factors Categories Premenopausal women (n=224/409) Postmenopausal women (n=1721371) 
Cases/controls: no. (%)OR (95% Cl) Cases/controls: no. (%) OR (95% Cl) 

Height (cm) 132-50 64/101 (29/24) 1.00 68/141 ( 40/37) 1.00 
150.1-155 68/133 (30/32) 0.84 (0.54-1 .31) 52/140 (30/37) 0.72 (0.46-1 .12) 
155.1-173 92/179 (41 /43) 0.82 (0.53-1.25) 52/96 (30/25) 1.04 (0.65-1 .67) 

P trendb = 0.37 P trendb = 1.00 

Weight (kg) 24-49.5 57 /116 (25/28) 1.00 49/146 (28/39) 1.00 
49.6-59 90/152 ( 40/37) 1.15 (0.75-1.77) 60/133 (34/35) 1.44 (0.90-2.31) 
59.1-110 80/146 (35/35) 1.02 (0.65-1.59) 68/99 (38/26) 2.31 (1.43-3.73) 

P trendb = 0.99 P trendb = 0.001 

Body mass index (kg/m2) <21.0 64/119 (29/29) 1.00 54/136 (31/37) 1.00 
21.0-24.9 86/176 (38/43) 0.84 (0.56-1.28) 47/140 (27/38) 0.94 (0.58-1 .52) 
25.0-29.9 58/87 (26/21) 1.19 (0.74-1.93) 55/74 (32/20) 1.92 (1.16-3.18) 
~ 30 16/27 (717) 1.04 (0.50-2.17) 16/21 (9/6) 2.50 (1.15--5.40) 

P trendb = 0.54 P trendb = 0.002 

Waist-to-hip ratio 0.36-0.78 83/159 (38/39) 1.00 34/101 (20/27) 1.00 
0.79-0.83 60/128 (27/31) 0.80 (0.52-1.22) 56/111 (32/30) 1.51 (0.89-2.56) 
0.84-1.41 78/125 (35/30) 1.07 (0.71-1 .62) 83/159 (48/43) 1.96 (1.18-3.25) 

Ptrendb = 0.77 P trendb = 0.001 

•Adjusted for age, parity, lactation, income and family history of breast cancer. 
b P trend calculated across categories. 
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Table 3. Adjusted3 odd ratios of energy intake and physical activity in relation to breast cancer risk in pre- and 
postmenopausal women 

Risk factors Categories Premenopausal women (n=224/409) 
Cases/controls: no. (%) OR (95% Cl) 

Energy intake Restricted 126/258 (56/62) 1.00 
<15% excess 43/60 (19/15) 1.60 (0.99-2.58) 
<: 15% excess 58/98 (26/24) 1.55 (1 .00-2.39) 

P trendb = 0.030 

Physical activity Light 53/68 (23/16) 1.00 
Medium 89/185 (39/44) 0.42 (0.26-0.70) 

High 85/163 (37/39) 0.39 (0.23-0.68) 
P trendb = 0.003 

"Adjusted for age, parity, lactation, income, family history of breast cancer and BMI. 
bp trend calculated across categories. 

of breast cancer risk for self-reported 
physical activity and an increase in the 
risk for excess energy intake. 

Discussion 
Although the findings are somewhat 
consistent with studies from Western 
populations, they reflect Asian 
population characteristics. In contrast to 
a report of a small increased risk of 
breast cancer with increased height 
(Hunter & Willett, 1993) , body height did 
not appear to be associated with breast 
cancer risk in pre- or postmenopausal 
women. The lack of an association here 
may be due to the generally short 
stature in this population as a result of 
restricted nutrition. The failure to 
observe a reduced risk of breast cancer 
in obese premenopausal women may 
be due to the low prevalence of obesity 
and therefore the suggested mechanism 
of anovulation was not likely to influence 
the risk. The lack of an observed 
influence of physical activity on 
postmenopausal breast cancer can be 
explained by the high prevalence in the 
population of women with a high level of 
physical activity and lean body mass. 
The pattern of excess energy intake 

associated with breast cancer in pre- but 
not postmenopausal women was similar 
to the pattern of association between 
breast cancer risk and insulin-like 
growth factor-I , which is suggested to be 
associated with high energy intake and 
breast cancer risk (Kaaks, 1996). 

However, the limitations of the study 
should be considered. Physical activity 
data was self-reported and reflected 
day-to-day activity rather than exercise, 
since exercise is not a common practice. 
Thus exercise is likely to provide a minor 
contribution to total energy expenditure. 
In addition, if misclassification occurred 
because of the self-reported data, it 
could lead to attenuation of the 
associations. Body measurements were 
considered to be accurate as these were 
measured by the interviewers. 

In summary, despite a few 
differences with data from affluent 
communities, indicators of excess 
energy intake from this low-incidence 
population were associated with 
increased breast cancer risk in 
premenopausal women in particular. 
These factors may possibly partly 
explain the low incidence of breast 
cancer in this nation. Provided that 

Postmenopausal women (n=1721371) 
Cases/controls: no. (%) OR (95% Cl) 

101/245 (57/64) 1.00 
39/63 (22/17) 1.40 (0.84-2.36) 
38/73 (21 /19) 1.24 (0.74-2.09) 

P trendb = 0.30 

34/68 ( 19/23) 1.00 
89/185 (40/44) 1.15 (0.68-1.95) 
85/163 ( 40/33) 1.52 (0.86-2.69) 

Ptrendb = 0.13 

these are modifiable factors and obesity 
is prevalent in particular in Western 
populations and potentially in Asian 
populations, modifications of these 
lifestyle factors could considerably 
reduce the incidence of cancer. 
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Epidemiological characteristics of colorectal 
cancer in Vojvodina 

Miladinov-Mikov M., Lukic N., Petrovic T. 
Institute of Oncology-Cancer Registry of Vojvodina-Sremska Kamenica, Yugoslavia 

The epidemiological characteristics of 
colorectal cancer were analysed for the 
25-year period from 1973 to 1997. The 
analysis is based on the official data of 
the Cancer Registry of Vojvodina, which 
covers about 2 000 000 inhabitants. It is 
a population-based registry, the oldest of 
this type in the entire country, which 
routinely collects and analyses data on 
all cancer patients in the province 
(Mikov et al., 1994). 

Using a descriptive epidemiological 
method, basic characteristics of 
colorectal cancer in Vojvodina are 
presented. 

Excluding nonmelanotic skin cancer, 
colorectal cancer was the second most 
commonly diagnosed cancer in 
Vojvodina, accounting for more than 
12% in both sexes in 1997. It was also 
the second most common cancer death 
in males (11.4%) and females (12%). 

Over a period from 1973 to 1997, the 
total of 15 920 cases of colorectal 
cancers were registered, on average 
637 per year, in the territory of 
Vojvodina. Just over half of these 
(52.5%) occurred in males. Colon 
cancer was slightly less frequent than 
rectal cancer, comprising 48.8% of all 
malignancies of the large bowel. At the 
same time, a total of 11 434 cases died 
from colorectal cancer, on average 457 
cases per year. This indicates an overall 
case fatality rate of 71 . 7%. 

Vojvodina has relatively low 
incidence rates of colon cancer 
compared with other regions in the world 
(Parkin et al., 1997). Nevertheless, rates 
in Vojvodina have increased, particularly 
in males. The crude incidence rate of 
colon cancer varied from 7.8/100 000 in 
1973 to 24.2/100 000 in 1997 in males, 
while in females it varied from 
8.8/100 000 in 1973 to 23.1/100 000 in 
1990. The crude mortality rate varied 
from 5.4/100 000 in 1973 to 
18.8/100 000 in 1997 for males and for 

25 

g 20 
0 
0 
0 15 
~ 
Cl.I 
1ii a: 10 

5 

the females from 71100 000 in 1973 to 
15.5/100 000 in 1996 (Fig. 1 and 2). The 
overall linear time trends for both 
genders in incidence and mortality of 
colon cancer increased steadily and 
significantly over the observed period, 
with a greater increase, however, in 
incidence rates than in mortality rates 
(Miladinov-Mikov et al. , 1999). A similar 
tendency is noted worldwide (Coleman 
et al., 1993). 

The crude incidence rate of rectal 
cancer varied from 11.3/100 000 in 1976 

0 -+-~~~~~~~~~~~--r--.--,--,-~~~~~~~-r-1 

~ ~ ~ ~ ~ ~ ~ ~ # ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Years 

Figure 1 
Incidence (inc) and mortality (mt) rates of colon and rectal cancer, Vojvodina, males, 1973-1997 
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Figure 2 
Incidence and mortality rates of colon and rectal cancer, Vojvodina, females, 1973- 1997 

to 21 .7/100 000 in 1996 for males, while 
in females it varied from 8.9/100 000 in 
1990 to 15.3/100 000 in 1996. Mortality 
rates from rectal cancer varied from 
7.71100 000 in 1974 to 15.7/100 000 in 
1997 for males and from 6/100 000 in 
1994 to 11 .9/100 000 in 1997 fo r 
females . The overall time trends of 
incidence and mortality from rectal 
cancer have increased steadily in males 
while in females they have increased 
slightly. Both curves, incidence as well 
as mortality, in females showed a 
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fluctuating pattern. 
Incidence and mortality rates of rectal 

cancer in males fel l in 1989 and were 
exceeded by the rates of colon cancer. 
Although the rates of rectal cancer 
increased afterwards, they remained 
behind the rates of colon cancer. The 
same changes affected females but in 
1981. There is no clear explanation for 
such changes. 

The median age of incidence for 
colorectal cancer was 64 years for 
males and 65 years for females over the 

observed period. At the same time, the 
median age for mortality was 64 and 67 
years, respectively. 

The age-spec ific incidence and 
mortal ity rate patterns showed a large 
increase starting with the age group 
40- 45 years, reaching the highest 
values in the age group 65-75 years. 

The epidemiological situation in 
regard to colorectal cancer in Vojvodina 
is unsatisfactory, especially in view of 
increasing incidence and mortality over 
time and the absence of organized 
primary and secondary prevention in our 
society. 
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Purpose 
In Portugal, a southern European 
country with several particular food 
consumption characteristics , the 
association between diet and colorectal 
cancer (CRC) has never been studied. 
The identification of which foods and 
nutrients are associated with the risk of 
CRC could give etiological clues and 
provide preventive strategies. 

The aim of the present study was to 
evaluate the effect of diet - food habits, 
food and nutrient intake - independently 
of the contribution of tobacco, alcohol 
intake and other lifestyle factors, in the 
risk of CRC in the Portuguese 
population. 

Methods 
We conducted a hospital-based 
case-control study in Porto between 
1993 and 1996. Colorectal cancer 
cases were Portuguese Caucasian 
males and females, aged 40 or over, 
with incident colon/rectum histologically 
confirmed adenocarcinomas , admitted 
consecutively for treatment in the major 
central hospital in Porto. This group 
included 184 participants: 104 men 
(mean age of 65.4 years; standard 
deviation, 9.1) and 80 women (65.9 
years; SD, 9.3). 

The control group included 435 
participants, 241 men (mean age of 58.3 
years; SD, 10.8) and 194 women (58.4 
years; SD, 10.4) admitted to the same 
hospital, during the same period and 

from the same residence area as cases, 
for non-tumoral pathology (minor 
general or osteoarticular surgery). 

Data was collected using a 
questionnaire for sociodemographic 
characteristics , physical activity, 
smoking, self and family history of 
cancer, prescribed drugs, 
anthropometry, medical , gynaecological 
and reproductive history, alcohol intake 
and other food habits. 

A food frequency questionnaire (180 
foods and recipes) was developed to 
measure food intake during the previous 
year and to classify the participants 
according to quartiles of daily intakes. 
Relative validity was assessed in a 
sample of university students and in a 
sample of the control group. Results 
showed that this food frequency 
questionnaire could be regarded as a 
reliable source of information for most 
nutrients (Amaral , 1998). 

Trained nutritionists collected data 
by direct interview. We considered 
information on food portion sizes, 
obtained with visual aids, and on 
culinary methods and seasonal 
variation in data analysis. The 
conversion of foods to nutrients was 
done by the software package 
Microdiet® completed with Portuguese 
data. Cases and controls were 
distributed in quartiles according the 
distribution of each variable of total 
sample in the study. Food groups, foods 
and nutrients were adjusted for total 

energy intake that was made by the 
residual method. 

The association between the disease 
and possible risk factors was calculated 
by the means of odds ratios (OR) and 
95% confidence intervals (Cl), in 
univariate analysis and adjusted using 
non-conditional logistic regression (OR for 
the highest category versus the lowest). 

Results 
As an interaction between total energy 
intake and sex was found , different 
models were calculated (Table 1 ). 

Both for men and for women (Table 
2), high intakes of calcium, fibre (soluble 
or insoluble), vitamin C and vegetables, 
including cruciferous vegetables (for 
men OR, 0.37; Cl , 0.16-0.82 and for 
women OR, 0.28; Cl , 0.1 2-0.66), 
decreased the risk of CRC. 

High consumption of folate, carotene 
and fruits, coffee, low intake of CHO-rich 
foods and a high ratio alfa
tocopherol/PUFA (>0.4) were also 
associated with decreased CRC risk in 
women. For men, high intake of fatty red 
meat, white fish and the habit of non
removal of visible fat in meat, increased 
the risk of CRC. 

Cases consumed more energy, 
protein, total fat and cholesterol than 
controls, although without reaching the 
level of statistical significance. In men, 
long-term smoking and low physical 
activity were also associated with an 
increased risk of CRC. 

54 9 



Nutrition and li festyle: opportunities for cancer prevention 

~ - , ~, 'v __ ,:-, • - ~ ~'~~;.: < ·-- ~ - ' ,;-~ \ -, ,I' - ";-., "-''", •°':" ,•_ ~..,- '.i:'~'_,..~~.,,~..;V~• ::;' •~ ~-~ ,.?" :: 

Table 1. Colorectal cancer risk - separate models in multivariate analysis for. men and woman·~ · . 
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Age (years) 

Education (years) 

0 
1-4 

~5 

Positive family history of 

CRC (yes VS no) 

Total physical activity 

(hours x intensity x years) 

>111 vs <70 

Energy intake (100 kcal) 

Tobacco (packs/year) 

0.0 

0.1-20.1 

20.2-40.1 

~40 .2 

Non-removal of visible 

fat in meat 

Never vs ever 

Ethanol (g/day) 

0.06-1.6 

23.8-56.2 

56.3-326.3 

a~ 1 VS 0. 

Men 
OR 

1.1 

1.0 

1.6 

1.1 

6.5 

0.3 

1.05 

1.8 

2.3 

2.5 

1.9 

1.0 

1.7 

1.5 

Discussion and conclusions 
The results of this study suggest an 
inverse independent association of CRC 
for both men and women with 
vegetables and fruits and some of their 
components, such as vitamin C, fibre, 
carotenes and folate, as already 
described for other countries 
(WCRF/AICR, 1997). 

In this sample with a wide range of 
exposure, high calcium intake, but not 
high dairy product consumption, 
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95%CI p 
Women 
OR 95%CI p 

1.05-1 .11 

0.8-3.5 

0.4-2.7 

1.9-22.7 

0.1-0.7 

0.99-1.11 

0.8-3.8 

1.0-5.4 

1.3-5.0 

1.0-3.6 

0.7-4.0 

0.6-3.9 

<0.001 

0.213 

0.913 

0.003 

0.003 

0.089 

0.140 

0.051 

0.008 

0.040 

0.260 

0.442 

1.10 

1.0 

1.4a 

8.8 

0.7 

1.03 

1.0 

decreased the risk of CRC, suggesting 
that total calcium or calcium from other 
sources, such as vegetables, could be 
more relevant in reducing CRC risk 
(Janneke et al., 1996). 

In women, the high ratio alfa
tocopherol eq/g PUFA (>0.4 mg) 
(Dupont et al., 1996) was associated 
with a lower risk of CRC and the intake 
of more than one cup of coffee/day 
independently decreased the risk of 
CRC. 

1.06-1.14 <0.001 

0.9-2.3 0.173 

2.8-27.8 <0.001 

0.3-1.6 0.407 

0.97-1.09 0.393 

As recently described (Ekbom et al., 
2001 ), we found an increased risk with 
long-term tobacco smoking in men. We 
were not able to study the role of 
tobacco in CRC risk in women, because 
only 5% of cases and 3% of controls 
were exposed. 

The role of energy, protein, total 
lipids and cholesterol needs to be 
further confirmed. Other nutrient or 
dietary patterns were not associated 
with CRC. 
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Table 2. Nutrients and foods and colorectal cancer risk: multivariate analysis 

Men• Womenb 
Cases/controls Cases/controls 
n OR 95%CI n OR 95% CI 

Protein (g/day) 

30.4-68.0 29/69 1.00 16/40 1.00 

68.1-78.4 24/61 1.01 0.47-2.18 19/51 0.80 0.31-2.06 

78.5-89.9 21 /62 1.37 0.61-3.07 18/53 1.44 0.54-3.84 

90.0-162.9 30/49 2.02 0.88-4.56 27/50 1.40 0.55-3.53 

Total lipids (g/day) 
12.4-37.6 33/80 1.00 10/32 1.00 

37.7-45.7 27172 0.95 0.47-1.65 19/36 1.53 0.57-4.11 

45.8-81.5 20/50 1.07 0.48-2.40 24/61 1.40 0.56-3.50 

81.6-98.8 24/39 2.18 0.96-4.97 27/65 1.21 0.48-3.09 

Cholesterol (mg/day) 

9.1-162.4 29/60 1.00 18/47 1.00 

162.5-217.2 23/67 0.74 0.35- 1.54 18/47 1.19 0.48-2.99 

217.3-272.6 26/70 0.88 0.41-1 .87 12/46 0.78 0.28-2.16 

272.7-585.0 26/44 1.87 0.81-4.29 32/54 1.90 0.75-4.81 

Calcium (mg/day) 

198.5-538. 7 36/58 1.00 23/37 1.00 

538.8-743.3 25172 0.62 0.30-1.28 17/41 0.55 0.23-1.32 

743.4-1024.4 32/51 0.87 0.42-1.79 18/53 0.47 0.20-1.10 

1025.5-3094.5 11/60 0.29 0.12-0.71 22/63 0.38 0.17-0.87 

Vitamin C (mg/day) 

13.4- 71.3 41 /57 1.00 31/25 1.00 

71.4-107.7 27/66 0.60 0.30-1.21 18/43 0.52 0.22-1.25 

107.8-153.8 21 /65 0.39 0.18-0.83 13/56 0.22 0.01-0.55 

153.9-622.6 15/53 0.39 0.17-0.89 18/70 0.28 0.12-0.63 

Fibre (g/day) 

4.6-16.0 42/58 1.00 24/31 1.00 

16.1-19.6 26/55 0.73 0.34-1 .55 24/49 0.75 0.33-1 .70 

19.7-23.8 19/76 0.37 0.18-0.78 16/43 0.56 0.23-1.36 

23.9-39.8 17/52 0.49 0.20-1 .16 16/71 0.32 0.14-0.76 

Folate (µg/day) 
132.4-302.5 35/52 1.00 23/23 1.00 

302.6-383.4 31 /65 0.76 0.36-1.59 22/58 0.45 0.19-1 .09 

383.5-455.1 19/65 0.50 0.23-1 .12 18/52 0.30 0.12-0.74 

455.2-919.4 19/59 0.49 0.21-1 .12 17/61 0.26 0.11-0.63 

Carotene (µg/day) 
24.3-1728.3 35/64 1.00 29/26 1.00 

1728.4-2812.6 34/54 0.76 0.36-1.59 17/49 0.29 0.12-0.70 

2812.7-4362.9 19/68 0.50 0.23-1.12 16/52 0.22 0.01-0.55 

4363.0-21396.4 16/55 0.49 0.21-1 .12 18/67 0.21 0.01-0.48 
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_ Table 2 (cont). Nutrients and foods and colorectal cancer risk: multivariate analysis 
v, ~ ~ -

Mena Womenb 
Cases/controls Cases/controls 
n OR 95% CI n 

Vegetables (g/day) 

8.2-124.9 39/56 1.00 30/29 

125.0-183.3 29/57 0.67 0.33-1 .36 14/55 

183.4-287.4 24/66 0.63 0.30- 1.31 21/44 

287.5-761.1 12/62 0.32 0.14- 0.76 15/66 

Fatty red meat (g/day) 

0.0-0.01 25/95 1.00 9/24 

0.2- 2.1 28/57 1.71 0.74-3.97 19/52 

2.2-5.4 9/30 0.81 0.24-2.72 33/82 

5.5- 286.0 42/59 2.28 1.12-4.62 19/36 

White fish (g/day) 

0.0-3.4 21 /73 1.00 15/44 

3.5-11.4 34/76 1.24 0.58-2.63 15/31 

11 .5- 23.0 25/58 1.76 0.80- 3.87 23/48 

23.1 - 227.9 24/34 3.25 1.33- 7.98 27/71 

Alfa-tocopherol (eq)/PUFA (g)<0.4 0.69 0.38-1 .24 

Coffee (~ 50 ml vs 0) 0.65 0.32-1.34 

•Adjusted for age, education, family history of CRC, total physical activity, tobacco, ethanol and total energy. 
bAdjusted for age, education, family history of CRC, physical activity at work and total energy. 
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Introduction 
Dietary restriction, especially caloric 
restriction , is a major carcinogenic 
modifier in experimental carcinogenesis, 
and is known to decrease significantly 
not only spontaneous, but also induced 
cancers by chemicals . In view of the 
potential importance in the contribution 
of dietary calories on radiation-induced 
cancers in animals as well as in man, we 
attempted to examine the effects of 
caloric restriction on the radiation
induced myeloid leukaemia (Myl) as an 
experimental model, because the 
incidence of Myl is known to have 
increased significantly among the 
survivors of atomic bombs in Hiroshima 
and Nagasaki. 

Materials and methods 
Mice and irradiation 
C3H/HeNirMs male mice, 6 weeks old 
and bred in our institute, were used. 
Mice were exposed to 3 Gy of whole
body X irradiation, by a 200KV 20 mA 
through a therapeutic X-ray irradiator 
(Shimadzu, Tokyo, Japan). All the mice 
in the irradiated groups were given 3 Gy 
at the age of 10 weeks. 

Diets 
Detailed methods of caloric restriction 
and diets used are reported elsewhere 
(Yoshida et al., 1997). Briefly, the diets 
consisted of four different calorie 
controlled regimens, i.e. 60, 65, 70 and 
95 kcal per week per mouse (Table 1 ). 

The calorie intake was adjusted weekly 
by varying the amount of carbohydrate 
and dextrose with the four regimens, 
under the constant amount of other 
nutrients, such as protein, lipid, vitamins 
and minerals. 

Experimental groups and 
procedures 
Caloric restriction was designed so as to 
distinguish the group restricted from the 
age of 6 weeks until irradiation at 10 
weeks (RC) from the other restricted 
groups: after irradiation (RB), the other 
groups restricted throughout the life 
span from 6 weeks of age (RA) and the 
group without restriction (NR) (Table 2). 
According to the theory of multi-step 

Table 1. Composition of diet (g per mouse per week) 

Diets•: kcal/ Cornstarch Dextrose Milk casein Corn oil Fibre Alpha starch Vitamin mixture Mineral mixture 
mouse/week 

95 1.3 2.7 6.3 0.8 1.4 0.3 0.3 1.9 

75 9.18 1.82 6.3 0.8 1.4 0.3 0.3 1.9 

70 8.5 1.8 6.0 0.8 1.3 0.3 0.3 1.9 

65 7.4 1.4 6.0 0.8 1.3 0.3 0.3 1.9 

60 5.9 1.2 6.3 0.8 1.4 0.3 0.3 1.9 

•Diets consisted of five different calorie-controlled regimens. The calorie intake was adjusted by controlling the amount of carbohydrate and dextrose, while keeping 
intake amount of other nutrients, such as protein, lipid, vitamins and minerals, constant. 
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Table 2. Experimental groups 

Diet Kcal per mouse per week Radiation (3 Gy) 
Groups No. of mice 6 weeks -1 O weeks Weeks - throughout the life span At the age of 1 o weeks 

CNR 262 95 kcal 95 kcal No 
3NR 272 95 kcal 95 kcal Yes 
CRAa 70 65 kcal 60-95 kcal (Average 75 kcal) No 
3RAa 76 65 kcal 60-95 kcal (Average 75 kcal) Yes 
CR Ba 135 95 kcal 60-95 kcal (Average 75 kcal) No 
3RBa 131 95 kcal 60-95 kcal (Average 75 kcal) Yes 
CRC 95 65 kcal 95 kcal No 
3RC 99 65 kcal 95 kcal Yes 

•The body weight of mice was measured weekly, and then mice in the groups were controlled to keep their body weight between 25 and 27g. The average caloric 
intake from the age of 1 O weeks and thereafter was about 75 kcal per mouse per week. 

carcinogenesis, the experiment was 
designed so that the RC group would 
predict an initiation effect and the RB 
group, a promotion effect. 

Cell cycle analysis on 
haematopoietic stem cells 
Cell cycle analys is on the 
haematopoietic stem cells (HSC) was 
made on mice at age 40 weeks. 
Incorporation of bromodeoxyurid ine 
followed by ultraviolet exposure (BUUV) 
cytocide assay (Hirabayashi et al., 
1998) was performed to evaluate the 
size of the cycling stem cell 
compartment for both restricted (CRB) 
and control (CNR) groups. 

Results 
Incidence of myeloid leukemia 
The incidence of Myl decreased with 
caloric restriction. Incidence of Myl in 
non-irradiated groups, CNR, CRA, CRB 
and CRC, were 1.1, 1, 0 and 2.1%, 
respectively. When irradiated, the 
incidences increased up to 21 .6% in 
3NR, 7.9% in 3RA, 10.7% in 3RB and 
16.2% in 3RC. Therefore, a significant 
decrease from 3NR to 3RA and 3RB 
was observed. A decrease was also 
observed from the 3RC to the 3NR; 
however, the difference was not 
statistically significant. 
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Number of haematopoietic stem 
cells at irradiation 
When the number of HSC, the possible 
target cells for radiation-induced 
leukemogenesis, was evaluated in both 
restricted and non-restricted groups at 
the time immediately before the 
irradiation (10 weeks old), the number of 
CFU-S in the spleen decreased from 38 
per 106 cells in the non-restricted group 
to 10 per 106 cells in the restricted 
group. The total number of CFU-S per 
spleen in the restricted group (0.93 x 103 

per spleen) decreased to 10% in the 
non-restricted group (9.1 x 103 per 
spleen), whereas the number of CFU-S 
in the bone marrow was less significant 
in the restricted group compared with 
the non-restricted group. 

Size of cycling fraction of the stem 
cells 
A statistically significant decrease was 
observed in the size of CFU-S in the cell 
cycle in the femur, dropping from 46% in 
the group for NR to 26% in the RA and 
RB. In the spleen, the size of CFU-S 
also decreased from 31.4% in the NR to 
17.7% in the RA and RB. 

Conclusions 
The incidence of Myl decreased with 
caloric restriction, which may have 

contributed to reduce the incidence of 
leukaemia the initiation stage of 
leukaemogenesis, but more significantly 
to reduce the effect in the promotion 
process of leukaemogenesis after 
irradiation. 

The number of haematopoietic stem 
cells was significantly decreased in the 
restriction groups, RC and RA, 
especially in the spleen, at the time of 
radiation exposure. Since the incidence 
of leukaemia was greatly decreased in 
the RB group in which the number of 
stem cells was naturally similar to the 
NR group, and further the suppression 
of leukaemia in RC was less significant, 
the decrease in stem cell number at 
irradiation did not seem to be a major 
reason for the reduction of leukaemia 
incidence by caloric restriction. 

The cycling fraction of the HSC in the 
restricted group was smaller than the 
non-restriction group, implying that the 
haematopoietic stem cells in the 
restriction groups proliferate at a rate 
much slower than those in NR mice do, 
and the proliferation rate after irradiation 
may also contribute the reduction seen 
in groups, RA and RB. 
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Background 
Brain tumours are important because of 
apparent increases in incidence and 
mortality rates and the low survival rates 
observed. Legler et al. (1999) consider 
that the rise in brain cancer rates is 
probably due to the introduction of more 
precise and less invasive diagnosis 
procedures such as computerized 
tomography and magnetic resonance 
imaging. However, Schechter (1999) 
maintains that the increasing brain 
tumour rates could be related to the 
introduction of unidentified 
neurocarcinogens into the environment. 
In Brazil, brain cancer mortality rates 
have been increasing since 1980, 
particularly in elderly people and women. 

Purpose 
This work presents preliminary results 
on diet profiles obtained in the pilot 
study of a hospital-based case-control 
study in progress in the Rio de Janeiro 
metropolitan area since 1999. 

Methods 
Cases were identified among selected 
hospitals' in-patients with primary brain 
tumour and included 30- to 65-year-old 

patients living in the study area. Controls 
were selected among in-patients of the 
same hospitals; they were matched for 
frequency, age and sex, lived in the 
same area, and had a diagnosis of other 
than cancer or diet-related diseases. 

A food frequency questionnaire was 
used in 64 cases and 77 controls to 
assess food intake during adolescence 
and in the year before hospitalization. 
The patients were asked about changes 
in their diet between adolescence and 
the year before diagnosis. 

The contribution of food groups to 
brain cancer risk was ascertained by 
stratified analysis and by unconditional 
logistic regression procedures. 

Results 
Changes in diet between adolescence 
and the year before diagnosis were 
more often reported among controls 
than cases: 54.5% and 32 .8%, 
respectively. Changing diet showed a 
protective effect against brain cancer: 
odds ratio (OR), 0.42; 95% confidence 
interval (95% Cl) , 0.21-0.85, even after 
stratification in individuals with and 
without familial history of cancer (OR, 
0.56; 95% Cl , 0.26-1 .22). 

Industrialized-food intake during 
adolescence (OR, 2.07; 95% Cl, 
0.69-6.39) and a high intake level of 
cholesterol in the year before diagnosis 
(OR, 3.60; 95% Cl , 1.22-10.63) were 
associated with increased brain cancer 
risk, even after adjustment for total 
energy intake and familial history of 
cancer (Table 1 ). 

Discussion and conclusion 
The category "industrialized products" 
could be a marker of the dietary habits 
pattern, possibly indicating intensive 
intake of N-nitroso compound 
precursors and a reduced fruit and 
vegetable intake. 

Boeing et al. (1993) mentioned that 
the heating of plant oils could be 
relevant to the development of brain 
tumours. Giles et al. (1994) observed an 
increased risk of brain cancer with a 
high intake of eggs and oils and Blowers 
et al. ( 1997) also observed an increase 
in the risk of brain tumours in 
association with intake of eggs and fried 
potatoes. 

The limitation imposed by the data of 
a pilot study does not allow more 
complex analysis to evaluate the 
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Table 1. Brain cancer and dietary intake in adolescence and in the year previous to diagnosis, Rio de Janeiro, 
Brazil, 1998-2000 

Models and variables ~a 

Frequency of industrialized food intake during adolescence 
Cholesterol intake in the year before diagnosis 

0.253 
0.893 

2 Frequency of industrialized food intake during adolescence 
Cholesterol intake in the year before diagnosis 

0.725 
1.281 

Familial history of cancer -0.038 
Energy intake in adolescence (100 kcal variation) -0.074 
Energy intake in the year before diagnosis (100 kcal variation) 0.012 

•13, regression coefficient. 
bQR, odds ratio. 
cc1 , 95% confidence interval. 

modifier effect of other variables or the 
specific effect for the different 
histological types of brain tumours. 

The results support previous reports 
that some dietary factors could act by 
modulating brain carcinogenesis. 
Following new case enrolment, 
evaluation of such associations wi ll be 
further carried out taking into account 
specific histological strata. 
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Diet and cancer of oral cavity and pharynx: 
a case-control study in Sao Paulo, Brazil 
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Introduction 
Cancer of the oral cavity and the 
pharynx is the fifth incidence of cancer 
worldwide and presents great 
geographical variability (La Vecchia et 
al., 1997). Data from the report of the 
Sao Paulo cancer registries presents 
one of the highest incidences for cancer 
of the oral cavity and pharynx in Latin 
America (Wunsch & Camargo, 2001 ). 

Tobacco and alcohol, recognized risk 
factors for oral cancer in general, are also 
important risk factors in Latin America 
and the Caribbean (La Vecchia et al., 
1997; Wunsch & Camargo, 2001). Diet 
and eating habits could have important 
implications in the causality of oral cavity 
and pharynx cancer, considering the 
particular dietary cultures in different 
regions. The objective of this study was to 
investigate the role played by dietary 
factors in oral cavity and pharynx cancer 
in the city of Sao Paulo. 

Material and methods 
Data referred to in this paper is part of a 
Latin American multicentre hospital
based case-control study coordinated 
by the International Agency for 
Research on Cancer (Boffetta et al., 
1998). Between November 1998 and 
March 2001, 260 cases of oral cavity, 
oropharynx and hypopharynx cancer, 
including 36 women (median age, 55.5 
years; range, 30-90 years) were 

identified in seven hospitals in Sao 
Paulo City. All interviews were 
performed before any cancer treatment 
began. Controls were 257 subjects, 
including 68 women (median age, 57 
years; range, 23-85 years) who had 
been admitted to the same hospitals of 
the study for conditions unrelated with 
diseases that are negatively or positively 
associated with known or suspected risk 
factors for cancer of the oral cavity and 
pharynx. Control subjects were 
frequency matched with cases by sex 
and quinquennia of age. 

Written consent to participate in the 
study was obtained from cases and 
controls. All interviews were conducted 

by trained interviewers using a structured 
questionnaire, which included 
information on age, education and other 
socio-economic factors such as detailed 
occupational histories, smoking and 
drinking habits and history of cancer in 
first-degree relatives. Information about 
diet included questions on the weekly 
frequency of consumption of 27 food 
items before the appearance of any 
symptoms of the disease. The answers 
were open and consumption was 
converted into times per day. The food 
items were reg rouped into dairy (milk, 
yogurt, cheese), cereals (bread, pasta or 
rice and corn), meat (beef, poultry, fish , 
pork or any other meat), sausages 

Table 1. Mean intake of portions per day of selected food groups. 
Sao Paulo, 1998-2001 

Food group Controls Cases P (t test) 
portions per day (n=257) Mean (SD) (n=260) Mean (SD) 

Dairy 1.25 (0.95) 1.35 (1.54) 0.376 

Pulses 1.56 (0.89) 1.40 (0.75) 0.023 

Cereals 2.96 (1 .25) 2.90 (1.23) 0.614 

Meat 1.15 (0.63) 1.18 (0.74) 0.761 

Sausage 0.16 (0.25) 0.19 (0.31) 0.163 

Vegetables 1.55 (0.94) 1.52 (1 .07) 0.741 

Fruits 1.86 (1.50) 1.57 (1.23) 0.016 

Desserts 0.30 (0.38) 0.27 (0.40) 0.349 
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(sausages, ham or salami), vegetables 
(raw, cruciferous, tomato or carrot), 
pulses, fruits (ju ice, banana, apple or 
pear) and desserts. The total frequency 
of intake per day was divided into tertiles. 

Data analysis 
Student's t test was performed to 
compare means of intake of food groups 

among cases and controls . The 
associations were assessed by chi
square test. Odds ratios (OR) for oral and 
pharynx cancer and the corresponding 
95% confidence interval for tertiles of 
each food group were estimated using 
unconditional logistic regression. The 
final model was adjusted for age, sex, 
tobacco and alcohol consumption. 

In the unconditional logistic 
regression analyses, a statistically 
significant inverse association emerged 
for the highest intake for pulses and 
cereals compared with the lowest. A 
protective but nonsignificant effect was 
also observed for fruits and for the 
highest tertile of intake of vegetables. 
The intake of desserts showed a linear 

""" - = I~P.1!!-2:_0dd~ tat1o_~t or~t~in~er '!~ct ~har~ng~~.<:,,~~~~. (,Wi!~-9si£_p_n_f!Q.,en,~~n~.YEI~). 1l~~QI~fl9 !9l___,, 
approximate tertlles of food groups, Sao Paulo, 1998-2001" - - -"-- - - -

Food group Tertiles of intake• Control Case P (x2) OR (95% Cl)b Linear trend 

Dairy 0.714 71 92 0.099 1.00 0.258 
1.429 93 75 0.69 (0.44-1.11) 

14.14 93 93 1.08 (0 .68-1.74) 

Pulses 1.00 98 112 0.000 1.00 0.007 
2.00 4 37 4.73 (1.58-14.14) 

9.14 155 111 0.48 (0.32-0. 73) 

Cereals 2.43 76 91 0.305 1.00 0.132 
3.14 91 80 0.63 (0.39-1.03) 

10 103 89 0.56 (0.35-0.90) 

Meat 0.86 73 78 0.918 1.00 0.777 
1.28 91 89 1.02 (0.64-1.65) 

5.00 93 93 1.01 (0.63-1.62) 

Sausage 0.00 116 114 0.027 1.00 0.143 
0.14 84 64 0.77 (0.49-1.22) 

2.86 57 82 1.30 (0.82-2.07) 

Vegetables 1.00 74 87 0.225 1.00 0.099 
1.71 89 96 1.05 (0.66-1 .66) 

6.00 94 77 0.86 (0.54-1.39) 

Fruits 0.85 81 106 0.056 1.00 0.144 

2.00 85 66 0. 71 (0.45-1 .15) 

8.00 91 88 0.87 (0.55-1.37) 

Desserts 0.00 71 107 0.003 1.00 0.021 

0.28 115 87 0.45 (0.29-0.71) 

2.14 71 66 0.63 (0.38-1.04) 

•Upper limit, portions per day. 
bEstimates from multiple logistic regression equations adjusting for age, gender, smoking and alcohol consumption. OR, odds ratio; Cl , confidence interval. 
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trend protective risk. There was 
nonsignificant risk associated with oral 
cancer for dairy, meat and sausage. 

Discussion 
In our study, preliminary analyses 
showed that cases had significantly 
smaller mean intake of pulses and fruits. 
High intake of cereal and pulses were 
associated with significant decrease of 
risk. Grains and legumes were reported 
as protective in an earlier study 
conducted in Uruguay (De Stefani et al., 
1999). Increased nonsignificant risk was 
detected in the highest tertile sausage 
intake. An unexpected protective effect 
of desserts with a significant trend was 
observed. Fruits and vegetables, factors 
recognized as protective against these 
kinds of cancer by numerous studies (La 
Vecchia, 1997; De Stefani et al., 1999; 
Franceschi, 1999), were also protective 
in our study. 

Diet and cancer of oral cavity and pharynx: a case control study in Sao Paulo, Brazil 

A limitation of this study is the small 
number of food items. The recall of the 
past diet may also be affected by early 
symptoms of cancer, psychosocial 
issues and current diet. Such biases 
should weaken the associations 
observed. 

In conclusion, the results are 
suggestive that diets rich in cereals and 
pulses, such as the Brazilian diet 
composed basically of rice and beans, 
plus high intakes of vegetables and 
fruits could be protective for oral and 
pharynx cancer. 
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