
Colon cancer: investigating the roles 
of diet and hormones 
Studies of migrants from low-risk countries 
can help identiry risk ractol'5. 

~~ 
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One price that we inhabitants of Western countries pay 
for our affluence is an increased risk of getting the diseases 
associated with a fat- rich , high-kilojoule diet. As well as 
atherosclerosis and heart attacks , these include large
bowel cancer, which accounts for about 6% of all deaths 
in Australia . 
By looking at the pauem of incidence of 
bowel cancer around the world. scientists 
have identified fibre and fat as important 
factors in the disease. In some low-risk 
count ries such ns Greece. the normal diet 
is relatively high in fibre. but this is not so 
in other low-risk coun tries like Japan. In 
both those count ries. the diet is low in fats. 
Migrants from the low-risk areas sett ling in 
high-risk countries - like the United States 
and Austr:eha - become increasingly more 
likely to develop the disease in their new 
environment than their non-migrating com· 
patriots- strongly sugg..sting that aspects 
of the environment and diet arc related to 
ri~k of colorcctal cancer. 

Case-control study 

But tho solution 10 the problem of colon 
cancer in high-risk countries is not as simple 

as encouraging people to cut down on fats 
and cat lots of bran. Indeed. scientists at 
the CSIRO Division of Human Nutrition m 
Adelaide believe that a host of factors apart 
from fats ;md fibre are involved. and that 
cancers of different sections of the intestmal 
tract may have different origins. 

The bowel comprises the proximal (<tS· 
ccnding or right) colon, the distal {descend
ing or left) colon, and the rectum. In his 
study of the global epidemiology of bowel 
cancer. Dr William Haenszcl . then of the 
United States National Cancer ln~titutc, 

found that, •n countries with higher rates 
or occurrence, the excess tumours occurred 
in the distal colon. 

Few studies have looked at factors such 
as the age and sex of people at risk of the 
disease. or possible differences in the 
causes of cancers at the different bowel 

·subsitcs'. Further , dietary studies have 
come up with cont radictory finding~. 

It was into 1 his arena that Dr John Po Her 
and Dr Tony McMichael , of the Division 
of Human Nutrition , stepped to t:.ke up 
the challenge of identifying risk fuctors for 
the disease among a large sample of people 
from the Adelaide adult population. Their 
~tudics began in 1979, when Or Po11cr 
carried out a case-control Mudy of the 
disease - that 1s, he surveyed a group of 
400 people who bad been diagno'ICd a~ 

having colon or rectal cancer. and matched 
them with 700 other people (controls). 

The most consistent risk 
factor found was a high 
dietary protein intake. 

lie con tacted the cancer patients. aged 
bcrwccn 30 and 74, through the South 
Australian Central Cancer Registry and 
the•r doctors. and selected the controls -
individually age- and sex-matched to cancer 
cases- from the Adelaide electora l roll. 

After receiving permission from the 
people selected for the study, interviewers 
visited their homes and asked a s.: ri.:s of 
questions regarding their diet and. for 
women. their reproductive history. After 
Dr Po11cr and Dr McMichael analysed the 
huge body of data, they were able to 
1dentify a number of risk facto~. some of 
which filled in with the current 'model' of 
how large-bowel cancer originates. while 
others indicated tha t the theory was incom· 
plctc. 

Bile acids and cancer 

T his model proposes that the amount. 
composition, and subsequent bacteria l 
degradation of bile acids entering the gut 
influence canocr development in the colon. 
Bile acids are koown to have a number of 
effects on the mucosal (lining) cell> of the 
bowel. including altering cell metabolism. 
disrupling cell membranes, stimulating 
DNA ~ynthesis, and causing cell prolifera
tion. 

Experimental evidence for the bi le-acid 
model comes from studies on animals, 
particularly rats. These have confirmed the 
idea that increased bi le-acid nux lh rough 
the colon enhances cell proliferation and 
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tumour development. In the gut, bacteria 
act on bile acids secreted through th·e bile 
duct to produce secondary bile acids. The 
concentrations of these - particularly that 
of a substance known as deoxycholic acid 
- in the colon influence the rate of 
progression of cancer there. 

The relation between risk of 
colon cancer and alcohol 
consumption was stronger 
for women than men. 

The exposure time of bowel-wall cells to 
secondary bile acids is important. In the 
proximal colon, undigested dietary fibre 
and other dietary constituents from the 
small intestine undergo prolonged fermen· 
tation and degradation . As faecal - and 
bile acid - contact with the cells of the 
bowel wall is prolonged, the amount and 
types of bile acid entering the gut here are 
important. It appears that faecal bile acid 
concentration and rate of transit have more 
impact on tumour development in the 
proximal than in the distal colon; dietary 
factors may have a different influence oo 
cancers of the distal colon. Most of the bile 
acid in the proximal colon is reabsorbed 
before the gut contents enter the distal 
colon. 

Protein and fibre 

The most consistent risk factor that the 
CSIRO scientists found among their study 
population was a high dietary protein 
intake. This appeared to be more associated 
with risk than a high fat intake, and the 
relation was particularly strong in women. 
We know that fats affect bile-acid produc
tion (as noted above), but most human and 
animal studies in the past have given little 
attention to the possible role of protein in 
cancer of the lower digestive tract. 

Dr Potter and Dr McMichael point out 
that dietary protein levels are known to 
influence, in a manner similar to dietary 
fat, the activity of several of the bacterial 
enzymes associated with bowel cancer. 

Other considerations are that people 
who eat more protein also eat more fat and , 
in addition , are likely to have a higher food 
energy intake - and eat more frequently 
- than those with a low-protein pattern. 
lndeed these two factors - high total 
kilojoule intake and meal frequency -
were also associated with an increased risk 
of bowel cancer in the Adelaide study. 

Dr Potter"s and Dr McMichael's explana· 
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Where it all happens 

blood vessels 

tion is in two parts: that higher food intakes 
increase the rate of cell turnover and the 
workload of mucosal cells in the gut 
epithelium; and frequent eating continually 
triggers the gall bladder to empty, increas· 
ing the bile turnover rate and the ratio of 
secondary to primary bile acids io the 
proximal colon. 

The relation of fibre to cancer of the 
bowel is a complex one. One finding of the 
Adelaide study that appeared to run 
counter to conventional wisdom concerning 
colon cancer prevention was that, other 
things being equal , a high cereal fibre 
intake increased the risk of women con
tracting the disease. However, a much 

stronger correlation showed up, for both 
men and women, between low-fibre/high
fat diets and increased cancer risk . 

Dr Lucien Jacobs of the University of 
California at Davis, U.S.A., has found that 
high fibre intake may increase the turnover 
rate of cells in the proximal colon, but not 
the distal colon, of rats. If the same thing 
happens i~o the human gut, this could be a 
factor tending to promote colon cancer 
development. Oo the other hand, fibre 
promotes more rapid movement of faecal 
matter through the colon, which should 
reduce cancer risk. High-fibre/low-fat diet· 
ary patterns also increase the production of 
volatile fatty acids, which lower the pH of 



The study has thrown light on links 
between diet and colon cancer risk. 

the gul, reducing the effectiveness of 
bile-acid-degrading bacterial enzymes. The 
result should be reduced exposure of the 
mucosal cells lining the colon to secondary 
bile acids , and a reduced cancer risk. 

Vitamin C and alcohol 

The CS IRO study included two other aspects 
of diet in the questionnaire - micronut
rients, such as vitamins, and alcohol intake. 
Analysis of the answers revealed that 
vitamin C seemed to act as a protective 

agent against rectal cancer. Vitumin C is 
known to be an antioxidan t and CM reduce 
the absorption of the carcinogenic sub
stances known as nitrosamines , sometimes 
found in preserved meats and other foods. 

Dr Potter and O r McMichael found, as 
they had with most of the other dietary 
variables, that the relatjon between risk of 
colon cancer and alcohol consumption was 
stronger for women than men. In their 
sample, wo men who consumed one glass 
of spirits per day had a risk of getti ng bowel 
cancer twice that of non-regular drinkers; 
for men, this doubling of risk was associated 

The liver-bile-gall bladder connection 

Among the many functions of the liver is 
that of regulating blood cholesterol. It 
picks up protein-coated cholesterol parti
cles from the blood, stores the cholesterol. 
and releases it as needed - packaged in 
new hpoprotem carriers. It also synthesizes 
cholesterol if necessary. 

The hver also produces bale. and it 
secretes some of the cholesterol in this 
digestive liquid. 

Bile is a mixture of salts that, like laundry 
detergents. emulsify fats, breaking them 
into droplets. In this form. they can be 
attacked by enzymes called hpases . 

After leavmg the liver. bile is stored in 
the gall bladder. In some cases. the bile 
may become supersaturated with choles
terol , which then crystallizes as gallstones. 

Cholecystectomy - surgical removal of 
the gall bladder - increases the risk of 
colon cancer. Obviously. this would alter 
the pattern of bile-acid secretion into the 
bowel: secretion would be more continu
ou~ . hecause the concentrating effect of the 

gall bladder is absent. This operation also 
causes an increase in the ratio of secondary 
to primary acids in the bowel. particularly 
increasing deoxycholic acid . The rcaqon 
may he that daily secretions of bile can 
occur wathout food being in the intestine. 

With doctors from the Queen Elizabeth 
Hospital and Ainders Medical Centre, Dr 
McMichael and Dr Roben Scragg, of the 
Division, conducted a large-scale study of 
gallstone disease in Adelaide. Until this 
study. not much was known about the 
causes of gallstones. Patients with the 
disease had heen characterized as 'female , 
[air. fat. forty. and fertile'! 

The results of the Adelaide study showed 
that gallstones were, indeed. prevalent 
among women , especially those who had 
recently used contraceptive pills or who 
had had severa l children. Both men and 
women who eat diets high in calories and 
simple (fibre-depleted) sugars, and who 
abstain totally from drinking alcohol. arc 
also more likely to develop the disease . In 

with about two glasses per day. No consis
tent relation between beer-drinking and 
bowel cancer showed up. 

The CStRO study indicated that the 
incidence of cancer of the proximal colon 
is about 10 to 20% higher in women than 
in men at all ages. In contrast, the incidence 
of cancers of the distal colon increases 
progressively with age in men, relative to 
women of the same age. 

Metabolic studies have shown that 
women, compared with meo on similar 
diets, have a higher gut pH, more secondary 
bile acids within their bile. lower faecal 

fact. the CStRO results indicated that people 
with a moderate intake of alcohol - two 
glasses of wine a day, for example -
appear to be more 'protected' again~t 

gallstones than tho~e who abstain . 
This protective effect of alcohol may 

partly explain why women, who usually 
consume much less alcohol than men, have 
a higher incidence of gallstones. Reproduc
tive factors arc also clearly very important . 

For womem. too, obesity was a factor that 
could trigger the disease, although this 
appears not to be a risk factor in men. 

The advice given by the Adelaide resear
chers to people concerned about develop· 
ing gallstones is: cut down on sugar, drink 
a little alcohol regularly. and keep slim. Eat 
moderate , regular meals and, for women 
on the pill, use u low-dose one. 

Aetiology of gallstone disease. A .J . 
McMichael and J . McK. Walts. The 
Medical Joumal of AIIStralia. 1984, 
September I, 270-2. 
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Reproductive history and oral contraceptive use 
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Some of tbc s<icnt.ists' fiDdiogs on colon 
cancer risk in women. In each grou1> of 
bars, the stand11rd for comparison is the 
coloured one. Higher numbers of chi.ldren 
and usc of oral contr11ception are associated 
with declining risk of colon cancer, while u 
later age when a woman bas her first child 
is associated with o.n increased risk. 

output, and longer faecal transit time. 
According to Or Potter and Dr McMichael , 
some of these sex differences may be 
C<l used by female hormones. A ll are liable 
to increase the risk of bowel cancer. 

H ormones and bile production 

Variations in levels of circulating oestro
gens are known to affect lipoprotein 
metabolism, bile-acid synthesis, and biJe 
composition of the female digestive system. 
Before menopause, women have shown 
lower totaJ plasma cholesterol than men, 
with higher levels of high-density-lipopro· 
tein -cholesterol (HOL-cholesterol). This 
type of cholesterol , found at low levels in 
heart disease sufferers, is cleared from the 
blood by the liver. 

Diet and colon cancer risk 

age at first live birth oral contraceptive use 

After returning to the liver, HOL-cholcs
terol seems to be preferred over other 
cholesterols for incorporation into bile -
it may even be the primary precursor of 
bile-acid synthesis. Women, therefore, 
would have a higher rate of bile-acid 
synthesis and 'richer' bile than men. 

Women. who had borne a 
number of children. had a 
higher degree of protection.. 

Another sex difference, ment ioned carl· 
icr. is the ratio of secondary to primary bile 
acids, which is higher in women than men. 
This increased ratio in women may be a 
result of their higher intra-colonic pH. 
Both this higher pH and the longer time 
taken for bowel contents to pass thwugh 
in women than men wou ld accelerate the 
production and reabsorpt ion of secondary 

These tables compare the top 80% of protein , fat , and calotie consumers in the study 
sample with the lowest 20%. The numbers denote relative risk of contracting colon 
cancer; those greater than one indicate that the higher-intake group is at greater risk. 

lt seems that subStjlntia l differences in the diet-related risks of colon cancer ex:ist 
in men and women. The tables indicate that diet has a greater impact on the risk in 
younger than in older women, whiJe among men the impact is greater in the older 
than in the younger group. In women, diet appears to have a greater impact on risk 
of cancer of the proximal than of the distal colon. I o men, the reverse seems to apply. 

In general, the tables indicate that the effects of diet on colon cancer risk are greater 
in women than men. 

protein rut l'Uione mrake 

a&e(years) <55 ;>55 <55 ;>55 <55 ;>55 

male t·5 2·2 0·2 1·3 0·2 1·7 

female 3·4 2·1 8·4 1·2 7·3 4·0 

protean rat caloric intake 

colon ·subsitc · proximal distal proximlll di<tul proximnl di•tal 

male 1·4 2·8 1·0 1·3 1·0 1·9 
female 2·3 2-9 5·0 1·4 6·7 4·1 
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bile acids, deoxycholic acid being particu
larly important. This substance not only 
increases the cholesterol saturation of the 
bile, it is a1so known to encourage colon 
cancer in rats. 

ln the Adelaide case-control study, the 
researchers asked women questions about 
their pregnancies and oral contraceptive 
use. The results showed that women who 
had borne a number of children had a 
higher degree of protection from cancer of 
the bowel llhan women who had not had 
ch ildren. The explanation may be the 
long-term change in oestrogen profile that 
women experience after their first preg
nancy. 

The pill 

Oral contraceptives, too, are associated 
with reduced risk of colon cancer in 
women. The parallel effects of reproduc
tion and oral contraceptive use are due to 
changes in circulating hormones that arc 
associated with lower total plasma choles
terol and increased bile-acid production. 
Pregnancy and ora l contraceptives lower 
plasma lfD L·cholcsterol, thus reducing the 
rate of plasma cholesterol clearance by the 
liver and reducing bile-acid production. 

Dr Potter is currently undertaking a 
study of the occurrence of large-bowel 
cancer among southern European migrants 
who have settled in Austra li a. In particular, 
he will be looking at dietary and circulatory 
lipids and .aspects of reproduction, and 
their possible relation to the low incidence 
of bowel cancer among people of Italian 
and Greek descent. 

Mary Lou Considine 
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Large bowel cancer in women in relation 
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case-control study. J .D. Potier and A.J . 
McMichael . Joumal of the National 
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